Washington State

Health Care Authority

Vertebroplasty, Kyphoplasty, Sacroplasty —
Rereview

Final Evidence Report

October 16, 2024

Health Technology Assessment Program (HTA)
Washington State Health Care Authority

PO Box 42712

Olympia, WA 98504-2712

(360) 725-5126
www.hca.wa.gov/about-hca/hta
shtap@hca.wa.gov



http://www.hca.wa.gov/about-hca/hta
mailto:shtap@hca.wa.gov

WA — Health Technology Assessment October 16, 2024

Vertebroplasty, Kyphoplasty, Sacroplasty —
Rereview

Provided by:

ggregate
nalytics

Aggregate Analytics, Inc.

Prepared by:

Andrea C. Skelly, PhD, MPH
Erika D. Brodt, BS
Rongwei (Rochelle) Fu, PhD
Yun Yu, MS
Shay Stabler-Morris, MSc
Dakota Riopelle, MPH
Asmaa Watson, PhD

Internal clinical, methods review: Roger Chou, MD

October 16, 2024

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report



WA — Health Technology Assessment October 16, 2024

This technology assessment report is based on research conducted by a contracted technology
assessment center, with updates as contracted by the Washington State Health Care Authority. This
report is an independent assessment of the technology question(s) described based on accepted
methodological principles. The findings and conclusions contained herein are those of the investigators
and authors who are responsible for the content. These findings and conclusions may not necessarily
represent the views of the HCA/Agency and thus, no statement in this report shall be construed as an
official position or policy of the HCA/Agency.

The information in this assessment is intended to assist health care decision-makers, clinicians, patients,
and policy makers in making sound evidence-based decisions that may improve the quality and cost-
effectiveness of health care services. Information in this report is not a substitute for sound clinical
judgment. Those making decisions regarding the provision of health care services should consider this
report in a manner similar to any other medical reference, integrating the information with all other
pertinent information to make decisions within the context of individual patient circumstances and
resource availability.

Aggregate Analytics, Inc. is a contract research organization whose team has over fifteen years of
experience in performing health technology assessments, comparative effectiveness reviews, and
systematic reviews for a variety of clients based on accepted methodologic standards for such research.
AAl’s mission is to assist healthcare professionals and organizations in the objective synthesis and
generation of evidence to improve future healthcare delivery by providing timely, methodologically
rigorous, transparent services and quality evidence synthesis products.
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Executive Summary

Introduction

Vertebral compression fractures (VCFs) and sacral insufficiency fractures (SIFs) often result in
considerable pain, loss of function, and decreased quality of life. Patients with osteopenic vertebral or
sacral fractures are at greater risk of morbidity and mortality and VCFs are most common in elderly
patients. In such cases, vertebral augmentation may be considered. Surgical procedures such as fusion
or decompression are more involved procedures, are often performed under general anesthesia and
usually reserved for situations in which the compression fracture results in instability or neurologic
compromise. VCFs can also occur due to metastatic bone disease leading to disability and morbidity and
operative interventions may not be feasible.

Vertebroplasty, kyphoplasty and sacroplasty (collectively, percutaneous vertebral and sacral surgery) are
minimally invasive surgical procedures used to treat spinal pain believed to be caused by fractures in the
vertebra or sacrum. These are all cementoplasty (augmentation) techniques intended to stabilize the
fractured bone(s), but the mechanism of pain relief is not clear. Osteoporosis, vertebral metastasis, and
multiple myeloma are the most frequently reported indications for these procedures. Cementoplasty
may reduce pain and improve stability of the bone.

Vertebroplasty involves injection of bone cement into a partially collapsed vertebral body under
computed tomography (CT) or fluoroscopic guidance. Kyphoplasty is a modification of vertebroplasty
that expands the partially collapsed vertebral body with an inflatable balloon or other mechanical device
before the injection of bone cement. Kyphoplasty aims to restore or partially restore vertebral body
height. Sacroplasty is an extension of vertebroplasty, involving the injection of bone cement into the
sacrum to repair sacral insufficiency fractures.

These surgical procedures are less invasive than other spinal surgical procedures, but more invasive than
conservative medical therapy. Vertebroplasty, kyphoplasty and sacroplasty are surgical procedures and
are not subject to FDA approval, however materials and devices used as part of these procedures are
subject to FDA approval.

Policy Context/Reason for Selection

A Health Technology Assessment titled: Vertebroplasty, Kyphoplasty, Sacroplasty, was published on
November 5, 2010, by the Health Care Authority. New evidence has been published subsequent to the
2010 review and additional devices have been FDA approved. The Committee’s Coverage Decision is
summarized below.

HTCC Coverage Determination

Vertebroplasty, Kyphoplasty and Sacroplasty are not covered benefits.
HTCC Reimbursement Determination

Vertebroplasty, Kyphoplasty and Sacroplasty are not covered benefits.

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page ES-1
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Objectives

This report updates the 2010 HTA to incorporate new evidence published since then. The aim of this
report is to systematically review, critically appraise, analyze, and synthesize research evidence
evaluating the effectiveness and safety of vertebroplasty, kyphoplasty, and sacroplasty. The differential
effectiveness and safety of these therapies for subpopulations were also evaluated, as was the cost
effectiveness.

Key Questions and Scope

When used in patients with spinal pain due to vertebral fracture:

1. What is the evidence of efficacy and effectiveness of vertebroplasty, kyphoplasty or sacroplasty?
Including consideration of:
a. Short-term and long-term outcomes
b. Impact on function, pain, quality of life
c. Otherreported measures including: use of pain medications and opioids, return to work
2. What is the evidence of the safety of vertebroplasty, kyphoplasty or sacroplasty? Including
consideration of:
a. Adverse event type and frequency (mortality, major morbidity, other)
b. Revision/re-operation rates (if not addressed in efficacy)
3. What is the evidence that vertebroplasty, kyphoplasty or sacroplasty has differential efficacy or
safety issues in sub populations? Including consideration of:

a. Gender

b. Age

c. Psychological or psychosocial co-morbidities

d. Diagnosis or time elapsed from fracture

e. Other patient characteristics or evidence-based patient selection criteria
f.  Provider type, setting or other provider characteristics

g. Payer/beneficiary type: including worker’s compensation, Medicaid, state employees
4. What is the evidence of cost implications and cost-effectiveness of vertebroplasty, kyphoplasty
and sacroplasty? Including consideration of:
a. Costs (direct and indirect) in the short term and over expected duration of use
b. Revision/re-operation (if not addressed in efficacy)
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PICOTS/Scope:

Stud
v Inclusion

Component

Population Patients with spinal pain due to vertebral
fracture secondary to

® QOsteoporosis
e Malignancy

Subgroups, special populations:

e Gender

o Age

e Psychological or psychosocial co-
morbidities

e Diagnosis or time elapsed from fracture

e Other patient characteristics or
evidence-based patient selection criteria

e Provider type, setting or other provider
characteristics

e Payer/beneficiary type: including
worker’s compensation, Medicaid, state
employees

Exclusion

e Fractures due to high-energy trauma

Intervention e Vertebroplasty
e Kyphoplasty
e Sacroplasty

e Cements, devices that are not FDA approved
unless being studied in a Phase Il trial

® Spineoplasty graft consisting of mesh filled
with bone chips instead of the traditional
cement

® Percutaneous cement discoplasty (PCD) -
intervertebral disc is filled with
percutaneously injected acrylic cement; may
be used as prep or with vertebroplasty

e Studies of exercise/rehab post augmentation

e Stentoplasty, vertebral body stenting

® Vesselplasty

Comparator e Sham procedure or placebo
e Conservative care, conventional care

® Other minimally invasive procedures (e.g.,
facet joint block, nerve block)

e Surgical procedures
e Vertebroplasty vs. kyphoplasty

e Comparisons of different cement types

e Comparisons of surgical approaches or
techniques

e Comparison of different vertebroplasty
techniques with each other or different forms
of kyphoplasty with each other

e Use of vertebroplasty, kyphoplasty or
sacroplasty as an adjunct to other procedures
(e.g., ablation)

e Augmentation combined with zoledronic acid
(ZOL) versus augmentation alone

® Types of imaging guidance, other guidance,
e.g., robotic assisted vs. fluoroscopy

e Stentoplasty/vertebral body stenting,

® VVesselplasty
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Study

Component

Outcomes

Inclusion

Primary outcomes

Functional outcomes (e.g., ODI)

Pain relief

Harms/Complications (e.g., procedure
related, leakage, new fracture, medical
complications, mortality, revision/re-
operation)

Secondary outcomes

Quiality of life

Measures of disability (e.g., work lost)
Opioid use

Return to work/return to normal activity

Exclusion

e Measures that are not validated

® Intermediate outcomes measures (e.g.,
radiographic measures of disc height)

Study design

Key Question 1: Comparative clinical
studies with a focus on studies with least
potential for bias (RCTs); NRSI with
concurrent controls that control for
confounding will be considered if RCT
evidence is not available for KQ 1.

Key Question 2: RCTs, NRSI with 2250
patients that are specifically designed to
evaluate safety that control for
confounding will be considered; case series
will be considered if adequate information
is not available from comparative NRSIs
and RCTs or for rare or long-term adverse
events; systematic reviews may be
considered for safety

Key Question 3: RCTs only

Key Question 4: Full formal economic
studies

® Case reports

e Case series, single arm studies, pre-post
studies with fewer than 5 patients (for
sacroplasty)

® NRSIs for effectiveness or benefit for
osteoporotic fractures (KQ 1)

o NRSI that do not control for confounding
(exception for sacroplasty)

Publication

Full-length studies published in English in
peer reviewed journals, published HTAs or
publicly available FDA reports

Full formal economic analyses (e.g., cost-
utility studies) published in English in HTAs
or in a peer-reviewed journal published
after those represented in previous HTAs

e Abstracts, editorials, letters

e Duplicate publications of the same study
which do not report on different outcomes

e Single reports from multicenter trials

e Studies reporting on the technical aspects of
these procedures

e White papers

® Narrative reviews

e Articles identified as preliminary reports when
results are published in later versions

® Incomplete economic evaluations such as
costing studies

FDA = Food and Drug Administration; HTA = health technology assessment; KQ = key question; NRSI = nonrandomized studies
of interventions; ODI = Oswestry Disability Index; RCT = randomized controlled trial.
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Methods

The scope of this report and final key questions were refined based on input from clinical experts.
Clinical expert input was sought to confirm critical outcomes on which to focus. Draft Key Questions
(KQs) and PICOTS scope were published on the HCA website for public comment. Comments were
reviewed and considered for the finalization of the KQs, and scope and citations were evaluated for
inclusion based on the final KQs and scope. Comments from clinical experts and peer-reviewers as well
as public comments will be considered for finalization of this report.

A formal, structured systematic search of the peer-reviewed literature was performed across multiple
databases including PubMed and EMBASE to identify relevant peer reviewed literature as well as other
sources (e.g., ECRI Guideline Trust) to identify pertinent clinical guidelines and previously performed
assessments. We hand-searched the reference lists of relevant studies and the bibliographies of
systematic reviews. Studies were selected for inclusion based on pre-specified criteria detailed in the full
report.

All records were screened by two independent reviewers; discrepancies were resolved by consensus.
Selection criteria included a focus on studies with the least potential for bias that were written in English
and published in the peer-reviewed literature. Included studies reporting on primary outcomes of
interest were critically appraised independently by two reviewers evaluating the methodological quality,
study limitations and potential for bias based on study design as well as factors which may bias studies
using defined templates and pre-specified criteria.

The method used by Aggregate Analytics, Inc. (AAl) for assessing the quality of evidence of individual
studies as well as the overall strength of evidence (SOE) are based on established methods for
systematic reviews. Included studies reporting on primary outcomes of interest were critically appraised
independently by two reviewers evaluating the methodological quality, study limitations and potential
for bias based on study design as well as factors which may bias studies using defined templates and
pre-specified criteria. Assessment of RCTs followed appropriate criteria® based on methods described in
the Cochrane Handbook for Systematic Reviews of Interventions®! and guidance from the Agency for
Healthcare Research and Quality (AHRQ) Methods Guide for Effectiveness and Comparative Effectiveness
Reviews.”® In keeping with the AHRQ methods, each study was given a final rating of “good”, “fair”, or
“poor” quality as described below. Discrepancies in ratings between reviewers were resolved through
discussion and consensus. Economic studies were evaluated according to The Quality of Health
Economic Studies (QHES) instrument developed by Ofman et al.”? in conjunction with consideration of
epidemiologic principles that may impact findings.

SOE was assessed by two researchers following the principles for adapting GRADE (Grading of
Recommendations Assessment, Development and Evaluation) as outlined by the Agency for Healthcare
Research and Quality (AHRQ).2%477¢ The SOE was based on the highest quality evidence available for
the primary outcomes. In determining the strength of body of evidence regarding a given outcome, the
following domains were considered:

e Risk of bias: the extent to which the included studies have protection against bias.
e Consistency: the degree to which the included studies report results that are similar in terms of
effect sizes, range, and variability.
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o Directness: describes whether the evidence is directly related to patient health outcomes or
comparisons of interventions are direct (head-to-head).

e Precision: describes the level of certainty surrounding the effect estimates.

e Publication or reporting bias: is considered when there is concern of selective publishing or
selective reporting. Concordance between trial protocols and published results and review of
trial registries may provide information to evaluate reporting/publication bias. This may be
challenging. It is difficult to assess small sample effects when there are <10 RCTS.

Bodies of evidence consisting of RCTs are initially considered High SOE. In general, the GRADE and AHRQ
methodologies initially consider nonrandomized studies of interventions (NRSIs) as Low SOE as such
studies typically are at higher risk of bias due to lack of randomization and inability of investigators to
control for critical confounding factors. The SOE could be downgraded based on the limitations
described above. There are also situations where observational studies could be upgraded if the study
had large magnitude of effect (strength of association) or if a dose-response relationship is identified
and there are no downgrades for the primary domains listed above and confounding is not a concern.
Publication and reporting bias are difficult to assess, particularly with fewer than 10 RCTs and for
observational studies.*®! Publication bias was unknown in all studies and thus this domain was
eliminated from the SOE tables. The final SOE was assigned an overall grade of high, moderate, low, or
insufficient, which are defined as follows:

e High — Very confident that effect size estimates lie close to the true effect for this outcome;
there are few or no deficiencies in the body of evidence; we believe the findings are stable.

e Moderate — Moderately confident that effect size estimates lie close to the true effect for this
outcome; some deficiencies in the body of evidence; we believe the findings are likely to be
stable, but some doubt remains.

e Low — Limited confidence that effect size estimates lie close to the true effect for this outcome;
major or numerous deficiencies in the body of evidence; we believe that additional evidence is
needed before concluding that findings are stable or that the estimate is close to the true effect.

e Insufficient — We have no evidence, are unable to estimate an effect or have no confidence in
the effect estimate for this outcome; OR no available evidence or the body of evidence has
unacceptable efficiencies precluding judgment.

Evidence was considered insufficient for an outcome if only poor quality studies were available.

Methods for quantitative analysis are described in the full report. Briefly, meta-analyses were conducted
using profile likelihood methods and focused on the primary outcomes. To determine the
appropriateness of meta-analysis, we considered clinical and methodological diversity and assessed
statistical heterogeneity. Sensitivity analyses were considered excluding poor-quality trials, outlying data
and related to clinical heterogeneity. We classified the magnitude of effects for continuous measures of
pain and function using the same system as in prior AHRQ reviews on pain?%22238283 (Appendix R) to
facilitate interpretation of results across trials and interventions by providing a level of consistency and
objective benchmarks for comparison. Effects below the threshold for small were categorized as no
effect/no difference. The mean differences for effect represent average effects across patients. Where
possible, we reported on the proportion of patients meeting thresholds for clinically important
differences (e.g., >30% pain relief). Outcomes are detailed in the evidence tables in the appendices
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and/or the body of the report. We did not conduct analyses to evaluate potential markers for
publication bias given the small number of trials available for some analyses.®

Results

From 4,456 unique citations identified from electronic database searches, hand searching and
bibliography review of included studies, a total of 32 RCTs (in 41 publications)”11-1%1517,24,26,29,31,33,34,37-
39,45,48,55,57,61-63,65-67,78,79,85,91,93,95-100,102,107,109 met our inCIUSion Criteria (Figure 1) 31 RCTS (|n 40
publicationS)11—13,15,17,24,26,29,31,33,34,37—39,45,48,55,57,61—63,65—67,78,79,85,91,93,95—100,102,107,109 on OSteoporOtiC fracture
and one RCT’ on fracture due to malignancy. We additionally included: one SR*® for effectiveness of
sacroplasty; six comparative NRSIs controlling for confounding®>>418%108 for effectiveness; nine
additional comparative NRS|s!836:405460,73,74,103,104 £ safety; and 30 case
Series4,6,8,10,14,19,27,28,30,35,43,50,56,58,59,64,69-71,75,77,84,88,92,101,105,106,110-112 for Safety. The most common
comparators for vertebroplasty (VP) for efficacy were kyphoplasty (KP) (9 RCTs, 1 NRSI), usual care (9
RCTs), sham (6 RCTs), and nerve block (2 RCTs, 1 NRSI). The most common comparators for KP for
efficacy were usual care (5 RCTs) and other surgical procedures (1 RCT). Of the included RCTs, roughly
one fifth (21%) reported industry funding. Furthermore, nearly one third (30%) were not clear about
their funding source.

There is substantial new evidence available for this update report compared with the 2010 HTA (see
table below). In addition to new evidence from RCTs, longer term follow-up from previously included
trials is now available as are more recent studies of cost-effectiveness.

2010 HTA New or Updated RCTs for 2024 Report
VP vs. Sham 2 RCTs 6 RCTs
VP vs. UC 3 RCTs 9 RCTs
KP vs. Sham 0 0
KP vs. UC 1RCT 5 RCTs
VP vs. KP 1RCT 9 RCTs
VP vs. Nerve Block 0 2 RCTs
KP vs. Other Surgical Intervention 0 1RCT
Sacroplasty 0 0
TOTAL 7 RCTs 32 RCTs

HTA = health technology assessment; KP = Kyphoplasty; RCT = randomized controlled trial; UC = usual care; VP =
vertebroplasty.

Following the brief overview of findings below, results are presented by indication for augmentation,
i.e., osteoporosis, tumor/malignancy and sacral insufficiency fracture (i.e., sacroplasty), with results
from RCT evidence and corresponding strength of evidence (SOE) on effectiveness and safety (KQs 1 and
2) described by type of augmentation and comparator (Tables A -F). Evidence for differential efficacy or
safety (KQ 3) is presented separately and was only available in patients with osteoporotic VCFs for
comparisons of VP versus sham or usual care and for VP versus KP. Findings for cost-effectiveness (KQ 4)
follow the evidence for KQ 3. Evidence presentation for this executive summary focuses on RCT
evidence where it is available as evidence from NRSIs was insufficient due to study limitations in
addition to uncertainty regarding the precision for some outcomes. For sacroplasty, all evidence was
from NRSIs and insufficient. Data from NRSIs are detailed in the full report.
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Overview of Findings by Key Question

The majority of RCT evidence was for VP in patients with osteoporosis. Most RCTs were fair quality (i.e.,
at moderate risk of bias). Across studies, there was substantial heterogeneity regarding included
populations (particularly related to pain duration), procedure protocols (e.g., PMMA volume used) and
comparators. Adverse events were variably defined and sparsely reported.

KQ 1. Overview of efficacy findings: Vertebroplasty (osteoporotic fractures)

VP may improve pain; however, associations were not consistently observed across comparators and
times. Effect sizes varied by comparator.

e A higher likelihood of pain response (230% improvement) was seen with VP versus sham at all
but one time, however, VP was not consistently associated with improvement in pain scores on
the visual analog scale (VAS; 0-10 scale) across times. When results were statistically significant,
effect sizes were just above the threshold for a small effect. There was substantial heterogeneity
across RCTs with regard to patient selection criteria (e.g., pain duration), PMMA used for VP and
protocols for the sham procedures. Pooled results were somewhat influenced by one RCT that
reported much greater pain improvement than the other trials, which generally found no
difference between VP and sham.

e In contrast, VP was associated with large or moderate pain improvement (VAS scores) versus
usual care at all times frames. Heterogeneity in patient populations and intervention protocols
are noted for this comparison and definitions and components for usual care were not detailed.
Statistical heterogeneity was seen at several time frames.

e Pain scores were similar for VP and KP across time frames where data were available

e VP was associated with improved pain scores versus medial branch nerve or facet blocks at early
time frames, but scores were similar at intermediate and longer time frames.

VP may improve function (Roland Morris Disability [RDQ] Questionnaire, 0-24 scale) versus sham or
usual care. An association was not consistently observed for VP versus sham across times. VP was
associated with functional improvement versus usual care at all time frames.
o Effect sizes were small for both comparisons when association was seen.
e Function (various scores) was similar between VP and KP across time frames where data were
sufficient to provide conclusions.
e Again, heterogeneity in patient populations, interventions and comparator protocols is noted.

KQ 1. Overview of efficacy findings: Kyphoplasty and Sacroplasty

Kyphoplasty
e Osteoporosis: KP was associated with improved pain and function scores at all time frames
versus usual care.
e Malignancy: KP was associated with improved pain and function between >2 weeks and <1
month compared with usual care (1 RCT).”
Sacroplasty
e Evidence for sacroplasty remains sparse. Only NRSIs were identified. Evidence was insufficient
due to high risk of bias, unknown consistency, and imprecision.
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KQ 2. Overview of safety findings: RCT evidence

Vertebroplasty (Osteoporotic fractures)
e Risks for mortality and new vertebral fracture were similar for VP versus sham, VP versus usual
care, and VP versus KP.
e Cement leakage was common with VP; few studies reported symptomatic leakage.
o Similar risks seen for symptomatic cement leakage or cement embolism between VP and KP .
Kyphoplasty
e In patients with osteoporotic fractures, risks for the following harms were similar for KP and
usual care
o Mortality
o AEs (any AE, treatment-related serious adverse events [SAEs])
o New vertebral fracture; intervention for new symptomatic fracture
e In patients with compression fractures due to tumors or malignancy:
o Risks for mortality and SAEs were similar for KP and usual care.
o Risk of new symptomatic fracture was similar at 1 month, but was greater with KP >1 to
<12 montbhs.
o Symptomatic cement leak was rare.
Sacroplasty
e There was insufficient evidence from nonrandomized studies to draw conclusions.

KQ 3. Overview of differential effectiveness or safety

Analyses of factors that may modify treatment effects are limited by study sample sizes and small
numbers of trials, particularly for evaluation of fracture age and duration of symptoms. Trials reporting
interaction!®?%> or subgroup analysis** and an AHRQ review?! reporting stratified analyses across RCTs
were included. Estimates were imprecise and our confidence in findings is very low.

VP versus Sham or Usual Care
e There does not appear to be modification of treatment effect for pain or function based on
o Sex, prior fracture (1 RCT)
o Fracture age or pain duration based on subgroup analyses reported in RCTs and analysis
based and reported stratified analysis across RCTs
e Based on reported stratified analyses of RCTs, no modification was seen by
o PMMA volume
o Study inclusion requiring documentation of MRI findings of bone marrow edema
e Instratified analysis of RCTs of VP, control type appeared to modify treatment at 2-4 weeks with
a smaller difference in effect size for pain observed in trials with sham control versus usual care
as a control. Interaction between control types was not statistically significant for function.

VP versus KP
e No appreciable differences in the magnitude of pain reduction were seen for subgroup analysis
on sex, age, preoperative pain scores or preoperative RDQ scores in one RCT. Authors do not
provide data or p-values for interaction.
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KQ 4. Cost effectiveness

In general, most economic studies suggest that vertebral augmentation may be cost effective versus

nonoperative conventional management and usual willingness-to-pay thresholds.

One cost-utility analysis in patients with malignant VCF reported that VP and KP may be cost-
effective versus nonsurgical management.
A comprehensive cost-utility analysis (UK National Institute for Health Research) did not reach a
definitive conclusion regarding cost-effectiveness of vertebral augmentation. Authors noted that
the cost-effectiveness of VP and KP was influenced by:

o Assumptions about differential mortality in patients receiving augmentation vs. usual

care based on administrative data.

o Comparisons based on blinded trials.

o Sources of data to determine utility values.
Two US studies reported that vertebral augmentation was cost-effective versus non-operative
management, however cost-effectiveness was sensitive to varying the degree of assumed
mortality differences. Medicare claims data were modeled for mortality.

Results by Condition (KQs 1 and 2)

Osteoporosis

Vertebroplasty (VP)

Vertebroplasty versus Sham KQ 1 and 2 Table A

Effectiveness:

Safety:

There was substantial heterogeneity across RCTs regarding patient selection criteria (e.g., pain
duration), PMMA volume used for VP and protocols for the sham procedures.

Pain response: VP was associated with a greater likelihood of improving baseline VAS pain (0-10
scale) response at most time points, with the exception of 21 to <2 weeks. There was a large
likelihood of response (large effect size) at the earliest time (<1 week) with the likelihood of
response favoring VP decreasing over suggestive time frames. One RCT reported much larger
effect sizes than two others reporting pain response

Pain improvement based on VAS scores (0-10) was similar for VP and sham at the earliest two
time frames (up to <2 weeks) and at the longest follow up (=12 months, SOE low). VP was
associated with small pain improvement and intermediate times compared to sham treatment.
One RCT reported much greater pain improvement than other trials which generally found no
difference between VP and sham.

VP was associated with small improvements in function versus sham based on the Roland-
Morris Disability Questionnaire (RDQ, 0-24 scale) at two time frames: >2 weeks to <1 month,
and at 26 to <12 months (SOE Low). Scores between groups were similar at other times.

Risk of mortality, new vertebral fractures, and SAEs were similar for VP and sham across RCTs
Cement leakage was common following VP with a range across RCTs of 40% to 91% of treated
levels. Authors do not report on whether symptoms were present or on related complications.
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Table A. Summary of effectiveness and safety evidence for vertebroplasty versus sham in patients
with osteoporotic vertebral compression fractures
Effect/Improvement favors VP unless otherwise indicated

Outcomes” <1 week >2 weeks to >1to <6 26 to <12 212 months
<1 month months months
_ Small
Pain Response L'arg'e S'|m|'lar I\'/Ioc’erate I\'/Ioc!erate S'ma'll likelihood,
(230% likelihood, likelihood, likelihood, likelihood, likelihood, 3RCTs,
improvement 1 RCT, 2 RCTs, 3 RCTs, 2 RCTs, 2 RCTs, N=339
from baseline) N=113 (SOE: | N=186 (SOE: | N=313 (SOE: N=176 (SOE: | N=171 (SOE: (SOE:
Low) Moderate) Moderate) Moderate) Moderate)
Moderate)
Similar, Similar, Small, Small, Small, Similar,
VAS pain scores 4 RCTs, 6 RCTs, 6 RCTs, 6 RCTs, 5 RCTs, 5 RCTs,
(0-10) N=500 (SOE: | N=616 (SOE: | N=616 (SOE: N=605 (SOE: | N=550 (SOE: | N=478
Low) Moderate) High) High) High) (SOE: Low)
Similar, Similar, Small, Similar, Small, Similar,
RDQ function 2 RCTs, 5 RCTs, 5 RCTs, 5 RCTs, 5 RCTs, 4 RCTs,
scores (0-24) N=244 (SOE: | N=531 (SOE: | N=566 (SOE: | N=557 (SOE: | N=548 (SOE: | N=432
Low) Low) Moderate) Low) Low) (SOE: Low)

Mortality

Similar, 5 RCTs, N=589, at last follow-up (12-24 months) (SOE: Moderate)

Any new vertebral fracture

Similar, 4 RCTs, N=408, at last follow-up (6-24 months) (SOE: Moderate)

Any new symptomatic fracture
with bone edema

Similar, 1 RCT, N=34, 12 months (SOE: Low)

Any SAE

Similar, 4 RCTs, N=409, at last follow-up (3-12 months) (SOE: Low)

Cement leakage, any

Common after VP, 3 RCTs, N=232 levels, any time (SOE: Moderate)

RCT = randomized controlled trial; RDQ = Roland-Morris Disability Questionnaire; RCT = randomized controlled trial; SAE =
serious adverse event; SOE = strength of evidence; VAS = visual analog scale; VP = vertebroplasty.
* SOE for adverse events focused on cumulative event to last follow-up; data on earlier timepoints if provided is available in the

report.

Vertebroplasty versus Usual Care KQ 1 and 2: Table B

There was heterogeneity across RCTs regarding enrolled populations and intervention procedures. Usual
care was not defined, and components of care were poorly specified precluding assessment of the
comparability of usual care across trials.

Effectiveness:

e VP was associated with large or moderate pain improvement based on VAS scores (0-10) versus
usual care for all times except 26 to <12 months when it was similar for VP and usual care.

e VP was associated with small improvements in function based on the RDQ (0-24 scale),
Oswestry Disability Index (ODI, 0-100), and Dallas Pain Questionnaire Daily Activities (DPQDA, O-
100) for all time frames 21 week. No studies reported on function at the earliest time (1 week)

Safety:

e Similar risks were seen for VP and UC for the following: Mortality, new vertebral fractures in

general, new symptomatic vertebral fractures, SAEs and reoperation.
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e Asymptomatic cement leak was common (13.0%-72.4%; 49.3%-72.4% across the fair-quality
trials) and symptomatic cement leak following VP much less common. (0%-1%) Authors do not

on related complications.

Table B. Summary of effectiveness and safety evidence for vertebroplasty versus usual care in patients
with osteoporotic vertebral compression fractures
Effect/Improvement favors VP unless otherwise indicated

Outcomes” <1 week 21 to <2 >2 weeksto | >1to <6 26 to <12 212 months
weeks <1 month months months
:’:‘:no:e;g:n\s;:s) No evidence | No evidence | No evidence | No evidence | No evidence | INSUFFICIENT
Pain Responst.e No evidence | No evidence | No evidence | No evidence | No evidence | INSUFFICIENT
(Complete relief)
Large, Moderate, Large, Moderate, Similar, Moderate,
VAS/NRS pain 3 RCTs, 4 RCTs, 3 RCTs, 5 RCTs, 4 RCTs, 5 RCTs,
scores (0-10) N=343 (SOE: | N=432 (SOE: | N=398 (SOE: | N=569 (SOE: | N=523 (SOE: | N=567 (SOE:
Moderate) Low)" Low) Moderate) Low) Low)
Small, Small, Small, Small, Small,
Function scores* No evidence 4 RCTs, 3 RCTs, 4 RCTs, 3 RCTs, 4 RCTs,
N=432 (SOE: | N=398 (SOE: | N=440 (SOE: | N=398 (SOE: | N=436 (SOE:
Low) Moderate) Moderate) Moderate) Moderate)

Mortality

Similar, 6 RCTs, N=844, at last follow-up (6-12 months) (SOE: Moderate)

Any new vertebral fracture

Similar, 9 RCTs, N=830, at last follow-up (2 weeks to 49 months) (SOE: Low)

fracture

Any new symptomatic vertebral

Similar, 6 RCTs, N=877, at last follow-up (2 weeks to 12 months) (SOE: Low)

SAEs

Similar, 4 RCTs, N=408, any time (SOE: Low)

Reoperation

Similar, 1 RCT, N=211, any time (SOE: Low)

Cement leak, symptomatic

Rare with VP, 7 RCTs, N=661 levels, any time (SOE: Moderate)

Cement leak, asymptomatic

Common with VP, 7 RCTs, N=661 levels, any time (SOE: Moderate)

RCT = randomized controlled trial; RCT = randomized controlled trial; SAE = serious adverse event; SOE = strength of evidence;
VAS = visual analog scale; VP = vertebroplasty.
* SOE for adverse events focused on cumulative event to last follow-up; data on earlier timepoints if provided is available in the

report.

T After exclusion of potential outlier trial (Blasco 2012)
¥ Standardized mean difference across three measures of function: Roland Morris Disability Questionnaire (RDQ, 0-24),
Oswestry Disability Index (ODI, 0-100), and Dallas Pain Questionnaire Daily Activities (DPQDA, 0-100).

Vertebroplasty versus Kyphoplasty KQ 1 and 2

Effectiveness:

e Pain improvement (VAS 0-10 scale) was similar for VP and KP at all time frames for which there
was sufficient evidence to assess this.
e Improvement in function was also similar between VP and KP all time frames for which there
was sufficient evidence to assess this.
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Safety:
e Similar risk for mortality and new vertebral fracture were seen for VP and KP
e Both symptomatic cement leakage and cement embolism were rare and similar between VP and
KP recipients.

Table C. Summary of effectiveness and safety evidence for vertebroplasty versus kyphoplasty in

patients with osteoporotic vertebral compression fractures
Effect/Improvement favors VP unless otherwise indicated
Outcomes” <1 week 21 to <2 >2 weeks to >1to <6 26 to <12 212 months

weeks <1 month months months

Pain Response
(total effective | No evidence | No evidence No evidence No evidence | No evidence | INSUFFICIENT
rate)’
12-24 months:
Similar, Similar, Similar, Similar, Similar, 5 RCTs
VAS/NRS pain | 3 RCTs, 2 RCTs, 2 RCTs, 3 RCTs, (N=673) (SOE:
INSUFFICIENT
scores (0-10) | N=313 (SOE: N=460 (SOE: | N=419 (SOE: | N=248 (SOE: | Low)
Moderate) Low)* Low)* Low) 60 months:
INSUFFICIENT
12 months:
Similar, Similar, Similar, Similar, 5 RCTs
Function 1 RCT, . 2 RCTs, 3 RCTs, (N=643) (SOE:
N INSUFFICIENT
scores§ N=106 (SOF: | O evidence SU N=399 (SOE: | N=238 (SOE: | Low)
Low) Low)* Moderate) 24 months:
INSUFFICIENT
Mortality Similar, 4 RCTs, N=631, at latest follow-up (12-24 months) (SOE: Low)
Any new vertebral fracture Similar, 6 RCTs, N=781, at latest follow-up (12-49 months) (SOE: Low)
Cement leak, symptomatic Similar and rare, 5 RCTs, N=800, any time (SOE: Low)
Cement embolism, any Similar and rare, 2 RCTs, N=381, any time (SOE: Low)
Any new symptomatic INSUEEICIENT
vertebral fracture
!Refracture or worsening at INSUEEICIENT
index level
SAEs, any and procedure or INSUFEICIENT

device related

Reoperation for new fracture  INSUFFICIENT

NRS = numerical pain rating scale; RCT = randomized controlled trial; RCT = randomized controlled trial; SAE = serious adverse
event; SOE = strength of evidence; VAS = visual analog scale; VP = vertebroplasty.

* SOE for adverse events focused on cumulative event to last follow-up; data on earlier timepoints if provided is available in the
report

T Complete (“cure”), excellent or effective (not defined) improvement in clinical symptoms

¥ After exclusion of potential outlier trial (Wang 2023)

§ Standardized mean difference across two measures of function: Roland Morris Disability Questionnaire (RDQ, 0-24) and
Oswestry Disability Index (ODI, 0-100).
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Vertebroplasty versus Medial Branch Nerve or Facet Blocks
Effectiveness:

e While VP was associated with moderate pain improvement (VAS 0-10 scale) versus medial
branch nerve or facet blocks at early times (<1 week, 21 to <2 weeks) improvement at later time
frames was similar between groups.

e VP was associated with moderate improvement in function based on the RDQ (0-24 scale) at <1
week and substantial improvement at 21 to <2 weeks versus medial branch nerve or facet block,
however, improvement was similar between groups at later time frames.

Safety:
e Risk of new vertebral fractures was similar for both treatment groups

Table D. Summary of effectiveness and safety evidence for vertebroplasty versus medial branch nerve

or facet blocks in patients with osteoporotic vertebral compression fractures
Effect/Improvement favors VP unless otherwise indicated

Outcomes 21 to <2 >2 weeksto | >1to <6 26 to <12 212 months
weeks <1 month months months
Moderate, Moderate, Similar, Similar, Similar, Similar,
VAS/NRS pain 1 RCT, 2 RCTs, 2 RCTs, 1 RCT, 1 RCT, 1 RCT,
scores (0-10) N=206 (SOE: N=233 (SOE: | N=230 (SOE: | N=206 (SOE: | N=206 (SOE: | N=206 (SOE:
Low) Low) Low) Low)" Low) Low
Moderate, Large, Similar, Similar, Similar, Similar,
RDQ function 1 RCT, 1 RCT, 2 RCTs, 2 RCTs, 1 RCT, 1 RCT,
scores (0-24) N=206 (SOE: N=206 (SOE: | N=230 (SOE: | N=227 (SOE: | N=206 (SOE: | N=206 (SOE:
Low) Low)" Low) Low) Low) Low)
New vertebral fractures Similar, 1 RCT, N=206, 12 months (SOE: Low)
Cement leak, asymptomatic INSUFFICIENT

NRS = numerical pain rating scale; RCT = randomized controlled trial; RDQ = Roland-Morris Disability Questionnaire; RCT =
randomized controlled trial; SOE = strength of evidence; VAS = visual analog scale; VP = vertebroplasty.
* Based on the large, fair-quality trial (Wang 2016).

Kyphoplasty (KP)

Kyphoplasty versus Usual Care
Effectiveness:
e Allresults are from a single large RCT
e Compared with usual care, KP was associated with substantial pain improvement (VAS 0-10
scale) at 21 to <2 weeks and diminished between >2 weeks to <12 months to moderate and to a
small improvement at =2 12 months
e Moderate functional improvement was seen with KP at two intermediate time frames (>2 weeks
to <1 month) and >1 to <6 months, with a small improvement seen for times 26 to 212 months
compared with usual care. Function was similar between groups at 34 months

Safety:
e Risk of mortality, new vertebral fractures, and SAE adverse events was similar between groups.
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Table E. Summary of effectiveness and safety evidence for kyphoplasty versus usual care in patients
with osteoporotic vertebral compression fractures
Effect/Improvement favors KP unless otherwise indicated

Outcomes” <1 week 21 to <2 >2 weeks to >1 to <6 26 to <12 212 months

weeks <1 month months months

Large, Moderate, Moderate, Moderate, 12, 24 months
VAS/NRS Small,
ain scores INSUFFICIENT LRCT, LRCT, 2 RCTs, LRCT, 1 RCT
P N=300 (SOE: | N=300 (SOE: | N=380 (SOE: | N=300 (SOE: ’
(0-10) R A A N=300 (SOE:
Low) Low) Low) Low)
Low)
12 months
Small, 1 RCT,
Moderate, Moderate, Small, N=300 (SOE:
Function 1 RCT, 1 RCT, 1 RCT, Low)
INSUFFICIENT | INSUFFICIENT
scorest SU SU N=300 (SOE: | N=300 (SOE: | N=300 (SOE: | 24 months
Low)" Low)" Low) Similar, 1 RCT,
N=300 (SOE:
Low)
Mortality Similar, 1 RCT, N=300, 24 months (SOE: Low)
Any SAE Similar, 2 RCTs, N=500, at last follow-up (24-49 months) (SOE: Low)
Treatment-related SAEs Similar, 1 RCT, N=300, 30 days (SOE: Low)
Withdrawals due to AEs Similar, 1 RCT, N=300, 24 months (SOE: Low)
New vertebral fracture Similar, 1 RCT, N=300, 24 months (SOE: Low)
N t ti t |
ew symptomatic vertebral g .121. 2 RCTs, N=500, at last follow-up (24-49 months) (SOE: Low)
fracture
Cement leak, symptomatic Not uncommon, 2 RCTs, N=228 KP, at last follow-up (24-49 months) (SOE: Low)
R tion f
eoperation for new Similar, 1 RCT, N=300, 24 months (SOE: Low)
symptomatic fracture

AE = adverse event; KP = kyphoplasty; NRS = numerical pain rating scale; RCT = randomized controlled trial; RCT = randomized
controlled trial; SAE = serious adverse event; SOE = strength of evidence; VAS = visual analog scale.

* SOE for adverse events focused on cumulative event to last follow-up; data on earlier timepoints if provided is available in the
report.

t Based on the large, fair-quality trial only (FREE trial; Wardlaw 2009, Van Meirhaeghe 2023).

¥ Standardized mean difference across two measures of function: Roland Morris Disability Questionnaire (RDQ, 0-24) and
Oswestry Disability Index (ODI, 0-100).

Vertebral Compression fractures due to Tumors or Malignancy

Kyphoplasty versus Usual Care KQ1 and 2
Effectiveness:

e Limited evidence from one RCT showed large improvement in pain with KP versus usual care up
to 1 month in patients with pathologic fracture due to malignancy. After 1 month, there was
substantial crossover from usual care to KP (58%); effectiveness results prior to crossover are
reported here.
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e KP was associated with a large likelihood of functional response >2 weeks to €1 month versus
usual care based on RDQ (>2.5-point improvement 0 -24 scale) and Karnofsky Performance
Scores (KPS 0-100 scale) at two thresholds (>5-point improvement, score of >70)

e KP was also associated with improved RDQ and KPS scores >2 weeks to £1 month.

e There was an extremely high rate of crossover (58%) after 1 month assessment; Safety
outcomes are reported prior to crossover (1 month) and based on author’s reported ITT
analyses.

e Risks of mortality and SAEs were similar between KP and usual care at one month and from 1 to
<12 months.

e New symptomatic fracture risks were similar between groups at 1 month, KP recipients were at
higher risk of this between 1 and 12 months.

e Symptomatic cement leak with KP was rare, occurring in 1.4%.

Table F. Summary of effectiveness and safety evidence for kyphoplasty versus usual care in patients

with vertebral compression fractures due to tumors or malignancy
Effect/Improvement favors KP unless otherwise indicated
Outcomes” <1 week 21 to <2 weeks >2 weeks to <1 month >1 to 212

months
VAS/NRS pain scores (0- No evidence Large, 1 RCT, N=117 Large, 1 RCT, N=114
10) (SOE: Low) (SOE: Low)
Function Responders
(22.5-point improvement | No evidence | No evidence

No evidence*

Large, 1 RCT, N=113 No evidence*

on RDQ) (SOE: Low)
i >5-
Fuf\ctllon Responders (25 ' . Large, 1 RCT, N=112 .
point improvement on No evidence | No evidence No evidence*
KPS) (SOE: Low)

Function Responders (KPS No evidence | No evidence Moderate, 1 RCT, N=112
score 270) (SOE: Low)

RDQ function scores (0- No evidence | No evidence Large, 1 RCT, N=113

24) (SOE: Low)

KPS function scores (0- . . Large, 1 RCT, N=112
100) No evidence | No evidence (SOE: Low)

Similar, 1 RCT, N=134, 1 month (SOE: Low)

No evidence*

No evidence*

No evidence*

Mortality
Similar, 1 RCT, N=96, >1 to <12 months, ITT (SOE: Low)

SAEs Similar, 1 RCT, N=134, 1 month (SOE: Low)
Similar, 1 RCT, N=96, >1 to <12 months, ITT (SOE: Low)
Similar, 1 RCT, N=134, 1 month (SOE: Low)

New symptomatic fracture Risk greater with KP, 1 RCT, N=96, >1 to <12 months, ITT (SOE:
Low)

Cement leak, symptomatic Rare, 1 RCT, N=70in KP, 1 month (SOE: Low)

KP = kyphoplasty; KPS = Karnofsky Performance Score; NRS = numerical pain rating scale; RCT = randomized controlled trial;
RDQ = Roland Morris Disability Questionnaire; SAE = serious adverse event; SOE = strength of evidence; VAS = visual analog
scale.

* Due to very high rate of crossover (58%) after 1 month assessment, only outcomes at 1 month or earlier were included for
effectiveness. For safety, SOE focused on ITT analysis (patients as randomized) between 1 and 12 months
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Vertebroplasty versus Kyphoplasty KQ 1 and 2
The evidence base comparing VP and KP in patients with malignant vertebral fractures remains sparse
and insufficient due to high risk of bias, unknown consistency, and imprecision for these studies. Three
retrospective comparative NRSIs (2 from the prior report,*>® 1 newly identified®) evaluated the
effectiveness of PV and KP for malignant vertebral fracture are summarized in the full report.
e Across the comparative NRSIs, pain response and pain improvement for VP and KP were similar.
e Adverse events were sparsely reported. No neurological or pulmonary complications or new
fractures were observed; one death was reported. Detail of adverse events from case series are
found in the full report.

Sacroplasty

Sacroplasty versus Nonsurgical Management (Usual Care) and Surgery KQ1 and 2

The evidence base evaluating the effectiveness and safety of sacroplasty remains sparse and insufficient
due to high risk of bias, unknown consistency, and imprecision for these studies. Studies are
summarized in the full report.

e Sacroplasty conferred greater improvement in VAS pain scores (0-10 scale) across most
timepoints versus usual care (3 studies).»**# and function scores (ODI scale 0-100) at all
timepoints (2 studies).® Mortality was less common following sacroplasty (1 study).

e One study reported significantly less improvement in ODI scores after sacroplasty compared
with daily percutaneous teriparatide injections.%®

e One study compared sacroplasty with screw fixation (primarily iliosacral screw fixation with
cement augmentation)! and found that patients in both groups experienced significant
improvement in pain (VAS scores) and function (HBI scores) Data were not well reported. HBI
function scores at 2 years were similar. Mortality was similar for the two groups.

KQ 3: Vertebroplasty Differential Effectiveness or Safety

Evidence on differential effectiveness or harms of VP reported in included RCTs for subpopulations
defined by gender, age, psychological or psychosocial co-morbidities, provider characteristics, or payer
type or by fracture age, pain duration or intervention characteristics is sparse. In addition to data from
three trials of VP,*3%%55 results discussed below include those from an AHRQ review?! that reported
stratified analyses for VP. These analyses included all but one of the RCTs of VP versus sham or usual
care that are included in this HTA update. No RCTs of KP reported stratified analyses for subpopulations.
One RCT comparing VP with KP briefly described such analyses.®* Analyses in all trials were likely to have
low power for detecting effect modification by factors that were evaluated. Confidence in findings from
stratified analyses from included studies is very low.

e VP versus Sham or Usual Care
o Fracture age/pain duration: There does not appear to be modification of the treatment
effect for vertebroplasty (versus sham) in patients with acute osteoporotic fractures,
compared with those with more chronic fractures, based on reported subgroup analyses
from included RCTs or from reported stratified analyses of RCTs comparing VP to a
combined usual care and sham across RCTs for the outcomes of pain or function.
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Analyses of pain duration/fracture age are limited by small numbers of trials and
inadequate sample sizes to evaluate effect modification.
o Other factors:
= No modification of treatment effect based on sex, presence or absence of
pervious fractures or treating center was reported by one RCT of VP versus
sham
=  For the outcomes of pain and function, there appears to be no modification of
treatment effect for the following subgroups based on stratified analysis of RCTs
comparing VP with sham or usual care: PMMA volume, study enrollment
requirement of MRI findings of bone marrow edema
= |n stratified analysis of RCTs of VP, control type appeared to modify treatment
at 2-4 weeks with a smaller difference in effect size for pain observed in trials
with sham control versus usual care as a control. Interaction between control
types was not statistically significant for function.
e VP versus KP
o One RCT comparing VP versus KP reported that no appreciable differences in the
magnitude of pain reduction were seen for subgroup analysis on sex, age, preoperative
pain scores or preoperative RDQ scores. Authors do not provide data or p-values for
interaction.

KQ 4: Cost-effectiveness

Six full economic studies relevant to populations with osteoporotic vertebral compression
fractures32425387.8990 3nd one relevant to cancer-related VCFs* were identified for this update report.
Two studies were U.S. based.3*%3 Both were industry funded (Medtronic). Of the non-US based studies
two were reported by government entities, one from the UK®” and the other from Canada.* One study®
was performed in Japan and received no funding. The other two were performed in Sweden* and the
UK® and were industry funded (Medtronic). No economic studies on sacroplasty were identified. Given
the differences in healthcare systems and reimbursement policies between the U.S. and other countries,
the generalizability of findings from studies from outside of the U.S. is unclear.

In general, most economic studies suggest that vertebral augmentation may be cost effective versus
nonoperative conventional management based on conventional willingness to pay (WTP) thresholds.
Conclusions regarding cost-effectiveness in most studies seem dependent on assumptions regarding
mortality differences between patients receiving vertebral augmentation and those receiving usual care.

e The only cost-utility analysis (CUA) in patients with malignant VCF was performed by Health
Quality Ontario.*” It concluded that KP and VP may be cost-effective with incremental cost-
effectiveness ratios (ICERs) of Canadian Dollars (CAD) $33,471/QALY gained for KP and CAD
$17,870/QALY gained for VP, both in comparison to nonsurgical management. The study was
rated as good quality. No comparison of VP versus sham was modeled.

e The highest quality, most comprehensive analysis was performed by the UK National Institute
for Health Research (NIHR)® and included data from both sham controlled trials and unblinded
trials comparing VP and KP with usual care in patients with osteoporotic VCF. Based on
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extensive sensitivity analyses, including consideration of whether sham involving local
anesthetic might be considered a more “active” control, authors conclude that ICERs are driven
by the clinical scenarios chosen:

o KP was consistently cost-effective (at WTP below £20,000) if modeling included
differential mortality benefit versus usual care. When no mortality benefit was assumed,
the method for utility determination influenced cost/QALY.

o ICERs for VP and KP were often greater than £20,000 when blinded trials were used.

o PV was constantly cost effective at ICER below £20,000 when a pooled beneficial effect
was used.

o Authors note that while vertebral augmentation may lead to decreased mortality, the
data for this is from administrative data (registry) and that causal inference is not
possible given lack of detailed information on causes of death.

e Both U.S. based studies (one poor quality, one good quality), and one good quality U.K.-based
study relied at least in part on Medicare Claims data and similar methods to model mortality
based on studies that suggest lower mortality for vertebral augmentation compared to
nonoperative management in their base-cases. All reported vertebral augmentation was cost-
effective versus non-operative management.

o From sensitivity analyses in the two good quality studies, cost-effectiveness was
influenced by varying the degree of assumed mortality “benefit” from augmentation.

o Similarly, one good-quality study from Japan found that reducing the assumed mortality
“benefit” substantially increased the ICER.

Use of data from analyses based on Medicare/CMS data for mortality is an important limitation of these
studies. Sensitivity analyses in most studies suggest that assumptions regarding mortality had important
impacts on cost-effectiveness. Well known limitations of such administrative database studies include
selection bias, inability to control confounding, confounding by indication, missing data, and
misclassified data. Thus, causal inference for mortality benefit is not possible. Some studies modeled a
life-time horizon or longer-term horizons (5 years) however long-term data from RCTs are sparse. The
patient populations modeled were generally aged >65 years and changes in health status and co-
morbidities may impact life years and quality of life. The impact of adverse events and potential for
subsequent fractures were infrequently modeled or considered in sensitivity analyses.

Strength of Evidence Summaries

Detailed SOE tables, including reasons for downgrading, are found in Section 5 of the full report.

Considerations

Research published after the 2010 HTA now includes a much broader evidence base of RCTs of vertebral
augmentation in patients with osteoporotic vertebral compression fractures. Most RCTs were good or
fair quality. While additional trials of VP versus sham were identified, there are still no trials of KP versus
sham. One RCT comparing KP with usual care in patients with VCF due to malignancy was identified to
enhance the prior evidence base, however no RCTs for sacroplasty were identified and evidence remains
sparse and was considered insufficient.
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In trials of VP versus sham, effect sizes for pain improvement were smaller compared with the effect
sizes seen across trials comparing VP versus usual care. Pooled effect estimates across trials comparing
VP with sham were small or just above the threshold for a small effect for pain improvement (VAS
scores, 0-10 scale) when statistical associations were present, as effects across most trials were not
statistically significant. In contrast, VP was more consistently associated with large or moderate
improvements in pain compared with usual care (at all but one time frame). The reason for differences
in effect sizes and observance of an association for the two comparator pairs is not clear. In studies
comparing VP with usual care, the observed differences may be in part due to placebo and nonspecific
effects unrelated to treatment given the inability to blind patients receiving usual care, leading to a
potential overestimate of effect. Authors of one included trial of VP versus sham??° suggest that
fracture age/acuity may impact clinical outcomes, noting that most placebo-controlled trials performed
VP later in the natural history of the fracture and this may partially explain findings of no benefit for VP
versus placebo. There is, however, inadequate information from sub-analyses of included studies for Key
Question 3 to effectively evaluate differential effectiveness or harms based on fracture age/pain
duration. Stratified analyses from a recent AHRQ review?! across 10 RCTs (N=1093), comparing VP to
sham or usual care control (most of which are included in this HTA update) also found no statistically
significant interaction for subgroups based on baseline pain duration or specific pain duration as an
inclusion criteria for the outcome of pain. Similarly, for the outcome of function, no statistically
significant interaction for either of these pain duration subgroups was observed. Authors note that
estimates for stratified analyses are based on small numbers of trials and are imprecise.

The use of local anesthetic in sham procedures might be considered a more “active” control and
partially explain the smaller effects or no effect seen between VP and sham control in most trials*>3°
compared with effect sizes seen for VP versus usual care. Periosteal infiltration of local anesthetic was
done for patients randomized to vertebroplasty in four RCTs.1*>1>385 Anesthetic was injected into the
vertebral body in a another trial® and was confined to subcutaneous infiltration without periosteal
numbing in the sixth trial.?* Effect sizes for pain improvement from this last trial were greater than those
found in the other trials of VP versus sham. However, this trial also enrolled patients with shorter mean
fracture duration (<3 weeks in 79% of patients) and used a higher PMMA volume (7.5 ml vs. range of 1.4
ml to 5 ml) compared with the other trials reporting pain scores. As discussed in the recent AHRQ
review,?! it is possible that injection of local anesthetic into the vertebral bone or periosteum as part of
a sham procedure could confer a therapeutic benefit. This could lead to a smaller observed difference in
pain improvement between sham and VP, however the effects of the anesthetics would need to
continue beyond their usual expected duration (usually up to 8 hours) to explain longer-term effect size
differences seen between sham and usual care-controlled trials. In addition, the assumption of a
therapeutic benefit would seem to require that cement infiltration would not have a therapeutic effect
beyond that of the local anesthetic, even though fracture stabilization is a proposed mechanism of
action for VP.?

Across RCTs, adverse events were variably and sparsely reported. Serious adverse events were variably
defined and trials reported that most were not procedure related. Serious adverse events appear to be
rare. Comparative NRSIs that reported safety were included and summarized in the full report but
evidence from these studies was considered insufficient primarily due to study limitations. Citations
suggested during public comment periods included those for administrative database studies that report
lower mortality with vertebral augmentation compared with non-operative management of
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osteoporotic vertebral fractures. Mortality data from included studies are described in the report and
summarized in Appendix Q. An association between vertebral augmentation and decreased mortality
was not consistently seen across included studies. A recent industry-funded systematic review>?
reported a small decrease in the likelihood of mortality overall (7 studies, HR 0.78, 95% Cl 0.66 to 0.92,
1>’=68%) for vertebral augmentation (KP or VP) versus non-surgical care. An AHRQ-funded comparative
effectiveness review?! that included the majority of RCTs of VP included in this updated HTA found
moderate strength of evidence of no increased mortality risk for VP versus sham or usual care across 7
trials (RR 0.88, 95% Cl 0.50 to 1.53, I’=0%). The effect sizes for mortality from the two reviews are
reasonably consistent, however, the pooled estimate across RCTs show no statistical difference between
VP and sham or VP and usual care. While the RCTs are less biased and allow for causal inference, they
may have been underpowered to detect differences in mortality and have shorter follow-up. The
administrative data studies had greater statistical power and reported longer follow-up, however results
from these studies should be considered within the context of the general limitations of administrative
database studies (claims data). These include potential selection bias, the inability to control for
important confounding or prognostic factors that cannot be measured in administrative data, the
potential for coding-related misclassification of variables and missing data. Confounding by indication
may impact findings reported in administrative data studies. Patients who received vertebral
augmentation may be healthier or better able to tolerate an augmentation procedure than those who
received nonoperative care. Although cited database studies described methods to control for selection
bias, confounding and other biases (e.g., via propensity matching), residual confounding and
unmeasured selection bias are possible. These may lead to an overestimate of procedure benefits.®® A
recent study of Medicare enrollees compared analyses using limited matching and more rigorous
propensity matching to evaluate the association between KP and mortality.** An apparent benefit of KP
on mortality compared with conservative management seen in the more limited matched analysis was
no longer present after more rigorous propensity matching. Authors point to the challenges of analyzing
and interpreting administrative data studies for outcomes such as mortality and to the need for
supporting evidence from RCTs.
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1 Appraisal

1.1 Background and Rationale

Vertebral compression fractures (VCFs) and sacral insufficiency fractures (SIFs) often result in
considerable pain, loss of function, and decreased quality of life. Patients with osteopenic vertebral or
sacral fractures are at greater risk of morbidity and mortality and VCFs are most common in elderly
patients, making less invasive methods more attractive. VCFs can also occur due to metastatic bone
disease leading to disability and morbidity and again, operative interventions may not be feasible.

Vertebroplasty, kyphoplasty and sacroplasty (collectively, percutaneous vertebral and sacral surgery) are
minimally invasive surgical procedures used to treat spinal pain believed to be caused by fractures in the
vertebra or sacrum. These are all cementoplasty (augmentation) techniques intended to stabilize the
fractured bone(s), but the mechanism of pain relief is not clear. Osteoporosis, vertebral metastasis, and
multiple myeloma are the most frequently reported indications for these procedures. Cementoplasty
may reduce pain and improve stability of the bone.

Vertebroplasty involves injection of bone cement into a partially collapsed vertebral body under
computed tomography (CT) or fluoroscopic guidance. Kyphoplasty is a modification of vertebroplasty
that expands the partially collapsed vertebral body with an inflatable balloon or other mechanical device
to restore vertebral body height before the injection of bone cement. Sacroplasty is an extension of
vertebroplasty, involving the injection of bone cement into the sacrum to repair sacral insufficiency
fractures.

These surgical procedures are less invasive than other spinal surgical procedures, but more invasive than
conservative medical therapy. Vertebroplasty, kyphoplasty and sacroplasty are surgical procedures and
are not subject to FDA approval, however materials and devices used as part of these procedures are
subject to FDA approval.

1.2 Policy Context

A Health Technology Assessment titled: Vertebroplasty, Kyphoplasty, Sacroplasty, was published on
November 5, 2010 by the Health Care Authority. New evidence has been published subsequent to the
2010 review and additional devices have been FDA approved. The Committee’s Coverage Decision is
summarized below.

HTCC Coverage Determination
Vertebroplasty, Kyphoplasty and Sacroplasty are not covered benefits.
HTCC Reimbursement Determination

Vertebroplasty, Kyphoplasty and Sacroplasty are not covered benefits.

1.3 Objectives

This report updates the 2010 HTA to incorporate new evidence published since then. The aim of this
report is to systematically review, critically appraise, analyze and synthesize research evidence
evaluating the effectiveness and safety of vertebroplasty, kyphoplasty and sacroplasty for primary
treatment of vertebral or sacral fracture due to osteoporosis or tumor/malignancy compared with
placebo/sham, no treatment, surgery or common conventional treatment options to reflect evidence
published after the 2010 report. Vertebroplasty and kyphoplasty will be compared with each other. The
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differential effectiveness and safety of these therapies for subpopulations will be evaluated, as will the
cost effectiveness.

1.4 Key Questions

Public comments related to the topic nomination and selection posting did not result in changes to the
draft key questions or PICOTS. Suggested citations from the comments were evaluated for inclusion
against the final KQ and PICOTS; no additional studies were added. Public comments from the public
posting of the draft key questions were evaluated and clinical expert perspectives were used to inform
finalization of the KQ and PICOTS. The assessment update was restricted to devices approved by the FDA
where applicable.

When used in patients with spinal pain due to vertebral fracture:

1. What is the evidence of efficacy and effectiveness of vertebroplasty, kyphoplasty or sacroplasty?
Including consideration of:
a. Short-term and long-term outcomes
b. Impact on function, pain, quality of life
c. Other reported measures including: use of pain medications and opioids, return to work
2. What is the evidence of the safety of vertebroplasty, kyphoplasty or sacroplasty? Including
consideration of:
a. Adverse events type and frequency (mortality, major morbidity, other)
b. Revision/re-operation rates (if not addressed in efficacy)
3. What is the evidence that vertebroplasty, kyphoplasty or sacroplasty has differential efficacy or
safety issues in sub populations? Including consideration of:

a. Gender

b. Age

c. Psychological or psychosocial co-morbidities

d. Diagnosis or time elapsed from fracture

e. Other patient characteristics or evidence-based patient selection criteria
f.  Provider type, setting or other provider characteristics

g. Payer/beneficiary type: including worker’s compensation, Medicaid, state employees
4. What is the evidence of cost implications and cost-effectiveness of vertebroplasty, kyphoplasty
and sacroplasty? Including consideration of:
a. Costs (direct and indirect) in the short term and over expected duration of use
b. Revision/re-operation (if not addressed in efficacy)

Scope:
Summary of inclusion and exclusion criteria

PICOTS inclusion/exclusion criteria below were finalized following consultation with the agency and
after review of public comment on key questions and clinical expert input.
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PICOTS/Scope:

Stud
v Inclusion

Component

Population Patients with spinal pain due to vertebral
fracture secondary to

® QOsteoporosis
e Malignancy

Subgroups, special populations:

e Gender

o Age

e Psychological or psychosocial co-
morbidities

e Diagnosis or time elapsed from fracture

e Other patient characteristics or
evidence-based patient selection criteria

e Provider type, setting or other provider
characteristics

e Payer/beneficiary type: including
worker’s compensation, Medicaid, state
employees

Exclusion

e Fractures due to high-energy trauma

Intervention e Vertebroplasty
e Kyphoplasty
e Sacroplasty

e Cements, devices that are not FDA approved
unless being studied in a Phase Il trial

® Spineoplasty graft consisting of mesh filled
with bone chips instead of the traditional
cement

® Percutaneous cement discoplasty (PCD) -
intervertebral disc is filled with
percutaneously injected acrylic cement; may
be used as prep or with vertebroplasty

e Studies of exercise/rehab post augmentation

e Stentoplasty, vertebral body stenting

® Vesselplasty

Comparator e Sham procedure or placebo
e Conservative care, conventional care

® Other minimally invasive procedures (e.g.,
facet joint block, nerve block)

e Surgical procedures
e Vertebroplasty vs. kyphoplasty

e Comparisons of different cement types

e Comparisons of surgical approaches or
techniques

e Comparison of different vertebroplasty
techniques with each other or different forms
of kyphoplasty with each other

e Use of vertebroplasty, kyphoplasty or
sacroplasty as an adjunct to other procedures
(e.g., ablation)

e Augmentation combined with zoledronic acid
(ZOL) versus augmentation alone

® Types of imaging guidance, other guidance,
e.g., Robotic assisted vs. fluoroscopy

e Stentoplasty/vertebral body stenting,

® VVesselplasty
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Study

Component

Outcomes

Inclusion

Primary outcomes
® Functional outcomes (e.g., ODI)
® Pain relief

e Harms/Complications (e.g., procedure
related, leakage, new fracture, medical
complications, mortality, revision/re-
operation)

Secondary outcomes

e Quality of life

e Measures of disability (e.g., work lost)

® QOpioid use

® Return to work/return to normal activity

Exclusion

e Measures that are not validated

® Intermediate outcomes measures (e.g.,
radiographic measures of disc height)

Study design

o Key Question 1: Comparative clinical
studies with a focus on studies with least
potential for bias (RCTs); NRSI with
concurrent controls that control for
confounding will be considered if RCT
evidence is not available for KQ 1.

o Key Question 2, safety, RCTs, NRSI with
2250 patients that are specifically designed
to evaluate safety that control for
confounding will be considered; case series
will be considered if adequate information
is not available from comparative NRSIs
and RCTs or for rare or long-term adverse
events; systematic reviews may be
considered for safety

e Key Question 3: RCTs only

e Key Question 4: Full formal economic
studies

® Case reports

e Case series, single arm studies, pre-post
studies with fewer than 5 patients (for
sacroplasty)

® NRSIs for effectiveness or benefit for
osteoporotic fractures (KQ 1)

o NRSI that do not control for confounding
(exception for sacroplasty)

Publication

® Full-length studies published in English in
peer reviewed journals, published HTAs or
publicly available FDA reports

Full formal economic analyses (e.g., cost-
utility studies) published in English in HTAs
or in a peer-reviewed journal published
after those represented in previous HTAs

e Abstracts, editorials, letters

e Duplicate publications of the same study
which do not report on different outcomes

e Single reports from multicenter trials

e Studies reporting on the technical aspects of
these procedures

e White papers

® Narrative reviews

e Articles identified as preliminary reports when
results are published in later versions

® Incomplete economic evaluations such as
costing studies

FDA = Food and Drug Administration; HTA = health technology assessment; KQ = key question; NRSI = nonrandomized studies
of interventions; ODI = Oswestry Disability Index; RCT = randomized controlled trial.
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1.5 Outcomes Assessed

This review focused on the following primary effectiveness outcomes: validated measures of pain and
function and opioid use. We focused on serious treatment-related adverse events, i.e., treatment-
related events that may be life-threatening or required medical intervention. Clinical input on
prioritization of harms and adverse events was obtained and reflected in the reporting of these. We also
report on cost-effectiveness measures from full economic analyses. Table 1 provides a list of validated
primary outcomes measures used in this review. We used definitions for the magnitude of effect size
consistent with prior AHRQ reviews for treatment of pain (Appendix Q).

Table 1. Primary Outcome Measures Used in Included Studies

Assessed

Outcome Measure By Components Score Range Interpretation
Pain Visual Analog Scale Patient | Patients are 0 tovariable |The higherthe |NR
(VAS-pain) / Numeric pain asked to indicate | maximum of |score, the
scale (NPS) / Numeric Pain on ascale line 10 or 100 greater the
Rating Scale (NPRS) (100 mm in (total score) | pain.
length) where No pain: 0to 4
they rate their mm
pain level of the Mild pain: 5 to
day. 44 mm
One variation of Moderate pain:
this measure 45 to 74 mm
includes changing Severe pain: 74
the length of the to 100 mm
line.
Oswestry Disability Scale |Patient |Questionnaire 0%-100% The higher the | In patients with low
(oDI)%2 examines score, the back pain (various
perceived level of greater the pathologies): Range,
disability in 10 disability 9.5 to 12.9 points>®
everyday
activities of daily 0% to 20%:
living. The 6 minimal
statements are disability
scored from 0 to 21%-40%:
5 and the final moderate
score is disability
calculated as a 41%-60%:
percentage of the severe disability
total points 61%-80%:
possible. crippled
81%-100%: bed
bound
Roland Morris Disability Patient | Questionnaire 0-24 The higher the | 3-point change, or
Questionnaire (RDQ)® assess self-rated score, the 30% improvement
physical disability greater the from baseline’
caused by low disability
back pain.
Answers are yes
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Assessed

Outcome Measure By Components Score Range Interpretation

(1)/no(0) format.
The 24 questions
are summed to
get the total
score

CLBP = Chronic low back pain; CRPS = Complex regional pain syndrome; DN4 = Douleur Neuropathique 4 Questionnaire; EQ5D =
EuroQol 5-Dimension Questionnaire; EQ-VAS = EuroQol Visual Analog Scale; FBSS = Failed back surgery syndrome; MCID =
Minimal clinically important difference; MCS = Mental Component Score; NPS = Numerical Pain Scale; NPRS = Numeric Pain
Rating Scale; ODI = Oswestry Disability Index; PCS = Physical Component Score; PDN = Painful diabetic neuropathy; SF-12 =
Short Form 12; SF-36 = Short Form 36; VAS = Visual analogue scale.

* MCIDs were only found if an outcome was significant in any of the results of this report. Those that are significant in the
results, but not found searching the literature, then the MCID is reported as NR.
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2 Background

2.1 Epidemiology and Burden of Disease

As the population of elderly adults increases rapidly, the incidence of conditions related to age is
expected to rise. Osteoporosis is a bone disease defined by low bone mass and an increased risk of
fragility. Already, an estimated 61 million elderly people are living with osteoporotic conditions in the
United States, with increasing rates seen particularly in women.®® By 2050, the number of Americans
aged 65 and older is expected to increase 47% to 68%,'%'? further increasing the number of individuals
living with this condition.

Vertebral compression fractures (VCFs) and sacral insufficiency fractures (SIFs) are a common
consequence of living with osteoporosis, often resulting in considerable pain, loss of function, and
decreased quality of life.2® Fractures can occur during low impact events, including heavy lifting, shifting
positions while seated, or repositioning in bed. VCFs may be characterized by low back pain varying in
severity.!* At least 1 million VCFs are reported each year in the U.S.,*> making it the third most frequent
fragility-related fracture.®

Fractures secondary to osteoporosis and malignancies can cause acute and chronic pain, and may result
in decreased function, mobility, and other complications. Treatment of pain in the acute phase is not
standardized, though approximately two-thirds of patients will experience pain relief within 6 weeks
with non-operative management and bracing.!” Chronic pain is often secondary to multiple fractures,
but may also result from muscle fatigue and ligament strain due to kyphosis.*®

Approximately 5.3 million people are living with vertebral fractures.?® In the U.S., overall prevalence is
roughly 5.4%, increasing in age from <5% in those under 60 years, to 11% and 18% in those aged 70 to
79 years and over 80 years respectively.?° According to a report published for the World Health
Organization, the highest prevalence is seen amongst post-menopausal women.'* Data from a large
cohort?! showed differential prevalence of fractures in men based on race/ethnicity: non-Hispanic white
American 17.1%; Afro-Caribbean, 5.5%; African American, 15.1%; Hispanic-American, 13.7%; Asian
American, 10.5%; Hong Kong Chinese, 5.6%, and Korean, 5.1%.

When compression fractures and chronic pain occur in younger populations, malignancies should be
considered as a possible cause.'® Malighancy-related VCFs are the result of cancers that metastasize to
the bone, such as breast, lung, and prostate cancer. It is unclear what proportion of VCFs are due to
malignancies, though studies suggest that 2% to 28% of patients with spinal metastases will experience
VCFs,?23 though older studies suggest even higher rates.?* Radiation may reduce pain due to
metastases, but does not deal with fracture-related pain. There is an additional risk of vertebral fracture
in patients following radiotherapy, and treatments may only reduce pain temporarily.?

Patients with osteopenic vertebral or sacral fractures are at greater risk of morbidity and mortality and
are most common in older patients.?® Non-invasive management of VCFs generally includes control
through medication, bracing, and physical therapy.'® Guidelines for fracture management, however, are
inconsistent?” and based on weak evidence.?® While most patients experience relief within a few weeks
with conservative therapies, a small subset of patients continue to suffer from persistent pain, leading
to the consideration of surgical options. Elderly patients, in particular, often require extensive bed rest,
which can lead to immobility related complications. They seldom tolerate pain related to bracing,® and
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must be mindful of adverse events from medications.? In such cases, vertebral augmentation may be
considered. Surgical procedures such as fusion or decompression are more involved procedures, are
often performed under general anesthesia and usually reserved for situations in which the compression
fracture results in instability or neurologic compromise.

2.2 Technologies & Interventions

Vertebroplasty, kyphoplasty and sacroplasty (collectively, percutaneous vertebral and sacral surgery) are
minimally invasive surgical procedures used to treat spinal pain believed to be caused by fractures in the
vertebra or sacrum. First described in 1987, these technologies have been previously reviewed by the
Washington Health Care Authority.3! The mechanism of pain relief is not described well in the literature.
A recent analysis of a national database found that up to 9.2% of patients with VCFs receive vertebral
augmentation.3? Meta-analyses suggest improved pain relief with vertebral augmentation compared to
other non-invasive treatments.333> Additionally, vertebral augmentation may improve pain in patients
with cancer-related fractures.3® However, there is mixed evidence of efficacy and safety. Non-
randomized studies have historically reported significant and rapid improvements,?”-* while RCTs
indicate smaller improvements with discrepancies in findings across trials based on whether procedures
are compared to sham or usual care.>** Concerns about the generalizability of findings beyond enrolled
study populations and potential to overestimate effects for some study designs and comparators are
well documented.*

During vertebroplasty (VP), bone cement, generally polymethylmethacrylate (PMMA), is injected into
the vertebral body under high pressure via 11-13 gauge needles under fluoroscopic or computed
tomography (CT), in order to evenly distribute and fill the vertebral body. Once hardened, it provides
structural support and strengthens the bone, with the aim to stabilize the fractures and reduce pain.**?
However, the exact mechanism of pain relief is not understood. Competing theories suggest that the
exothermic reaction of the PMMA hardening may necrotize the intraosseous nerve fibers. 44

Kyphoplasty (KP) is a modification of vertebroplasty. This technique expands the partially collapsed
vertebral body with an inflatable balloon or other mechanical device to restore vertebral body height
before the injection of bone cement under low pressure. Kyphoplasty was designed for fracture
reduction, vertebral height restoration, and kyphosis correction,**> with the additional aim to decrease
the risk of cement leakage.*? Kyphoplasty is typically a longer procedure than vertebroplasty, and
requires additional equipment.

Sacroplasty, an extension of vertebroplasty, involves the injection of bone cement into the sacrum to
treat sacral insufficiency fractures (SIFs). The management of SIFs has traditionally relied on bed rest,
injection therapy, analgesics, and physical therapy.*® Until recently, the literature on the risks and
benefits of sacroplasty was limited. However, non-randomized studies have shown promising results,
particularly in pain relief and improvements in activities of daily living.*’->2 Additionally, exploration into
the optimal techniques for sacroplasty is gaining attention.?>3

Cement augmentation procedures are less invasive than other spinal surgical procedures, but more
invasive than conservative medical therapy. The time between fracture and augmentation varies, with
experts suggesting at least three weeks of non-surgical care should be tried first.>* Because they are
surgical procedures, they are not subject to FDA approval; however materials and devices used as part
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of these procedures —including polymethylmethacrylate (PMMA) based bone cements - are subject to
FDA approval.”® A list of FDA approved devices and cements is found in Appendix M.

Recent developments to vertebral augmentation include the following FDA approved devices:

e The Spinelack System, which is used to restore the height of compressed vertebra before the
use of balloon kyphoplasty and cement injection.*>>%°7

e The OsseoFix System, an expandable titanium mesh cage implanted and slowly expanded,
following by cement injection.*?°%%

e The Kiva System, a flexible implant that holds cement and is used to restore vertebral body
height.4%6061

Vertebroplasty and sacroplasty are minimally invasive procedures typically performed with only local
anesthesia or without conscious sedation, though general anesthesia may also be used. Kyphoplasty, on
the other hand, almost always requires general anesthesia and necessitates at least one overnight
hospital stay. During all three procedures, the patient must lie prone, and multiple levels can be treated
in a single session. Despite higher costs, balloon kyphoplasty is performed three times as frequently as
vertebroplasty in the U.S.*

The most common indications for these procedures include?®*6266

e Osteoporotic VCFs causing non-radicular and intractable pain despite conservative treatment.
Painful VCFs that fail to improve with time and non-surgical management.
Symptomatic vertebral body microfracture.

Rapidly progressive fracture preceding kyphosis

Severe kyphosis restricting pulmonary compliance.

e Recurrent or adjacent fracture.

e VCFs associated with osteonecrosis, nonunion, or cystic degeneration.

e Primary osteolytic diseases causing refractory pain or restricting activities of daily living.
e Painful primary bone tumors.

e Osteolytic metastases causing pain or restricting activities of daily living.

e Metastatic bone tumors preceding pathological fracture or pending fracture.

e Fractures due to osteogenesis imperfecta.

e Pseudoarthrosis following avascular necrosis of the vertebral body.

e Patients hospitalized for pain and functional impairment following VCFs.

e Fractures following Kiimmell Disease

Absolute contraindications to vertebral augmentation include: >4

Asymptomatic fractures.

Clinical improvement during non-surgical care.

History of osteomyelitis or spinal infection.

Allergy to bone fillers, bone cement, or opacification agents.
e Uncorrected coagulopathy.

e Systemic infection.

e Fracture that breaches the posterior vertebral wall.

e Burst fracture.

e Retropulsed bone fragments.
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Vertebral augmentation is contraindicated for fractures due to high velocity trauma. Unstable fractures,
fractures with spinal canal encroachment, fractures involving the pedicles or posterior cortex, and
fractures requiring open decompression are all contradictions for kyphoplasty or vertebroplasty.
Additional relative contraindications include a loss of vertebral body height 275%, damaged pedicles and
facets, and tumors invading the spinal canal.

Serious complications are generally rare in vertebral augmentation. Complications have been reported
on the FDA’s Manufacturer and User Facility Device Experience database.®” Complications reported for
both vertebroplasty and kyphoplasty include death, canal intrusion leading to paralysis or cord
compression, radiculopathy, paresthesia, loss of motor function, epidural hematoma causing permanent
muscle weakness or requiring decompression surgery, pulmonary cement embolism (symptomatic or
asymptomatic), blood pressure drop, and infection. Additional complications reported for kyphoplasty
include permanent paralysis, pneumothorax, and infection and those for vertebroplasty also include
cardiac arrest with no clinical sequelae and anaphylaxis.

The most common complication that patients experience is cement leakage, generally occurring with
use of low-viscosity cement, when too much is used or too much pressure is applied during cement
injection. Cement leakage is often asymptomatic,® and considered clinically insignificant.®® Incidence
varies by primary cause of fracture and may occur in as many as 80% of procedures.”” Another reported
complication is the occurrence of new or adjacent body fractures. It is unclear what proportion of
procedures lead to new fractures,’* although the reported adjacent fracture risk is approximately 15%."2
Some suggest that new fractures are due to underlying osteoporosis rather than the procedure.”>’*

Additional considerations include the possibility that patients may need to undergo general anesthesia
or deep sedation if they have difficulty lying prone or experience respiratory issues in this position.'”87>
Additionally, patients who are already taking opiate medications for pain relief may require higher-than-

normal doses of neuroleptics to manage their condition effectively.”®

Alternative treatments are also available and are generally considered as the first line of care before
more invasive options are explored. These initial treatments include conservative methods such as bed
rest, bracing, and gradual mobilization. Patients may also benefit from analgesics, bisphosphonates,
calcium supplementation, and vitamin D to support bone health and manage pain. If these approaches
are insufficient, operate management may be necessary, involving procedures such as fusion,
decompression, or the placement of screws, plates, cages, and rods. In cases where fractures are
secondary to malignancies, radiotherapy may be considered as an additional treatment option.

2.3 Published Clinical Guidelines

The ECRI Guideline Trust (based on the former National Guideline Clearing House), PubMed, Google,
Google Scholar, professional societies, references in other publications, were searched for evidence-
based clinical guidelines related to the use of vertebral augmentation for treating osteoporotic and
malignant/tumor fractures. Nineteen evidence-based clinical guidelines were identified via the ECRI
Guidelines Trust. A summary of the identified clinical guidelines and their associated TRUST score (when
available) and strength of recommendations are provided in Table 2 below.

The following clinical guidelines recommend vertebroplasty for osteoporotic or malignant vertebral
fractures:
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e American College of Radiology (ACR), 2022

e ACR, American Society of Neuroradiology (ASNR), Society of Neurolnterventional Surgery (SNIS),
American Society of Spine Radiology (ASSR), Society of Interventional Radiology (SIR), 2017
(updated in 2022)

e American Society of Interventional and Therapeutic Neuroradiology, SIR, American Association
of Neurological Surgeons (AANS), Congress of Neurological Surgeons (CNS), ASSR, 2007

e International Society for the Advancement of Spine Surgery (ISASS), 2019

e North American Spine Society (NASS), 2023

e National Institute for Health and Care Excellence (NICE), 2013

e American Academy of Family Physicians (AAFP), 2016

Early intervention is recommended to optimize outcomes in symptomatic patients with fractures, and
prophylactic use is generally discouraged. The American Academy of Orthopedic Surgeons (AAQS)
further recommends vertebroplasty for patients with neurological impairment in certain cases. The
American Society of Pain and Neuroscience (ASPN) and International Myeloma Working Group (IMWG)
recommend vertebroplasty only for malignancy, while the American Association of Clinical
Endocrinologists (AACE) and American College of Endocrinology (ACE) and the World Federation of
Neurosurgical Societies (WFNS) do not recommend vertebroplasty due to insufficient evidence.

Kyphoplasty is recommended by many of the same guidelines, with additional focus on vertebral height
restoration. Emphasis is again placed on early intervention and avoidance of prophylactics. AACE, ACE,
and WFNS do not recommend kyphoplasty due to a lack of evidence.

Sacroplasty, though rarely addressed, is recommended for insufficiency fractures under similar
conditions as vertebroplasty and kyphoplasty.

One suggested care pathway (RAND/UCLA Appropriateness Method Clinical Care Pathway), developed
by a 12-member expert panel, highlights diagnostic and treatment guidelines for patients with moderate
to severe back pain, particularly in the context of suspected vertebral fractures in an emergency
department or outpatient clinic setting. It outlines criteria for imaging, the appropriateness of vertebral
augmentation compared to conservative management, the importance of osteoporosis management,
and follow-up care.
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Table 2. Summary of Guidelines and Consensus Statements

Guideline

Evidence Base

Recommendation/Consensus

TRUST Score
Strength of
Recommendation

American Academy of 5 RCTs: Vertebroplasty: Not recommended for osteoporotic spinal compression fractures Stron
Orthopaedic Surgeons -2 RCTs of grade without neurological impairment. &
(AAQOS), 2010 (McGuire, | level I (i.e., defined Kyphoplasty: Option for osteoporotic spinal fractures; benefits in pain and function Limited
2011), updated 2023 as reliable) up to 6 months.
-3 RCTs of grade Calcitonin: Suggested for acute fractures (0-5 days) for 4 weeks.
. . Moderate
level Il (i.e., defined
as moderately Ibandronate/Strontium Ranelate: Options to prevent additional symptomatic Limited
reliable) fractures.
L2 Nerve Root Block: Option for acute L3/L4 fractures with neurological intactness. Limited
Inconclusive
evidence comparing | Bed Rest/Alternative Medicine/Analgesics: Options for managing osteoporotic .
. . Inconclusive
the procedure with spinal fractures.
conservative care Bracing: Option for osteoporotic spinal fractures with correlating symptoms. .
Inconclusive
and vertebroplasty
E - : - - - —
xercise Program: Supervised or unsupervised for managing osteoporotic spinal Inconclusive
fractures.
Electrical Stimulation: Option for managing osteoporotic spinal fractures with .
. Inconclusive
correlating symptoms.
American College of ACR Vertebroplasty: Recommended for osteoporotic compression fractures with spinal
Radiology (ACR), 2022 Appropriateness deformity, worsening symptoms, or pulmonary dysfunction; no active management NR
Criteria® for asymptomatic VCFs without pain or activity restriction.
Management of MRI Evaluation: Suggested before vertebral augmentation in patients with
Vertebral malignancy history or atypical features; helps differentiate recent from chronic
Compression fractures.
Fractures: Variants NR
1to9
https://acsearch.acr
.org/list
American College of Vertebral augmentation is recognized as safe and established by ACR, ASN, ASSR, SIR,
Radiology (ACR), and SNIS, with guidelines for patient selection and procedure. Indications include
American Society of NR symptomatic osteoporotic fractures, insufficiency fractures unresponsive to therapy, NR
Neuroradiology (ASNR), weakened vertebrae from osteoporosis or neoplasia, symptomatic microfractures,
Society of
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TRUST Score
Guideline Evidence Base Recommendation/Consensus Strength of
Recommendation
Neurointerventional benign painful lesions, progressive fractures, and severe kyphosis. Not recommended
Surgery (SNIS), for prophylactic use against future fractures.

American Society of
Spine Radiology (ASSR),
and the Society of
Interventional
Radiology (SIR), 2017
(updated 2022)

American Society of In 2007, a position statement affirmed that percutaneous vertebral augmentation
Interventional and (vertebroplasty and kyphoplasty) is safe, effective, and durable for symptomatic
Therapeutic osteoporotic and neoplastic fractures, recommended when traditional therapy fails
Neuroradiology, to relieve pain or significantly impacts the patient’s lifestyle.

Society of

Interventional
Radiology, American
Association of
Neurological
Surgeons/Congress of
Neurological Surgeons,
and the American
Society of Spine
Radiology, 2007
International Society The 2019 policy statement (Lamlice et al.) deems vertebral augmentation eligible for
for the Advancement of patients with severe pain-related functional limitations, history of VCFs, physical
Spine Surgery (ISASS), exam consistent with VCFs, and confirmed fracture by imaging. Contraindications
2019 NR include blood-borne infection, surgical site infection, or osteomyelitis. ISASS 2019 NR
supports vertebral augmentation (preferably kyphoplasty) as safe, effective, and
beneficial over conservative management, emphasizing early treatment to reduce
mortality and morbidity.

NR NR

North American Spine Studies, RCTs Coverage Recommendations (March 2023): NASS recommends vertebral
Society (NASS), 2023 (Chandra et al. augmentation for vertebral body fractures due to osteoporosis, avascular necrosis,
(2014), NICE's key or neoplasm with severe pain unresponsive to conservative treatment, impaired NR
conclusions, meta- daily activities, and confirmed acute fracture on imaging. No specific tools or
analyses, RCTs, products recommended; not applicable to traumatic fractures or primary vertebral
retrospective tumors.
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Guideline

Evidence Base

Recommendation/Consensus

TRUST Score
Strength of

Recommendation

multicenter studies, | Absolute Contraindications: Vertebral augmentation is contraindicated for chronic
prospective cohort fractures without active imaging evidence, active systemic or local infection, and NR
studies, SRs, during pregnancy.
VAPOUR study) Relative Contraindications: Caution is advised in cases of allergy to fill material,
coagulopathy, spinal instability, myelopathy, neurologic deficit, or neural NR
impingement.
National Institute for Technology Vertebroplasty/Kyphoplasty (NICE 2013 & 2008): Recommended for severe,
Health and Care appraisal guidance ongoing pain from recent vertebral fractures unresponsive to pain management, and
Excellence (NICE) 9 RCTs, 5 open-label | in cases of vertebral metastases without spinal cord compression or instability,
(United Kingdom), 2013 | trials following specialist agreement. Guidance last reviewed in 2014, next review in 5 NR
Risk assessment, years.
diagnosis, and
management
(CG75)
American Academy of AAFP 2016 Recommendations: Offer conservative therapy for vertebral compression
Family Physicians NR fractures. Consider percutaneous vertebral augmentation if nonsurgical care fails to NR
(AAFP), 2016 relieve pain or if pain significantly impacts quality of life. Evaluate patients for
osteoporosis and initiate preventive therapy if needed.
American Association Recommendation: Vertebroplasty and kyphoplasty are not recommended as first-
of Clinical line treatments for vertebral fractures due to unclear pain relief benefits and
Endocrinologists potential increased risk of adjacent vertebral fractures (Grade A, BEL 1;
(AACE) and American NR downgraded). NR
College of
Endocrinology (ACE)
(Camacho et al., 2016;
Updated 2020)
American Association AANS 2023 Guideline: Candidates for vertebroplasty or kyphoplasty include patients
of Neurological with osteoporotic VCFs (present >2 weeks, moderate to severe pain, unresponsive to
Surgeons (AANS) conservative therapy), painful metastases or multiple myelomas, painful vertebral NR
NR hemangiomas, vertebral osteonecrosis, and for reinforcement of a weak vertebral
body before surgical stabilization.
AANS 2023 Contraindications: Vertebroplasty or kyphoplasty should not be
performed in patients with fully healed or conservatively managed VCFs, VCFs older NR
than one year, vertebral body collapse >80-90%, non-osteoporotic spinal curvature,
Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 14



WA — Health Technology Assessment

October 16, 2024

Guideline

Evidence Base

Recommendation/Consensus

TRUST Score
Strength of

spinal stenosis or herniated discs unrelated to VCF, untreated coagulopathy,
osteomyelitis, discitis, or significant spinal canal compromise from bone fragments or
tumors.

Recommendation

Society of
Interventional
Radiology (SIR),
American Association
of Neurological
Surgeons (AANS) and
the Congress of
Neurological Surgeons
(CNS), American
College of Radiology

2014 Consensus Statement: Vertebroplasty and kyphoplasty are considered safe,
effective, and durable for symptomatic osteoporotic and neoplastic fractures when
non-operative therapy fails to relieve pain or significantly affects quality of life. No
current indication exists for prophylactic use to prevent future fractures;
recommendations may evolve with future research.

(ACR), American NR NR
Society of
Neuroradiology (ASNR),
American Society of
Spine Radiology (ASSR),
Canadian
Interventional
Radiology Association
(CIRA), and Society of
Neurolnterventional
Surgery (SNIS), 2014
Society of 2014 SNIS Report: Kyphoplasty is superior to conservative therapy in reducing pain,
Neurolnterventional disability, and improving quality of life in cancer patients with vertebral fractures
Surgery (SNIS), 2014 SR (details unclear) | (Class lIA, Level B). Vertebroplasty and kyphoplasty are reasonable options for NR

severe, refractory back pain from cancer or osteoporotic vertebral fractures (Class

lIA, Level B).
German Society for Review of literature | Management of Osteoporotic Vertebral Fractures: Conservative management is
Orthopaedics and and case series (i.e., | recommended for OF type 1 and 2 fractures (and those scoring <6 on the OF scale).
Trauma (DGOU), 2018 707 clinical cases Vertebral augmentation with instrumentation is indicated for OF type 3, 4, and 5

from 16 hospitals fractures. Consider intraoperative complications of cement augmentation, including
were evaluated) neurological injuries, cement leakage, embolization, vertebral body perforation,
hematoma, pneumothorax, and contrast fluid incompatibilities.
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Guideline

WENS Spine
Committee, 2022

Evidence Base

Literature search
(2010 to 2021)

(i.e., RCTs,
prospective non-
randomized studies,
retrospective

Recommendation/Consensus

Cement Augmentation for Osteoporotic Compression Fractures:

- Conflicting studies on efficacy; meta-analyses are inconclusive regarding pain
reduction.

- Insufficient evidence to determine optimal timing for vertebral augmentation.

- No significant difference between unilateral and bilateral approaches in pain

TRUST Score
Strength of
Recommendation

randomized studies showed no benefit of vertebroplasty over conservative therapy
for osteoporotic fractures.

studies, SRs) control, quality of life, or mobilization. NR
- Complications: cement leakage common in vertebroplasty; progressive vertebral
height loss, adjacent fractures, and cardiac issues more frequent in kyphoplasty.
Recommendation: Further high-quality, well-designed randomized controlled
studies are needed to establish the role of vertebral augmentation in osteoporotic
compression fractures.
American Society of Consensus: Consultants, ASA members, and ASRA members strongly agree that
Anesthesiologist (ASA), minimally invasive spinal procedures should be performed for pain related to
American Society of RCTs (number vertebral compression fractures. NR
Regional Anesthesia unclear)
and Pain Medicine
(ASRA), 2010
Society of 2014 SIR Guideline: Vertebral augmentation is recommended for compression
Interventional fractures unresponsive to medical therapy, including cases where patients are
Radiology (SIR), 2014 NR nonambulatory due to pain, unable to tolerate physical therapy despite analgesics, NR
or experience unacceptable side effects (e.g., sedation, confusion, constipation) from
necessary pain medication.
American Society of Recommendation: Vertebral augmentation is strongly recommended for
Pain and Neuroscience symptomatic vertebral compression fractures from spinal metastases (Level 1-A).
NR . - NR
(ASPN), 2021 However, ASPN notes limited data on the superiority of vertebroplasty versus
kyphoplasty in treating malignant fractures.
International Myeloma Guideline Summary: Vertebroplasty and kyphoplasty are effective for pain relief and
Working Group functional improvement in neoplastic spinal fractures, but the role of vertebroplasty
(IMWG), 2013 NR in myeloma patients remains unclear due to a lack of randomized trials. Two NR
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Guideline

Cardiovascular and
Interventional
Radiological Society of
Europe (CIRSE), 2017

Evidence Base

Recommendation/Consensus

Vertebroplasty Indications: Painful osteoporotic VCFs, benign bone tumors,
malignant osteolysis, osteonecrosis, vertebrae plana, acute/chronic fractures, or for
reinforcement before surgery.

Absolute Contraindications: Asymptomatic/improving VCFs, unstable fractures,
infections, severe coagulopathy, or allergies to materials. Not for prophylaxis in
osteoporosis.

TRUST Score
Strength of
Recommendation

NR Relative Contraindications: Radicular pain, tumor extension, posterior column NR
fractures, sclerotic metastasis, or multiple metastases.
Percutaneous Kyphoplasty Indications: Best for acute traumatic VCFs with kyphosis;
similar indications to VP.
Recommendation: CIRSE does not find strong evidence for preferring KP over VP in
routine cases. KP may be preferred when height restoration is crucial, e.g., acute
kyphotic fractures in younger patients.
RAND/UCLA Included patients: Patients presenting to an Emergency Department or outpatient
Appropriateness clinic (any specialty) with moderate to severe back pain (VAS >5) as the primary or
Method Clinical Care secondary complaint.
Pathway, multispecialty
12-member expert . . . . . . .
Expert Panel, 2018 anel from kz Excluded patients: Patients with back pain following a high-velocity trauma, those
P disciplines v with suspected malignant (non-fragility) compression fracture, and children (<18
. ears).
(orthopedic and y )
neurosurgeons, . .. T
intervenfional 1. Key signs and symptoms for the suspicion of VFF: Severe limitation in NR
neuro radiologists mobility/activities of daily living, pain diminishes or is resolved with rest, recent
. 'g ' | history of minimal/low-velocity trauma, pain is activity or movement related,
and pain specialists) . . . . . .
osteoporosis or osteopenia, previous VFF, chronic use of corticosteroids, tenderness
to palpation/percussion over posterior spinous processes, pain exacerbates by
change of position, and midline back pain.
2. Diagnostic evaluation of patients suspected of VFF:
- If conventional radiography is used in patients suspected of VFF, standing anterior-
posterior and lateral radiographs are highly recommended (75% agreement)
Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 17
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Guideline Evidence Base

Recommendation/Consensus

TRUST Score
Strength of

- In patients with moderate symptoms (VAS 5-6) and a low probability of VFF, a
conservative treatment regimen without further imaging is usually the most
appropriate strategy (92% agreement)

- In patients with severe symptoms (VAS >7) and a low probability of VFF, advanced
imaging is indicated (92% agreement)

- All patients with an intermediate to high probability of VFF, with or without
supportive evidence from conventional radiography, should be referred for advanced
imaging (100% agreement)

- For patients with an intermediate to high probability of VFF, with or without
supportive evidence from conventional radiography, MRl is the preferred advanced
imaging technique (100% agreement)

- If MRl is unavailable or if the patient has a contraindication for MRI, CT scan, and
nuclear bone scan are the best alternatives (100% agreement)

- If a treatment decision on vertebral augmentation needs to be taken, advanced
imaging had to be repeated if the previous one was done more than 30 days ago
(67% agreement)

3. Appropriateness criteria for VP versus non-surgical management: Advanced
imaging findings (strongly in favor of vertebral augmentation if positive) and
evolution of symptoms (vertebral augmentation more appropriate if symptoms had
worsened). Outcomes in relation to duration of pain have similar appropriateness for
>1 week. In other variables, vertebral augmentation is still more appropriate for
more unfavorable conditions. Logistic regression analysis implied that the impact of
various conditions on appropriateness is cumulative; the appropriateness of
vertebral augmentation increases with the number and relative weight of
unfavorable conditions.

4. Contraindications for VP:

Absolute contraindications: active infection at surgical site, untreated blood-borne
infection, Osteomyelitis (usually a strong contraindication), pregnancy (usually
contraindicated).

Relative contraindications: allergy to fill material, coagulopathy, spinal instability,
myelopathy from the fracture, neurologic deficit, neural impingement.

- Fracture repulsion/canal compromise is generally not a contraindication.

5. Follow-up treatment of VFF: 1. After either vertebral augmentation or
conservative treatment, a follow-up visit should be planned at 2-4 weeks; 2. In
patients with a satisfactory result of vertebral augmentation at first follow-up, there

Recommendation
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TRUST Score

Guideline Evidence Base Recommendation/Consensus Strength of
Recommendation

is generally no need for further post-operative monitoring. Follow-up for
management of the underlying pathology does not need to be managed by the
proceduralist; 3. All patients presenting with VFF should be referred for evaluation of
bone mineral density and osteoporosis education for subsequent treatment as
indicated; 4. All patients with VFF should be instructed to take part in an
osteoporosis prevention/treatment program; 5. If symptoms are not resolved at
follow-up, repeat imaging (preferably MRI) is mandatory; 6. If the pain is not
resolved after vertebral augmentation, repeat augmentation (at the same level) may
be considered, but does require a careful diagnostic evaluation to identify any other
sources of pain.

AANS = American Association of Neurological Surgeons; ACR = American College of Radiology; ASA = American Society of Anesthesiologists; ASNR = American Society of
Neuroradiology; ASRA = American Society of Regional Anesthesia and Pain Medicine; ASSR = American Society of Spine Radiology; BEL = Best Evidence Level; CIRA = Canadian
Interventional Radiology Association; CIRSE = Cardiovascular and Interventional Radiological Society of Europe; CNS = Congress of Neurological Surgeons; IMWG = International
Myeloma Working Group; KP = kyphoplasty; VFF = vertebral fragility fractures; VP = vertebroplasty.
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2.4 Previous Systematic Reviews & Health Technology Assessments

Systematic reviews (SRs) and health technology assessments (HTAs) were found by searching PubMed,
EMBASE, the Cochrane Central Register of Controlled Trials, and the Cochrane Database of Systematic
Reviews, from database inception to January 3, 2024. Reference lists of relevant studies and the
bibliographies of SRs were hand searched. See Appendix B for search terms and full search strategy.

We chose the most recent and complete systematic reviews (SRs) to summarize. They needed to include
recent RCTs and to be methodologically sound. We summarized SRs that looked at comparative studies
to ascertain effect sizes. For conditions for which no SRs of RCTs were available, we opted for SRs
looking only at NRSI and case series for completeness.

Seventeen SRs were identified. Among SRs looking at osteoporotic VCFs, two’”’® looked at VP or KP
compared to sham or usual care, one’”® compared VP or KP to a combined sham or usual care, two33%
looked at VP compared to sham or usual care, one* looked at VP compared to facet joint injection,
four3381-83 |goked at VP compared to KP, and one® looked at KP versus usual care. One SR® that focused
on mortality compared VP to KP, or both to conventional medical management. One large SR® within a
HTA conducted in the UK compared VP, KP, and other combined controls (sham, usual care, and
conservative management). Two SRs looked at cancer-related VCFs, with one® evaluating VP or KP (non-
comparative), and the other®” comparing KP versus non-surgical management. The latter study also
looked at various studies of combined treatments, including VP, KP, and non-surgical management, but
that is beyond the scope of the present report. Two studies evaluated sacroplasty in patients with sacral
insufficiency fractures, with one® comparing sacroplasty to usual care and screw fixation, and the
other® only summarizing case series. Three SRs?>? [ooked at economic studies in VP and KP compared
to usual care. One SR* looked at VP versus KP in patients with Kimmel’s Disease. Two economic SRs
include all of the same studies with the exception of one additional study in the newer SR, so they are
reported together. One SR® was a network meta-analysis. Comparisons described in network meta-
analyses are indirect. See Table 3 for details.
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Table 3. Summary of Selected Systematic Reviews for Efficacy and Harms in Vertebroplasty, Kyphoplasty, and Sacroplasty

Interventions S IELLLET Primar
Search dates oe Primary Outcomes Evidence Base Assessed Synthesis 'y
Condition Conclusions

Database (Tool)

SR, Risk of Bias

Systematic Reviews

Ovid, Medline,
PsychINFO,
Cochrane
Chou, 2021

1990 to April
2021

Ovid, Medline,
PsychINFO,
Cochrane

Function
RDQ

Qol
EQ-5D
QUALEFFO
SF-36 PCS
SF-36 MCS

Opiate use
Likelihood of continued use

Harms
Incident vertebral fracture,
morality

Chou, 20217° VP vs. Sham Pain 5 RCTs Yes Yes Pain:

VAS (Cochrane) Moderate quality
1990 to April Osteoporotic VCFs NRS evidence shows VP
2021 Likelihood of pain response improves pain at 2-

4 weeks (MD -0.57,
95% Cl -1.09 to -
0.05, 12=0%), 1-6
months (MD -0.47,
95% CI -0.98 to -
0.01, 12 = 0%), 6-12
months (MD -0.59,
95% Cl -1.16 to -
0.07, 1> = 0%), and
>12 months (MD -
0.64,95% Cl -1.21
to -0.08, 1> = 0%),
with no difference
at 1-2 weeks (MD -
0.02, 95% CI -0.65
to 0.61, 12 = 14%).

Function: No
difference in
function between
VP and sham at 1-2
weeks (SMD 0.03,
95% Cl -0.03 to
0.44, 12 = 34%), 2-4
weeks (SMD -0.26,
95% Cl -0.53 to 0.0,
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SR, . Risk of Bias Quantitative
Interventions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

Primary
Conclusions

12=0%), 1-6
months (SMD -
0.14, 95% CI -0.53
t0 0.27, 12 = 27%),
6-12 months (SMD
-0.32,95% CI -0.70
to 0.09, 12 = 23%),
or 212 months
(SMD -0.17, 95% ClI
-0.51t00.22, I’=
0%).

Quality of Life
(Qol): No
difference in EQ-5D
at 1-2 weeks (MD
0.01, 95% CI -0.05
t0 0.07, 12 = 0%), 2-
4 weeks (MD 0.04,
95% CI 0.00 to
0.08, 12 = 0%), 1-6
months (MD 0.02,
95% Cl -0.04 to
0.07, 1> = 0%), 6-12
months (MD 0.06,
95% ClI -0.03 to
0.11, 12 = 0%), or
>12 months (MD -
0.05, 95% C1 -0.18
to0 0.10, 12 0%; no
difference in
QUALEFFO or SF-36
PCS/MCS.
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SR,
Search dates
Database

Interventions
Condition

Primary Outcomes

Evidence Base

Risk of Bias
Assessed
(Tool)

Quantitative

Synthesis Primary

Conclusions

Opiate Use: Data
No difference at
any time points.

Harms: No
difference in
vertebral fractures
or serious AEs
(data NR by
subgroup) or
mortality (RR 1.05,
95% Cl1 0.48 to
2.18, 12 = 0%)
between VP and
sham/usual care.

VP vs. Usual
Care

Osteoporotic
VCFs

Pain

VAS

NRS

Likelihood of pain
response

Function
RDQ

Qol
EQ-5D
QUALEFFO
SF-36 PCS
SF-36 MCS

Opiate use
Likelihood of

continued use

8 RCTs

Yes
(Cochrane)

Yes

Pain:

Moderate quality evidence shows VP improves pain
at 2-4 weeks (MD -2.27, 95% Cl -3.20 to -0.94, 12 =
0%), 1-6 months (MD -1.17, 95% CI -1.71 to -0.60, |2 =
0%), and 212 months (MD -1.08, 95% CI -2.06 to -
0.11, 1> = 51%), with no difference at 1-2 weeks (MD -
1.22,95% Cl —2.81 to 0.23, 1> = 73%) or 6-12 months
(MD -0.87, 95% Cl -2.81 to 0.23, 1> = 58%).

Function: VP improves function from 1-2 weeks
(SMD -0.38, 95% Cl -0.61 t0-0.18, 1> = 0%), 1-6
months (SMD -0.37, 95% CI -0.56 to -0.18, 1> = 0%), 6-
12 months (SMD -0.27, 95% Cl -0.48 to -0.07, I* = 0%)
and =12 months (SMD -0.25, 95% CI -0.45 to -0.05, |2
= 0%), but no difference at, 2-4 weeks (SMD -0.28,
95% Cl -0.49 to 0.07, 12 = 0%).
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SR,
Search dates
Database

Interventions
Condition

Harms
Incident vertebral
fracture, morality

Primary Outcomes

Evidence Base

Risk of Bias Quantitative
Assessed Synthesis
(Tool)

Primary
Conclusions

Quality of Life (QoL): Small improvement in EQ-5D at
1-2 weeks (one trial; MD 0.10, 95% CI 0.02 to 0.18),
2-4 weeks (one trial; MD 0.10, 95% Cl 0.03 to 0.17),
6-12 months (one trial; MD 0.10, 95% Cl 0.02 to
0.18), and 212 months (2 trials; pooled MD 0.10, 95%
C10.02 to 0.19, |12 = 0%), but no difference at 1-6
months (two trials; MD 0.07, 95% Cl -0.13 to 0.32, I
=49.2%); no difference in QUALEFFO or SF-36
PCS/MCS.

Opiate Use: No difference at any time points.

Harms: No difference in vertebral fractures or
serious AEs (data NR by subgroup) or mortality (RR
0.65, 95% CI 0.26 to 1.79, 1> = 0%) between VP and
sham/usual care.

KP vs. sham or usual care

Osteoporotic VCFs

Pain
VAS

Function
RDQ

Qol
SF-36 PCS
SF-36 MCS
EQ-5D

Opiate use
Likelihood of use

Strong opioid use
Analgesic use

Harms

2 RCTs

Pain: One trial
found decreased
pain with KP at 1
week (MD -2.2,
95% Cl -2.8 to -1.6)
and continued at 1-
2 years (ANOVA
MD -0.8 to -0.9).
Another trial
showed a large
effect at 1 week
and 1 month (MD
from baseline -3.5
to -3.3,95% CI NR).

Yes Yes
(Cochrane)

Function: One trial
showed increased
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Primary

Conclusions

SR, Interventions Risk of Bias Quantitative
Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)
Mortality
Serious AEs
Any AEs

New or worsening fracture

function at 1
month (ANOVA MD
-4.0,95% CI -5.5 to
-2.6), at 1 year
(ANOVA MD -2.6,
95% Cl -4.1 to -2.0),
and a small
difference at 2
years (ANOVA MD -
1.4, 95% CI NR).
Another trial found
alarge
improvement at 1
month (MD -8.4,
95% Cl -7.6 to -
9.2).

Quality of Life
(QolL): One trial
found a small
improvement in SF-
36 PCS at 1 month
(ANOVA MD 5.2,
95% Cl 2.9t0 7.4),
but no
improvement at 1
or 2 years (Data
NR). Another trial
found a moderate
improvement in SF-
36 PCS (MD from
baseline 11.1, 95%
Cl10.7 to 11.5). SF-
36 MCS showed a
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SR, . Risk of Bias Quantitative
Interventions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

Primary
Conclusions

small improvement
at 1 month in one
trial (MD from
baseline 8.4, 95%
Cl 7.7 to 9.1). EQ-
5D improvement
was noted at 1
month in one trial
(ANOVA MD 0.18,
95% CI 0.08 to
0.28), but not at 1
or 2 years.

Opiate Use: One
trial found a
difference in
likelihood of use at
1 month (29.8% vs.
42.9%, p=0.40), but
not at 1 year
(28.0% vs. 33.7%,
p=1.00). Strong
opioid use showed
no difference at 1
month or 1 year
(Data NR). KP was
associated with
reduced analgesic
use at 1 month (RR
0.64, 95% Cl 0.49
to 0.83).

Harms: One trial
found no
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SR, . Risk of Bias Quantitative .
Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

difference in
mortality between
KP and usual care
(Data NR), while
another found an
increased
likelihood of
mortality with KP
(32.9% vs. 18.8%).
Serious adverse
events showed no
difference (Data
NR), and no
difference in the
likelihood of any
adverse events was
found (RR 1.27,
95% Cl1 0.78 to
2.06). One trial
found more new or
worsening
fractures in KP (RD
7.7%, 95% Cl -4.5

to 20.0).
Buchbinder, VP vs. sham Pain 5 RCTs Yes (Cochrane) Yes Pain: High quality
20183 VAS evidence shows VP
Osteoporotic VCFs Global assessment of success improves pain at 1
Up to month (SMD -0.27,
November Function 95% Cl -0.44 to -
2017 RDQ 0.10, 1> = 0.0%), but

not at other time
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SR, Interventions Risk of Bias Quantitative e
Search dates oe Primary Outcomes Evidence Base Assessed Synthesis .
Condition Conclusions
Database (Tool)
CENTRAL, QoL points up to 24
Medline, QUALEFFO months. Pooled
Embase EQ-5D analyses indicate a
higher likelihood of
Harms pain success in VP
Symptomatic fractures, patients at 3
Serious AEs months (RR 1.60,

95% Cl 1.12 to
2.30, 12 =0.0%) and
6 months (RR 1.38,
95% Cl 1.02 to
1.87,12=0.0%),
with no differences
at other time
points up to 12
months.

Function: High
quality evidence
shows
improvement in
RDQ at 1 month
(MD 1.8,95% Cl 0.3
to 3.1, 12=0.0%),
but not at other
time points.

Quality of Life
(Qol): Moderate
quality evidence
indicates
improvement in
QUALEFFO at1to 2
weeks (MD 4.76,
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SR, . Risk of Bias Quantitative
Interventions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

Primary
Conclusions

95% Cl 1.68 to
7.38,12=0.0%) and
1 month (MD 2.75,
95% Cl 3.53 to
9.02, 12=67%),
with no differences
at other time
points.
Improvement in
EQ-5D was
observed at 1
month (MD 0.05,
95% Cl 0.01 to
0.09, 1> =0.0%), 3
months (MD 0.04,
95% Cl 0.0 to 0.08,
12=0.0%), and 6
months (MD 0.06,
95% Cl1 0.01 to
0.10, I> = 0.0%), but
not at other time
points up to 24
months.

Harms: Moderate
quality evidence
shows no
difference in
symptomatic
vertebral fractures
at 12 months (RR
1.08, 95% Cl 0.62
to 1.87) and no
difference in
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SR,
Search dates
Database

Interventions
Condition

Primary Outcomes

Evidence Base

Risk of Bias
Assessed
(Tool)

Quantitative
Synthesis

Primary
Conclusions

serious adverse
events at 12-24
months (RR 0.64,
95% Cl1 0.36 to

Osteoporotic VCFs

Global assessment of success

Function
RDQ

QoL
QUALEFFO
EQ-5D

Harms
Symptomatic fractures,
Serious AEs

1.12).
VP. Usual care Pain 8 RCTs No (only VP vs Yes Pain: Pooled
VAS sham) analyses showed

improvement in
pain favoring VP at
all time points up
to 12 months (SMD
-1.02t0 -2.06, I2=
94% to 96%), but
not at 24 months
(1 trial, SMD -0.45,
95% CI -0.90 to
0.01).

Function: Pooled
analyses showed
improvement in
disability (ODI or
RDQ) at all time
points up to 24
months (SMD -1.52
to -5.65, 12 =97%
to 98%).

Quality of Life
(Qol): Pooled
analyses showed
no difference in
QUALEFFO
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SR, . Risk of Bias Quantitative .
Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

between VP and
usual care at any
time point up to 12
months. EQ-5D
showed
improvement in
QOLat1to2
weeks up to 3
months (1to 3
trials, MD 0.08 to
0.10, 1> =27%), but
not at 6 or 12

months.
VP vs. facet joint injection Pain 1RCT No (only VP vs Yes Pain: One trial
VAS sham) showed a
Osteoporotic VCFs difference favoring
Function VP at 1 to 2 weeks
RDQ (MD -1.61, 95% ClI -
1.84 to -1.38), but
QoL not at other time
SF-36 points up to 12
months.

Function: One trial
showed a
difference favoring
VP at 1 to 2 weeks
(MD -3.42, 95% Cl -
3.72t0-3.12), but
not at other time
points up to 12
months.
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SR, Risk of Bias Quantitative

Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

Quality of Life
(Qol): One trial
showed no
difference between
VP and facet joint
injection at any
time points up to

12 months.
VP vs. KP Pain 7 RCTs No (only VP vs Yes Pain: Pooled
VAS sham) analyses showed
Osteoporotic VCFs no difference
Function between VP and KP
oDl at any time point
up to 24 months.
QoL
EQ-5D Function: Pooled
analyses showed
Harms no difference
Serious AEs between VP and KP

in ODI at any time
point up to 24
months.

Quality of Life
(Qol): Pooled
analyses showed
no difference
between VP and KP
in EQ-5D up to 24
months.

Harms: One trial
showed no
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SR, Risk of Bias Quantitative

Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

difference in
serious adverse
events between VP
and KP at 12
months (RR 0.20,
95% C1 0.01 to
4.14) or 24 months
(RR0.91, 95% ClI

0.42 to0 1.97).
Hinde, 20208 |VP, KP, or both vs. Conventional Harms 16 NRSI (5 Yes Yes Mortality: Pooled
medical management Mortality databases) (Newcastle) analysis (7
Between studies,
2006 and Osteoporotic VCFs Newcastle 6 to 9)
2018 showed that
vertebral
PubMed, augmentation (VP
Embase, or KP) reduced
Cochrane mortality risk
compared to non-
surgical
management

overall (HR 0.78,
95% Cl 0.66 to
0.92, I = 68%), at
24 months (HR
0.70, 95% CI 0.69
to0 0.71, 12 = 0%),
and approached
the null at 60
months with high
heterogeneity (HR
0.79, 95% Cl 0.62
to 1.00, 12 = 88%).
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SR, Interventions Risk of Bias Quantitative e
Search dates oe Primary Outcomes Evidence Base Assessed Synthesis .
Condition Conclusions
Database (Tool)

Daher, 20238 | VP vs. KP Function 2 RCTs Yes Yes Pain: Pooled

ODI 6 NRSI (Cochrane) analysis showed no
Up to June Osteoporotic VCFs difference on VAS
2022 Pain between VP and KP

VAS (MD from baseline
PubMed, -0.10, 95% Cl -0.36
Cochrane, Harms t0 0.16, 12 = 97%).
Google Scholar Cement leakage, adjacent

level fractures Function: Pooled

analysis showed no
difference on ODI
between VP and KP
(MD from baseline
-0.40, 95% Cl -1.70
to 2.51, I = 88%).

Harms: Pooled
analysis showed a
difference in the
risk of cement
leakage favoring KP
(RR0.44, 95% CI
0.20t0 0.95, |12 =
36%). Pooled
analysis showed no
difference in the
risk of adjacent
level fractures
between VP and KP
(RR1.41, 95% CI
0.65t03.08, I12=
0%).
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SR, Interventions Risk of Bias Quantitative e
Search dates oe Primary Outcomes Evidence Base Assessed Synthesis .
Condition Conclusions
Database (Tool)
Qui, 202377 VP or KP* vs. sham or usual care” Harms 2 RCTs No Yes Harms: Pooled
New vertebral fractures 5 NRSI* analyses showed
Up to Osteoporotic VCFs Adjacent fractures that vertebral
September augmentation is
2022 associated with an
increased
PubMed, likelihood of new
Embase, vertebral fractures
Cochrane (OR 2.10, 95% ClI
Library 1.35t03.28, 12=
0.0%) and adjacent
level fractures (OR
2.17,95% Cl 1.23
to 3.82, 12 =0.0%).
Rose, 20238 VP vs. KP Harms 3 RCTs No No Harms: Cement
Cement leakage 3 NRSI leakage occurred in

2014 to 2024

Embase,
Medline

Osteoporotic VCFs

39.3% of patients
with VP compared
to 28.9% with KP,
showing VP was
associated with an
increased leak rate
(p=0.0005). No
pulmonary
embolisms or
nerve injuries were
recorded. One case
of decompressive
surgery was
reported in the KP
group (0.2%).
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SR,
Search dates
Database

Zhang, 202478
Up to May 2023

Cochrane,
Embase,
Medline,
PubMed, Web
of Science

Interventions
Condition

VP or KP vs. non-surgical
management

Osteoporotic VCFs

Primary Outcomes

Harms
Mortality

Evidence Base

5 national
database
studies
representing 3
databases

Risk of Bias
Assessed
(Tool)

No

Quantitative
Synthesis

Yes

Primary
Conclusions

Harms: Overall
pooled analyses
showed an
association
between vertebral
augmentation and
a reduced risk of
mortality (HR =
0.82,95% Cl1 0.78
t0 0.85, 12 = 75%).
This reduction was
consistent in short-
term (HR =0.29,
95% Cl1 0.26 to
0.32), mid-term
(HR=0.78,95% CI
0.76 to 0.81), and
long-term (HR =
0.70, 95% Cl 0.50
to 1.00) follow-up.
KP was associated
with reduced
mortality (HR 0.82,
95% Cl1 0.79 to
0.86) compared to
non-surgical
management, but
VP was not (HR
0.84,95% Cl 0.66
to 1.07).

Zhang, 2022%

VP vs. KP

Osteoporotic Kummel Disease

Pain
VAS

8 NRSI

Yes
(NOQAS)

Yes

Pain: High quality
evidence (NOQAS)
from pooled
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SR, Interventions Risk of Bias Quantitative e
Search dates oe Primary Outcomes Evidence Base Assessed Synthesis .
Condition Conclusions
Database (Tool)
Up to Function analysis showed no
September ODI difference in pain
2020 between VP and KP
Harms at post-operative
PubMed, Cement leakage, new (SMD 0.03, 95% CI -
Cochrane, fractures, total complications 0.16t00.22, I2=
Embase, Web 33.7%) or final
of Science, follow-up (timing
CNKI, Wanfang NR; SMD -0.06,
Data 95% CI -0.25 to

0.13, 12 = 37.2%).

Function: High
quality evidence
(NOQAS) from
pooled analysis
showed no
difference in
function between
VP and KP at post-
operative (SMD -
0.20, 95% CI -0.43
t0 0.04, 1 = 32.8%)
or final follow-up
(timing NR; SMD -
0.14, 95% CI -0.36
to0 0.08, 12 = 31.1%).

Harms: High
quality evidence
(NOQAS) from
pooled analysis
showed KP was
associated with a
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SR, Risk of Bias Quantitative

Interventions . . .
- Primary Outcomes Evidence Base Assessed Synthesis
Condition

Primary
Conclusions

Search dates

Database

(Tool)

lower likelihood of
cement leakage
(OR 0.50, 95% ClI
0.31t00.81, 12=
0.0%). There was
no difference
between VP and KP
in the likelihood of
new vertebral
fractures (OR 0.79,
95% Cl1 0.36 to
1.73, 12 = 0.0%). KP
was associated
with a lower
likelihood of total
complications (OR
0.63,95% Cl 0.39
to 1.00, 12 = 0.0%).

Stevenson,
2014
(NICE)®>

Up to
November
2011

Medline,
CINAHL,
Embase,
Econlit,
Cochrane,
DARE

VP vs. KP vs. Controls (Sham,
Usual care, conservative
management)

Osteoporotic VCFs

Pain
VAS/NRS

Function
RDQ
Barthel Index

Qol
DPQ
EQ-5D
QUALEFFO

Analgesic use
Opioid use

9 RCTs

Yes
(Cochrane)

No

Pain: Nine studies
(unpooled) used
VAS to measure
pain. Four
reported
significant short-
and medium-term
reductions with
VP or KP, while
three found no
significant
differences. One
study showed
greater pain
improvement
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R
iy Interventions .
Search dates .rs Primary Outcomes
Condition
Database
Harms
Mortality

Cement leakage
New Fractures
Complications
Other AEs

Economic

Evidence Base

Risk of Bias
Assessed
(Tool)

Quantitative
Synthesis

Primary

Conclusions

with VP at 1
month, and a
meta-analysis
(two trials) found
no significant
difference at 1
month. One study
indicated that VP
provided earlier
pain relief
compared to
conservative
treatment.

Function: Five
trials assessed
RDQ scores.
Short-term results
favored VP.
Medium-term
results showed no
differences,
except for one
trial favoring KP at
12 months and
another favoring
VP at 1year. A
meta-analysis
found no
differences in
RDQ
improvements.
Regarding the
Barthel Index, one
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SR, Risk of Bias Quantitative

Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

trial initially
favored VP at 12
months, but the
result was not
significant after
adjusting for
baseline
differences.

Quality of Life
(QolL): One RCT
reported no
difference
between VP and
control groups on
AQoL. Another
RCT found no
difference
between VP and
sham on DPQ,
except for work
and leisure
favoring VP at 3
months. Two
unpooled RCTs
found no
difference
between VP and
conservative
treatments on EQ-
5D. A third RCT
favored
conservative
treatment, while a
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SR, Risk of Bias Quantitative

Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

fourth favored KP
over non-surgical
management at 1,
12, and 24
months. Four
unpooled RCTs
showed no
difference
between VP and
conservative
treatment on
QUALEFFO at any
time point, except
for 1 week. One
study showed
initial benefits for
KP on SF-36 PCS,
but no difference
after 6 months,
while two others
found no
significant
differences. Three
unpooled studies
found no
significant
differences in SF-
36 MCS scores.

Analgesic Use: Six
studies reported
on analgesic use.
One study found
no significant
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SR, Risk of Bias Quantitative

Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

differences
between groups,
though more
control patients
required rescue
therapy (25% vs.
5%). Two studies
showed
decreased opioid
use in both VP
and control
groups over time,
with no
differences
between groups.
KP patients were
less likely to use
opioids at 1 and 6
months in one
study. A meta-
analysis of two
studies found VP
patients more
likely to use
opioids at 1
month (RR 1.25,
95% Cl 1.14 to
1.36). Another
study found
reduced analgesic
use and pain
scores favoring VP
at early follow-up,
with significant
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SR, . Risk of Bias Quantitative .
Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

differences at 1
day, 2 weeks, and
1 month, but not
at later follow-
ups.

Harms: Six studies
reported all-cause
mortality with no
differences
between
treatment groups.
A meta-analysis of
three studies at
12 months also
found no
difference. Seven
studies reported
cement leakage
rates, with VP
showing a 44%
incidence and KP
27%. Leakage
ranged from 0%
to 72%, with the
highest rates in
studies using CT
and higher
cement volumes.
Most leaks were
asymptomatic,
but some led to
complications.
One study found a
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SR, Risk of Bias

Interventions

Search dates ors Primary Outcomes Evidence Base Assessed
Condition
Database (Tool)

Quantitative

Primary
Conclusions

significantly
higher proportion
of clinical
fractures in the VP
group (71%)
compared to the
control group
(9%). Three other
studies found no
differences. In the
KP group, 7.4% of
patients
experienced
fractures possibly
related to the
intervention at 24
months.
Perioperative
issues included
thecal sac injury
(1 patient) and
hospitalization for
tachycardia (1
patient).
Postoperative
complications
included
infections (3
studies),
osteomyelitis (1
patient), and
pulmonary
embolisms (3 KP
patients). Other
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Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

complications
were rare and
mostly non-
severe. Adverse
events varied.
One study
reported various
events within 6
months, without
specifying patient
details. Another
study provided
detailed data on
serious adverse
events, with a few
linked to the
procedure,
including a
hematoma and
UTI exacerbation.
Deaths occurred
in both treatment
and control
groups, but none
were related to
the procedure.

Economic: If
differential
mortality effect
chosen, KP had a
cost-per-QALY-
gained ratio
below £20,000. If

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 45



WA — Health Technology Assessment October 16, 2024

SR, Risk of Bias Quantitative

Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

pooled beneficial
effect assumed,
VP had a cost-per-
QALY-gained ratio
below $10,000.
VP typically was
the dominant
intervention or
had a cost-per-
QALY-gained ratio
below £15,000,
except when
several
parameters were
altered
unfavorably.
Exploratory
analyses indicated
that using high-
viscosity cement
in all patients was
unlikely to have a
cost-per-QALY-
gained value

below £20,000.
Sorensen, VP vs. KP® Pain 2 RCTs No No Pain: Patients
2019% Vas 60 NRSI treated with VP
Cancer-related VCFs 25 case experienced pain
January 2000 to Function series/reports’ relief with VAS
January 2018 ODI improving from
KPS 7.48 preoperatively
to 3.00
Harms postoperatively. KP
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SR, Interventions Risk of Bias Quantitative e
Search dates oe Primary Outcomes Evidence Base Assessed Synthesis .
Condition Conclusions
Database (Tool)
Medline, Cement leakage, patients improved
Embase, symptomatic complications from 7.05
Cochrane* preoperatively to
2.96
postoperatively. All
improvements
persisted during
follow-ups.
Function: VP

patients improved
in ODI from 74.68
preoperatively to
17.74 at <4 weeks
post-op, while KP
patients improved
from 66.02 to
43.73 at <4 weeks.
These
improvements
plateaued during
follow-ups. KPS for
combined VP and
KP patients
improved from
66.99
preoperatively to
80.28
postoperatively,
persisting through
follow-ups.

Harms: Cement
leakage occurred in
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SR, Risk of Bias Quantitative

Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

37.9% of VP
patients compared
to 13.6% of KP
patients. There
were 43 cases of
symptomatic
complications
related to the
procedure (VP=35,
KP=8), but details
were not reported.

Briggs, 2023% | Sacroplasty vs. conservative care, Pain 11 NRSI No No Pain: Sacroplasty
screw fixation only, augmented VAS 24 case series”" patients
Medline, screw fixation, or all screw fixation experienced a
Embase (xaugmentation) Harms higher difference in
Cement leakage VAS (MD 5.83, SD
Up toJanuary |Sacral insufficiency fractures 1.14) compared to
2022 conservative care

(MD 3.7, SD 2.71),
screw fixation (MD
3.63,SD 1.36),
augmented screw
fixation (MD 4.38,
SD 0.79), and all
screw fixation
augmentation (MD
4.1,SD 1.12).

Harms: Cement
leakage occurred in
3.3% of sacroplasty
patients, with 0.4%
experiencing
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SR, Risk of Bias

Interventions . .
e Primary Outcomes Evidence Base Assessed
Condition

Quantitative

Synthesis Primary

Conclusions

Search dates

Database

(Tool)

symptomatic
cement leakage.

Mahmood, Sacroplasty (not comparative) Pain 19 NRSI No No Pain: The mean
2019% VAS 12 case series reduction in VAS at
Sacral insufficiency fractures the latest follow-up
PubMed, Harms was 5.8 + 1.3, with
SCOPUS, Ovid Cement leakage most studies
Repeat procedures reporting up to 12
months.
Harms: Nine
studies reported
cement leakage in
at least one
patient, but most
events were
clinically
insignificant. One
study reported 6
repeat procedures.
Network Meta-analysis
Liu, 202382" VP vs. KP Pain 5RCTs Yes Yes Pain: Pooled
VAS (RoB 2) analysis showed no
Up to Osteoporotic VCFs difference in pain
September Function between VP and KP
2023 ODI at short term (MD -
0.17,95% Cl -1.01
PubMed, Web Harms to 0.66) or long
of Science, Cement leakage, new fracture term (MD -0.09,
Embase, 95% ClI -0.53 to
Cochrane 0.34).
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Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

Function: Pooled
analysis showed no
difference in ODI
between VP and KP
at short term (MD -
1.80, 95% Cl -4.89
to 1.29) or long
term (MD -1.78,
95% Cl -7.18 to
3.63).

Harms: Pooled
analysis showed no
difference in the
risk of cement
leakage between
VP and KP (RR 0.90,
95% Cl 0.62 to
1.32) orin the risk
of new fractures
(RR1.10, 95% CI

0.68 to 1.79).
VP vs. Sham Pain 6 RCTs Yes Yes Pain: Pooled
VAS (RoB 2) analysis showed no
Osteoporotic VCFs difference in pain
Harms between VP and
Cement leakage, new the sham
fractures procedure at short

term (MD 0.17,
95% Cl -0.86 to
1.19).
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SR, . Risk of Bias Quantitative .
Interventions Primary

Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

Harms: Pooled
analysis showed no
difference in the
risk of cement
leakage between
VP and the sham
procedure (OR
57.00, 95% Cl 3.45
to 942.90) and no
difference in the
risk of new
fractures (RR 1.18,
95% Cl 0.53 to

2.62).
VP vs. Usual care Pain 6 RCTs Yes Yes Pain: Pooled
VAS (RoB 2) analysis showed a
Osteoporotic VCFs difference in VAS
Function favoring VP
oDl compared to usual
care at short term
Harms (MD 3.14, 95% ClI
New fractures 2.31to 3.98) but

not at long term
(MD 1.08, 95% CI
0.62 to 1.55).

Function: Pooled
analysis showed a
difference in ODI
favoring VP
compared to usual
care at both short
term (MD 14.13,
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Search dates
Database

Interventions
Condition

Primary Outcomes

Evidence Base

Risk of Bias
Assessed
(Tool)

Quantitative
Synthesis

Primary
Conclusions

95% Cl 11.50 to
16.76) and long
term (MD 8.69,
95% Cl 3.16 to
14.21).

Harms: Pooled
analysis showed no
difference in the
risk of new
fractures between
VP and usual care
(RR 1.28, 95% ClI

New fractures

0.80 to 2.03).
KP vs. Usual care Pain 1RCT Yes Yes Pain: One RCT
VAS (RoB 2) showed a
Osteoporotic VCFs difference in VAS
Function favoring KP
oDl compared to usual
care at short term
Harms (MD 3.32,95% ClI

2.32t0 4.31) but
not at long term
(MD 1.17,95% CI
0.63to 1.72).

Function: One RCT
showed a
difference in ODI
favoring KP
compared to usual
care at both short
term (MD 15.93,
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Conclusions

Search dates ors Primary Outcomes Evidence Base Assessed Synthesis
Condition
Database (Tool)

95% Cl 12.32 to
19.54) and long
term (MD 10.46,
95% Cl 3.52 to
17.40).

Harms: One RCT
showed no
difference in the
risk of new
fractures between
KP and usual care
(RR 1.16, 95% CI
0.73 to 1.82).

AE = adverse event; AQoL = Assessment of Quality of Life; Cl = confidence interval; DPQ = Dallas Pain Questionnaire; EQ-5D = EuroQoL 5D; HR = hazard ratio; HTA = Health
Technology Assessment; KP = kyphoplasty; MCS = mental component score; MD = mean difference; NICE = National Institute for Health and Care Excellence; NOQAS =
Newcastle-Ottawa Quality Assessment Scale; NR = not reported; NRSI = non-randomized study of intervention; ODI = Oswestry Disability Index; PCS = physical component score;
QALY = quality adjusted life year; QoL = quality of life; QUALEFFO = Quality of Life Questionnaire; RCT = randomized control trial; RD = risk difference; RDQ = Roland Morris
Disability Questionnaire; RoB = Risk of Bias; RR = risk ratio; SMD = standardized mean difference; SF-36 = 36-item Short-Form Survey; SR = systematic review; VAS = visual
analogue scale; VCF = vertebral compression fracture; VP = vertebroplasty.

* VP and KP were combined; sham and usual care were pooled.

1 Analyses pooled RCTs and NRSI

¥ Sorensen 2019 also included articles identified by the HTA performed by Health Quality Ontario.

§ Included studies do not necessary compare VP to KP, but Sorensen 2019 only reports on and compares these two groups aggregated across all studies.

** Briggs 2023 does not report which studies report on which treatments, so all are reported together.

11 Liu 2023 also performed a network meta-analysis.
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2.5 Medicare and Representative Private Insurer Coverage Policies

For the purposes of this report, we obtained and summarized payer policies from three bellwether payers and relevant information on National
Coverage Determinations (NCDs) and/or Local Coverage Determinations (LCDs) from the Centers for Medicare and Medicaid Services (CMS).
Currently, there is no NCD from CMS regarding percutaneous vertebral augmentation procedures. Coverage decisions are briefly summarized

below (Table 4).

e Centers for Medicare and Medicaid Services (CMS) Local Coverage Determination

e (Cigna
e Aetna

e United HealthCare

Table 4. Overview of CMS and Payer Policies

Payer (year)

Evidence Base

Rationale/Comments

Centers for Medicare
and Medicaid Services
(CMS) (2023)

LCD L34106

Alaska, Idaho, Oregon,
Washington, Arizona,
Montana, North Dakota,
South Dakota, Utah, and
Wyoming

Original Effective Date:
For services performed
on or after 10/01/2015
Revision Effective Date:
For services performed
on or after 01/10/2021

Available
RCTs, meta-analysis

According to the “Percutaneous Vertebral Augmentation (PVA) for
Osteoporotic Vertebral Compression Fracture (VCF)” LCD with an
original effective date on or after 10/01/2015 and a revision
effective date on or after 01/10/2021, Percutaneous Vertebral
Augmentation (PVA) for Osteoporotic Vertebral Compression
Fracture (VCF) is covered in patients with both the following:

Inclusion: Acute (< 6 weeks) or subacute (6-12 weeks)
osteoporotic VCF (T1 — L5) with documented imaging;
Symptomatic: severe pain (NRS/VAS 2 8) if hospitalized, or
moderate to severe pain (NRS/VAS > 5) if non-hospitalized,
unresponsive to optimal non-surgical management; Continuum of
care: referral for BMD evaluation and osteoporosis education, plus
participation in an osteoporosis prevention/treatment program.

Exclusion:

- Absolute: Pain not due to VCF, infection, pregnancy.

- Relative: More than three fractures per procedure, allergy to
materials, uncorrected coagulopathy, spinal instability,
myelopathy, neurologic deficit, neural impingement, fracture
retropulsion/canal compromise.

Premise of weight-bearing fracture
immobilization, to limit pain and
deformity, has prima facie validity
on first principles. Superimposed is
the recent trend toward
immediate, focused, surgical
immobilization, and away from
prolonged, general immobilization
and prolonged systemic pain
management, particularly in the
elderly. Evidence favors
consideration of early PVA in select
patients (moderate to severe and
disabling pain due to acute
osteoporotic VCF confirmed by
physical examination and advanced
imaging findings).

In addition to timely fracture
treatment, ensuring the continuum
of care and preventing medical
undertreatment of the overarching
systemic disease is also warranted.
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Payer (year)
Cigna (2023)

Effective Date:
8/15/2023

Next Review Date:
6/15/2024

Evidence Base
Available
Meta-analyses,
HTAs, SRs, RCTs,
Prospective case
series

Policy

Covered: Percutaneous vertebroplasty or kyphoplasty is medically
necessary if standard therapy fails and one of the following is
present: Osteoporotic, osteolytic, osteonecrotic (Kummel disease),
or steroid-induced VCF with persistent pain unresponsive to 6+
weeks of conservative treatment; Severe back pain due to
osteolytic metastasis or multiple myeloma; Painful/aggressive
hemangioma or eosinophilic granuloma of the spine.

Not Covered: Percutaneous vertebroplasty, kyphoplasty, and
sacroplasty are considered experimental or investigational for all
other indications.

Rationale/Comments

Percutaneous vertebroplasty and
kyphoplasty are widely accepted as
safe and effective for pain relief,
increased mobility, and improved
quality of life in patients with
painful osteolytic lesions and
osteoporotic compression fractures
unresponsive to conservative
treatment. However, more clinical
trials are needed to assess their
long-term safety and efficacy.
There is currently insufficient
evidence on the safety, efficacy,
and long-term outcomes of
sacroplasty.

Aetna (2023)
Effective: 07/31/1995
Next

Review: 01/11/2024

Primary studies,
Systematic reviews,
previous HTAs,
guidelines

Medically Necessary: Percutaneous vertebroplasty or kyphoplasty
for persistent, debilitating pain in cervical, thoracic, or lumbar
vertebrae due to: Primary malignant bone or marrow neoplasm;
Secondary osteolytic metastasis (excluding sacrum/coccyx);
Steroid-induced fractures; Multiple myeloma; Painful/aggressive
hemangiomas; Painful vertebral eosinophilic granuloma; Painful,
debilitating osteoporotic acute/subacute fractures (e.g., Kummel’s
disease)

For Osteoporotic or Steroid-Induced Fractures: Pain localized to
the treated level; Severe pain or loss of mobility unrelieved by 6+
weeks of optimal medical therapy; Other pain causes ruled out by
CT/MRI; Affected vertebra at least one-third of original height with
intact posterior cortex; Max 3 vertebral fractures per procedure;
Documentation of osteoporosis care and education

Not Covered: Sacroplasty for osteoporotic sacral insufficiency
fractures and other indications due to insufficient evidence.

No rationale for policy given

CPT codes if selection criteria are
met: 22510, 22511, 22512, 22513,
22514, 22515

United HealthCare
(2023)

Retrospective
studies, previous
HTAs, RCTs,

Medically Necessary: Percutaneous vertebroplasty and
kyphoplasty for pain causing functional/physical impairment in

Percutaneous vertebroplasty and
kyphoplasty are proven and
medically necessary for treating
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Payer (year) Ev:i::ifaeb?ease Policy Rationale/Comments
Effective Date: systematic reviews, | cervical, thoracic, or lumbar vertebrae within 4 months of onset, pain causing Functional or Physical
November 1, 2023 Meta-analyses, unresponsive to optimal medical therapy for: Impairment in cervical, thoracic, or

Cochrane review - Osteoporotic VCF lumbar vertebral bodies within 4
- Steroid-induced vertebral fracture months of pain onset that has
- Osteolytic metastatic disease failed to respond to Optimal
- Multiple myeloma Medical Therapy for some
- Aggressive vertebral hemangioma indications (see list of criteria in the

- Unstable fractures due to osteonecrosis (e.g., Kummel disease) | above section)

Required Imaging Exclusions: CT/MRI ruling out other causes like
foraminal stenosis, facet arthropathy, herniated disk, or other
spinal conditions.

Contraindications: Spinal cord compression, significant vertebral
collapse (<1/3 height), healed VCF, sacral/coccygeal lesions,
asymptomatic VCFs, or fractures responding to conservative
therapy.

BMD = bone mineral density; CMS = Centers for Medicare and Medicaid Services; Cochrane = Cochrane Review; CPT = Current Procedural Terminology; CT = computed
tomography; HTA = Health Technology Assessment; Kummel disease = Osteonecrosis; LCD = Local Coverage Determination; MRI = magnetic resonance imaging; NRS = Numeric
Rating Scale; PVA = Percutaneous Vertebral Augmentation; RCT = randomized controlled trial; SR = systematic review; VAS = Visual Analog Scale; VCF = vertebral compression
fracture.
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3 The Evidence

3.1 Methods of the Systematic Literature Review
3.1.1 Objectives

The aim of this report was to systematically review, critically appraise, analyze, and synthesize research
evidence evaluating the effectiveness and safety of vertebroplasty, kyphoplasty, and sacroplasty. The
differential effectiveness and safety of these therapies for subpopulations were evaluated, as was the
cost effectiveness.

3.1.2 Key Questions

When used in patients with spinal pain due to vertebral fracture:

1. What is the evidence of efficacy and effectiveness of vertebroplasty, kyphoplasty or sacroplasty?
Including consideration of:
a. Short-term and long-term outcomes
b. Impact on function, pain, quality of life
c. Otherreported measures including: use of pain medications and opioids, return to work
2. What is the evidence of the safety of vertebroplasty, kyphoplasty or sacroplasty? Including
consideration of:
a. Adverse events type and frequency (mortality, major morbidity, other)
b. Revision/re-operation rates (if not addressed in efficacy)
3. What is the evidence that vertebroplasty, kyphoplasty or sacroplasty has differential efficacy or
safety issues in sub populations? Including consideration of:

a. Gender

b. Age

c. Psychological or psychosocial co-morbidities

d. Diagnosis or time elapsed from fracture

e. Other patient characteristics or evidence-based patient selection criteria
f.  Provider type, setting or other provider characteristics

g. Payer/beneficiary type: including worker’s compensation, Medicaid, state employees
4. What is the evidence of cost implications and cost-effectiveness of vertebroplasty, kyphoplasty
and sacroplasty? Including consideration of:
a. Costs (direct and indirect) in the short term and over expected duration of use
b. Revision/re-operation (if not addressed in efficacy)

3.1.3 Inclusion/Exclusion Criteria

The scope of this report and final key questions were refined based on input from clinical experts.
Clinical expert input was sought to confirm critical outcomes on which to focus. Draft Key Questions and
PICOTS scope were published on the HCA website for public comment. Four were received. Public
comments as well as those from clinical experts and peer-reviewers were considered for finalization of
this report. See Table 5 below for inclusion and exclusion criteria.
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Table 5. Summary of inclusion and exclusion criteria
Study

Component

Population

Inclusion

Patients with spinal pain due to vertebral
fracture secondary to

1. Osteoporosis
2. Malignancy

Exclusion

Fractures due to high-energy trauma

Intervention

e Vertebroplasty
e Kyphoplasty
e Sacroplasty

Cements, devices that are not FDA approved

Comparator e Sham procedure or placebo e Comparisons of different cement types
e Conservative care e Comparisons of surgical approaches or
e Surgical procedures techniques
e Vertebroplasty vs. kyphoplasty e Use of vertebroplasty, kyphoplasty or
sacroplasty as an adjunct to other procedures
(e.g., ablation)
e Combined with zoledronic acid (ZOL) versus
augmentation alone
e Types of imaging guidance, other guidance
Outcomes Primary e Non-clinical outcomes
e Functional outcomes (e.g., ODI) ¢ Non-validated measures (e.g., for pain,
e Pain relief function, QOL)
e Quality of life outcomes
e Measures of disability (e.g., work lost)
e Complications (e.g., procedure related,
leakage, new fracture, medical
complications, death. Revision/re-
operation)
Return to work
Economic
e Cost-effectiveness (e.g., cost per
improved outcome), cost-utility (e.g., cost
per quality adjusted life year (QALY),
incremental cost effectiveness ratio (ICER)
outcome
Timing Review will focus on persistence of relief 1 or
more months post-treatment
Study design Key Questions 1, 3 and 4: e Indirect comparisons

e High quality systematic reviews of RCTs will
be considered if available and they address
the key questions

e Randomized controlled trials (RCTs)

¢ In the absence of RCTs, high quality non-
randomized comparative studies will be

Comparisons with historical cohorts
Nonrandomized studies which do not control
for confounding

Incomplete economic evaluations such as
costing studies

Case series with fewer than 5 patients (for
sacroplasty)

Case reports
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Study Inclusion Exclusion
Component
considered in the absence of RCTs with a e Studies in which <80% of patients have a
focus on comparative prospective studies condition of interest
e Studies that do not report on primary
Key Question 2: outcomes or harms

¢ In the absence of RCTs, high-quality non-
randomized studies designed specifically to
evaluate harms/adverse events that are
rare or occur long-term

e Case series will be considered if adequate
information not available from
comparative studies

Key Question 4:

e Only full, formal economic studies (i.e.,
cost-effectiveness, cost-utility, cost-
minimization, and cost-benefit studies) will
be considered.

Publication e Full-length studies published in English in e Abstracts, conference proceedings, editorials,
peer reviewed journals, published HTAs or letters
publicly available FDA reports e Duplicate publications of the same study
e Full formal economic analyses (e.g., cost- which do not report on different outcomes
utility studies) published in English in HTAs ~ ® Single reports from multicenter trials
or in a peer-reviewed journal published * White papers
after those represented in previous HTAs. * Narrative reviews

e Articles identified as preliminary reports when
results are published in later versions
e Incomplete economic evaluations such as
costing studies
FDA = U.S. Food and Drug Administration; ODI = Oswestry Disability Index; QOL = Quality of Life; RCT = Randomized Controlled
Trial; HTA = Health Technology Assessment

3.1.4 Data Sources and Search Strategy

We searched electronic databases from January 1, 2010 to January 3, 2024 for trials related to vertebral
augmentation to identify publications evaluating these treatments for osteoporotic vertebral
compression fracture and malignancy-related fractures that had been published since the prior report.
The start dates of our searches overlapped by a few months with the end date of the searches in the
prior report. A formal, structured systematic search of the peer-reviewed literature was performed
across several databases including PubMed, EMBASE, the Cochrane Central Register of Controlled Trials,
and the Cochrane Database of Systematic Reviews (see Appendix B for full search strategy) to identify
relevant peer reviewed literature. Other sources were searched, including ClinicalTrials.gov, ECRI
Guidelines Trust, and Center for Reviews and Dissemination Database, to identify pertinent clinical
guidelines and previously performed assessments. We conducted a comprehensive search on
clinicaltrials.gov to identify relevant ongoing research trials. However, no conclusive findings were
obtained from the search. We also hand searched the reference lists of relevant studies and the
bibliographies of systematic reviews.
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The clinical studies included in this report were identified using the algorithm shown in Appendix A. The
process involves four stages. The first stage of the study selection process consisted of a comprehensive
electronic search and bibliography review. We then screened all possible relevant articles using titles
and abstracts in stage two. This was done by two individuals independently. Those articles that met a set
of a priori retrieval criteria were included for full-text review. We excluded conference abstracts, non-
English-language articles, duplicate publications that did not report different data or follow-up times,
white papers, narrative reviews, preliminary reports, and incomplete economic evaluations. Any
disagreement between screeners that were unresolved resulted in the article being included for the
next stage. Stage three involved retrieval of the full text articles remaining. The final stage of the study
selection algorithm consisted of the review and selection of those studies using a set of a priori inclusion
criteria, again, by two independent investigators. Discrepancies were resolved through discussion and if
necessary, adjudicated by a third investigator. See Figure 1 below for a flow diagram of the search
results. A list of excluded articles along with the reason for exclusion is available in Appendix C. The
remaining articles form the evidence base for this report.

Figure 1. Flow of studies diagram

)
=
= Records identified following de-
S duplication (n = 4,456):
E Prior report (n = 13)
é Hand searching (n = 59)
—_
SR
» | Recordsexcluded at title abstract
(n=4,277)
\d
E‘ Reports assessed for eligibility
S (n=180)
et
(=]
(7]
» | Reports excluded at full text
(n=79)
SR
Identified by this re-review
(n = 102 citations; 86 unique studies)
E - 32RCTs(41 publications)
= - B comparative NRSIs for efficacy
E - 9 comparative NRIS for safety
- 30 case series, registry, database studies for safety
- 7 formal economic analyses

NRSI = non-randomized study of intervention; RCT = Randomized controlled trial
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3.1.5 Data Extraction

Reviewers extracted the following data from the clinical studies: study design, setting, country, source of
funding, sample size, inclusion and exclusion criteria, study population characteristics, follow-up time,
device details, PMMA volume, study outcomes and adverse events. Data from figures were estimated
using Web Plot Digitizer v5.%* For economic studies, data related to sources used, economic parameters
and perspectives, results, and sensitivity analyses were abstracted. An attempt was made to reconcile
conflicting information among multiple reports presenting data from the same study. Detailed study and
patient characteristics and results are available in Appendix F to L.

3.1.6 Quality Assessment: Overall Strength of Evidence (SOE), Risk of Bias, & QHES
evaluation

The method used by Aggregate Analytics, Inc. (AAl) for assessing the quality of evidence of individual
studies as well as the overall strength of evidence (SOE) are based on established methods for
systematic reviews. Included studies reporting on primary outcomes of interest were critically appraised
independently by two reviewers evaluating the methodological quality, study limitations and potential
for bias based on study design as well as factors which may bias studies using defined templates and
pre-specified criteria. Assessment of RCTs followed appropriate criteria® based on methods described in
the Cochrane Handbook for Systematic Reviews of Interventions®® and guidance from the Agency for
Healthcare Research and Quality (AHRQ) Methods Guide for Effectiveness and Comparative Effectiveness
Reviews®” In keeping with the AHRQ methods, each study was given a final rating of “good”, “fair”, or
“poor” quality as described below (Table 6). Discrepancies in ratings between reviewers were resolved
through discussion and consensus. Criteria are detailed in Appendix D.

Table 6. Criteria for grading the quality of individual studies

Rating Description and Criteria

e Low risk of bias; study results generally considered valid

e Employed valid methods for selection, inclusion, and allocation of patients to treatment; report
similar baseline characteristics/key risk factors for testing groups being compared; clearly

Good describe attrition and have low attrition; use appropriate means for preventing bias (e.g.,
blinded outcomes assessment); and use appropriate analytic methods (e.g., intention-to-treat
analysis); full reporting on pre-specified outcomes.

e For studies of testing, pre-specification of thresholds for a positive test,

e Study is susceptible to some bias but not enough to necessarily invalidate results

e May not meet all criteria for good quality, but no flaw is likely to cause major bias; the study
may be missing information making it difficult to assess limitations and potential problems

e This category is broad; studies with this rating will vary in strengths and weaknesses; some fair-
quality studies are likely to be valid, while others may be only possibly valid

Fair

o Significant flaws that imply biases of various kinds that may invalidate results; the study
contains “fatal flaws” in design, analysis, or reporting; large amounts of missing information;
discrepancies in reporting or serious problems with intervention or test delivery

Poor e Study results are at least as likely to reflect flaws in the study design or execution as the true
difference between the compared interventions

e Considered to be less reliable than higher quality studies when synthesizing the evidence,
particularly if discrepancies between studies are present
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Economic studies were evaluated according to The Quality of Health Economic Studies (QHES)
instrument developed by Ofman et al. in conjunction with consideration of epidemiologic principles that
may impact findings.*®

Based on these quality criteria, each comparative study chosen for inclusion for a Key Question was
given a risk of bias (RoB) (or QHES) rating; details of each rating are available in Appendix E.

SOE was assessed by two researchers following the principles for adapting GRADE (Grades of
Recommendation Assessment, Development and Evaluation) as outlined by the Agency for Healthcare
Research and Quality (AHRQ).9*-191 The strength of evidence was based on the highest quality evidence
available for the primary outcomes.

In determining the strength of body of evidence regarding a given outcome, the following domains were
considered:

e Risk of bias: the extent to which the included studies have protection against bias

e Consistency: the degree to which the included studies report results that are similar in terms of
effect sizes, range, and variability.

e Directness: describes whether the evidence is directly related to patient health outcomes or
comparisons of interventions are direct (head-to-head).

e Precision: describes the level of certainty surrounding the effect estimates.

e Publication or reporting bias: is considered when there is concern of selective publishing or
selective reporting. Concordance between trial protocols and published results and review of
trial registries may provide information to evaluate reporting/publication bias. This may be
challenging. It is difficult to assess small sample effects when there are <10 RCTS.

Bodies of evidence consisting of RCTs are initially considered as High SOE. In general, the GRADE and
AHRQ methodologies initially consider nonrandomized studies as Low SOE as such studies typically are
at higher risk of bias due to lack of randomization and inability of investigators to control for critical
confounding factors. The SOE could be downgraded based on the limitations described above. There are
also situations where studies (particularly observational studies) could be upgraded if the study had
large magnitude of effect (strength of association) or if a dose-response relationship is identified and
there are no downgrades for the primary domains listed above and confounding is not a concern.
Publication and reporting bias are difficult to assess, particularly with fewer than 10 RCTs and for
observational studies.'%1% Publication bias was unknown in all studies and thus this domain was
eliminated from the strength of evidence tables. The final SOE was assigned an overall grade of high,
moderate, low, or insufficient, which are defined as follows:

e High - Very confident that effect size estimates lie close to the true effect for this outcome;
there are few or no deficiencies in the body of evidence; we believe the findings are stable.

e Moderate — Moderately confident that effect size estimates lie close to the true effect for this
outcome; some deficiencies in the body of evidence; we believe the findings are likely to be
stable, but some doubt remains.
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e Low — Limited confidence that effect size estimates lie close to the true effect for this outcome;
major or numerous deficiencies in the body of evidence; we believe that additional evidence is
needed before concluding that findings are stable or that the estimate is close to the true effect.

e Insufficient — We have no evidence, are unable to estimate an effect or have no confidence in
the effect estimate for this outcome; OR no available evidence or the body of evidence has
unacceptable efficiencies precluding judgment.

Assessing the SOE for studies performing subgroup analysis for evaluation of differential effectiveness or
safety requires additional considerations discussed below. Methods for determining the overall quality
(strength) of evidence related to economic studies have not been reported, thus the overall strength of
evidence for outcomes reported in Key Question 4 was not assessed.

3.1.7 Analysis

Evidence was summarized qualitatively and quantitatively. Risk ratio (RR) and 95% confidence intervals
(CI) were used for dichotomous outcomes to evaluate the presence of an association between testing
and the outcome. In the absence of adjusted effect size estimates, for dichotomous outcomes, crude
risk ratios (RR) and 95% confidence intervals were calculated using either STATA 14.0%% or spreadsheets
based on Rothman Episheet and GraphPad.'® For instances with fewer than five observations per cell,
exact methods were employed. Where effect estimates that were adjusted for confounding were
reported by study authors, they were preferred and reported. For continuous variables, mean
differences (MD) and associated 95% Cls were calculated if the outcomes were reported using the same
scale.

Meta-analyses were conducted as appropriate in order to summarize primary outcome data from
multiple studies and to obtain more precise and accurate estimates using STATA 14.0.1% To determine
the appropriateness of meta-analysis, we considered clinical and methodological diversity and assessed
statistical heterogeneity. Statistical heterogeneity among the studies was assessed using Cochran’s 2
test and the /? statistic.’°® To combine trials, we used a random effects model based on the profile
likelihood method which provides a more conservative effect estimate; in the case of non-convergence
with profile likelihood, the Der Simonian and Laird estimates were reported.'’” For continuous variables,
differences in mean follow-up scores between treatments were analyzed to determine mean differences
as an effect size. Methods for calculating the standard deviations and for imputing missing standard
deviations followed the recommendations given in The Cochrane Handbook 7.7.% Where no events
occurred in one arm of a study, a value of 0.50 was used for that arm in accordance with Cochrane
methods. Studies in which no events occurred in either study arm did not contribute to effect estimates
(0% weight) but were retained in some plots for visual effect and completeness. Sensitivity analyses
were conducted excluding poor-quality studies, outlying data, and clinically heterogeneous trials where
there were sufficient data. We classified the magnitude of effects for continuous measures of pain and
function using the same system as in prior AHRQ reviews on pain'®112 (Appendix R) to facilitate
interpretation of results across trials and interventions by providing a level of consistency and objective
benchmarks for comparison. Effects below the threshold for small were categorized as no effect. For this
classification of effect size a small effect may be below some proposed thresholds for minimum clinically
important differences for some measures, however values for minimum clinically important difference
vary based on populations and methods used to determine them. The mean differences for effect
represent average effects across patients. Where possible, we reported on the proportion of patients
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meeting thresholds for clinically important differences (e.g., >30% pain relief). Outcomes are detailed in
the evidence tables in the appendices and/or the body of the report.

Effects we classified as Outcomes are detailed in the evidence tables in the appendices and/or the body
of the report. We did not conduct analyses to evaluate potential markers for publication bias given the
substantial heterogeneity in patient populations and small number of trials available for some
analyses.””113,

To evaluate differential efficacy and safety (heterogeneity of effect, interaction), we focused on RCTs as
they have the least potential for bias and confounding thus allowing for causal inference. Further, only
RCTs that formally tested for interaction between subgroups were considered for Key Question 3. SOE
for these studies is based on consideration of the overall study risk of bias (study quality) as well as
whether subgroup variables and analyses were specified a priori, the hypothesized impact of a subgroup
on the outcome/effect and sample size as evaluation of interaction requires greater sample size. Such
analyses should be interpreted cautiously and consider the biologic plausibility of differential efficacy or
safety. Such analyses are generally considered hypothesis generating, and additional confirmatory
evidence should be sought. 114116

4 Results

4.1 Number of Studies Retained & Overall Quality of Studies

From 4,456 unique citations identified from electronic database searches, hand searching and
bibliography review of included studies, a total of 32 RCTs (in 41 publications)'"*>> met our inclusion
criteria (Figure 1): 31 RCTS (in 40 publications)!’*>* on osteoporotic fracture and one RCT**® on fracture
due to malignancy. We additionally included: one SR™® for effectiveness of sacroplasty; six comparative
NRSIs controlling for confounding*’->+157-160 for effectiveness; 9 additional comparative NRSIs6-16° for
safety; and 30 case series®>'7%1% for safety. The Tables 7-11 below provide an overview of each of these
groups of studies by fracture cause (osteoporosis, malignancy, sacral insufficiency) and treatments
compared and provides information on the funding source. The most common comparators for
vertebroplasty for efficacy were kyphoplasty (9 RCTs, 1 NRSI), usual care (9 RCTs), sham (6 RCTs), and
nerve block (2 RCTs, 1 NRSI). The most common comparators for kyphoplasty for efficacy were, usual
care (5 RCTs), and other surgical procedures (1 RCT). Of the included RCTs, roughly one fifth (21%)
reported industry funding and about one third (30%) were not clear about their funding source.
Additionally, seven formal economic analyses were included: two in the United States'®2%, one in the
United Kingdom and Sweden,?®* and one each in Canada,?*? the United Kingdom,®® Sweden,?® and
Japan.2®
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Table 7. Number of RCTs included for each comparison of efficacy of included interventions for
treatment of vertebral fracture

Comparisons RCTs (publications) Funding : No. RCTs (Publications)
Industry Other* None
OVCF
2119,121-123 3117,120,124- o 1118
VP vs. Sham 6 (11)%7-127 127
—_ 4128,130,131,13 2129,136 3132,135,137
VP vs. UC 9 (10)12&1%7 3134202
VP vs. Nerve Block 2138139 - 1138 1139 -
VP vs. KP 9 (10)137,140-149 3140,142,146 144,145,149 147,148 3137,141,143
KP vs. UC 4 (6)137,150-154 1150,153,154 I . 3137[151‘152
KP vs. Other Surgical Procedures 1205 - — 1205 -
Total: OVCF 31 (40)117-154
Malignancy
KP vs. UC 11> 1155 — - -
Total: Malignancy 1155

32 (41)117-155

RCT = Randomized Controlled Trial; NR = Not Reported; OVCF = Osteoporotic Vertebral Compression Fracture; VP =
Vertebroplasty; UC = Usual Care; KP = Kyphoplasty.
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Table 8. Number of comparative NRSIs included for effectiveness for each comparison of efficacy of
included interventions for treatment of vertebral fracture

Comparisons NRSIs (publications) Funding: No. NRSIs (Publications)
Industry  Other* None

OVCF

VP vs. Medial Branch Block 1157 - — 1157 —

Total: OVCF 1157

Malignancy

VP vs. KP 1158 . o . 1158

Total: Malignancy 118

SIF

SP vs. UC 247,159 . I 247,159 —_—

SP vs. Other Surgical Intervention 147 — - 147 -

SP vs. Non-surgical Management 251160 - - — 51,160

Total: SP 4%7,51,159,160

Total Overall 647,51,157-160

NRSI = Non-Randomized Study of Interventions; NR = Not Reported; OVCF = Osteoporotic Vertebral Compression Fracture; VP =
Vertebroplasty; UC = Usual Care; KP = Kyphoplasty; SIF = Sacral Insufficiency Syndrome; SP = Sacroplasty.
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Table 9. Number of comparative NRSIs included for harms only for each comparison of efficacy of
included interventions for treatment of vertebral fracture

Comparisons NRSIs (publications) Funding : No. NRSlIs (Publications)
Industry Other* None

OVCF

Mixed VP/KP vs. Other Surgical - - 1165 -

1165
Management or UC

VP vs. Other Surgical Management 2163167 - 1163 1167 -

VP vs. Non-operative Management 1164 1164 — — .

VP vs. KP 2161,164 1164 - 1161 -

KP vs. UC 1162 . o . 1162
KP vs. Non-operative Management 164 1164 — — .

KP vs. Other Surgeries 1166 - - 1166 -
Total: OVCF 7161-167

Malignancy

VP vs. KP 168,169 . o o 168,169
Total: Malignancy 2168,169

Total Overall g161-169

NRSI = Non-Randomized Study of Interventions; NR = Not Reported; OVCF = Osteoporotic Vertebral Compression Fracture; VP =
Vertebroplasty; UC = Usual Care; KP = Kyphoplasty
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Table 10. Number of case series included for harms only for each comparison of efficacy of included
interventions for treatment of vertebral fracture

Comparisons NRSIs (publications) Funding : No. NRSlIs (Publications)

Industry Other* None
OVCF
VP 5170-174 e e 3172-174 2170,171
KP 8175—182 . 4178-180,182 2176,177 2175,181
MiXed VP/KP 5183-187 e e 2183,184 3185-187
Sp 350,188,189 . 1188 250,189 —_
Total: OVCF 2150170189
Malignancy
VP 3190,194,195 . . 190,195 1194
KP 5192,193,196-198 o 1197 1192 3193,196,198
Mixed VP/KP 1191 1191

Total: Malignancy g190-198

Total Overall 3(50,170-198

NRSI = Non-Randomized Study of Interventions; NR = Not Reported; OVCF = Osteoporotic Vertebral Compression Fracture; VP =
Vertebroplasty; UC = Usual Care; KP = Kyphoplasty; SP = Sacroplasty

Table 11. Number of systematic reviews included for each comparison of efficacy of included
interventions for treatment of vertebral fracture

Comparisons NRSIs (publications) Funding : No. NRSIs (Publications)
Industry Other* None

SIF

Sp 1156 - - 1156 .

Total Overall 11%6

NRSI = Non-Randomized Study of Interventions; NR = Not Reported; SP = Sacroplasty; SIF = Sacral Insufficiency Syndrome.
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4.2 Osteoporotic Vertebral Compression Fractures
4.2.1 KQ1 Effectiveness

4.2.1.1 Vertebroplasty

4.2.1.1.1 Vertebroplasty versus Sham

Six RCTs (across 11 publications, N=641)''""12” compared vertebroplasty with a sham procedure (Table
12). Three studies were conducted in the Netherlands,'81?2124 gand two were conducted in Australia.
119125 Two were industry funded.'*%12% The majority of patients were female (mean 75%) with a mean
age of 75 years old. Mean pain duration was 9 weeks or less in four RCTs.117119123124 One of these trials
enrolled patients with a mean fracture duration of 2.6 weeks?® and reported sub-analysis of patients
with fracture duration of <3 weeks in a subsequent publication.'?! Mean pain durations in the other two
RCTs were 18 weeks'® and 26 weeks!!® respectively corresponding to chronic pain. Evidence of bone
marrow edema (BME) was required for study inclusion in three trials'®123124 35 3 measure of fracture
acuity, but was not reported in the other three trials.}'”11%12> Single level interventions were most
common (60% to 87%) across the four trials reporting numbers of levels treated.18119123125 ppjMIA
volumes ranged from 1.4 ml to 7 ml.

In all RCTs, patients randomized to sham procedures received generally similar pre-procedure
preparations as those randomized to VP. Methods to simulate the VP procedure included verbal and
physical cues consistent with PMMA injection, such as needle insertion or pressure on the back to
simulate needle insertion and tapping to simulate entry of the needle into bone. Patients randomized to
the sham procedure received the same periosteal infiltration of local anesthetic as patients randomized
to vertebroplasty in four RCTs.117:118122125 Qne these trials called the sham procedure an active
control.!*® Local anesthetic was injected into the vertebral body in a fifth trial.!** Local anesthesia was
confined to subcutaneous infiltration without periosteal numbing and a 4 mm skin incision was made in
the sixth trial.*® For sham procedures, PMMA was prepared!”/118123124 or the methacrylate monomer
was opened in the procedure room?!? to create the odor of mixing the cement. One trial did not report
attempts to simulate the cement odor reporting that there was conversation about PMMA mixing and
injection suggesting that VP was being done.'*® Four RCTs did not allow patients to cross over from one
group to the other'’11%123 gnd one trial did not report on cross over.'?* One allowed cross over after 1
month, with substantially more patients crossing over to the VP group compared with sham by 3
months (51% vs. 13%).2%> Our report focuses on results prior to cross over for this trial. Four RCTs were
considered good quality”/119123125 gnd two were fair.1'812* Methodologic limitations for fair studies
included unclear concealment of treatment allocation and some baseline differences between
treatment groups.
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Table 12. Study Characteristics of Trials Comparing Vertebroplasty versus Sham in Patients with Fractures due to Osteoporosis

No. VCFs at
Studv. vear Mean Mean baseline Mean baseline Mean Duration
v, ¥ N pain (SD)" Pain (no. treated) @£PMMA BME Industry In
Country age % Female . . follow-up .
Qualit (T randomized duration | mean (SD) volume ) funding
v ¥ Inclusion criteria  (weeks) or No. (%) (ml)
NR*
Carli, 2023 (Treated:
The 7:5(1.7) 1: 60%
71 68% 80 26" 1.4 Yes 12 NR Yes
Netherlands Inclusion: VAS 55 2:19%
Fair ' - 3:16%
4: 4%
5:3%)%
Clark, 2016; NR
Diamond, 8.2(1.7)
2020 80 73%"" 120 2.6 (Treated: 7.5 Yes 6 Yes Yes
Australia Inclusion: NRS 27 1:87%
Good 2:13%)
Firanescw, 1,26 (0.55)"
Firanescu, 7.8 (2.5) .
2019 76 76% 180 <9 (Treated: 5.1 Yes 12 Yes Yes
. 1:78%
The Inclusion: VAS >5 2 17%
Netherlands 3'. 67;
Good noR
Hansen, 2019
The 7.5(2.1)
Netherlands 70 87% 52 <8 NR¥# 2to 4 Yes 12 No Yes
Fair Inclusion: VAS >7
Kallmes, NR
2009; 7.0 (1.9)
Comstock, 74 76% 131 18 (Treated: 2.6 No 12 No Yes
2013 Inclusion: VAS >3 1:68%
UK, Australia ’ - 2:20%
Good 3:11%)
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No. VCFs at

Mean baselin Mean baselin Mean .
Study, year \Y[ET) CEDLEEGIIO € eline € Duration
Country age % Female

Quality (years)

N pain (SD)" Pain (no. treated) £PMMA  BME Industry In

follow-up

randomized duration | mean (SD) volume MRI
(months)

Inclusion criteria  (weeks) or No. (%) (ml)

funding MA

Buchbinder, NR
2014 St 73(22)
; Staples, 74 76% 78 9.3 (Treated: 3 No 24 No Yes
2015 .
Australia Inclusion: NR 1:82%
. [
Good 2:18%)

BME = bone marrow edema; MA = meta-analysis; ml = milliliter; MRl = magnetic resonance imaging; NR = not reported; NRS = numerical rating scale; PMMA =
polymethylmethacrylate; RCT = randomized control trial; SD = standard deviation; VAS = visual analogue scale; VCF = vertebral compression fracture; VP = vertebroplasty.
* For most studies, weighted mean and SD was calculated using mean estimates, SDs or 95% confidence intervals, and n’s for each group at baseline.

1 Median.

F Mean number not reported.

Carli: Number of VCFs at baseline were 72 vs. 63.

§ Some baseline differences existed between groups for number of levels treated:

Carli, 2023: 1: 70% vs. 50%, 2: 10% vs. 28%, 3: 13% vs. 18%, 4: 5% vs. 3%, 5: 3% vs. 3%.

** Some baseline differences existed between groups for % female:

Clark, 2016: 79% vs. 68%.

Tt Calculated using the proportion of patients in each group with 1, 2, and 3 fractures at baseline.

$# Authors do not report mean number or % of levels treated:

Hansen, 2019: 27 vs. 28 levels were treated in total.

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 71



WA — Health Technology Assessment October 16, 2024

4.2.1.1.1.1 Primary Outcomes
Pain

Four trials (across 6 publications) reported the proportion of patients who were considered pain
responders, defined as those experiencing a reduction in pain relative to baseline of 230% on a 0-10 VAS
or NRS scale 117119123125 yp \was associated with a substantial increase in the likelihood of meeting that
threshold compared with sham treatment within 1 week in one RCT (N=113, 31% vs. 8.5%, RR 3.41, 95%
Cl 1.36 to 8.56; RD 21.9%, 95% Cl 7.8% to 36.1%).1*° The higher likelihood of response with VP persisted
to time frames up to 12 months in this trial. This trial differed from the other sham trials in several ways:
mean fracture duration was <3 weeks in 79% of patients, local anesthesia was confined to subcutaneous
infiltration without periosteal numbing and used a higher PMMA volume compared with the other trials
reporting this outcome (Table 12). At baseline, more patients in the VP group had previous osteoporotic
fractures (62% vs. 54%) and more severe fractures (Genant Grade 3, 74% vs.66%) compared with sham
but baseline pain scores were similar between groups.

In contrast, another trial*’’ in patients with mean pain duration of 9 weeks found similar likelihood of
response at all time frames >1 week and at follow up to 212 months (Figure 2).12® Pooled analyses across
time frames, show a statistically similar likelihood of pain response at <1 week to 22 weeks (2 RCTs,
N=186, 41% vs. 27.7%, RR 1.44, 95% CI 0.60 to 3.47, 1>=0%; RD 13.8%, 95% Cl 15.2% to 38.5%),'*""**° and
a moderate increase in the likelihood of improvement with VP at >2 weeks to <1 month (3 RCTs, N=313,
57.7% vs. 35.2%, RR 1.48, 95% Cl 0.95 to 2.86, 1>=0%; RD 21.9%, 95% Cl 4.1% to 36.7%).11711912> At both
of these time frames, the magnitude of effect across studies is inconsistent, despite lack of statistical
heterogeneity with one outlier trial that reported substantially larger effect size.'*® As noted above,
there were differences in fracture age, PMMA volume and sham procedure used in this trial versus the
other sham-controlled trials. Compared with sham, VP was associated with a moderate increase in
likelihood of improvement at >1 month to <6 months (2 RCTS, N=176, 54.5% vs. 34%, RR 1.60, 95% ClI
1.06 to 2.38, 1°=0%; RD 20.5%, 95% Cl 3.5% to 37%)'*"'*° and with a small increase in likelihood of
response at 26 months to 12 months (2 RCTs, N=171, 63.5% vs. 45.3%, RR 1.40. 95% CI 0.99 to 1.94,
12=0%; RD 18.2%, 95% Cl -0.1% to 35.4%),''"1¥ and at >12 months (3 RCTs, N=339, 70.5% vs. 51.5%, RR
1.36, 95% CI 1.08 to 1.66, 1°=0%; RD 20.0%, 95% Cl 7.6% to 30.6%).120123.126
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Figure 2. Vertebroplasty versus sham procedures: Pain Response (230% VAS pain reduction from
baseline, 0-10 scale)

QOutcome Duration Pain Duration Pain Duration  BME MRI  PMMA Vertebroplasty Sham Risk Ratio
and AuthorYear Inclusion (wks) Required Category Outcome definition n/N n/N (95% CI)
<1 wk
Clark 2016 <6 wks 26 Yes >5ml Pain <4 on 0 to 10 NRS 18/58 5/55 i 3.41(1.36, 8.56)
Subgroup, PL 18/58 5/55 3.41(1.36, 8.56)
(p=10.395,1" =0.0%)
21 wk to £2 wks
Buchbinder 2009 Upto12mons 8.0t09.5 No =5ml| Improved 22.5 on VAS 14/37 14/37 - 1.00(0.56, 1.79)
Clark 2016 <6 wks 286 Yes >5ml Pain <4 on 0 to 10 NRS 24/55 12/57 ——— 2.07(1.15,3.72)
Subgroup, PL 38/92 26/94 1.44 (0 60, 3.47)
(p=0.395, 1" = 0.0%)
>2 wks to <1 mon
Buchbinder 2009 Upto12mons 90t095 No =5ml Improved 22 5 on VAS 18/35 16/38 —— 1.22(075,2.00)
Kallmes 2009 Upto12mons 17.8 No =5 ml Improved Z 30% on VAS 43/67 29/61 -- 1.35(0.98, 1.86)
Clark 2016 <6 wks 26 Yes >5ml Pain <4 on 0 to 10 NRS 28/55 10/57 | —— 2.90(1.56, 5.39)
Subgroup, PL 89/157 55/156 S 1.48 (0.95, 2.86)
(p=0395,1" =0.0%)
>1 mon to <6 mons
Buchbinder 2009 Upto12mons 8.0t09.5 No =5ml| Improved 22.5 on VAS 19/35 13/36 +—— 1.50(0.88, 2.55)
Clark 2016 <6 wks 286 Yes >5ml Pain <4 on 0 to 10 NRS 29/53 17/52 1.67 (1.06, 2.65)
Subgroup, PL 48/88 30/88 1.60 (1.06, 2.38)
(p=10.395, 1" = 0.0%)
26 mons to <12 mons
Buchbinder 2009 Upto12mons 8.0t09.5 No <5ml Improved 22.5 on VAS 19/34 15/35 —— 1.30(0.80, 2.12)
Clark 2016 <6 wks 26 Yes >5ml Pain <4 on 0 to 10 NRS 35/51 24/51 = 1.46 (1.03, 2.06)
Subgroup, PL 54/85 39/86 < 1.40(0.99, 1.94)
(p=10.395, 1" = 0.0%)
212 mons
Comstock 2013 Upto12mons 178 No 25 ml Improved 2 30% on VAS 44/63 25/56 -:I— 156(1.12,218)
Kroon 2014 Upto12mons 9.0t09.5 No <5ml Improved = 30% on VAS 16/33 16/34 —r 1.03(0.62,1.70)
Firanescu 2018 <9 wks 5t08 Yes >5ml VAS score <5 64/80 43/73 t 1.36 (1.09, 1.69)
Subgroup, PL 124/176 84/163 1.36 (1.08, 1.66)
(p=0.395,1" =0.0%)
Heterogeneity between groups: p = 0.523

! |

25 1 4

Favors Sham Favars Vertebroplasty

Comstock is follow-up to Kallmes; Kroon is follow-up to Buchbinder 2009
BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mons = months, NR= not
reported, PMMA = polymethylmethacrylate; RR = risk ratio, wks = weeks

All six RCTs reported VAS or NRS pain scores at one or more time frames, 117119123125

Pooled estimates across trials show that pain improvement was similar between VP and sham at the two
earliest time frames, namely <1 week (4 RCTs, N=500) and >1 to <2 weeks (6 RCTs, N = 616) and at long
term (212 months, 5 RCTs, N=478) (Figure 3). At three intermediate time frames, vertebroplasty was
associated with small improvement in pain intensity versus sham procedures: at >2 weeks to <1 month
(6 RCTs, N=616, MD -0.62, 95% CI-1.07 to -0.18, 1>=0%)!7-119123-125, 4t >1 to <6 months (6 RCTs, N=605,
MD -0.60, 95% CI -1.13 to -0.16, 12=8.0%)117-119123-125, 5t >6 months to <12 months (5 RCTs, N=550, MD -
0.66, 95% Cl -1.16 to -0.21, 1>=0%).117-119123,125 The effect sizes at these intermediate time frames were
just above the cut-off for a small effect.

Substantial heterogeneity (83%) is noted at the earliest follow-up (<1 week) with one sham-controlled
trial''® which had shorter mean fracture duration (<3 weeks in 79% of patients), used a higher PMMA
volume (7.5 ml vs. range of 1.4 ml to 5 ml) compared with the other trials reporting this outcome, and
confined local anesthesia to subcutaneous infiltration without periosteal numbing. As noted above,
baseline differences in prior osteoporotic fractures (62% vs. 54%) and fracture severity (Genant Grade 3,
74% vs.66%) were noted in VP versus sham recipients; baseline pain scores were similar between
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groups. This trial reported substantially larger effect sizes for pain improvement with VP versus sham
than other trials at all subsequent time frames, although statistical heterogeneity was not consistently
seen. There was also substantial heterogeneity (61%) at 212 months with one trial'!® tending to favor
sham treatment. Pain duration at baseline was longest in this trial (median 26 weeks); it also reported
the smallest PMMA volume (1.4ml) and reported treatment of more vertebral levels than other trials
(Table 12). At baseline, difference between groups on fracture severity were reported for VP versus
sham recipients with fewer VP fractures rated as mild (Genant Grade 1, 35% versus 46%) and more VP
fractures rated as moderate (37% vs. 25%) in this trial; baseline pain scores were similar.

Figure 3. Vertebroplasty versus sham procedures: Pain scores (VAS or NRS pain, 0-10 scale)

Outcome Duration Pain Duration Pain Duration BME MRI  PMMA Industry M, Mean (SD), M, Mean{SD), Mean difference
and AuthorYear Inclusion (wks) Required Category Funded  Vertebroplasty — Sham (95% CI)

<1 wk

Kallmes 2009° Upto12mons 178 No =5 ml No 68,4.20(2.80)  63,3.90(2.90) 0.10 (-1.04,0.84)
Clark 2016 <6 Wks 26 No >5 mi Yes 58,350 (260) 55,-180(230) =i ! -1.70 {-2.60, -0.80)
Firanescu 2018" =9 wks 5t08 Yes >5mi Yes 90,524 (2.24) 86, 4.82 (2.45) : 0.43 (0.00, 0.86)
Carli 2023~ <12 weeks 25 Yes =5 mi NR 40,510 (2.50) 40, 4.70 (2.50) 0.40 (-0.70, 1.50)
Subgroup, PL (p < 0.000, I° = 83.3%) -0.22 (-1.34, 0.87)

=1 wK10 €2 wks

Buchbinder 2009* Up to 12 mons 90t095 Mo <5 ml No 37,-1.50(250) 37,-210(280) 0.70(-038, 1.78)
Kallmes 2009" Up to 12 mons. 178 Mo =5 mi Mo 67,4.30(2.90) 61, 4.50 (2.80) -0.10 (-1.04, 0.84)
Clark 2016 <6 Wks 26 No >5mi Yes 55,-4.20(2.70) 57,-3.00(3.00) e -1.20 (-2.29, -0.11)
Firanescu 2018* <9 wks 5to8 Yes =5 ml Yes 90, 4.38 (2.52) 86, 4.27 (2.48) 0.11 (-0.62, 0.84)
Hansen 2019 =B wks NR Yes =5ml No 24,290 (4.70) 22,3.50 (4.50) -0.60 (-3.26, 2.06)
Carli 2023" <12 weeks 25 Yes =5 ml NR 40,4.50(2.19)  40,5.00 (2.50) -0.50 (-1.53, 0.53)
Subgroup, PL (p = 0.221, I = 28.5%) -0.16 (-0.78, 0.37)
>2 wKs 1o <1 mon
Buchbinder 2009* Up to 12 mons 90t095 Mo =5 ml No 37,-2.30(260) 37,-1.70(3.30) —— -0.50 (-1.73,0.73)
Kalimes 2009* Up to 12 mons 178 No <5ml No 67,3.90 (2.90) 61, 4.60 (3.00) —l—t -0.70 (-1.69, 0.29)
Clark 2016 <6 WKS 26 No =5mi Yes 55,-4.60 (3.00) 57,-3.20 (2.70) efien -1.40 (-2.44, -0.36)
Firanescu 2018" =9 wks S5to8 Yes =5 ml Yes 90, 3.32 (2.52) 86, 3.73 (2.51) -0.41 (-1.14, 0.32)
Hansen 2019 =B wks MR Yes =5 mi Mo 22,1.30(2.20) 24,1.00 (2.10) 0.30 (-0.95, 1.55)
Carli 2023* <12 weeks 25 Yes <5ml NR 40,4.00(2.35) 40, 4.90 (2.50) ] -0.90 (-1.96, 0.16)
Subgroup, PL (p = 0.427, 1 = 0.0%) -0.62 (-1.07, -0.18)
>1 mMon 10 <6 mons
Buchbinder 2009* Upto 12 mons 90t095 Mo =5 ml No 36, -2.60 (2.90) 37,-1.90 (3.30) —A— -0.60 (-1.83, 0.63)
Kalimes 2009" Upto12mons 178 No <5 ml No 64,360(2.80) 61,4.30(2.80) = -0.70 (-1.64,0.24)
Clark 2016 <6 WKS 26 No >5mi Yes 53,-5.40 (3.50) 52, -4.10 (3.10) ek -1.30 (-2.58, -0.02)
Firanescu 2018* <9 wks 5108 Yes >5ml Yes 90,269 (254) 86, 2.90 (2.58) 3_ -0.21 (-0.95, 0.53)
Hansen 2019 =B wks MR Yes =5ml No 22,0.80(2.10) 24,0.70 (2.10) : 0.10 (-1.11, 1.31)
Carli 2023" <12 weeks 25 Yes =5 ml NR 40,3.50(2.66)  40,4.90 (2.50) -1.40 (-2.53, -0.2T)
Subgroup, PL (p = 0.365, I° = 8.0%) ; -0.60 (-1.13, -0.16)
=6 mons to <12 mons
Buchbinder 2009* Up to 12 mons 90t095 Mo =5 ml No 35,-2.40(3.30)  36,-2.10 (3.30) -0.10 (-1.38, 1.18)
Kalimes 2009* Up to 12 mons 178 No <5ml No 63, 3.70 (3.00) 58, 4.40 (2.90) -0.80 (-1.79, 0.19)
Clark 2016 <6 WKS 26 No =5mi Yes 51,-6.10(3.30)  51,-4.80 (3.10) -1.30 (-2.58, -0.02)
Firanescu 2018" =9 wks S5to8 Yes =5 ml Yes 90, 3.02 (2.59) 86, 3.41 (2.60) -0.39 (-1.14, 0.36)
Carli 2023~ <12 weeks 25 Yes <5mi NR 40, 3.90 (2.50) 40, 4.90 (2.35) -1.00 (-2.06, 0.06)
Subgroup, PL (p = 0617, 1I° = 0.0%) _t -0.66 (-1.16, -0.21)
212 mons
Buchbinger 2009  Upto12mons 901095  No =5 ml No 29,-3.00(3.10)  28,-1.90 (3.00) b -1.10(-2.42,0.22)
Kalimes 2009" Upto 12 mons 17.8 MNo =5 ml No 63, 3.50 (2.90) 56, 4.50 (2.70) i -1.02 (-1.99, -0.05)
Firanescu 2018" =9 wks 5t08 Yes =5 mi Yes 90,272 (261) 86,317 (2.72) -0.45 (-1.25, 0.35)
Hansen 2019 <B Wks NR Yes <5ml No 22,160 (2.40) 24, 1.60 (2.10) 0.00 (-1.31, 1.31)
Carli 2023 <12 weeks 25 Yes =5 ml NR 40, 3.90 (2.66) 40, 5.10 (2.86) 1.30 (0.07, 2.53)
Subgroup, PL (p = 0.036,1" =61.1%) -0.30 (-1.17, 0.62)
Heterogeneity between groups: p = 0.569

| 1 | |

4 2 0 2

Favors Vertenmplasly Favors Sham

BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mons = months, NR= not
reported, PMMA = polymethylmethacrylate; RDQ = Roland-Morris Disability Questionnaire, MRDQ = Modified Roland-Morris
Disability Questionnaire SD = standard deviation, wks = weeks
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Function

No RCTs reported on the proportion of patients who were considered responders on the Roland Morris
Disability Questionnaire (RDQ) or other measure of function.

Five RCTs used the original RDQ or modified RDQ to report function; all RDQ versions were converted to
a 0-24 scale for analyses. VP was associated with a small functional improvement at two time frames
across all five RCTs, 117119123125 namely at >2 weeks to <1 month (5 RCTs, N=566, MD 1.54, 95% Cl -2.56
to -0.55, 1>=0%) and at 26 to <12 months (5 RCTs, N=548, MD -1.47, 95% Cl -2.87 to -0.17, 1>=30 6%).
Some heterogeneity at these time frames is seen. As noted above for the pain outcomes, one sham-
controlled trial**® which had shorter mean fracture duration (<3 weeks in 79% of patients), used a
higher PMMA volume (7.5 ml vs. range of 1.4 ml to 5 ml) compared with the other trials and confined
local anesthesia to subcutaneous infiltration without periosteal numbing consistently, reported larger
effect sizes than other trials. Baseline differences in prior osteoporotic fractures (62% vs. 54%) and
fracture severity (Genant Grade 3, 74% vs.66%) were noted in VP versus sham recipients in this trial.
Functional improvement was similar for VP and sham at all other time frames (Figure 4).
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Figure 4. VP vs. sham procedures: Function based on RDQ scores, 0-24 scale

‘Qutcome Duration Pain Duration Pain Duration ~ BME MRI  PMMA Industry N, Mean (SD) N. Mean(SD) Mean difference
and Authoryear Inclusion (wks) Required  Category  Funded Outcome  Venebroplasty Sham (95% CI)

<1 wk

Kallmes 2009" Up to 12 mons 178 No s5ml No MRDQ 68, 13.57 (543) 63, 13.04 (5.74) 0.52(-1.39, 2.44)
Clark 2016 <6 wks 26 No =5 ml Yes RDO 58, -4.50 (6.20) 55, -2.90 (4.40) -1.60 (-3.58, 0.38)
Subgroup, PL (p =0.131,1' = 56.1%) -0.51(-3.09, 2.03)

=1 wi to =2 wks

Buchbinder 2009° Upto12mons  9.0t095 No s5ml No MRDQ 37,-188(5.22) 37, -447(7.10) 2.19(-094, 532)
Kallmes 2009* Up to 12 mons 178 No s5ml No MRDQ 67, 12.94 (6.05) 61,1283 (6.16) 063 (-1.23 249)
Clark 2016 <6 wks 26 No >5ml Yes RDQ 53, -5.90 (5.80) 56, -4.10 (6.30) -1.80 (-4.07, 0.47)
Firanescu 2018* =0 wks 5t08 Yes >5ml Yes RDQ 90, 14.83 (6.09) 26, 14.01 (6.06) 0.81(-1.00, 2.62)
Carli 2023 =12 weeks 25 Yes ssml NR RDQ 40,1220 (4.13) 40, 13.46 (4.20) -0.26 (-2.09, 1.56)
Subgroup, PL (p=0.247,1' = 26.1%) 0.19(-091, 1.34)
>2 wks to =1 mon
Buchbinder 2009* Up to 12 mons 90t095 No s5ml No MRDQ 35, -4.50 (6.89) 383237100 —‘—— =177 (-5.36, 1.82)
Kallmes 2009* Up to 12 mons 178 No s5ml No MRDOQ 67,12.52 (6.57) 61, 13.57 (6.68) —;.l— -0.73(-2.85,1.39)
Clark 2016 =6 wks 26 No =5ml Yes RDQ 55, -6.90 (6.00) 54, -430(5.60) —— -260 (-4.78, -0.42)
Firanescu 2018* =9 wks 5to8 Yes >5ml Yes RDQ 90, 11.86 (6.16) 86, 1298 (6.11) —.I- -1.12 (-2.94, 0.70)
Carli 2023 <12 weeks 25 Yas s5mi NR RDQ 40, 10.70 (4.84) 40, 12.55 (4.88) -1.85(-3.98, 0.28)
Subgroup, PL (p = 0.777, I = 0.0%) _t 1,54 (-2.56, -0.55)
=1 mon to <6 mons
Buchbinder 2009" Up to 12 mons 901095 No =5mi No MRDQ 36, -3.86 (5.63) 37,-553(7.51) J-—.— 1.57 (-1.77, 4.90)
Kallmes 2009* Uplo12mens  17.8 No =5 ml No MRDQ 84, 1127(595) 61, 12.42 (6.68) -0.78(-2.74,1.18)
Clark 2016 <6 wks 26 No =5mi Yes RDQ 53,-960 (7.70)  50,-6.40(7.00) e—ffi— -3.20(-6.07, -0.33)
Firanescu 2018* =9 wks 58 Yes =5ml Yes RDQ 90, 10.90 (6.16) 86, 11.51 (6.20) -060(-2.44 1.24)
Carli 2023 <12 weeks 25 Yes s5mi NR RDQ 40,1022 (5.10) 40, 12.67 (4.99) —.-'- -2.45 (-4.66, -0.24)
Subgroup, PL (p = 0.177, I = 36.7%) -1.16 (-2.50, 0.18)
=6 mons to <12 mons
Buchbinder 2009" Up to 12 mons 90195 No s5ml No MRDQ 35, -4.28 (6.05) 36,-3.86 (6.05) —I-.— 0.00(-3.02,3.02)
Kallmes 2009 Up to 12 mons 178 No s5mi No MRDQ 63,9.81(6.37) 58, 11.90 (6.68) o -1.67 (-3.89, 0.55)
Clark 2016 <6 whs 26 No >5ml Yes RDQ 49, -11.70 (6.50) 51,-7.40 (5.90) se——fff— -4.20 (-6.82, -1.58)
Firanescu 2018* =9 wks 5to8 Yes. =5ml Yes RDOQ 90, 10.09 (6.21) 86, 10.97 (6.32) + -0.88 (-2.75, 0.99)
Carli 2023 =12 weeks 25 Yes s5ml NR RDQ 40, 10.85 (5.59) 40, 11.69 (5.48) p— -084(-327,159)
Subgroup, PL (p = 0.218, I = 30.6%) z -1.47 (-2.87, -0.17)
=12 mons
Buchbinder 2009 Up to 12 mons 90t095 No s5ml No MRDOQ 29, -271(7.30) 28,-282(584) -0.31(-4.19, 3.56)
Kallmes 2009" Up to 12 mons 178 No s5ml No MRDQ 63, 10.64 (6.78) 56, 1242 (6.47) -1.46(-3.78, 0.86)
Firanescu 2018° =9 wks 5to8 Yes *5ml Yes RDQ 90, 10.31 (6.33) 86, 10.32 (6.53) -0.01(-1.93,1.91)
Carli 2023 <12 weeks 25 Yes =5mi NR RDQ 40, 10.08 (5.40) 40, 11.76 (5.48) 1.70 (-0.75, 4.16)
Subgroup, PL (p = 0.335, 1" = 11.5%) 0.02 (-1.54, 1.52)
Heterogeneity between groups: p = 0.062

I I I

5 o 5

Favors Vertebroplasty Favors Sham

BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mos = months, NR= not reported,
PMMA = polymethylmethacrylate; RDQ = Roland-Morris Disability Questionnaire, MRDQ = Modified Roland-Morris Disability
Questionnaire SD = standard deviation, wks = weeks

4.2.1.1.1.2 Secondary Outcomes
Opioid use

Four RCTs reported on opioid use.!*”/118123125 The proportion of patients using strong opioids (e.g.,
morphine, fentanyl) and weaker opioids (e.g., codeine, tramadol) was similar between patients receiving
VP and those receiving sham treatment at final follow-up across all trials (Figure 5 and Figure 6). Opioid
use was also similar between VP and sham in analyses done by individual time frames (Appendix P,
Figures P1 and P2).
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Figure 5. VP vs. sham procedures: Strong opioid use by latest follow-up

Outcome Duration Pain Duration Pain Duration BME MRl PMMA
and AuthorYear Inclusion (wks) Required

>2 wks to £1 mon

Kallmes 2009 Upto12mons 17.8 No <5 ml
26 mons to <12 mons

Buchbinder 2009 Upto12mons 9.0t09.5 No <5ml
212 mons

Firanescu 2018 <9 wks 5t08 Yes >5 ml
Carli 2023 212 wks 25 NR NR
Overall, PL

(p=0.815, I = 0.0%)

Category Outcome definition

Any opioid use

Continued Opioids Use

Strong Opioids
Strong Opioids

Duration

6m

Vertebroplasty Sham

niN

36/67

13/30

13179

6/35

68/211

n/N

26/61

16/34

11770

5/35

58/200

Risk Ratio
(95% Cl)

1.26 (0.87, 1.82)

0.92 (0.54, 1.58)

1.05 (0.50, 2.19)

1.20 (0.40, 3.57)

1.13 (0.82, 150)

25

Favors Vertebroplasty

Lo
|

Favors Sham

BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mons = months, NR= not
reported, PMMA = polymethylmethacrylate; RR = risk ratio, wks = weeks

Figure 6. VP vs. sham procedures: Weak opioid use by latest follow-up

Outcome Duration Pain Duration Pain Duration
and AuthorYear Inclusion (wks)

>2 wks to <1 mon
Kallmes 2009 Upto12mons 17.8

26 mons to <12 mons

Buchbinder 2009 Upto12mons  9.0t0 9.5
212 mons

Firanescu 2018 <9 wks 5t08
Carli 2023 212 wks 25
Overall, PL

(p=0.574,  =0.0%)

BME MRI
Required

No

No

Yes
NR

PMMA
Category Outcome definition Duration
<5 ml Any opioid use im

<5 ml Continued Opioids Use ~ 6m

>5ml Weak Opioids 1y
NR Weak Opioids 1y

Vertebroplasty Sham

n/N

36/67

13/30

279

2/34

53/210

n/N

26/61

16/34

0/70

3/35

45/200

Risk Ratio
(95% Cl)

1.26 (0.87, 1.82)

0.92 (0.54, 1.58)

4.44.(0.22,90.88)

0.69 (0.12, 3.85)

1.14 (0.75, 1.61)

Duration indicates time at last follow-up.

1

Favors \/e%tebrop‘\as(y

Favors Sham

BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mons = months, NR= not
reported, PMMA = polymethylmethacrylate; RR = risk ratio, wks = weeks

Quality of Life

Quality of life measures reported across trials included the Quality of Life Questionnaire of the European
Foundation for Osteoporosis (QUALEFFO, 0-100 scale), European Quality of Life—5 Dimensions (EQ-5D 0
to 1 scale) and the Short-Form-36 Mental Component Score (MCS) and Physical Component Score PCS

(0-100 scales). The QUALEFFO (0-100 scale) was most frequently used with four RCTs reporting it.}1”

119123 Across time frames, quality of life was similar for VP and sham procedures based on the QUALEFFO
(Figure 7) and the EQ-5D and SF-36 MCS and PCS (Table 13). For EQ-5D, one trial used 0.074 as the
minimal clinically important difference.''” Based on this, the effect sizes at <1 week and >2 weeks to <1
month were below the threshold for a meaningful effect.
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Figure 7. VP vs. sham procedures: Quality of Life Questionnaire of the European Foundation for

Osteoporosis (QUALEFFO, 0-100 scale)

Quicome Duration Pain Duration Pain Duration BME MR PMMA Industry N, Mean (SD), N, Mean(SD), Mean difference
and AuthorYear Inclusion (wks) Required Category Funded Vertebroplasty Sham {95% Cl)

=1 wi to <2 wks

Buchbinder 2009° Up to 12 mons 901095 No <5ml No 37,0.50 (7.40) 37, -3.60 (9.20) —l—  4.00(0.26.7.74)
Clark 2016 <B wks 26 No >5ml Yes 48,4900 (13.00) 54,5500 (14 00) =l -6.00 (-10.94, -1.06)
Firanescu 2018* =9 wks S8 Yes =5 ml Yes 90, 63.07 (18.05) 86,5184 (18.03) 1.23(-4.14, 6.60)
Carli 2023" <12 weeks 25 Yes =5ml NR 40, 51.30(7.39) 40, 52.70 (7.19) -1.40(-4.59, 1.79)
Subgroup, PL (p = 0.012, =72 B%) -0.40(-5.09, 4.11)

=2 wks to £1 mon

Buchbinder 2009 Upto1zmens 901095 No =5ml No 35, -2.80 (9.30) 38, -240(12.30) 4.00(0.26,7.74)
Clark 2016 <6 wks 26 No >5ml Yes 48,4900 (17.00) 52, 52.00(15.00) -4.00(-1042,2.42)
Firanescu 2018* =9 wks S8 Yes =5 ml Yes 90,4777 (18.07) 86, 49.32 (18.05) -155(-6.93, 3.83)

Carli 2023 <12 weeks 25 Yes =5ml NR 40, 48.60 (7.50) 40, 51.50 (6.25)
Subgroup, PL (p = 0.027, =67 5%)

-2.90(-5.93,013)
079(-512,3.22)

=1 mon to <6 mons

Buchbinder 2009* Up to 12 mons 90095 No =5ml No 36, -6.00 (9.60) 37, 6.10(13.70)
Firanescu 2018" 59 wks 518 Yes =5mi Yes 90,4424 (18.14) 86, 44.97 (18.19)
Carli 2023" <12 weeks 25 Yes s5ml NR 40,4800 (10.32) 40,5210 (10.16)
Subgroup, PL (p = 0.518, I* = 0.0%)

0.70 {-5.66, 4.26)
-073(-614, 4 68)
-4.10(-8.59, 0.39)
-2.06(-5.16,1.27)

26 mons to <12 mons

Buchbinder 2009* Upto12meons 901085  No s5ml No 35,640 (1340) 36,610 (1340)
Clark 2016 <6 wks 26 No =5 ml Yes 46,3800 (15.00) 48, 45.00 (16.00)
Firanescu 2018" s9wks Stod Yes >5ml Yes 90,4356 (18.26) 86, 42 90 (18 40)
Carli 2023* <12 weeks 25 Yes s5mi NR 40, 48.60 (8.60) 40, 51.40 (8.60)
Subgroup, PL (p = 0.264, I° = 24 5%)

-060 (615, 4 95)

0.66 (-4.80, 6.12)
280 (657,097
-2.39(551,073)

-7.00(-12.92, -1.08)

212 mons
Buchbinder 2009* Up to 12 mons 9010895 Mo <5 ml No 29,-590 (10.70) 28, -4.60 (15.00) -2.10(-8.41,421)
Firanescu 2018* <9 wks 508 Yes =5 ml Yes 90,41.41(1848) 86,4200 (18 84) 0.14(-2.74, 3.02)
Carli 2023% <12 weeks 25 Yes s5ml NR 40, 47.90 (9.38) 40, 5310 (9.07) 5.201.02,9.38)
Subgroup, PL {p = 0079, I = 60 6%) 139 (-3.36,582)
Heterogeneity between groups: p = 0.361

LI T

10 5 o 5

Favors Vertebroplasty Favors Sham

BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mons = months, NR= not
reported, PMMA = polymethylmethacrylate; RDQ = Roland-Morris Disability Questionnaire, MRDQ = Modified Roland-Morris

Disability Questionnaire SD = standard deviation, wks = weeks

Table 13. Vertebroplasty versus sham procedures: Additional Quality of Life Measures

Outcome Studies (N)

VP vs. Sham

MD (95% Cl)

Clark 2016, Buchbinder 2009, Hansen 2019

<1 week 1 RCT (N = 110) MD 0.04 (0.00, 0.08)
European Clark 2016
Quality of | >1 week to <2 weeks 2RCTs (N=179) 0.01 (-0.05, 0.07)
Life-5 Clark 2016, Buchbinder 2009
DE'"‘eS"DS'g“S >2 weeks to <1 month 3 RCTs (N =299) 0.04 (0.00. 0.08)
(EQ- Clark 2016, Buchbinder 2009, Kallmes 2009
to 1 scale)

>1 month to <6 months 3 RCTs (N =219) 0.02 (-0.04, 0.07)

>6 months to <12 months 2 RCTs (N = 168)
Clark 2016, Buchbinder 2009

0.06 (-0.03, 0.11)

>12 months 2 RCTs (N =113)
Buchbinder 2009, Hansen 2019

0.08 (-0.18, 0.10)
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Outcome Time Studies (N) VP vs. Sham
MD (95% Cl)
SF-36 MCS | >2 weeks to <1 month 1RCT (N =128) 1.00(-3.11, 5.11)
(0-100 Kallmes 2009
scale) >1 month to <6 months 1 RCT (N = 46) 1.70 (-8.37, 4.97)
Hansen 2019
>12 months 1RCT (N =46) 5.00 (-11.11, 1.11)
Hansen 2019
SF-36 PCS >2 weeks to <1 month 1RCT (N =113) 1.00(-1.67, 3.67)
(0-100 Kallmes 2009
scale) >1 month to <6 months 1RCT (N 46 =) -2.50 (-8.45, 3.45)
Hansen 2019
>12 months 1RCT(N =46) -3.30 (-9.42, 2.82)
Hansen 2019

Cl = confidence interval; MD = mean difference; RCT = randomized controlled trial; SF-36 = Short-Form 36, MCS = Mental
Component Score, PCS = Physical Component Score

4.2.1.1.2 Vertebroplasty versus Usual Care

Nine trials (reported in 12 publications) compared VP versus UC for the treatment of osteoporotic
compression fractures (patients with fracture due to cancer were excluded) (Table 14 and Appendix F
Table F1).128137.206.207 Ejye trigls were conducted in Europe!?131-133135 three trials in China,?>13¢137 gnd
one trial in Iran.23 Only one trial received partial funding from industry but stated that the sponsors
were not involved in any aspect of the trial.’*! Sample sizes ranged from 34 to 400 (N=1,334). The
majority of patients were female (65% to 100%) and the mean patient age ranged from 66 to 80 years;
in one trial’3? that did not report the mean age the range was 56 to 82 years. Mean pain duration was 4
week or less in four RCTs¥31133136 gnd 12 weeks or greater in four RCTs!2139135;, gne RCT did not indicate
pain duration prior to study entry.'®” Evidence of bone marrow edema (BME) was required for study
inclusion in seven RCTs as a measure of fracture acuity.128132135136.206.207 patients presented with both
single and multiple level fractures (range, mean 1 to 2.5 vertebra treated, across trials reporting this
datg)1?8-131133135137 i 3]| but one RCT that included only single fractures.'® In the trials that reported
mean volume of PMMA injected during VP, all used less than 5 ml (range, 3.2 to 4.5 ml),129-132135137
Usual care consisted of various conservative therapies (e.g., analgesics, physical therapy, graded activity,
and braces or walking aids), but only one trial described specific medications and doses.'* The duration
of follow up ranged from 6 to a mean of 49 months.

Five RCTs were considered fair quality!?#122131133135 3 q four were poor quality.130132136.137 Methodologic
limitations for fair-quality trials included unclear concealment of treatment allocation and some baseline
differences between treatment groups. Additional limitations for poor-quality trials included high or
unknown attrition and/or lack of intent-to-treat analysis.

Two poor quality trials were excluded from efficacy meta-analyses but were included for data on harms.
One trial®®? only reported efficacy outcomes for the VP arm and the other!*® had serious data
discrepancies—implausible values for standard deviations or results (mean differences, 95% confidence
intervals [Cls], and p values) inconsistent with reported data. One trial included both VP and KP
procedures versus UC but provided limited data for each treatment separately (most analyses combined
the VP and KP arms); this trial is included in the VP vs. KP and KP vs. UC sections as well.*¥’
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Table 14. Study Characteristics of RCTs comparing VP versus UC for the treatment of vertebral compression fractures due to osteoporosis.

Study, year Mean age = % Female N Mean Mean No. VCFs at Mean BME Duration Industry In MA
Country (years) randomized baseline Pain baseline PMMA required F/U funding
Quality pain (SD)*  duration (no. volume on MRI (months)
(weeks) treated) (ml)

Inclusion mean (SD)

criteria or No. (%)
Blasco, 2012 73 78% 125 6.8 (0.4) 203 3.3(2.5) NR Yes 12 No Yes
Spain VAS 24 (treated:
Fair 2.5 (1.6)*
Yang, 2016 77 65% 135 7.6 (1.1) 0.8 1: 85% 4.5 Yes 12 No Yes
China VAS 25 2:15%
Poor (all

treated)

Leali, 2016 NR (range 100% 400 NRS NR 1: 100% 4 Yes 6 NR No
Italy, France, 56-82) (“acute”) (all (efficacy)
Switzerland treated) Yes
Poor (safety)
Chen, 2014 66 70% 96 6.5 (0.9) 30.2 2.1(0.72) 3.6 Yes 12 No Yes
China (inclusion (treated
Fair NR) NR)
Farrokhi, 73 73% 82 7.8(1.7) 28.5 NR™ 3.5 Yes 36 No No
2011 (inclusion (efficacy)
Iran NR) Yes
Poor (safety)
Klazen, 2010, 75 69% 202 7.5 (NR) 4 2.3(1.7) 4.1 Yes 12 Yes Yes
2010, 2010 VAS 25 (treated (partial)™
The NR)
Netherlands,
Belgium
Fair
Rousing, 80 82% 49 8.1(1.5)" 1.1 1: 76% NR No 12 No Yes
2009, 2010 (inclusion 2:20%
Denmark NR) 3: 4%t
Poor
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Study, year Mean age = % Female \ Mean Mean No. VCFs at Mean BME Duration Industry In MA
Country (years) randomized baseline Pain baseline PMMA required F/U funding
Quality pain (SD)*  duration (no. volume on MRI (months)
(weeks) treated) (ml)
Inclusion mean (SD)
criteria or No. (%)
(treated
NR)
Voormolen, 73 82%% 34 7.3 (NR) 11.6 3.2 (NR) 3.2 Yes 12 NR Yes
2007 (inclusion (treated:
The NR) 1.4 (NR))
Netherlands
Fair
Yi, 2014 NR NR 211 NR NR NR 4.0 No Mean NR Yes
China (71, (68%, (1.4 (0.75), 49.4
Poor combined | combined combined
VP/KP) VP/KP) VP/KP;
treated NR)

BME = bone marrow edema; MA = meta-analysis; ml = milliliter; MRI = magnetic resonance imaging; NR = not reported; PMMA = polymethylmethacrylate; RCT = randomized
control trial; SD = standard deviation; VAS = visual analogue scale; VCF = vertebral compression fracture; VP = vertebroplasty.

* For most studies, weighted mean and SD was calculated using mean estimates, SDs or 95% confidence intervals, and n’s for each group at baseline.

T Some baseline differences existed between groups for VAS pain scores:

Blasco, 2012, mean (SD): 7.2 (0.3) vs. 6.3 (0.4);
Farrokhi, 2011, mean (SD): 8.4 (1.6) vs. 7.2 (1.7);

Rousing, 2009, mean (95% Cl): 7.5 (95% Cl 6.6 to 8.4) vs. 8.8 (95% Cl 8.2 to 9.3).

¥ In the VP group there were a mean 3.55 (2.82) VCFs at baseline; the mean number of vertebral bodies treated was 2.46 (1.56).
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4.2.1.1.2.1 Primary Outcomes
Pain

Two trials reported the proportion of patients who were considered pain responders at 12 months but
used different criteria. In one trial, a similar proportion of patients in the VP and UC groups achieved a
score of less than 4 on a 0-10 VAS (N=95, 44.7% vs. 47.9%, RR 0.93, 95% CI 0.60 to 1.44).2%8 |n the second
trial, VP was associated with a large increase in the likelihood of achieving “complete pain relief” (N=89,
84.8% vs. 34.9%, RR 2.43,95% Cl 1.59 to 3.72).'%°

Six RCTs reported VAS or NRS pain scores (scale 0-10).128129131,133,135136 |5 ganeral, vertebroplasty was
associated with improvement in pain intensity versus usual care with the largest improvements seen at
earlier timepoints (Figure 8): a large improvement at <1 week (3 RCTs, N=343) and at >2 weeks to 1
month (3 RCTs, N=398); and a moderate improvement at >1 to <6 months (5 RCTs, N=569) and at 12
months or longer (5 RCTs, N=567). At 1 to 2 weeks and 6 to <12 months, there was no difference in pain
improvement between groups in the pooled estimates; heterogeneity was substantial, and the
estimates were imprecise. Removal of one outlier trial'?® resulted in a moderate improvement in pain
favoring vertebroplasty at these latter timepoints (the estimate at 212 months remained moderate) and
eliminated heterogeneity (Appendix P, Figure P5). It is unclear why this trial showed different results
than the other trials (tended favor UC); however, the vertebroplasty group had slightly more vertebral
fractures (52% vs. 45% with >2 fractures) and greater pain at baseline (7.2 vs. 6.3) which may have
impacted outcomes. Sensitivity analyses excluding the poor-quality trial** at all timepoints showed
similar results to the original analyses, however, there was more heterogeneity and estimates were
more imprecise; at 212 months (4 RCTs, N=460) there was no longer a difference between the groups
(Appendix P, Figure P6).

Function
No trial reported the proportion of patients who were considered function responders.

Five RCTs reported function scores using different outcomes measures (RDQ, ODI, DPQ).12%131.133,135,136
Vertebroplasty was associated with a small improvement in function versus usual care across all
timepoints measured (Figure 9); standardized mean differences (SMDs) ranged from -0.26 to -0.38
across 3 to 4 RCTs (N range, 398 to 440). Exclusion of the poor-quality trial**® did not change conclusions
and analyses confined only to RDQ scores were generally similar (Appendix P, Figures P7 and P8).
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Figure 8. VP vs. UC: Pain scores (VAS or NRS, 0-10 scale) from RCTs

Qutcome Duration Pain Duration Pain Duration BME MRl PMMA Industry N, Mean (SD), N, Mean Mean difference
and AuthorYear Inclusion (wks) Required Category Funded Vertebroplasty (SD), UC (95% CI)
<1 wk
Voormolen 2007 6wks-5mons 117 Yes <5 ml NR 18,4.70 (1.75) 16, 7.10 (1.25) -2.40 (-3.41, -1.39)
Klazen 2010 <6 wks 4 Yes <5ml No 101, 3.70 (2.40) 101, 6.70 (2.10) -3.00 (-3.62, -2.38)
Yang 2016 Acute 08 Yes <5ml No 56, 4.30 (9.73) 51, 7.30 (8.57) =etimeete -3.00 (-6.47, 0.47)
Subgroup, PL (p = 0611, I' = 0.0%) ‘ -2.84 (-3.47,-2.06)
21 wk to <2 wks
Voormolen 2007 6wks-5mons 1.7 Yes <5ml NR 18, 4.90 (2.50) 16, 6.40 (1.50) —il— -1.50 (-3.14, 0.14)
Klazen 2010 <6 wks 4 Yes <5 ml No 101,350 (2.50) 101, 5.60 (2.50) - =210 (-2.79, -1 41)
Blasco 2012 Upto12mons 204 Yes NR No 64, 5.80 (3.60) 61,4.70 (3.30) | — 1.10 (-0.11, 2.31)
Chen 2014 >3 mons 30.4 Yes <5ml No 46, 3.40 (3.39) 43,5.00 (4.59) — -1.60 (-3.29, 0.09)
Yang 2016 Acute 0.8 Yes <5ml No 56, 3.40 (7.48) 51, 6.40 (0.28) e——— -3.00 (-6.21, 0.21)
Subgroup, PL (p < 0.000, I” = 81.3%) ‘ -1.22 (-2.80, 0.21)
>2 wks to <1 mon .
Klazen 2010 <6 wks 4 Yes <5ml No 101,2.50 (2.50) 101, 4.90 (2.60) = -2.60 (-3.41,-1.79)
Chen 2014 >3 mons 304 Yes <5 ml No 46,2.80 (2.71) 43,4.00 (3.93) ol -1.20 (-2.61,0.21)
Yang 2016 Acute 08 Yes 5 ml No 56, 2.40 (5.24) 51,4.90 (6.43) —_— -2.50 (-4.73, -0.27)
Subgroup, PL (p = 0.237, I = 30.5%) ‘ -2.28 (-3.20, -1.00)
>1 mon to <6 mons
Rousing 2009 <8 wks 11 No NR No 23,1.80 (2.30) 23, 2.60 (3.20) —r -0.80 (-2.41, 0.81)
Klazen 2010 <6 wks 4 Yes <5ml No 101, 2.60 (2.70) 101, 3.90 (2.80) -*- -1.30 (-2.08, -0.54)
Blasco 2012 Upto12mons 204 Yes NR No 64,4.10 (3.40) 61, 4.80 (3.30) - -0.70 (-1.87, 0.47)
Chen 2014 >3 mons 30.4 Yes <5ml No 46, 2.50 (3.39) 43, 3.90 (4.59) — -1.40 (-3.09, 0.29)
Yang 2016 Acute 0.8 Yes <5ml No 56, 2.10 (4.49) 51,3.90 (5.71) —ld -1.80 (-3.76, 0.16)
Subgroup, PL (p = 0.844, 1 = 0.0%) ‘ -1.17 (-1.71, -0.80)
26 mons to <12 mons
Klazen 2010 <6 wks 4 Yes <5ml No 101,2.30 (2.70) 101, 3.90 (2.90) - -1.60 (-2.37, -0.83)
Blasco 2012 Upto12mons 204 Yes NR No 64, 4.70 (3.00) 61, 4.20 (2.90) | 0.50 (-0.53, 1.53)
Chen 2014 >3 mons 30.4 Yes <5ml No 46, 2.50 (4.07) 43, 4.00 (5.25) -1.50 (-3.46, 0.46)
Yang 2016 Acute 0.8 Yes <5ml No 56, 2.30 (5.24) 51, 3.60 (5.00) -1.30 (-3.24, 0.64)
Subgroup, PL (p = 0.014, I” = 71.9%) -0.89 (-2.20, 0.34)
212 mons
Klazen 2010 <6 wks 4 Yes <5ml No 101,2.20 (2.70) 101, 3.80 (2.80) - -2.00 (-2.83, -1.17)
Rousing 2010 <8 wks 14 No NR No 22,2.00 (2.10) 22,2.90 (2.80) +- -0.90 (-2.36, 0.56)
Blasco 2012 Upto12mons 204 Yes NR No 64, 4.40 (3.00) 61, 4.20 (2.90) | —— 0.20 (-0.83, 1.23)
Chen 2014 >3 mons 304 Yes <5 ml No 46, 2.50 (3.39) 43,410 (5.25) —— -1.60 (-3.45, 0.25)
Yang 2016 Acute 08 Yes <5 ml No 56, 2.00 (3.74) 51, 3.30 (5.00) —— -1.30 (-2.99, 0.39)
Subgroup, PL (p = 0.027, I = 63.4%) ‘ -1.10 (-2.08,-0.12)
Heterogeneity between groups: p = 0.000

I I |

-8 -4

o

4

Favors Vertebroplasty Favors UC

BME = bone marrow edema; Cl = Confidence Interval; mons = months; MD = mean difference; MRI = magnetic resonance
imaging; NRS = numerical rating scale; PMMA = polymethylmethacrylate; SD = standard deviation; UC = usual care; VAS = visual
analogue scale; wks = weeks.
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Figure 9. VP vs. UC: Function scores from RCTs

Qutcome Duration  Pain Duration Pain Duration

and AuthorYear Inclusion (wks)

=1 wk to 22 wks

Voormolen 2007 Gwks-5mons  11.7
Klazen 2010 =6 wks 4
Chen 2014 =3 mons 304
Yang 2016 Acute 08

Subgroup, PL (p = 0.335, I = 11.5%)

=2 wks to =1 mon

Klazen 2010 =6 wks 4
Chen 2014 =3 mons 304
Yang 2016 Acute 08

Subgroup, PL{p=0.833,1' =0.0%)

=1 mon to <6 mons

Rousing 2009 =8 wks 11
Klazen 2010 =6 wks 4
Chen 2014 =3 mons 304
Yang 2016 Acute 0.8

Subgroup, PL{p =0.981, I = 0.0%)

=6 mons to <12 mons

Klazen 2010 =6 wks 4
Chen 2014 =3 mons 304
Yang 2016 Acute 0.8

Subgroup, PL{p=0.913, I = 0.0%)

=12 mons

Klazen 2010 =6 wks 4
Rousing 2010 =8 wks 11
Chen 2014 =3 mons 304
Yang 2016 Acute 0.8

Subgroup, PL (p =0.735, 1" = 0.0%)

Heterogeneity between groups: p = 0.885
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RDQ
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RDQ

QDI

Industry

Funded

N, Mean (SD),

Vertebroplasty

18, 13.00 (4.75)
101, 13.70 (5.40)
46,13.20 (10.17)
56, 62 50 (74.83)

101, 12.50 (6.30)
46,1170 (6.78)
56, 47.00 (74.83)

21, 47.10 (31 30)
101, 10.50 (6.80)
46,9.90 (8.14)

56, 30.00 (59.87)

101, 10.00 (6.60)
46,930 (6.10)
56, 20.50 (41.16)

101, 9.60 (6.80)
21,53.00 (32.30)
46,810 (4.75)

56, 30.00 (52.38)

N, Mean (SD), UC

16, 18.00 (3.50)
101, 15.70 (4.70)
43,1570 (10.49)
51,80 00 (49.99)

101, 14.00 (5.70)
43,1380 (9.84)
51,7150 (46.42)

21, 57 40 (36.70)
101, 12.90 (6.00)
43,12 50 (6 56)

51, 56.50 (60.70)

101, 11.70 (6.60)
43, 11.10 (5.90)
51, 46.00 (49.99)

101, 11.50 (6.90)
17, 53.60 (36.70)
43,10.70 (7.21)

51, 40.00 (49.99)

—_—

on

1] 0'|'1|-lll+- IR L

1 -+—t 0

SMD (95% CI)

-0.97 (-1.69, -0.26)

-0.39 (-0.67, -0.12)

-0.24 (-066,0.18)

027 (065, 0 11)

-0.37 (-0.61,-0.17)

-0.25(-0.53, 0.03)

-0.25 (-067, 0.17)

-0.39 (-0.77, -0.00)

-0.29 (-0.50, -0.08)

-0.30 (-0.90, 0.31)

-0.37 (-0.65, -0.09)

-0.35(-0.77, 0.07)

-0.44 (-0.52, -0.05)

-0.38 (-0.57, -0.18)

026 (-053,0.02)

-0.30(-0.72, 0.12)

-0.36(-0.74, 0.02)

-0.29 (-0.50, -0.08)

-0.28 (-0.55, 0.00)
-0.02 (-0.66, 0.62)
-0.43 (-0.85, -0.00)

-0.19(-0.57, 0.19)

-0.26 (-0 48, -0.06)

w
=}

Favors Vertebroplasty

Favors UC

BME = bone marrow edema; Cl = Confidence Interval; DPQDA = Dallas Pain Questionnaire Disability Assessment; mons =
months; MRI = magnetic resonance imaging; ODI = Oswestry Disability Index; PMMA = polymethylmethacrylate; RDQ = Roland
Morris Disability Questionnaire; SD = standard deviation; SMD = standardized mean difference; UC = usual care; wks = weeks.
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4.2.1.1.2.2 Secondary outcomes

Quality of Life

Four RCTs (N=468)128131135136 rangrted quality of life using the Quality of Life Questionnaire of the
European Foundation for Osteoporosis (QUALEFFO, 0-100 scale), a vertebral fracture-specific measure
of quality of life, with no differences between groups in pooled analyses at any timepoint (Figure 10);
heterogeneity was high and estimates were imprecise. Exclusion of the poor-quality trial**® resulted in
similar, though slightly attenuated, estimates (Appendix P, Figure P9). A sensitivity analysis excluding the
outlier trial*?® (Appendix P, Figure P10) showed a small improvement in quality of life favoring VP versus
UC at the earliest timepoint (1 to 2 weeks, 3 RCTs, N=343, MD -5.55, 95% Cl -18.02 to -0.24) but there
remained no difference between groups at all other times.

Figure 10. VP vs. UC: QUALEFFO scores from RCTs

Qutcome Duration Pain Duration Pain Duration BME MRl PMMA Industry N, Mean (SD), Mean difference
and AuthorYear Inclusion (wks) Required Category Funded Vertebroplasty N, Mean (SD), UC (95% CI)

=1 wk to =2 wks

Voormolsn 2007 6wks-5mons 117 Yes 5ml NR 18,5300 (1275) 16,6700 (12.00) —a— 14,00 (-24.25, -3.75)
Klazen 2010 6 wks 4 Yes <5ml No 101, 45,60 (14.50) 101, 49.50 (15.50) -'- -3.90 (-8.04, 0.24)
Blasco 2012 Upto12mons 204 Yes NR No 64,6200 (1800) 61, 57.00 (18.00) '+l 500(131,1131)
Yang 2016 Acute 08 Yes Sml No 56,6500 (48.64) 51,7750 (6142) ———1— 1250 (-3363, 8.63)
Subgroup, PL (p = 0.009, I = 74.0%) ’ 420 (1534, 4.65)

=2 wks to =1 mon

Klazen 2010 6 wks 4 Yes <5ml No 101,42.90 (15.80) 101, 47.10 (16.10) ~4.20 (-8.60, 0.20)
Yang 2016 Acute 08 Yes s5ml No 56,4050 (44.90) 51,6600 (3571) —————ill——— -16.50 (-31.81,-1.19)
Subgroup, PL (p = 0.130, I’ = 56.3%) 514 (-19.19, 0.94)

=1 mon to <6 mons

Klazen 2010 6 wks 4 Yes 5ml No 101,39.60 (17.10) 101, 44.20 (16.60) -- 460 (-9.25, 0.05)
Blasco 2012 Upto12mons 204 Yes NR No 64,57.00 (18.00) 61, 55.00 (18.00) 2,00 (-4.31,8.31)
Yang 2016 Acute 08 Yes <5ml No 56,4300 (41.16) 51, 56.00 (39.28) : -13.00 (-28.24, 2.24)
Subgroup, PL (p = 0.105, I = 55 7%) 280 (1158, 353)

=6 mons to <12 mons

Klazen 2010 <6 wks 4 Yes <5ml No 101, 38.90 (17.80) 101, 42.30 (18.30) -3.40 (-8.38, 1.58)
Blasco 2012 Up to 12 mons 204 Yes NR No 64, 54.00 (18.00) 61, 52.00 (18.00) 2.00(-4.31,8.31)
Yang 2016 Acute 08 Yes <5 ml No 56,40.00 (37.42)  51,53.00 (35.71) . -13.00 (-26.86, 0.86)
Subgroup, PL (p = 0.119, I* = 53.0%) -2.19 (-10.60, 3.31)
=12 mons

Klazen 2010 =6 wks 4 Yes 5 ml No 101, 39.70 (18.30) 101, 42.20 (17.90) 250 (-7.49, 2.49)
Blasco 2012 Up to 12 mons 204 Yes NR No 64, 54.00 (18.00) 61, 52.00 (18.00) 2.00 (-4.31,8.31)
Yang 2016 Acute 0.8 Yes <5ml No 56,42.50 (37.42)  51,49.00 (35.71) - -6.50 (-20.36, 7.36)
Subgroup, PL (p = 0.405, I° = 0.0%) 119 (-6.35, 3.50)

Heterogeneity between groups: p = 0.714

| I I I
30 15 0 15

Favors Vertebroplasty Favors UC
BME = bone marrow edema; Cl = Confidence Interval; mons = months; MD = mean difference; MRI = magnetic resonance
imaging; NRS = numerical rating scale; PMMA = polymethylmethacrylate; SD = standard deviation; UC = usual care; VAS = visual
analogue scale; wks = weeks.
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Other quality of life outcomes reported by two fair-quality RCTs are summarized in Table 15. Both
trials3113313% reported the EQ5D, a general quality of life measure. At all timepoints except for 3 months,
VP was associated with a small improvement EQ5D scores versus UC. One trial'***** reported SF-36 PCS
and MCS scores and found no difference between groups at 3 and 12 months.

Table 15. VP vs. UC: Summary of other quality of life outcomes:

Outcome

= better)

Time

>1 week to <2 weeks

Studies

1 RCT (N=202)

VP vs. UC
MD (95% Cl)*
0.10 (0.02 t0 0.18)

(3 months)

Rousing 2009

(1 week) Klazen 2010

>2 weeks to <1 month 1 RCT (N=202) 0.10(0.03t0 0.17)

(1 month) Klazen 2010

51 month to <6 months 2 RCTs (N=234) Pooled MD 0.07 (-0.13 to 0.32), 1>=76.8%
EQ5D (0-1, higher Klazen 2010

>6 months to <12 months

1 RCT (N=202)

0.10 (0.02 to 0.18)

(12 months)

Rousing 2010

(6 months) Klazen 2010
2 RCTs (N=234) | Pooled MD 0.10 (0.02 to 0.19), 12=0%

212 months Klazen 2010

(12 months) Rousing 2009

>1 month to <6 months 1 RCT (N=43) 4.70(-1.12 to0 10.52)
SF-36 PCS (0-100, (3 months) Rousing 2009
higher = better) >12 months 1 RCT (N=41) 1.60 (-4.73 to 7.93)

(12 months) Rousing 2010

>1 month to <6 months 1 RCT (N=43) 2.70 (-5.45 to 10.85)
SF-36 MCS (0-100, | (3 months) Rousing 2009
higher = better) >12 months 1 RCT (N=41) 0.30(-7.64 to 7.04)

Cl: confidence interval; EQ5D: EuroQol 5 dimensions questionnaire; f/u: follow-up; MD: mean difference; mons: months; RCT:
randomized controlled trial; SF-36 MCS: Short-Form 26 Mental Component Score; UC: usual care; VP: vertebroplasty; wks:
weeks; SF-36 PCS: Short-Form 26 Physical Component Score;

* Calculated.

Opioid use

VP was associated with a large increase in the likelihood of using major opioids at 12 months compared
with usual care (N=83, 36.6% vs. 16.7%, RR 2.20, 95% CI 1.00 to 4.82) but there were no differences

between groups at earlier timepoints (range, 2 weeks to 6 months) in one RCT,?® minor opioid use was
similar between groups (Table 16).

Three trials found VP associated with a decrease in pain medication use (not restricted to opioids)

compared with UC; differences were significant at all timepoints up to 12 months in one trial,*?° only up
to 1 month in the other trial (with 12-month follow up),’3! and at 2 weeks in the third trial**> (Appendix
G, Table G1).
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Table 16. VP vs. UC: Summary of opioid use from Blasco 2012

| VP uc
Outcome | F/U % (n/N) % (n/N) RR (95% Cl)
'V'a_i?’ >1 week to <2 weeks (2 weeks) 35.7% (20/56) 29.3% (17/58) 1.22 (0.72 to 2.08)
opioids >1 month to <6 months (2 months) 30.8% (16/52) 30.4% (17/56) 1.01 (0.57 to 1.79)
>6 months to <12 months (6 months) | 36.7% (18/49) 32.7% (17/52) 1.12 (0.66 t0 1.92)
212 months (12 months) 36.6% (15/41) 16.7% (7/42) 2.20 (1.00 to 4.82)
Mi.m"; >1 week to <2 weeks (2 weeks) 23.2% (13/56) 32.8% (19/58) 0.71 (0.39to 1.29)
opioids

>1 month to <6 months (2 months) 26.9% (14/52) 28.6% (16/56) 0.94 (0.51to 1.73)

>6 months to <12 months (6 months) | 16.3% (8/49) 26.9% (14/52) 0.61 (0.28 to 1.32)

>12 months (12 months). 17.1% (7/41) 23.8% (10/42) | 0.71(0.30 to 1.70)

UC = usual care; F/U = follow-up; RR = risk ratio; VP = vertebroplasty.

4.2.1.1.3 Vertebroplasty versus Minimally Invasive Procedures (Nerve Blocks)

Two RCTs%13% gnd one NRSI*? were identified that met inclusion criteria and compared VP to other
minimally invasive surgeries (i.e., nerve or facet blocks).

Two trials compared vertebroplasty to other minimally invasive surgeries.’3®13% In one study,!3®
vertebroplasty, using 2 to 5 ml of PMMA, was compared to a medial branch spinal nerve block. The
medial branch spinal nerve block targeted the facet joints above and below the fracture. This procedure
involved a mixture of 0.5% bupivacaine with 40 mg depomedrone, with each medial branch blocked
using 1 to 1.5 ml of the solution. The other study!*® compared vertebroplasty to a facet block. Facet
block targeted the facet joint capsule of the fractured vertebral body. All patients in both trials were
required to wear a brace to aid ambulation for three months following their procedures.

One trial was conducted in the UK**® and the other in China.'*® The mean age of participants ranged
from 63 to 82 years; notably, the UK trial'*® focused on frail, older, hospitalized patients and excluded
those younger than 70 years of age. Baseline pain levels differed significantly between trials: in the
Chinese trial,’*® the mean baseline pain was 7.7 on a 0-10 VAS, while in the UK trial*3® involving older
patients, the mean baseline pain was reported as 9.0 on a 0-10 NRS, with exclusion criteria set for
patients with pain <7 on the NRS. The UK trial*® included only 30 patients, whereas the Chinese trial**°
included 217 patients at baseline (Table 17).

Between 70% and 83% of patients in these trials were female, although the UK trial**® showed a
significant difference in the proportion of female patients between groups (57% in the vertebroplasty
group and 85% in the nerve block group). Both trials included patients with either acute or subacute
fractures (<6 to 8 weeks), though in the Chinese trial,’*° 86% of patients had acute fractures (<2 weeks).
Both trials required participants to have MRI findings consistent with bone marrow edema at the
fracture site (a measure of fracture acuity). The duration of follow-up varied, with up to 8 weeks in the
UK trial**® and 12 months in the Chinese trial.**

Both trials were rated as fair (Appendix Table E4). Limitations included the inability to clearly mask
participants, care providers, or outcome assessors in either trial,133% as well as a lack of clarity in
allocation concealment in the Chinese trial.1*® Additionally, the UK trial'*® faced challenges in recruiting
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similar numbers of female participants across groups, though this trial had a small sample size of 30. The
UK trial®® reported funding from the government, while the Chinese trial'*® reported no funding.
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Table 17. Study Characteristics of Trials Comparing Vertebroplasty versus Nerve Block in Patients with Fractures due to Osteoporosis
Study, year Mean % \ Mean Mean Pain  No. VCFs at Mean BME Duration Industry In
Country age Female randomized baseline duration baseline PMMA MRI follow-up funding MA
Quality (years) pain (SD)" (weeks) (no. volume (months)

treated) (ml)

(intervention) Inclusion mean (SD)
criteria or No. (%)

Tan, 2023 82 70%" 30 9.0 (NR) <6 NR* 2to5 Yes 1.8 No Yes
UK
Fair Inclusion:
NRS 27
(VP vs. Medial

branch spinal
nerve block)

Wang, 2016 63 83% 217 7.7 (1.1) <68 NR 3t09 Yes 12 No Yes
China
Fair Inclusion:

NR

(VP vs. Facet
block)

BME = bone marrow edema; MA = meta-analysis; ml = milliliter; MRI = magnetic resonance imaging; NR = not reported; NRS = numerical rating scale; PMMA =
polymethylmethacrylate; RCT = randomized control trial; SD = standard deviation; VCF = vertebral compression fracture; VP = vertebroplasty.

* For most studies, weighted mean and SD was calculated using mean estimates, SDs or 95% confidence intervals, and n’s for each group at baseline.

T Some baseline differences existed between groups for % female:

Tan, 2023: 57% vs. 85%.

¥ Inclusion criteria allowed for up to three fractures.

§ 85.9% of patients had acute fractures <2 week.
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4.2.1.1.3.1 Primary Outcomes from RCTs

Pain

VP was associated with moderate improvement in pain compared with nerve or facet block at <1 week
(1 RCT, 1 day post-treatment)'® and at >1 to <2 weeks (2 RCTs, 2 week follow-up),3813° but the effect
did not persist at later timepoints (Figure 11). At >1 to <6 months (2 to 3 month follow-up), there was
notable inconsistency (12=92.1%) between the trials and the estimate was imprecise; the smaller trial*3®
that included older patients reported a large effect favoring spinal nerve block while the larger study
reported similar improvement between VP and facet block.'*® All pooled results were driven by the
larger trial.?*®

Figure 11. VP versus Nerve Block: Pain score (VAS or NRS, 0-10 scale) from RCTs

Outcome Duration  Pain Duration Pain Duration BME MRI PMMA Industry N, Mean (SD), N, Mean (SD), Mean difference
and AuthorYear Inclusion (wks) Required Category Outcome Funded Vertebroplasty Nerve Block (95% CI)

<1 wk

Wang 2016 <6 weeks <6 weeks Yes >5 mi VAS No 100, 1.47 (0.80) 106, 3.19 (0.83) ] -1.72 (-1.94, -1.50)
Subgroup, PL (p < 0.000, I* = 0.0%) ¢ -1.72 (-1.94, -1.50)
21 wk to €2 wks

Tan 2023 <6 weeks <6 weeks Yes <5ml NRS No 14,5.91 (2.02) 13, 6.36 (2.70) :—'-— -0.45 (-2.26, 1.35)
Wang 2016 <6 weeks <6 weeks Yes >5 mi VAS No 100, 1.62 (0.83) 106, 3.23 (0.82) ] -1.61(-1.84, -1.38)
Subgroup, PL (p = 0.214, I* = 35.3%) L2 -1.59 (-1.92, -0.84)

>2 wks to <1 mon
Tan 2023 <6 weeks <6 weeks Yes <5ml NRS No 12,6.36 (1.68) 12,6.82 (3.03) —_— -0.45 (-2.42,1.51)
‘Wang 2016 <6 weeks <6 weeks Yes >5ml VAS No 100, 1.63 (0.88) 106, 1.83 (0.91) -0.20 (-0.44,0.04)
Subgroup, PL (p = 0.801, I* = 0.0%) -0.20 (-0.68, 0.21)

o=

>1 mon to <6 mons

Tan 2023 <6 weeks <6 weeks Yes <5ml NRS No 11,545 (1.35) 10, 2.73 (2.02) —m— 273(1.24,421)
Wang 2016 <6 weeks <6 weeks Yes >5 m VAS No 100, 1.45 (0.77) 106, 1.44 (0.73) ! 0.01(-0.20, 0.22)
Subgroup, PL (p < 0.000, I = 92.1%) 1.16 (-1.92, 4.59)

26 mons to <12 mons
Wang 2016 <6 weeks <6 weeks Yes >5ml VAS No 100, 1.31 (0.79) 106, 1.28 (0.74) 1 0.03 (-0.18, 0.24)

Subgroup, PL (p < 0.000, I = 0.0%) 0.03 (-0.18, 0.24)

212 mons
‘Wang 2016 <6 weeks <6 weeks Yes >5ml VAS No 100, 1.19 (0.80) 106, 1.15 (0.75)
Subgroup, PL (p < 0.000, ’= 0.0%)

0.04 (-0.17, 0.25)
0.04 (-0.17, 0.25)

Heterogeneity between groups: p = 0.000

T I T
-4 0 4

Favors Vertebroplasty Favors Nerve Block
BME = bone marrow edema; Cl = confidence interval; mons = months; MRI = magnetic resonance imaging; NRS = numerical
rating scale; PL = profile likelihood; PMMA = polymethylmethacrylate; RCT = randomized control trial; SD = standard deviation;
VAS = visual analogue scale; wks = weeks.
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Function

VP was associated with a moderate improvement in RDQ scores compared with facet block at <1 week
(1 day) and >1 to <2 weeks (1 week) in one large trial'*® (Figure 12). The smaller trial found no difference
between VP and spinal nerve block at >1 to <2 weeks and pooled analysis across both trials!3% at this
timepoint resulted in no difference between groups but the point estimate was very imprecise and
there was substantial heterogeneity (89.4%). There were no differences between groups in RDQ scores
at other timepoints (Figure 12).

Both trials reported function using additional measures and reported similar results (Appendix G, Table
G1). VP was associated with a small improvement in ODI scores at <1 week (1 day) and >1 to <2 weeks (1
week) compared with facet joint block in the large trial,**® but this effect did not persist at later
timepoints. There was no difference between VP and medial branch nerve root block in Extended
Activities of Daily Living (NEADL) scores at any time point in the other trial.1®

Figure 12. VP vs. Nerve Block. Function Scores (RDQ, 0-24).

Outcome Duration Pain Duration Pain Duration BME MRI  PMMA Industry N, Mean (SD), N, Mean (SD), Mean difference
and AuthorYear Inclusion (wks) Required  Category Outcome  Funded Vertebroplasty Nerve Block (95% CI)

<1wk

Wang 2016 <6 weeks <6 weeks Yes >5ml RDQ No 100, 13.35 (1.43) 106, 16.21 (0.96) - -2.86 (-3.19, -2.53)
Subgroup, PL (p < 0.000, I¥ = 0.0%) ¢ -2.86 (-3.19, -2.53)

=1 wk to =2 wks

Tan 2023 <6 weeks <6 weeks Yes <5ml RDQ No 14, 19.00 (3.71) 13, 18.00 (3.71) —r— 1.00 (-1.80, 3.80)
Wang 2016 <6 weeks <6 weeks Yes >5ml RDQ No 100, 12.52 (1.25) 106, 15.94 (0.92) n : -3.42(-3.72,-3.12)
Subgroup, PL (p = 0.002, I = 89.4%) e -1.69 (-6.54, 3.98)
>2 wks to <1 mon

Tan 2023 <6 weeks <6 weeks Yes <5ml RDQ No 12, 18.00 (3.34) 12, 17.00 (6.30) —_— 1.00 (-3.03, 5.03)
Wang 2016 <6 weeks <6 weeks Yes >5ml RDQ No 100, 12.38 (1.25) 106, 12.24 (1.21) 0.14 (-0.20, 0.48)
Subgroup, PL (p = 0.677, I* = 0.0%) ; 0.15 (-0.45, 0.87)

>1 mon to <6 mons

Tan 2023 <6 weeks <6 weeks Yes <5mi RDQ No 11,12.50 (4.82)  10,9.00 (4.45) 4————— 350(-046,7.46)
Wang 2016 <6 weeks <6 weeks Yes >5ml RDQ No 100,10.99 (1.14) 106, 11.12 (1.19) -0.13 (-0.45, 0.19)
Subgroup, PL (p = 0.074, I” = 68.8%) -0.11 (-0.59, 1.94)

26 mons to <12 mons

Wang 2016 <6 weeks <6 weeks Yes >5ml RDQ No 100, 10.49 (1.14) 106, 10.48 (1.24) 0.01(-0.32, 0.34)
Subgroup, PL (p < 0.000, I¥ = 0.0%) 0.01(-0.32, 0.34)
=12 mons

Wang 2016 <6 weeks <6 weeks Yes >5ml RDQ No 100, 9.42 (1.35) 106, 9.58 (1.31) -0.16 (-0.52, 0.20)
Subgroup, PL (p < 0.000, I¥ = 0.0%) -0.16 (-0.52, 0.20)

Heterogeneity between groups: p = 0.000

T T T
-4 0 4

Favors Vertebroplasty Favors Nerve Block
BME = bone marrow edema; Cl = confidence interval; mons = months; MRI = magnetic resonance imaging; PL = profile
likelihood; PMMA = polymethylmethacrylate; RCT = randomized control trial; RDQ = Roland Morris Disability Index; SD =
standard deviation; wks = weeks.
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4.2.1.1.3.2 Secondary Outcomes from RCTs
Quality of Life

VP was associated with similar improvement in quality of life compared with spinal nerve/facet blocks at
all follow-up times in both trials; one trial reported EQ-5D scores?*® and the other trial reported SF-36
PCS and MCS scores,®*® (Appendix Table G1).

Opioid use

In one trial, all but one patient was taking strong opioids at baseline (VP, 93%; nerve block, 100%), which
continued through 1 week post-procedure.’3® Similar proportions of patients who received VP versus
medial branch nerve block were still using opioids (and/or other analgesics) regularly at 4 weeks (66.6%
[8/12] vs. 75% [9/12]; RR 0.89, 95% Cl 0.53 to 1.49) and 8 weeks (50% [4/11] vs. 66.6% [6/10]; RR 0.61,
95% Cl 0.24 to 1.54).

NRSI

Only one retrospective NRSI (N=164) reported on vertebroplasty versus medial branch block in patients
with single-level osteoporotic fractures in the thoracolumbar vertebrae.'> Medial branch block (n=72)
targeted the facet joint capsule of the fractured vertebral body. All patients were prescribed bed rest
prior to the procedure. The mean age of participants was 75 years, with 26% being female. Notably,
15.2% (14/92) of vertebroplasty patients were admitted due to a new (not defined) fracture, compared
to 4% (3/72) of medial branch block patients. No other demographic data were reported. The study was
rated as poor. The primary limitations were related to the retrospective design, including the inability to
ascertain sampling methods, attrition, and blinding.

4.2.1.1.3.3 Primary Outcomes from NRSI
Function

While vertebroplasty was associated with improvements in ODI scores compared with medial branch
block at all time points up to 24 months, the mean differences between the groups were consistently
below the threshold for a small effect’>” (see Appendix Table 11).

Pain

At 1 week, there was a small improvement in VAS pain scores (0-10) favoring medial branch block versus
VP (N=164, MD 0.8, 95% CI 0.4 to 1.2).*” However, at 1 month (N=164, MD -0.5, 95% CI -0.9 to -0.1) and
3 months (N=164, MD -1.0, 95% Cl -1.3 to -0.7), VP was associated with a small improvement in pain
compared with medial branch blocks. By 12 and 24 months, there was no difference between groups
(Appendix Table 11).

4.2.1.1.4 Vertebroplasty versus Kyphoplasty

Ten trials (reported in 11 publications) compared VP versus KP for the treatment of osteoporotic
compression fractures (patients with fracture due to cancer were excluded) (Table 18 and Appendix F,
Table F1, Appendix G, Tables G1 and G4).137140-1% Two trials were conducted in the U.S.,**%*2 three in
Europel#+143146 gnd five in Asia, primarily China.137:14>147-149 Both U.S. trials and one trial from Germany
were funded by industry.14%142146 Sagmple sizes ranged from 66 to 404 (N=1,337). Most patients were
female (65% to 100%) in all but one trial (44%),'*° and the mean patient age ranged from 42 to 82 years.
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The trial that enrolled only women included patients who had undergone bilateral resection of ovarian
cancer. Mean pain duration was 6 weeks or less in six RCTs40-142145,146,149 (ranoe mean 2.5 to 3.6 weeks
across the 3 trials that reported this), 4 weeks or greater in two RCTs**'%7 and not reported in two
RCTs.1371%8 Evidence of bone marrow edema (measure of fracture acuity) was required for study
inclusion in only two RCTs.2%143 The mean number of vertebral fractures at baseline or treated was not
always clear but most trials appeared to enrolled patients with 1-3 fractures; two trials treated only
single fractures.’*1%> |n the trials that reported the volume of PMMA injected during the procedures,
means ranged from 3.1 to 4.9 ml for VP and 3.8 to 5.6 ml for Kp.137.140:141,134148 Thea P and KP procedures
were conducted according to the standard practice of the institution and the treating physician. In all
trials, the KP procedures used a standard balloon to create space/regain vertebral height; one trial had
three arms and evaluated a second type of kyphoplasty, shield kyphoplasty, that uses a permanent
implant rather than a balloon.'*! The duration of follow-up ranged from 3 months to a mean of 49.4
months.

Three RCTs were considered fair quality!#>143147 gnd the other seven were poor

quality,137,140.141,145,146,148, 145 Methodological limitations for fair-quality trials included unclear
concealment of treatment and some baseline differences between treatment groups. Additional
limitations for poor-quality trials included unclear randomization method, poor reporting of baseline
demographics, high or unknown attrition and lack of intent-to-treat analysis. Only three trials stated that
patients were masked to the treatment received.}*1*6147 One poor-quality RCT was a quasi-randomized
trial and there were large differences between treatment groups in baseline pain and function.*

Two trials'#*14>149 did not report the sample size at follow-up; we assumed that the follow-up sample
sizes were the same as at baseline for the primary analysis and conducted sensitivity analyses around
this assumption.
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Table 18. Study Characteristics of Trials Comparing Vertebroplasty versus Kyphoplasty in Patients with Fractures due to Osteoporosis

No. VCFs at
Mean baseline
baseline Mean (no. Mean
Study, year Mean pain (SD)" Pain treated) PMMA BME Duration
Country age N Inclusion  duration = mean (SD) volume required F/U Industry
Quality (years) % Female randomized criteria (weeks) or No. (%) (ml) on MRI (months) funding In MA
Wang, 2015
’ 8.1(1.2) NR* VP: 3.3
9 >
Chlpa 69 76% 107 VAS >5" 24 (1 VCE) KP: 4.2 No 12 No Yes
Fair
L|u2,0210510, 8.0(0.8) VP: 4.9
) 73 77% 100 (Inclusion 2.6 1: 100% C No 6 No Yes
Taiwan KP: 5.6
NR)
Poor
. 0,
Griffoni, 2020 7.9 (6.9) 2136:;/
Italy 73 82% 113 (Inclusion >4 227 NR Yes 12 NR Yes
Fair NR) (treated
NR¥)
Evans, 2016
’ 7.6 (2.0) NR
o/§
USA 76 71% 115 NRS 55 2.5 (>1 VCF) NR NR 12 Yes Yes
Fair
Endres, 2012 (?nilfjlsli)n VP: 3.1
Germany 68 68% 66 NR) <6 1: 100% KP:3.9 NR 6 NR Yes
Poor SKP: 4.6
1:57%
2:24%
USA 66 77% 404 NR) 3.6 Treated: KP:4.6” Yes 24 Yes Yes
Poor 1:79% "
2:17%
3:5%
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No. VCFs at
Mean baseline
baseline Mean (no.
Study, year pain (SD)" Pain treated) BME Duration
Country N Inclusion  duration = mean (SD) required F/U Industry
Quality % Female randomized criteria (weeks) or No. (%) on MRI  (months) funding
8.4(1.1)
Vogl, 2013 .
(Inclusion NR* VP: 4.0
9 <
Germany 73 71% 77 NR) <6 (<3 VCFs) KP: 3.8 No 12 Yes Yes
Poor
NR
Yi, 2014 NR NR NR (1.4 (0.75), NR No
. (71, (68%, (Inclusion . (4.0, Mean (Efficacy)
China . . 169 NR combined . No NR
Poor combined | combined NR) VP/KP: combined 49.4 Yes
VP/KP) VP/KP) treated NR) VP/KP) (Safety)
Wang, 2018 557F1'V('§ % 1: 100%%8 VP:3.9
China 42 100%** 86 T NR T NR 12 No Yes
Poor (Inclusion KP: 3.8
NR)
Wang, 2023 7.4(1.2)
China 82 44% 100 (Inclusion <3 NR NR NR 3 No Yes
Poor NR)

BME = bone marrow edema; KP = kyphoplasty; MA = meta-analysis; ml = milliliter; MRI = magnetic resonance imaging; NR = not reported; NRS = numerical rating scale; PMMA =
polymethylmethacrylate; RCT = randomized control trial; SD = standard deviation; SF-MPQ = Short Form McGill Pain Questionnaire; SKP = Shield Kyphoplasty; VAS = visual
analogue scale; VCF = vertebral compression fracture; VP = vertebroplasty.
* For most studies, weighted mean and SD was calculated using mean estimates, SDs or 95% confidence intervals, and n’s for each group at baseline.
T Patients need to be experiencing =5 on VAS pain scale after at least 4-weeks conventional therapy.
¥ Authors do not report mean number or % of levels treated:
e Wang, 2015: 68 vs. 72 levels were treated in total;
« Griffoni, 2020: 87 vs. 59 levels were treated in total;
o Dohm, 2014: 244 vs. 235 levels were treated in total. Additionally, patients receiving unilateral procedures were 0.8% vs. 34.9%, and bilateral 99.2% vs. 65.1%;
e Vogl, 2013: 65 vs. 38 levels were treated in total.
§ Some baseline differences existed between groups for % female: Evans, 2016: 78% vs. 65%.
** Study is reported as being in a mixed population. 45% of VP patients and 37.2% of KP had osteoporosis. 0% had malignancies, and there is no reporting of trauma, so it is
unclear if this population is actually mixed, or if the rest had osteopenia.
1 Median.
11 All patients post bilateral resection of ovarian cancer.

§ Inferred by adding together number of fracture sites in the cervical, thoracic, and lumbar vertebra which equaled the same total number of patients.
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4.2.1.1.4.1 Primary Outcomes
Pain

VP was associated with a small decrease in the likelihood of achieving treatment response, defined as
complete (“cure”), excellent or effective (not defined) improvement in clinical symptoms, compared
with KP at 3 months in one poor-quality trial (N=100, 74% vs. 94%, RR 0.79, 95% Cl 0.66 to 0.94);
when only complete or excellent improvement was considered, the difference was still clinically relevant
(56% vs. 74%; RR 0.76, 95% Cl 0.56 to 1.02).

Seven trials (in 8 publications) reported VAS or NRS pain scores (scale 0-10).140-145147.149 yp and KP were
associated with similar improvement in pain at all time points evaluated (Figure 13). At 1 and 3 months,
heterogeneity was substantial (>86%) due to an outlier trial**’; removal of this poor-quality trial
eliminated heterogeneity and decreased imprecision, resulting in estimates closer to zero (1 month: 2
RCTs, N=460, MD -0.08, 95% Cl -0.58 to 0.41, 1>=0%; 3 months: 2 RCTs, N=419, MD 0.14, 95% Cl -0.29 to
0.45, 1>=0%) and more consistent with other timepoints (Appendix P, Figure P11). Sensitivity analysis
excluding poor-quality trials showed similar results (Appendix P, Figure P12). Two trials!*®'* reported
pain outcomes past 12 months (for the meta-analysis all follow-up was at 12 months for the 212 month
category); pain improvement remained similar between VP and KP at 24 months (2 RCTs, N=320, MD -
0.16, 95% Cl -0.67 to 0.42, 1>=0%)*4%144 but VP was associated with small improvement in pain compared
with KP at 60 months in one poor-quality trial (N=100, MD -0.60, 95% Cl -1.13 to -0.07).1%*

One poor-quality trial** reported pain using the Short-form McGill Pain Questionnaire-2 (SF-MPQ-2) and
could not be pooled with the other trials. KP was associated with greater pain improvement on the SF-
MPQ-2 at 1, 6 and 12 months compared with VP (Appendix G, Table G1).
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Figure 13. VP vs. KP: Pain scores (VAS or NRS, 0-10 scale) from RCTs

Outcome Duration Pain Duration Pain Duration BME MRI Industry N. Mean (SD), M. Mean (SD) Mean difference
and Authoryear Inclusion (wks) Required  PMMA Calegory Funded Vertebroplasty  Kyphoplasty (95% CI)

=1 wk

Liu 2010 NR 26 Ho =5 mivs. =5 ml HNo 50,230 (0.50) 50, 2.60 (0.60) L 4 -0.30 (-0.52, -0.08)
Wang 2015 zd4w NR No =5ml No 53,259(0.76) 54, 254(081) : 0.05 (-0.25, 0.35)
Evans 2016 £12m 25 No NR Yes 51,-4.10 (3.47) 55 -3.47(3.05) -0.06 (-0.67, 0.55)
Subgroup, PL (p = 0.164, |' = 44.6%) -0.15(-0.42, 0.19)

21 whk to =2 wks

Dohm 2014 <6m 36 No <5 ml Yes 188, 3.95 (2.78) 189, 4.20 (2.79) -0.25 (-0.81, 0.31)
Subgroup, PL(p =, 1" = 0.0%) -0.25 (-0.81, 0.31)
>2 wks to £1 mon
Dohm 2014 Z6m 36 No =5 ml Yes 181,3.50(2.73) 180, 3.65(323) —— -0.15 {-0.77, 0.47)
Evans 2016 £12m 25 No NR fes 46, -4.17 (3.39) 53, -4.02(2.78) —|I+ -0.02 (-0.61, 0.58)
Wang 2023 3w NR No NR No 50,539 (1.11) 50, 430 (1.02) | il 1.09 (D.67, 1.51)
Subgroup, PL (p = 0.001, I' = 86.5%) E—— 0.25 (-0.60, 1.24)
=1 mon to <6 mons
Dohm 2014 =6m 36 No =5ml fes 156, -4.60 (3.16) 158 -4.50 (3.18) —_— -0.10 (-0.80, 0.60)
Wang 2015 zdw NR HNo =5ml No 53,1.24(0.72) 52 1.06(0.68) : 0.18 (-0.09, 0.45)
Wang 2023 3w NR HNo NR No 50, 3.68 (0.75) 50, 2.57 (0.51) | - 1.11 (0.86, 1.36)
Subgroup. PL (p=0.000,I' = 93.1%) 0.46 (-0.43, 1.26)
=6 mons to <12 mons
Liu 2010 NR 26 Ho =5 mivs. =5 ml Ho 50,260 (0.60) 50, 2.60 (0.60) L 0.00 (-0.24, 0.24)
Endres 2012 6w HR Yes =5mi NR 21,324(1.40) 38 3.82(069) —— -0.58 (-1.22, 0.06)
Evans 2016 212m 25 Ho HNR Yes 41, -444(335) 48.-379(372) —_— -0.07 (-0.80, 0.66)
Subgroup, PL (p= 0244, 1" = 29.0%) ‘ -0.07 (-0.55, 0.18)
=12 mons
Dohm 2014 =6m 36 No =5 mi Yes 133, -4.30 (3.50) 142 -4.50 (3.01) —l— 0.20 (-0.57, 0.97)
Liu 2015 NR 26 No 25 ml vs. >5 ml No 50,2.60 (0.60) 50, 2.60 (0.70) -+ 0.00 (-0.26, 0.26)
Wang 2015 24w NR No =5 ml No 50, 1.24(0.95) 51,1.02(0.80) 11— 0.22 (-0.12, 0.56)
Evans 2016 £12m 25 No NR Yes 43,.537(298) 41,-427(3.15) — -0.12 (-0.78, 0.53)
Griffoni 2020 24w NR Yes NR NR 54,470 (270) 49, 4.40 (2.75) 0.30 (-0.72, 1.32)
Subgroup, PL (p = 0.800, I' = 0.0%) o 0.08 (-0.12, 0.30)
Heterogeneity between groups: p = 0,218

I I

2

=

2
Favors Verlebroplasty Favors Kyphoplasty

BME = bone marrow edema; Cl = confidence interval; MRI = magnetic resonance imaging; NR = not reported; NRS = numerical
rating scale; PMMA = polymethylmethacrylate; SD = standard deviation; VAS = visual analogue scale.

Function
No trial reported the proportion of patients who were considered function responders.

Seven RCTs reported function scores using the ODI or the RDQ. 140143147149 yp gnd KP resulted in similar
improvement in pain at all time points evaluated, however estimates were imprecise (Figure 14). At 1
and 3 months, heterogeneity was substantial (>95%) and removal of a poor-quality outlier trial**
reduced heterogeneity somewhat at 1 month (3 RCTs, N=552, SMD 0.13, 95% CI -0.28 to 0.63, 1’=73.9%)
and eliminated it at 3 months (2 RCTs, N=399, SMD 0.14, 95% CI -0.11 to 0.38, 1’=73.9%) but estimates
remained imprecise and not statistically significant (Appendix P, Figure P14). Sensitivity analysis
excluding poor-quality trials showed similar, though attenuated, results and there was no heterogeneity;
however, only one trial contributed data at each timepoint prior to 12 months (Appendix P, Figure P13).
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Figure 14. VP vs. KP: Function scores from RCTs

Outcome Duration Pain Duration Pain Duration BME MRI  PMMA, ndustry N. Mean (SO} N. Mean (SD).

and AuthorYear nclusion {wks) Reguired Category Funded Ouicome  Vertebroglasty Hyphoplasty SMD (85% CI)
<1 wi

Evans 2018 £12m 25 Ne NR es RMDQ 51.-512 (7.71) 55..5.44 (7.23) 0.01 (-0.37. 0.29)
Subgroup, PL (p=.. I' = 0.0%) 0.01 (-0.27.0.29)
=2 wis to £1 mon

Dohm 2014 ZBm 38 Neo 5 mi es oDl 181, 24.30 (18.75) 180, 35.80 (20.40) : -0.08 (-0.28, 0.13)
Evans 2016 £12m 25 No NR es RMDQ 51.-7.20 (8.97) 54, -8.78 (6.00) - : 0.04 (-0.35. 0.42)
Wang 2018 NR NR NR 25 mi Ne ool 43,1250 (3.27) 43, 11.47 (3.83) b ol 0.60 (0.17, 1.03)
Wang 2023 3w NR Neo NR Ne oDl 50. 26.40 (3.13) 50. 19.51 (3.08) : 2,20 (1.70, 2.70)
Subgroup. PL (p = 0.000, I" = 95.8%) * 0.67 (-0.46. 1.83)
21 mon 1o <8 mons

Dohm 2014 Z8m 38 Ne 5 mi es oDl 141, -25.20 (10.52) 153, -28.40 (10.41) 0.18 (-0.07. 0.29)
Wang 2015 £ NR Ne 285 mi Ne oDl 53, 10.74 (B.44) 52, 10.18 (5.80) 0.00 (-0.20. 0.47)
Wang 2023 3w NR Ne NR Ne oDl 50. 18.80 (1.88) 50, 12.88 (1.82) 3.42(2.80, 4.04)
Subgroup. PL (p = 0.000, I = 87.9%) 1.20 (-1.27. 3.70)
28 mons to <12 mons

Endres 2012 G NR Yes 25 mi NR oDl 21,5210 (8.50) 38. 49.26 (15.08) 0.29 (-0.25.0.82)
Evans 2018 212m 25 Neo NR Yes RMDQ 44, -B.48 (8.29) 49.-8.04 (7.65) 0.01 (-0.20. 0.42)
Wang 2018 NR NR NR 25 mil Ne ool 43.8.93 (2.28) 43.5.75(2.26) 0.51(0.08, 0.94)
Subgroup. FL (p = 0,280, I' = 25.7%) 0.28(-0.10.0.83)
212 mons

Dohm 2014 2Bm 38 Ne =8 mi ‘es oDl 119, -28.00 (10.58) 138, -28.80 (20.20) 0.04 (-0.21. 0.20)
Wang 2015 24w NR Ne 5 mi Ne oDl 50, 17.04 (B.43) 51, 18.20 (8.70) 0.13 (-0.26. 0.52)
Evans 2016 =12m 25 Ne NR fes RMDQ 42, -0.44 (7.02) 43, -8.12(7.87) -0.01 (-0.43, 0.41)
Wang 2018 NR MNR NR 25 mi Ne oDl 43.5.78 (2.37) 43.412(223) 0.71(0.28, 1.15)
Griffoni 2020 2w NR Yes MR NR oDl 64, 32.60 (21.81) 49. 28.30 (18.00) 0,26 (-0.11. 0.64)

Subgroup. PL(p = 0.091. | =50.2%)

Heterogeneity between groups: p = 0.458

0.17 (-0.08. 0.49)

Favors Verebroplasty

Favors Kyphoplasty

BME = bone marrow edema; Cl = confidence interval; MRI = magnetic resonance imaging; NR = not reported; ODI = Oswestry
Disability Index; PMMA = polymethylmethacrylate; RMDQ = Roland Morris Disability Index; SD = standard deviation; SMD =

standardized mean difference.

4.2.1.1.4.2 Secondary outcomes

Quality of Life

VP was associated with similar improvement in EQ-5D QoL scores (scale 0-1) across three RCTs (Figure
15)140.142.143 and SF-36 PCS scores (scale 0-100) across two RCTs (Figure 16)4%142 at all timepoints
compared with KP. Sensitivity analyses excluding the poor-quality trial**® showed similar results

(Appendix P, Figures P15 and P16) (while the SF-36 PCS scores at 12 months favored vertebroplasty in
one RCT [N=115, MD -3.00, 95% CI -5.66 to -0.34]%*? the estimate was below the threshold for a small
effect). There was no difference in SF-36 MCS scores (scale 0-100) at 1, 6 and 12 months in one RCT (MD
range, -1.00 to 3.00); estimates were imprecise.*?
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Figure 15. VP vs. KP: EQ-5D quality of life scores from RCTs

Qutcome Duration Pain Duration Pain Duration BME MRI  PMMA Industry N, Mean (SD), N. Mean (3D, Mean difference

and AuthorYear Inclusion [whks) Required  Category  Funded Scale Vertebroplasty Kyphoplasty (95% CI)

>2 wks 1o £1 mon

Dohm 2014 <6m 36 No <5 ml Yes Ot 181,071(0.20) 180, 0.0 (0.20) 0.01 (-0.03, 0.05)
Evans 2016 £12m 25 No NR Yes 010100  56.0.09(0.02)  59,0.08(0.02) 0.00 (-0.00, 0.01)
Subgroup, PL (p = 0.783, I' = 0.0%) 0.00 (-0.01,0.02)

>1 mon to <6 mons
Dohm 2014 =6m 36 No =5 ml Yes Ol 140, 0.32 (0.27) 152, 0.29 (0.25) 0.03 (-0.03, 0.09)
Subgroup, PL (p = .. I" = 100.0%) 0.03 (-0.03, 0.09)

26 mons o <12 mons

Evans 2016 £12m 25 No NR Yes 010 100 56, 0.08 (0.02) 59, 0.08 (0.02) [ | 0.00 (-0.01,0.01)
Subgroup, PL (p = .. I' = 0.0%) 0.00 (-0.01, 0.01)
212 mons

Daohm 2014 <6m 36 No <5 mi Yes 0wl 119,032 (0.25) 137, 0.30 (0.30) —— 0.02 (-0.05, 0.09)
Evans 2016 £12m 25 No NR Yes 010 100 56, 0.08 (0.02) 59, 0.08 {0.02) - 0.00 (-0.00, 0.01)
Griffoni 2020 24w NR Yes NR NR Oto 100 64,053 (0.24) 45, 0.55(0.21) —_— -0.02 (-0.10, 0.08)
Subgroup, PL (p=0.738, I = 0.0%) " 0.00 (-0.01,0.01)

Heterogeneity between groups: p = 0649

! !
-25 0 25

Favors Kyphoplasty Favors Vertebroplasty
BME = bone marrow edema; Cl = confidence interval; EQ-5D = EuroQol 5-Dimensions; MRI = magnetic resonance imaging; NR =
not reported; PMMA = polymethylmethacrylate; SD = standard deviation.

Figure 16. VP vs. KP: SF-36 PCS quality of life scores from RCTs

Outcomea Duration Pain Duration Pain Duration BME MRl PMMA Industry N, Mean (SD), N, Mean (SD), Mean difference
and AuthorYear Inclusion {whks) Required Category  Funded Vertebroplasty Kyphoplasty {95% CI)
=2 whs to £1 mon
Dohm 2014 =6m 36 No =5ml Yes 181, 34.40 (12.61) 180, 33.00 (10.54) . 1.40 (-1.00, 3.80)
Evans 2016 s12m 25 No NR Yes 56, 32.00 (7.60) 58, 31.00 (6.90) —_—r 1.00 (-1.66, 3.66)
Subgroup, PL (p = 0.827, I = 0.0%) < 1.22 (-0.85, 3.26)
=1 mon to <6 mons
Dohm 2014 =6m 36 No =5ml Yes 138, 8.30 (10.99) 153, 8.00 (10.64) 0.30 (-2.18, 2.79)
Subgroup, PL(p =, I' = 0.0%) 0.30(-2.18, 2.79)
=6 mans to <12 mons )
Evans 2016 =12m 25 No NR Yes 56, 33.00 (7.60) 58, 32.00 (6.90) —r 1.00 (-1.66, 3.66)
Subgroup, PL{p = ., I = 0.0%) -l 1.00(-166,3.66)
=12 mons
Dohm 2014 s6m 36 Mo =5ml Yes 118, 9.60 (10.97) 138, 8.10 (10.40) ——8—  150(-1.13,4.13)
Evans 2016 =12m 25 No NR Yes 56, 33.00 (7.60) 5, 36.00 (6.90) — - -3.00 (-5.66, -0.34)
Subgroup, PL (p = 0.018, I” = 82.0%) —— R .0).74 (-6.18, 4.68)
Heterogenaity between groups: p = 0.730

T T

-5 o 5

Favors Vertebroplasty Favors Kyphoplasty

BME = bone marrow edema; Cl = confidence interval; MRI = magnetic resonance imaging; NR = not reported; PCS = physical
component score; PMMA = polymethylmethacrylate; SD = standard deviation; SF-36 = 36-Item Short Form Questionnaire.
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Opioid use

VP was associated with a similar likelihood of opioid use at 6 months (N=284, 23.9% vs. 17.6%, RR 1.36,
95% Cl 0.86 to 2.16) and 24 months (N=173, 25.6% vs. 17.6%, RR 1.46, 95% Cl 0.82 to 2.60) compared
with KP in one poor-quality trial.1*® No other trial reported opioid or analgesic use.

4.2.1.2 Kyphoplasty
4.2.1.2.1 Kyphoplasty versus Usual Care

Four RCTs (in 6 publications)'*”1°91% compared kyphoplasty to usual care in patients experiencing
fractures due to osteoporosis. Kyphoplasty was performed via a variety of approaches and most
frequently with PMMA cement, though one study®%1%31> did not report cement type. No study
reported cement volume. All trials reported providing analgesics, bed rest, bracing or orthoses, and
physical therapy or related treatment to participants in usual care groups; one trial'>%1>31% 3lso
reported supplying calcium, vitamin D, antiresorptive, and anabolic agents as needed and indicated that
usual care treatments were provided to both groups. Three trials took place in China®®”!5%152 and one
trial>%153154 in a number of countries (Austria, Belgium, France, Germany, Italy, UK, USA, Sweden).

The four trials included a total of 696 participants (range, 80 to 300). Mean patient age ranged from 66
to 74 and 30% to 70% were female. One trial'®? did not report patient totals clearly enough to determine
sex distribution. Two trials reported number of vertebral levels treated, with one trial**” reporting an
average of 1.4 levels per participant and the other’>>3154 reporting distribution (0 levels: 7%, 1 level:
67%, 2 levels: 19%, 3 levels: 7%). Baseline pain ranged from 6.9 to 8.6 (scale 0 to 10) in three trials!>*1%4
and was not reported in one.’®” One trial*>%1531>* additionally reported a mean duration of pain at
enrollment of less than three weeks.

Three trials’37151152 were rated poor and one trial*®%*%315% was rated fair (Appendix Table E5). Limitations
included unclear or absent blinding of participants and researchers in all studies'*”1°%1% 35 well as
unclear randomization and considerable between-group heterogeneity in the three poor trials. 137151152
Additionally, two of these trials®®*>2 did not clearly describe attrition or whether they incorporated
intention-to-treat analyses.

No NRSIs that compared KP versus UC were identified that met inclusion criteria.
4.2.1.2.1.1 Primary Outcomes
Pain

Two RCTs reported VAS or NRS pain scores (scale, 0-10).151153154 | general, KP was associated with
improvement in pain versus UC with the largest improvements seen at earlier timepoints, though not all
differences were statistically significant (Figure 17). KP was associated with a large improvement in pain
at <1 week (3 days, 1 RCT, N=80)*! and at 1 to 2 weeks (1 week, 2 RCTs, N=380),1°>1>* 3 moderate
improvement at >1 month to <6 months (3 months, 2 RCTs, N=380),*%3 and a small improvement at
>12 months (1 RCT, N=300; 12 months, see Figure 17; 24 months: MD -0.83, 95% Cl -1.341 to -0.25).1%3
There was no difference in pain improvement between groups in the pooled estimates at >2 weeks to 1
month (1 month) and 26 months to <12 months (6 months); heterogeneity was substantial (85%), and
the estimates were imprecise.’®*>3 In both instances, the larger, fair-quality trial*>® reported a moderate
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improvement in pain with KP while the smaller, poor-quality trial*>! tended to favor KP but the
difference between groups was not statistically significant. When just the fair-quality trial was
considered, KP was associated with significant improvement compared with UC at all timepoints, again
with the largest effects seen at earlier timepoints (Appendix Figure G2).

Figure 17. KP versus Usual Care: Pain Scores

QOutcome Duration  Pain Duration  Pain Duration BME MRl PMMA Industry N, Mean (SD), N, Mean Mean difference
and AuthorYear Inclusion (wks) Required Category Funded Kyphoplasty (SD), UC (95% CI)
<1 wk
Li 2017 s2w NR NR NR NR 40,210 (1.77) 40, B.32 (2.34) —-— 6.22 (-7.13, -5.31)
Subgroup, PL(p =, I' = 0.0%) <> 6.22 (-7.13,-5.31)
z1 wk to 52 wks
Li 2017 2w NR NR NR NR 40,3.80 (2.21) 40, 7.20 (2.40) — -3.40 (-4.41, -2.39)
Wardlaw 2009 <3m_ 5.6 vs. 6.4 NR NR Yes 149, 3.60 (2.16) 151, 6,00 (2.18) - -2.40 (-2.89, -1.91)
Subgroup, PL (p = 0.082, I = 67.0%) <> -2.59 (-3.97, -1.76)
>2 wks to S1 mon
Li 2017 2w NR NR NR MR 40,264 (1.39) 40, 3.10 (2.85) =t -0.46 (-1.44, 0.52)
Van Meirhaeghe 20233 m 56 vs. 6.4 NR NR Yes 149, 3.52 (2.35) 151, 5.48 (2.46) - -1.96 (-2.50, -1.42)
Subgroup, PL (p = 0.009, I = 85.4%) < -1.33 (-3.02, 0.57)
>1 mon to <6 mons
Li 2017 2w NR NR NR NR 40,1.42 (2.15) 40, 2.38 (3.29) —=—] -0.96 (-2.18, 0.26)
Van Meirhaeghe 20233 m ) 5.6vs. 6.4 NR NR Yes 149, 2.93 (2.38) 151, 4.52 (2.55) -+ -1.59 (-2.15, -1.03)
Subgroup, PL (p = 0.357, I = 0.0%) < -1.48 (-2.10, -0.58)
26 mons to <12 mons
Li 2017 2w NR NR NR NR 40,1.02 (1.52) 40, 1.53 (1.33) - -0.51 (-1.14, 0.12)
Van Meirhaeghe 20233 m 5.6vs. 6.4 NR NR Yes 149,273 (2.41) 151, 4.35(2.58) --: -1.62 (-2.18, -1.06)
Subgroup, PL (p = 0.010, I’ = 85.0%) <r -1.08 (-2.41, 0.27)
212 mons
Van Meirhaeghe 20233 m 5.6vs. 6.4 NR NR Yes 149, 2.81 (2.50) 1561, 3.79 (2.61) + -0.98 (-1.56, -0.40)
Subgroup, PL(p=., I = 0.0%) 3 -0.98 (-1.56, -0.40)
Heterogeneity between groups: p = 0.000

T T

4 0 4
Favors Kyphoplasty Favors UC

BME = bone marrow edema; Cl = confidence interval; MRI = magnetic resonance imaging; NR = not reported; NRS = numerical
rating scale; PMMA = polymethylmethacrylate; SD = standard deviation; VAS = visual analogue scale.

Function

Two RCTs®11%3 reported function using RDQ or ODI scores (Figure 18); results tended to favor KP at most
timepoints, though not all differences were statistically significant. There was no difference in function
improvement between groups in the pooled estimates at >2 weeks to 1 month (1 month) and >1 month
to <6 months (3 months); heterogeneity was substantial (>70%), and the estimates were imprecise.!*%1>3
In both instances, the larger, fair-quality trial (n=300)*>2 reported a moderate improvement in function
with KP versus UC while the smaller, poor-quality trial*>! showed similar improvement between groups.
Likewise, when only the fair-quality trial was considered at later timepoints (6 months to <12 months [6
months] and 212 months [12 months]), KP was associated with a small improvement in function (no
difference at 24 months) while the poor-quality trial showed similar improvement in function between
groups at all timepoints, with the exception of <1 week (3 days) which showed a small effect favoring
KP.
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Figure 18. KP versus Usual Care: Function Scores

Dutcome Duration  Pain Duration  Pain Duration  BME MRl PMMA Industry N, Mean (SD),
and AuthorYear Inclusion (wks) Required Category Outcome Funded  Kyphoplasty N, Mean (SD), UC SMD (95% CI)
<1wk
Li 2017 2w NR NR NR oDl NR 40, 20.20 (34.15) 40, 36.50 (32.26) + -0.49 (-0.94, -0.05)
Subgroup, PL (p = ., I' = 100.0%) ‘ -0.49 (-0.94, -0.05)
21 wk to £2 wks
Li 2017 2w NR NR NR [aln]] NR 40, 18.50 (27.20) 40, 19.70 (21.50) —ql— -0.05 (-0.49, 0.39)
Subgroup, PL(p =, I = 0.0%) -0.05 (-0.49, 0.39)
>2 wks to 51 mon
Li 2017 2w NR NR NR [e1n]] MR 40,1510 (22.77) 40, 18.70 (33.52) e -0.13 (-0.56, 0.31)
Van Meirhaeghe 20283 m 56vs 6.4 NR NR RDQ Yes 149, 10.90 (5.87) 151, 15.10(5.91) - -0.71(-0.95, -0.48)
Subgroup, PL (p = 0.020, I’ = 81.4%) 4 0.48(-1.13,0.27)
>1 mon to <6 mons
Li 2017 2w NR NR NR [eln]] NR 40, 14.20 (26.56) 40, 18.20 (31.62) — -0.14 (-0.58, 0.30)
Van Meirhaeghe 20283 m S6vs 6.4 NR NR ROGQ Yes 149,821 (612) 151, 12.90 (6.22) - 0.60 (-0.83, -0.37)
Subgroup, PL (p = 0.068, I = 69.9%) * -0.50 (-0.92, 0.16)
26 mons to <12 mons
Van Meirhaeghe 20283 m S6vs 6.4 NR NR ROGQ Yes 149,845 (6.21) 151, 11.50 (6.53) - 0.48 (-0.71, -0.25)
Subgroup, PL (p =, I" = 0.0%) < -0.48 (-0.71, -0.25)
212 mons
Van Meirhaeghe 20283 m 56vs. 6.4 MR NR ROGQ Yes 149, 8.60 (6.36) 151, 11.50 (6.53) - -0.45 (-0.68, -0.22)
Subgroup, PL (p = ., I' = 100.0%) L 0.45 (-0.68, -0.22)
Heterogeneity between groups: p = 0.616

I T

2 1] 2

Favors Kyphoplasty Favors UC

BME = bone marrow edema; Cl = confidence interval; MRI = magnetic resonance imaging; NR = not reported; ODI = Oswestry
Disability Index; PMMA = polymethylmethacrylate; RDDQ = Roland Morris Disability Index; SD = standard deviation; SMD =
standardized mean difference.

4.2.1.2.1.2 Secondary Outcomes
Quality of Life

One trial®>®15315% reported SF-36 PCS and EQ-5D scores up to 24 months. Both kyphoplasty and usual
care showed slight improvement in SF-36 PCS scores at all time points except for a moderate
improvement at 6 months in the kyphoplasty group. Authors report a small association between
kyphoplasty and improvement in SF-36 PCS at 1 month, and small differences at 3 and 6 months, but no
difference beyond that. Additionally, both groups reported large improvements in EQ-5D scores at all
time points, with a significant difference between group scores favoring kyphoplasty at all time points.
See Table 19 and Appendix G2.

Opioid Use

At baseline, just over half of the patients (57%) were using a combination of opioid and nonopioids and
14% were using strong opioids in one RCT.** Analgesic use decreased over time and was similar
between groups, except for any opioid use at 6 months'*® and combined opioid and nonopioid use at 1
month, which were less common (small effect) in the KP versus the UC group (Table 19).
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Table 19. KP vs. UC: Summary of quality of life outcomes and opioid use from the FREE trial.

Outcome
Author, year
EQ5D (0-1, higher = better)

Van Meirhaeghe, 2013

Time

>2 weeks to <1 month (1 month)

KP vs. UC

MD (95% Cl) or % (n/N) and RR (95% Cl)*

MD 0.17 (95% CI 0.09 to 0.25)

>1 month to <6 months (3 months)

MD 0.10 (95% Cl 0.02 to 0.18)

>6 months to <12 months (6 months)

MD 0.13 (95% CI 0.05 to 0.21)

>12 months (12 months)

MD 0.10 (95% CI 0.02 to 0.18)

>12 months (24 months)

MD 0.08 (95% Cl 0.00 to 0.16)

SF-36 PCS (0-100, higher =
better)

Van Meirhaeghe, 2013

>2 weeks to <1 month (1 month)

MD 5.90 (95% Cl 3.64 to 8.16)

>1 month to <6 months (3 months)

MD 4.50 (95% Cl 2.16 to 6.84)

>6 months to <12 months (6 months)

MD 3.80 (95% Cl 1.50 to 6.10)

>12 months (12 months)

MD 2.10 (95% Cl —0.24 to 4.44)

>12 months (24 months)

MD 2.00 (95% CI —0.34 to 4.34)

Any Opioids

Boonen 2011

>6 months to <12 months (6 months)

29.8% (37/124) vs. 42.9% (48/112)
RR 0.69 (95% CI 0.49 to 0.98)

>12 months (12 months)

28.0% (33/118) vs. 33.7% (34/101)
0.83 (95% CI 0.56 to 1.24)

>12 months (24 months)

8.8% (10/114) vs. 9.5% (10/105)
0.92 (95% CI 0.40 to 2.12)

Strong Opioid Use

Wardlaw, 2009

>2 weeks to <1 month (1 month)

5% (6/114) vs. 8% (9/115)
RR 0.67 (95% Cl 0.25 to 1.83)

>12 months (12 months)

4% (5/117) vs. 5% (5/101)
RR 0.86 (95% Cl 0.26 to 2.90)

Combined Opioid and Non-
opioid Use

Wardlaw, 2009

>2 weeks to <1 month (1 month)

41% (47/114) vs. 57% (65/115)
RR 0.73 (95% CI 0.56 to 0.96)

>12 months (12 months)

24% (28/117) vs. 29% (29/101)
RR 0.83 (95% CI 0.53 to 1.30)

Cl: confidence interval; EQ5D: EuroQol 5 dimensions questionnaire; f/u: follow-up; MD: mean difference; mons: months; RCT:

randomized controlled trial; SF-36 MCS: Short-Form 26 Mental Component Score; UC: usual care; VP: vertebroplasty; wks:
weeks; SF-36 PCS: Short-Form 26 Physical Component Score;

* Calculated.

T Authors report mean change from baseline. Presented are MDs for follow-up scores, calculated by converting 95% Cls to SDs

and using means and SDs to calculate MD from follow up scores.
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4.2.2 KQ2 Harms and Safety

Adverse events were variably and sparsely reported across the six RCTs (in 11 publications) of VP versus
sham,"27 nine RCTs (reported in 10 publications) of VP vs. UC,*2137 four RCTs (in 6 publications) of KP
versus UC,137:150-15% and nine RCTs (in 10 publications) of VP versus KP.137:140-149 Descriptions of these
studies are provided in KQ 1 in patients with osteoporotic VCF.

Fourteen retrospective administrative database studies provided safety data related to mortality,
serious adverse events (SAEs) and reoperation comparing vertebral augmentation (VP or KP) with
nonoperative care or comparing VP and Kp.163-165167,178,183,184,208-214 e database studies used U.S.
Medicare Claims (CMS) data.164208-210213 Three of these were industry-funded, had substantial potential
overlap in data based on years sampled (2005 to 2014) and were performed by the same primary author
group from a corporate engineering and consulting firm and used similar methodology.1642%9210.213 Qne
study did not receive outside funding?®® and another reported government and professional society
funding.?!* One sampled Medicare data from 2006%% and the other study used a 20% random sample of
Medicare data from 2002 to 2006, representing the least potential for overlap.2!* Given the overlap in
sampling data from two studies,?%®2% they will not be reported. Two other administrative data studies
sampled the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP)
database to compare 30 day adverse event for VP versus KP.13318* Qverlap in sampling periods is noted:
one study sampled from 2012 to 2014® the other sampled from 2011 to 2013.%% Two additional U.S.-
based studies were identified. Two used National Inpatient Sample (NIS) data with funding not reported
in one?'* and no funding received in the other!®® and the other used administrative data from Emory
University Hospital (partial NIH funding).?2 Four non-U.S. studies were also identified. Three studies
sampled the Taiwan National Health Insurance Research Database (NHIRD), with no funding received in
one,'® funding not reported in one,*”® and government funding reported for the other;'®3 these studies
also had overlap in populations. The third study from Germany sampled a major private health
insurance database (industry funded).?!! Some studies did not separate outcomes by type of vertebral
augmentation. Studies varied in approaches to adjustment for confounding and details of analyses,
particularly related to propensity matching, were not consistently provided by studies. Although most
studies report a focus on osteoporotic fractures, it is possible that databases included a combined
osteoporotic and malignant vertebral compression fracture. Residual confounding and selection bias
may still be present in all these studies. Causality cannot be inferred from these studies.

Five retrospective comparative NRS|s°7:161:162,166.185 that met inclusion criteria were also included that
reported on safety: VP vs. KP (2 studies),'®%8 VP vs. nerve block,*” KP vs. UC (1 study)'®? and KP versus
screw fixation.'® Sample sizes ranged from 164 to 497.

Data from 18 case series!’0-182186,187.215 that met inclusion criteria and evaluated safety outcomes
following VP or KP for osteoporotic (primarily) vertebral fractures are also summarized. Six studies
evaluated VP only,7%174215 nine studies evaluated KP only,”>"182 and five studies evaluated VP or KP
together as vertebral augmentation.'®187 Case series data are presented in their own sections at the
end of the VP and KP sections. Sample sizes ranged from 1,932 to 2,433 in the database studies and
from 263 to 1,512 in the case series. Follow-up periods ranged broadly from peri-operative to 43
months. All case-series were considered to be at high risk of bias.
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4.2.2.1 Vertebroplasty

4.2.2.1.1 Vertebroplasty versus Sham

All six RCTs of VP versus sham reported harms.

Mortality

117-119,123-125

Five RCTs of VP versus sham reported on mortality (N=589)118120123.126 Nortality risk at last follow-up
was similar between patients receiving VP and those receiving sham (RR 0.92, 95% Cl 0.46 to 1.17,
12=0%) (Figure 19). All authors report that deaths were not procedure or device related. Studies may
have been underpowered, or follow-up time may not have been long enough to detect a difference.
Mortality was also similar between VP and sham in analyses done by individual time frames (Appendix
Figure P3). In one additional RCT (not in the figure) one participant developed respiratory insufficiency
the day after the procedure related to underlying chronic obstructive pulmonary disease.?® Sample sizes
in some trials may have been too small to detect rare events and estimates are imprecise.

Figure 19. Vertebroplasty versus sham procedures: Cumulative mortality by last follow-up

AuthorYear

Fain Duration

Inclusion

Pain Duration BME MRI

(whks)

Required

PMMA

Category  Ouicome definition

Duration

Vertebroplasty Sham

N

N

Risk Ratio

(95% CI)

Clark 2016 <6 Wks 26 Yes >5mi All-cause Morality 6m 361 359 —_— 0.97 (0.20, 4.60)
Comstock 2013 Up to 12 mons 178 No s5ml Montality 1y 268 3163 —_—— 0.62(0.11, 3.58)
Firanescu 2018 =0 wks S5tod Yes >5ml All-cause Moriality 1y 891 5189 —+i— 1.56 (0.53, 4.80)
Carli 2023 <12 wks 25 NR NR All-cause Mortality 1y 040 2130 ——— 0.20(0.01, 4.04)
Kroon 2014 Up to 12 mons 901095 Mo s5mi Mortality 2y 538 140 0.75(0.26,2.17)
Overall, PL 18/298 200291 T 0.92 (0.486, 1.71)
(p=0.687, I' = 0.0%)
T T T T
063 25 1 4 16
Favors Vertebroplasty Favors Sham

Comstock is follow-up to Kallmes; Kroon is follow-up to Buchbinder 2009; Duration indicates time at last follow-up.
BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mons = months, NR= not

reported, PMMA = polymethylmethacrylate; SD = standard deviation; wks = weeks

Serious Adverse Events

Four RCTs reported the occurrence of any SAE which may be procedure related (Table 20 and Figure 20).
Risk of any SAE at any time was similar for VP and sham interventions across time frames (4 RCTs,
N=409, RR 0.96, 95% Cl 0.26 to 3.66, 1>=0%).11711812> Studies may have been underpowered to detect
uncommon or rare SAEs (Figure 20). Reported SAEs were as follows (Table 20):
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Table 20. Serious Adverse Events

Study VP (n/N), SAE Sham (n/N) SAE
Kallmes 2009 1/68, Thecal sac injury requiring hospitalization | 1/63: Tachycardia, rigors requiring
hospitalization
Clark 2016 2/61; respiratory arrest after sedation (n=1); 2/59: 2 spinal cord compression due to
supracondylar humerus fracture from transfer fracture collapse and retropulsion several
to radiology table (N=1) weeks after enrollment; (one became

paraplegic, the other had decompressive
surgery to resolve the neurological deficit

Buchbinder 2009 1/38, Osteomyelitis (requiring surgical drainage | 0/40
and antibiotic)

Carli 2023 0/40 1/40 Spinal Cord Compression

KP = kyphoplasty; SAE = serious adverse events; VA = vertebral augmentation VP = vertebroplasty.

Figure 20. Vertebroplasty versus sham procedures: Cumulative risk serious adverse events by last
follow-up

Qutcome Duration Pain Duration Pain Duration BME MRI  PMMA, Vertebroplasty Sham Risk Ratic

and AuthorYear Inclusion (whks) Required Category Outcome definition N n/N (85% Cl)

{p = 0.000, I* = 0.0%)

26 mons to <12 mons

Buchbindar 2009 Upto12meons 901095 Mo =5mil Osteomyelitis 1738 o040 3.15 (0.13,
Clark 2016 <6 wks 2.6 Yes =5ml Serious Procedure-related AEs  2/61 2/59 0.97 (0.14,
Subgroup, PL 398 2/99 1.33 (0.19,

(p < 0.000, I = 0.0%)

212 mons
Carli 2023 <12 wks 25 MR NR Spinal Cord Compression 040 1/40 e 0.33 (0.01,
Subgroup, PL 040 1440 —_— 0.33 (0.01,

(p = 0.000, I = 0.0%)

Heterogeneity between groups: p = 0.749

Overall, PL 41207 4/202 0.98 (0.26,

(p=0.808, I = 0.0%)

>1 mon to <6 mons

Kallmas 2009 Upte 12 mens 178 Mo <5 mi Procadure-related AEs 1168 1/63 0.93 (0.06,

Subgroup, PL 168 1/63 0.83 (0.06,
RN B —

14.50)
14.50)

76.12)
6.64)
13.10)

7.95)
7.95)

3.66)

T T I I T
06325 1 4 16
Favors Vertebroplasty Favors Sham

BME = bone marrow edema was an inclusion criterion; Cl = confidence interval, ml = milliliter, mons = months, NR= not
reported, PMMA = polymethylmethacrylate; SD = standard deviation, wks = weeks

New Vertebral Fracture

Four RCTs reported on risk of new vertebral fracture (N=408).118119123127 The risk of any new fracture by
time of last follow-up was similar between patients receiving VP and those receiving sham (Figure 21).
Fracture risk was also similar between VP and sham in analyses done by individual time frames. Sample
sizes in some trials may have been inadequate to determine new fractures. One trial reported that six
participants in each group underwent re-intervention during follow-up for one or more new
symptomatic fractures and were treated based on original group assignment.*?®> Two trials provided
information on new fracture locations.'?*127 Risks for new fracture by location were similar between VP
and sham groups and there were no difference between groups in the proportions of new fractures that
occurred in treated levels or untreated levels, Table 21.
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Table 21. VP versus sham: New vertebral fracture

VP ¢ N Sh 9 N

Fractures Study A».(n/ ) am A’ (n/N) Effect Size (95% Cl)
patients patients

Any level Firanescu, 2018 16.6% (15/90) 22.1% (19/86) |RR0.75(95% Cl 0.41 to 1.39)

0, 0,
New Fracture Study LAY e 85 () Effect Size (95% Cl)

fractures fractures

Any, Symptomatic . o o

with Bone Edema Firanescu, 2018 40% (6/15) 31% (6/19) |RR0.84 (0.38 to 1.84)

Any level -total N=17 N=10 HR 1.80 (0.83 to 3.94)

Staples, 2015
Treated level 6% (1/17) 0 RR/HR not calculable

Untreated level

94% (16/17)

100% 10/10

HR 1.69 (0.77 to 3.74)

Adjacent level

Firanescu, 2018

52% (16/31)

46% (13/28)

RR 1.03 (95% C1 0.62 to 1.71)

Staples, 2015

35.3% (6/17)

30% (3/10)

HR 2.30 (0.57 t0 9.29)

Non-adjacent

Staples, 2015

58.8% (10/17)

70% (7/100)

HR 1.45 (0.55 to 3.81)

Distant

Firanescu, 2018

45% (14/31)

46% (13/28)

RR 0.97 (95% Cl 0.56 to 1.70)

Between (sandwich)

New or Progressed
fracture

Any level -total

Treated level

Untreated level

Adjacent level

Non-adjacent

Firanescu, 2018

Study

Staples, 2015

3% (1/31)

4% (1/28)

RR 0.90 (95% CI 0.06 to 13.77)

[V [V
CRBALLY) | S S Effect Size (95% Cl)
fractures fractures
N =40 N =33 HR 1.29 (0.80to 2.08)
35% (14/40) 36.4% (12/33) |HR 1.05 (0.47 to 2.34)

65% (26/40)

63.6% (21/33)

HR 1.44 (0.80 to 2.61)

25% (10/40)

15.2% (5/33)

HR 2.18 (0.74 to 6.42)

40% (16/40)

48.5% (16/33)

HR 1.18 (0.58 to 3.94)

Cl = confidence interval; HR = hazard ratio; RR = risk ratio; VP = vertebroplasty.
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Figure 21. Vertebroplasty versus sham procedures: Cumulative risk of vertebral fracture by latest

follow-up
Pain Duration Pain Duration BME MRI PMNA Qutcome Vertebroplasty Sham
AuthorYear Inclusion (whs) Required Category  definition Duration ni niN
Clark 2016 <6 wks 26 Yes =5 ml Mew Fractures Bm 341 243
Firanescu 2018 <8 wks 58 Yes =5 ml New Fractures 1y 1590
Carli 2023 <12 wks 25 NR New Fractures 1y 7i40
Staples 2015 Up o 12 mons 901095 No =5 ml MNew Fractures 2y 17138 1052
Cwerall, PL 421207 arem
(p = 0447, F = 0.0%)
T

R S —
189/86 0.75 (0.41, 1.39)
640 l 1.47 (0,43, 3.7)
-
4

Risk Ratio

(95% Cl)

157 (0.28, B.94)

1.51(0.81, 2.81)

1.10 (0.68, 1.88)

Staples 2015 Is follow-up to Buchbinder 2009; Duration = duration of follow up
BME = bone marrow edema; Cl = confidence interval; mons = months; NR = not reported; PL = profile likelihood; PMMA =

polymethylmethacrylate; wks = weeks.

Cement Leakage

05 25 1
Favors Venabroplasty

16
Favors Sham

Cement leakage ranged from 0% to 91% of treated levels across four RCTs!7/118123.124 (Tgple 22). One

study reported that all leaks were asymptomatic and provided information on location of the leaks.

123

None of the other RCTs provided information on symptomatology or location. Two RCTs did not report

on cement leakage.11%1%

Table 22. Cement leakage following vertebroplasty reported in RCTs of VP versus Sham

Author, year Mean PMMA
Quality volume (ml)

Cement leakage
% (n/N)

Comments

Carli, 2023 1.4 ml 70% of treated levels (n=72 treated) Detected on CT;
Fair Symptomatology NR
Firanescu, 2018 5.1ml 91.3% (105/115) of treated levels; Leakage Any perceptible on post-
Good type/location, % treated levels procedural CT; recorded even
e Type 1 =disc above treated level (20%) very small cement traces
e Type 2 =disc under treated level (15%) outside the target vertebra.
e Type 3 = perivertebral tissue (10%) All leaks reported as
e Type 4 = perivertebral veins (39%) asymptomatic
e Type 5 = pulmonary (7%)
e Type 6 = spinal canal (8%)
Hansen, 2019 2to4 ml None observed (number of treated levels NR) No further detail;
Fair Symptomatology NR
Buchbinder, 2009 | 3 ml 36.8% (14/38) of patients Authors report as minimal;
and Staples 2015 40.0% (18/45) of treated levels based on postprocedural
Good images; Symptomatology NR

NR = not reported; PMMA = polymethylmethacrylate; RCT = randomized controlled trial.
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4.2.2.1.2 Vertebroplasty versus Usual Care

All nine trials (reported in 12 publications) that compared VP versus UC for the treatment of
osteoporotic compression fractures included for efficacy reported safety outcomes (Table 14 and
Appendix Table F1),128-137.206.207

In addition, four retrospective administrative database studies (using overlapping populations from the
U.S. Medicare and Taiwan NHRID databases) evaluated adverse events for VP compared with
UC.163164.178.210 £y rther details of these studies are provided above at the beginning of the Safety section
and in Appendix Table H2.

Mortality

VP was associated with a similar risk of mortality at latest follow-up (primarily 12 months) compared
with UC across five RCTs (N=844),128130-132134 (Eigyre 22). Results were similar when mortality was
analyzed by timepoint (Appendix P, Figure P12) and when poor quality trials'3%'32 were excluded
(Appendix P, Figure P13). In general, deaths were due to causes unrelated to the procedures or the trial.
Sample sizes in some trials may have been too small to detect rare events and estimates are imprecise.

Figure 22. VP vs. UC: Cumulative risk of mortality at latest follow-up

Pain Duration Pain Duration BME MRI PMMA Qutcome Vertebroplasty UC Risk Ratio
AuthorYear Inclusion (wks) Required Category  definition Duration n/N n/N (95% ClI)
Leali 2016 NR NR Yes <5ml Mortality 6m 1185 3/200 _I+— 0.36 (0.04, 3.43)
i
Rousing 2010 NR Fracture age: 1w NR NR Mortality 1y 2/26 224 T 0.92 (0.14, 6.05)
1
Klazen (3) 2010 <6 wks 4 No <5ml Mortality 1y 5/101 6/101 0.83 (0.26, 2.64)
Farrokhi 2011 4 wks -1yr 285 No <5ml Mortality 1y 2/40 1/42 —— 88— 2.10(0.20, 22.26)
Blasco 2012 Up to 12 mons 204 Yes NR Mortality 1y 3/64 6/61 +— 0.48 (0.12, 1.82)
Overall, PL 13/416 18/428 ‘ 0.72 (0.35, 1.50)
(p=0.801, " = 0.0%)
T T T

T
063 25 1 4 16
Favors Vertebroplasty Favors UC

BME = bone marrow edema; Cl = confidence interval; mons = months; NR = not reported; PL = profile likelihood; UC = usual
care.

In two studies!®*?1° ysing Medicare data with overlapping sample frames reported that VP was
associated with slightly lower mortality risk compared with UC. The estimate for the based on the larger
of these studies was: HR 0.87 95% CI 0.87, 0.88.1% Similarly, the two studies with overlapping samples
from the Taiwan National Health Insurance Research Database reported slightly lower mortality
with VP versus nonoperative care'®'® (Table 23).
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Table 23. Summary of mortality findings across administrative data studies

Study
Database Database search Author Findings
dates
Mortality Within 30 Days
Medicare McCullough 2013 Propensity-score matched Propensity matched
(2002-2006)20% cohort 0.3% (31/9017) vs 0.6% 51/9017),
random sample VP or KP: 9017 Adj OR 0.61 (95% Cl 0.39-0.95)
Non-operative: 9017
ACS-NSQIP | Choo, 2018 VP: 242 (10%) 30-day mortality: 2% (n=49): analyses indicate
(Possible (2012-2014) KP: 2,191 (90%) that augmentation was not an independent risk
overlap in factor for mortality
data) Kim, 2022 N =1932 KP vs. VP: Adj. OR 0.94 (0.27-3.24); Procedure
(2011-2011) VP: 197 (10%) type was not a risk factor for mortality
KP: 1769 (90%)
Nationwide | Zampini, 2010 N =5766 KP vs. Nonoperative: 0.3% vs. 1.6%
Inpatient (2005) KP: 15% Adj OR: 0.52, p=0.003 (CI NR)
Sample Nonoperative: 84.7%
Mortality at Longer Follow -up (>30 days)
Medicare Ong, 2018 VP: 117,232 Mortality risk overall at 10 years: 85.1% (95%
(2005-2014) KP: 261,756 Cl, 84.7-85.5%)
[Data overlaps with Non-operated: 1,698,956) Propensity-adjusted results comparing groups:
Edidin, 2018] (authors do not clearly provide | 19% (95% Cl, 19-19%; p < 0.001) and 7% (95%
n’s or data for propensity Cl, 7-8%; p < 0.001) lower 10-year mortality risk
matched cohort) for KP and VP respectively versus the non-
operated group.
KP cohort: 13% (95% Cl, 12—-13%; p < 0.001)
lower 10-year mortality risk than the VP cohort;
Authors state that results were statistically
significant at other times (data not provided)
HRs (95% CI) reported in Hinde (any time)
Any VA vs Nonop HR: 0.83 (0.82, 0.83)
VP vs. Nonop: HR 0.926 (0.926, 0.917)
KP vs. Nonop: HR 0.81 (0.813, 0.806)
KP vs. VP: HR 0.87 (0.87, 0.88)
Edidin 2015 Propensity-score matched Adjusted HR at 4 years:
(2005-2009) (osteoporotic fractures) Nonop vs. VP: HR 1.30 (1.28-1.33)
[Data overlaps with VP: 37,252 Nonop vs. KP: HR 1.62 (1.60-1.64)
Ong, 2018] KP: 36,286 KP vs. VP: HR 0.83 (0.81-0.85)
Non-Operated matches: Higher risk of mortality reported in non-
VP: Nonop n=107,930 operated group versus VP or KP; KP associated
KP: Nonop n=163791 with lower mortality vs. VP
McCullough 2013 Propensity-score matched Mortality at 1 year: Adjusted HR
(2002-2006, 20% cohort 5.2% 469/9017 vs 5.6% 505/9017),
random sample) VP or KP: 9017 HR 0.92 (95% Cl, 0.81-1.04); not statistically
[Some overlap with Non-operative: 9017 significant
Edidin and Ong]
Emory Levy, 2012 N=250 Multivariate analyses (no treatment group
University (1998 to 2007) VA (VP or KP): reference group)
Hospital Non-operative (medical): VA: Adj HR: 0.81 (0.42, 1.59) p 0.55
No treatment: Non-op: Adj HR 0.83 (0.36, 1.89)
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Overlap with Lin

Conservative: 6017

Private Lange, 2014 N =298 matched patients Kaplan-Meier plot shows similar survival

health (2006-2010) Characteristics across full between VA and nonoperative management up

insurance cohort of 3607: to 36 months since diagnosis (data NR).

(Germany) VA (KP or VP): 598 Any VA vs. non-op by 60 months
non-operative:3009 Survival rates: VA vs. Non-op: 69.9% vs. 53.8%

VA vs. non-operated: HR (adj) 0.58 (0.48, 0.70)

Taiwan Lin 2017 Matched cohort: Mortality incidence at 1 year:

National (2002 to 2013) Early VP (<3 months: 1773 0.46 (0.38-0.56) vs.0.63 (0.57—0.70) per 100

Health Overlap with Huang | Non-VP":5324 person-months

Insurance

Research Non-VP vs. VP: HR1.39 (1.09-1.78)

Database Huang 2020 VP:1389 Follow-up times: Conservative vs. VP vs. Surgery

(NHIRD) (2003 to 2013) Open surgery: 1219 or (years) 4.8 vs. 3.2 vs. 4.7

VP vs. conservative: 19.2% (267/1389) vs. 26.2%
(1576/6017),

Adj HR 0.87 (0.77-0.99)

Open surgery vs. conservative care

Adj HR 0.80 (0.70-0.93)

Adj = adjusted; Cl = confidence interval; HR = hazard ratio; KP = kyphoplasty; NR= not reported; OR = odds ratio; VA = vertebral
augmentation VP = vertebroplasty.
* Defined as those that did not receive VP within 3 months of VCF. Assumed to be non-VP patients, but it is not clearly defined.

A recent AHRQ-funded comparative effectiveness review® that included the majority of RCTs of
vertebroplasty included in this updated HTA found moderate strength of evidence of no increased
mortality risk for vertebroplasty versus sham or usual care (as a combined comparison group) across 7
trials (N=1,159, RR 0.88, 95% Cl 0.50 to 1.53, 1>=0%). Mortality risk was also similar between groups 6 to
12 months (3 trials, N=598, RR 0.76, 95% Cl 0.23 to 2.65, 1>=0%) and 12 months and longer (5 trials,
N=639, RR 0.98, 95% CI 0.51 to 1.87, I1>=0%). Confidence in the results of this review is high based on

modified AMSTAR-2 criteria.?**?!’

New Vertebral Fracture

VP and UC were associated with a similar risk of any new vertebral fractures (9 RCTs, N=1,249, 10.1% vs.
10.5%)128:130.132,134-137,206 a1 gny new symptomatic/clinical vertebral fractures (6 RCTs, N=877; 6.5% vs.

5 .9%)' 128,130,132,134,135,137

at latest follow-up though some imprecision was present (Figure 23 and Figure

24). Results were similar for both outcomes when the analyses excluded poor-quality trials30132136:137
and were restricted to trials with >12 months followup,128130134136,137,206 th5gh in some instances the
estimates were more imprecise. Removal of one outlier trial*?® from the analysis of symptomatic
fractures resulted in pooled estimates that tended to favor vertebroplasty at latest follow-up and when
restricted to trials with 212 months follow up and reduced imprecision and heterogeneity, however the
differences remained not statistically significant. Estimates at the earlier timepoints were confined to
one trial and very imprecise (Figure 23 and Figure 24). See Appendix P for additional analyses.
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Figure 23. VP vs. UC: Cumulative risk of new vertebral fractures at latest follow-up

Cuteome
Duration and  Pain Duration Pain Duration EMEMRI  PhiMA Vertebroplasty UC Risk Ratio
Authery ear Inclusion [wks) Required Category Outcome definition M N (95% CI)
zlwktos2wks
Voormelen 20076 wks-5mons 117 Mo =5ml Mew Fracture [symptomatic/painf@j18 01g —1—8— 447(0.23 86.7T7)
Subgroup, FL 218 016 -*l- 4.47 (0,23, 86.77)
(p=. 1 =0.0%)
=1 mon to <6 mons
Leali 2016 MR MR Yes =5 ml Mew Fracture (symptomatic/painfaf185 nzon — % 7.56(0.39 145.47)
Subgroup, PL 3185 0200 sl 756 (0,39, 145.47)
(p=. [ = 0.0%)
=12 mons
Klazen (3) 2010 =6 w ks 4 Mo =5 mi MNew Fracture (NOS) 1581 21/85 ﬁ-_ 067 (0.37,1.21)
Rousing 2010 MR Fracture age: 'w  NR MR Mew Fracture (radiclogical) Ti23 422 1.67 (0.57, 4.53)
Farrokhi 2011 dwks -1yr 285 Mo =5ml Mew Fracture (symptomatic) 1/38 B39 —_—— 017 (0.02, 1.35)
Blasco 2012 Upto 12 mons 204 es MR Mew Fracture (radislogical) 17/64 861 HIl- 2.03(D.94, 4.35)
Chen 2014 =3 mons 30.4 Mo =5ml New Fracture (NOS) 3146 743 ——r 0.40 (0.11, 1.45)
Vi204 NR MR No s5ml Mew Fracture (symptomatic)  9/90 17121 0.71(0.33, 1.52)
Wang 2016 Acute 0.8 Mo =5 ml MNew Fracture (NOS) 5/56 4/51 1.14 (0,32, 4.01)
Subgroup, PL 57/408 671422 0.89 (0.47, 1.54)
(p=0.086, [ = 45.8%)
Heterogeneity betw een groups: p=0.217
Cverall, PL 620611 67/638 0 0.96 (0.59, 1.64)
(p=0.078, [ = 43.4%)

I [

06325 1 4 16
Favors Vertebroplasty Favers UC

BME = bone marrow edema; Cl = confidence interval; mons = months; MRI = magnetic resonance imaging; NOS = not otherwise
stated; NR = not reported; PL = profile likelihood; PMMA = polymethylmethacrylate; UC = usual care.

Figure 24. VP vs. UC: Cumulative risk of new symptomatic vertebral fractures at latest follow-up

Outcome
Duration and  Pain Duration Pain Duration BME MRI  PMMA Vertebroplasty UC Risk Ratio
AuthorYear Inclusion (wks) Required Category Outcome definition nN niN (95% CI)

=1 wk 1o £2 wks

Vioormolen 20076 wks - 5meons 1.7 No =5 ml New Fracture (symptomatic/painfa@s 16 —t—l— 447 (0.23, 86.77)
Subgroup, PL 2018 016 —a— 447 (0.23, 86.77)
(p=. 1 =00%) ]

=1 mon o <6 mons i

Leali 2016 NR NR Yes <5 ml Mew Fracture (symptomatic/painfGif 85 0/200 —'-:—.'— 7.56 (0,39, 145.47)
Subgroup, PL 31185 01200 ~s— 756 (0.39, 145.47)
p=. I =00%) ]

212 mons I

Rousing 2010 NR Fracture age: 1w NR NR New Fracture (symptomatic/painfOriga 322 —— 0.14 (0.01, 2.51)
Farrokhi 2011 4 wks-1yr 285 MNo =5 ml New Fracture (symptomatic) 1738 6/39 +- 0.17 (0.02, 1.35)
Blasco 2012 Up to 12 mons 20.4 Yas NR New Fracture (clinical/symplomati3/é4 181 11.44 (1.53, 85.33)
Subgroup, PL 22i1215 277243 0.75(0.08, 5.81)

e
¥i2014 NR NR Mo =5 ml New Fracture (symptomatic) /a0 17121 = 0.71(0.33, 1.52)
(p=0.016, I’ = 71.0%) ]

Heteraganaity batween groups: p = 0.296 .
Owarall, PL 27/418 277459 1.24(0.26, 6.55)
(p=0.018, I' = 63.5%)

L N I |
06325 1 4 16
Favors Vertebroplasty Favers UC

BME = bone marrow edema; Cl = confidence interval; mons = months; MRI = magnetic resonance imaging; NOS = not otherwise
stated; NR = not reported; PL = profile likelihood; PMMA = polymethylmethacrylate; UC = usual care.
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Five RCTs!30132134135206 rangrted the incidence of new adjacent vertebral fractures, with no statistical
difference between VP and UC (Table 24). New adjacent vertebral fractures tended to occur more often
following VP in three of the trials.13%134135> One poor-quality trial found that VP was associated with a
lower risk of adjacent level fracture but the difference was not statistically significant.'*° The fifth trial
only reported adjacent fractures out of the total number of fractures that occurred, and patients had
multiple fractures; the incidence was similar between VP and UC according to the authors.

Table 24. VP vs. UC: Summary of new adjacent level fractures from RCTs

Author, year

Outcome
Quality
Voormolen 2007
Far 2 weeks 11.1% (2/18) 0% (0/16)
S t ti Leali 2016
yrmptomatic, new el 6 weeks 1.6% (3/185) 0% (0/200)
adjacent level fracture Poor
F khi 2011
PZ::’ ! 24 months 2.6% (1/38) 15.4% (6/39)
; months 2% o
Rousing, 2010 3 h 4.2% (1/24) 0% (0/23)
Radiologic, new adjacent Fair 12 months 8.7% (2/23) 0% (0/22)
level fracture Klazen 2010 13 months 7/18 fractures” 11/30 fractures”
Fair (n=91) (n=85)

F/U = follow-up; VP = vertebroplasty; UC = usual care.

* Patients had multiple fractures, not reported out of patients. In total, there were 18 fractures in 15 patients in the VP group
(n=91) and 30 fractures in 21 patients in the UC group (n=85). Adjacent level fractures incidence was similar between VP and UC
according to authors.

One large database study from Taiwan?® found no difference between VP and UC in the risk of any new
fracture (N=7,406; <0.3% vs. <0.1%) over a mean follow-up of 4.5 years (Table 27); the UC group was
followed a mean of 1 year longer than the VP group.

Serious adverse events (SAEs)

SAEs were not well reported by RCTs (Table 25). Sample sizes were likely too small to detect rare events.
Any SAE

Two RCTs reported that no SAEs/AEs occurred during follow-up. 133134137

Deep vein thrombosis (DVT)

The risk of DVT did not differ between VP and UC in one poor-quality RCT (3.6% vs. 7.8%, respectively),
however, all patients in the UC care group required treatment to resolve the DVT; authors did not
indicate that treatment was required in the VP patients.!3¢

Cement related complications and cement emboli

Three trials reported AEs related to cement; only one was symptomatic. In one case (2.5%), cement
leakage into the epidural space caused lower extremity weakness that required immediate
decompression through a bilateral laminectomy and evacuation of the bone cement; the patient could
walk unassisted with no radicular pain after 2 months.3° This same trial mentioned that no cases of
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cement embolism occurred. Two trials reported cement migration (4.3% [2/46])'?° or deposition (1.0%
[1/101])**! involving the pulmonary system, though in all three cases the patients remained
asymptomatic through follow-up and no complications were noted.

An observational follow-up study*®! to one of the above mentioned RCTs*! evaluated the longer-term
risk of pulmonary cement embolism (PCE) in a subset of VP patients. This study included only half of the
patients (53.5%, 54/101) originally randomized to PV. After a mean follow-up of 22 months, PCE was
detected in 26% of patients (14/54); all were asymptomatic and distributed in the periphery of the lungs
(none in the heart and central pulmonary vessels). Results from this subgroup analysis should be
interpreted with caution.

Any AEs

One poor-quality trial found VP associated with decreased risk of any adverse event versus UC (N=107,
16.1% vs. 35.3%, RR 0.46, 95% Cl 0.23 to 0.92).1%

Table 25. VP vs. UC: Summary of serious adverse events and reoperation from RCTs
Author, year VP uc

Out F/U RR (95% CI
utcome Quality / % (n/N) % (n/N) (95% 1)
SAEs
Yi, 2014 Mean
ifi () 0,
SAEs, not specified Poor 49.4 mos. 0% (0/90) 0% (0/121) N/A
Rousing,
2009/2010 12 mos. 0% (0/26) 0% (0/24) N/A
Fair
ok Yang, 2016 0.46
DVT/th bophlebit 12 . 3.6% (2/56 7.8% (4/51
/thrombophlebitis Poor mos % (2/56) %(4/51) 1 6,09 10 2.38)

Epidural t leak i
pidural cement leakage causing Farrokhi, 2011

LE pain and weakness requiring Poor 1 wk. 2.5% (1/40) N/A N/A
surgical intervention’

Reoperation

Epidural cement leakage causing

lower extremitY .pain an<.:l Farrokhi, 2011 1wk, 2.5% (1/40) N/A N/A
weakness requiring surgical Poor

intervention’

Painful new fracture (adjacent) Voormolen,

requiring reoperation after failed | 2007 2 wks. 11.1% (2/18) NR N/A
conservative care Fair

Symptomatic new fracture Yi, 2014 Mean 9.1% 1.10

10.0% (9/90)

requiring VP (repeat or new) Poor 49.4 mos. (11/121) (0.48 to 2.54)
Cl = confidence interval; DVT = deep vein thrombosis; F/U = follow-up; LE = lower extremity; mos. = months; N/A = not
applicable; NR = not reported; RR = risk ratio; SAEs = serious adverse events; VP = vertebroplasty; wks. = weeks; UC = usual care.
* The 4 UC patients required treatment to resolve DVTs; authors do not say anything about treatment being required in the VP
patients.

T Included under both SAEs and Reoperation. Reoperation included immediate decompression through a bilateral laminectomy
and evacuation of bone cement; the patient could walk unassisted with no radicular pain after 2 months.

Two large administrative database studies that used CMS data and had overlapping populations
reported the incidence of SAEs using propensity score adjusted analyses. In the larger dataset,®* VP was
associated with lower adjusted relative risks of cardiac complications (e.g., Ml; 7% to 20% lower),
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pulmonary complications (1% lower) and infection (1% to 6% lower) but a higher adjusted risk of
thromboembolic events (PE and DVT, 3% to 7% higher) compared with UC across timepoints; not all
differences may be clinically meaningful. The second, smaller dataset?!° that provided subgroups
analyses specifically in osteoporotic vertebral compression fractures found that VP was associated with
a higher adjusted risk of pulmonary complications (adjusted HR 1.07, 95% CI 1.05 to 1.10) compared
with UC but a similar risk of all other SAEs. Two additional studies used data from the NHIRD from
Taiwan and had overlapping populations but reported different outcomes. In one study'®® there was no
difference between VP and UC in the risk of PE (0.4% vs. 0.7%) or vertebral osteomyelitis or infection
(1.0% vs. 0.9%) over a mean follow-up of 4.5 years; the UC care group was followed a mean of 1 year
longer than the VP group. In the second study, VP was associated with a lower risk of respiratory failure
versus UC.'7® See Table 27 for details.

Reoperation

In addition to the cement leakage requiring reoperation mentioned above, two RCTs noted reoperation
for symptomatic new fractures (Table 25). One small, fair-quality RCT reported two cases (11.1%) of
painful adjacent level fracture after VP that required reoperation after failed conservative care.’® A
second, poor-quality RCT reported a similar rate of (re)operation for new symptomatic fractures in
patients randomized to VP versus UC (10% vs. 9.1%, respectively).'®’

One large Medicare database study that reported propensity score adjusted analyses found that VP was
associated with a substantially greater risk of subsequent augmentation procedures over 4 years
compared with UC, HR 11.1 (95% Cl 11.1 to 12.5).2%0

Cement Leakage

In all but one case (1%, 1/100),"*° the cement leakage was asymptomatic and there were no cases of
leakage into the spinal canal. The incidence of cement leakage per vertebra/levels treated ranged widely
from 14.0% to 72.4% across five RCTs (508 total vertebra/levels) that provided clear data (Table 26).1%
131,133,134136 \When only the three fair-quality trials were considered (343 total vertebra/levels),12&129:131
the incidence ranged from 49.3% to 72.4%. Two additional trials (one fair and one poor quality) noted
that cement leakage occurred but did not provide details or sufficient data to calculate an incidence
(Table 26).13%134137 The volume of cement injected during VP was less than 5 ml in all trials that provided
this information.

An observational follow-up study*! to one of the above mentioned RCTs*3! evaluated the longer-term

risk of cement leakage in a subset of VP patients. This study included only half of the patients (53.5%,
54/101) originally randomized to VP; perivertebral cement leakage occurred in 64 of 80 treated vertebra
(80%). After a mean follow-up of 22 months, there was no change on CT scan, the patients remained
asymptomatic and there were no cases of late cement migration. Results from this subgroup analysis
should be interpreted with caution.
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Table 26. VP vs. UC: Cement Leakage from RCTs

Author, year

\Y[ET)

PMMA

% with cement leakage

after VP

Comments

ualit
Q Y volume (n/N vertebra)
Chen, 2014 All asymptomatic;_ most (.:Iiscal or
Eair 12 mos. 3.6 ml 52.2% (36/69) paravertebral, or into veins or the
puncture path, none into spinal canal
Blasco, 2012 All asymptomatic; most discal or into
i NR NR 49.3% (69/140) asymp
Fair veins
Klazen, 2010 All asymptomatic; mos'F discal'or into
Eair 12 mos. 4.1 ml 72.4% (97/134) segmental veins, none into spinal
canal
Rousing, 2009/2010 | 3 and 12 No adverse events except for extra-
. & NR Data NR (63 levels) vertebral cemental leaks (no data
Fair mos. . .
provided); all asymptomatic
. 13 asymptomatic, 1 symptomatic’;
Farrokhi, 2011 . .
Poor I 1 wk. 3.5ml 14.0% (14/100) paravertebral, discal, or epidural,
none into spinal canal
Yang, 2016 All asymptomatic; most discal or
& 12mos. | 45ml | 33.8% (22/65) ymptomatic; most disc
Poor paravertebral, none into spinal canal
Yi, 2014 Mean 4.0ml 4 cases’ N unclear All asymptomatic; most discal or
Poor 49.4 mos. ) (90 patients, levels NR) | paravertebral, none into spinal canal

F/U = follow-up; mos. = months; NR = not reported; PMMA = polymethylmethacrylate; VP = vertebroplasty; wk. = week.

* Reoperation included immediate decompression through a bilateral laminectomy and evacuation of bone cement; the patient
could walk unassisted with no radicular pain after 2 months.
* This trial also included a kyphoplasty (KP) arm and for some outcomes the authors did not report data for vertebroplasty (VP)
and KP separately (i.e., combined them into one interventional arm). It is unclear whether these 4 cases were all in VP arm.

Table 27. Adverse Events Other than Mortality from Comparative Database Studies Comparing
Vertebroplasty versus Usual Care for Osteoporotic Vertebral Compression Fractures

Study
LI Database 2L Finding and conclusion
Event search
dates
SAE
PE NHIRD Huang, 2019 | VP: 1,389 Mean 3.2 (2.5) vs. 4.8 (3.2) years:
(2003-2013) | UC: 6,017 0.4% (6/1389) vs. 0.7% (42/6017), p=NS
Medicare | Ong, 2018 VP: 117,323 Propensity-adjusted risk:
(2005-2014) | UC: 1,698,956 1 year: 3% higher with VP vs. UC, p<0.05
All patients” 2 years: 7% higher with VP vs. UC, p<0.001
5, 8, 10 years: 6% higher with VP vs. UC,
p<0.001
Edidin 2015 | VP: 36,657 4 years: Adj. HR 1.07 (95% CI 0.98 to 1.18)
(2005- UC: 107,930
2009)" Propensity-score
matched
DVT Medicare | Ong, 2018 VP: 117,323 Propensity-adjusted risk:
(2005-2014) | UC: 1,698,956 1 year: 5% higher with VP vs. UC, p<0.001
All patients” 2 years: 3% higher with VP vs. UC, p<0.001
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5, 8, 10 years: 0% difference

Edidin 2015 | VP: 36,657 4 years: Adj. HR: 1.03 (0.97 to 1.08)
(2005- UC: 107,930
2009)" Propensity-score
matched
Cardiac Medicare | Ong, 2018 VP: 117,323 Propensity-adjusted risk, p<0.001:
complications (2005-2014) | UC: 1,698,956 1 year: 20% lower with VP vs. UC
All patients” 2 years: 13% lower with VP vs. UC
5 years: 9% lower with VP vs. UC
8 and 10 years: 7% lower VP vs. UC
Edidin 2015 | VP: 36,657 4 years: Adj. HR 0.96 (95% Cl 0.90 to 1.03)
(2005- UC: 107,930
2009)" Propensity-score
matched
Pulmonary/ Medicare | Ong, 2018 VP: 117,323 Propensity-adjusted risk:
respiratory (2005-2014) | UC: 1,698,956 1, 2 years: 1% lower with VP vs. UC, p<0.01
complications All patients” 5, 8, 10 years: 0% difference
Edidin 2015 | VP: 36,657 4 years: Adj. HR 1.07 (95% CI 1.05 to 1.10)
(2005- UC: 107,930
2009)" Propensity-score
matched
Respiratory NHIRD Lin 2017 VP: 1,773 1 year, VP vs. UC:
failure (2000-2013) | UC: 5,324 0.26 (95% CI 0.20-0.34) vs. 0.36 (95% ClI
Propensity-score 0.31-0.41) per 100-person months
matched Adj. HR 0.68 (0.50 to 0.96)
Infection Medicare | Ong, 2018 VP: 117,323 Propensity-adjusted risk:
(2005-2014) | UC: 1,698,956 1 year: 6% lower with VP vs. UC, p<0.001
All patients” 2, 5,8, 10 years: 1% lower with VP vs. UC,
p=NS
Edidin 2015 | VP: 36,657 4 years: Adj. HR 1.00 (95% Cl 0.88 to 1.14)
(2005- UC: 107,930
2009)" Propensity-score
matched
Vertebral NHIRD Huang, 2019 | VP: 1,389 Mean 3.2 (2.5) vs. 4.8 (3.2) years:
osteomyelitis (2003-2013) | UC: 6,017 1.0% (14/1389) vs. 0.9% (54/6017), p=NS
or infection
New Fracture
Any NHIRD Huang, 2019 | VP: 1,389 Mean 3.2 (2.5) vs. 4.8 (3.2) years
(2003-2013) | UC: 6,017 <0.3% (NR/1389) vs. <0.1% (NR/6017), p=NS
Reoperation
Subsequent Medicare | Edidin 2015 | VP: 36,657 4 years
augmentation (2005- UC: 107,930 Any subsequent augmentation: Adj. HR 11.1
2009)" Propensity-score (95% Cl 11.1 to 12.5)
matched Subsequent augmentation or fusion: Adj. HR

11.1 (95% Cl 11.1 to 12.5)

Adj. HR = adjusted hazard ratio; Cl = confidence interval; DVT = deep vein thrombosis; N/A = not applicable; NHIRD = National
Health Insurance Research Database of Taiwan; NR = not reported; NS = not significant; PE = pulmonary embolism; SAE =
serious adverse event; UC = usual care; VP = vertebroplasty.

* Authors do a propensity score matched analysis but only provide data for the larger population; n’s unclear for adjusted

analyses.

t Data are for the OVCF cohort (osteoporotic and pathologic) which excludes the traumatic VCF patients.
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4.2.2.1.3 Vertebroplasty versus Minimally Invasive Procedures

Two RCTs'%13% gnd one retrospective comparative NRSI*>? that compared VP to other minimally invasive
surgeries (i.e., nerve or facet blocks) and were included for efficacy also reported safety. Adverse events
were not well reported. None of the studies reported mortality or serious adverse events.

New vertebral fractures

PV was associated with a similar risk of new vertebral fractures at 12 months compared with facet block
in one RCT (13% [13/100] vs. 10.4% [11/106], RR 1.25, 95% CI 0.59 to 2.67).13

In the NRSI, VP was associated with a large increase in the risk of any new vertebral fractures compared
with medial branch block at 24 months (15.2% [14/92] vs. 4.2% [3/72], RR 3.65, 95% Cl 1.09 to 12.23);
the association remained significant after adjustment for confounding factors (e.g., age, sex, bone
mineral density, use of drugs to treat osteoporosis).t>’

Cement leakage

One case (1%, 1/100) of asymptomatic cement leakage following VP was reported through 12 months in
one RCT®?; symptomatic cement leakage was not reported (or did not occur) (See Appendix Table G4).

In the NRSI, five patients (5.3%) in the VP group experienced cement leakage; only one case (1%) was
symptomatic (subjective leg weakness) and resolved after 1 week.’®” The remaining asymptomatic
leakages did not require additional treatment.

Other adverse events

One small RCT (N=27) reported readmission at 8 weeks due to continued back pain in two patients
(15.4%) who received medial branch nerve root block; none of the patients who received VP required
readmission.'* Overall, 48.1% (13/27; not reported by group) of patients experienced any adverse event
throughout the 8 week follow-up in this same trial.’3® (See Appendix Table G4.)

4.2.2.1.4 Vertebroplasty versus Surgical Procedures

Two large administrative database studies that had overlapping populations from the Taiwan NHIRD
database but reported different outcomes compared VP with conventional open surgery!® and VP with
other non-VP management®’ to include surgery or conservative medical care. Both studies found a
similar risk of SAEs, to include pulmonary embolism (PE), stroke, infection and new fracture following
both procedures. One study found no difference in the risk of mortality over a mean of 4.5 years
between VP and open surgery (Table 28).
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Table 28. Adverse Events Other than Mortality from Comparative Database Studies Comparing
Vertebroplasty versus Other Surgery for Osteoporotic Vertebral Compression

Study

GLITERS Database Database search FO.IIO‘.N-UP
Event Findings
dates
Various SAEs | NHIRD Huang, 2019 VP: 1,389 Mean 3.2 (2.5) vs. 4.7 (3.1) years, p=NS
(2003-2013) Open Surgery: 1,219 | for all
Mortality: 19.2% (267/1389) vs. 17.4%
(212/1219)

PE: 0.4% (6/1389) vs. <0.3% (NR/1219)
Vertebral osteomyelitis or infection:1.0%
(14/1389) vs. 1.0% (12/1219)

New Fracture: <0.3% (NR/1389) vs. <0.3%

(NR/1219)
Any Stroke Wu, 2012 VP: 334 <5 years:
(2000-2008) Other surgery or Any stroke: Adj. HR 1.22 (95% CI 0.67 to

medical treatment: 2.24)

1,655 Hemorrhagic Stroke: Adj. HR 3.17 (95% ClI

Propensity- score 0.97 to 10.3)

matched Ischemic stroke: Adj. HR 0.96 (95% CI 0.49
to 1.91)

Adj. HR = adjusted hazard ratio; NHIRD: National Health Insurance Research Database of Taiwan; NS = not significant; PE =
pulmonary embolism; VP = vertebroplasty.

4.2.2.1.5 Case Series of Vertebroplasty

Six case series'’%174215 evaluated adverse events following VP. Sample sizes ranged from 292 to 1,512.
Follow-up periods ranged broadly from peri-operative to 36 months. See Table 29 for a summary of AEs
and Appendix Table K2 for further details.

Mortality

)173

One case series of VP reported 1 year mortality of 1.2% (6/485)'”® and another reported no death due to

embolism at a mean of 8 months (0/1512).172
SAEs

Across two case series, %215 the frequency of symptomatic SAEs (cardiopulmonary arrest, cement
embolism) was very low (£0.3%). Procedure-related AEs were unclear or not well reported; only one
study stated that no procedure related AEs occurred.!”®

Cement Embolism

Three studies'’>#>21> |ooked specifically at the risk of cement embolism. In one study'®® (N=373) the
incidence of pulmonary cement embolism (PCE) on post-procedural CT was 17.2%; authors state that
most cases were asymptomatic, and the incidence was similar for VP and KP. In another study,?'* 3.7%
of patients (N=299) had an asymptomatic PCE during VP; follow-up after 12 months showed no further
sequelae or symptoms. In the third study’? (N=1512), which included a mixed population of
osteoporotic and malignant fractures, the incidence of any intracardiac cement embolism was 4.8%
following VP but symptomatic embolisms were rare (0.3%).
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New fractures

The incidence of any new vertebral fracture following VP ranged from 11.6% to 22.1% across three
studies'’%17317% and of any new adjacent fracture ranged from 6.6% to 7.8% across two of these
studies.'’®1”® No trial reported on symptomatic new fractures.

Cement leakage

No cases of symptomatic cement leakage were reported in one study.’”®> Any cement leakage (primarily
asymptomatic) is common following VP and the frequency varies widely (16.0% to 77.7%).170171.173.174

Reoperation

One large case series'’* (N=1090) reported that 22.1% of patients required reoperation for new
vertebral fractures but did not indicate if the fractures were symptomatic.

Table 29. Adverse Events in Single Arm Studies of VP for Osteoporotic fractures

Adverse Event Follow Up Study % (n/N), VP
Mortality
Any 1 year Kobayashi, 2021" 1.2% (6/485)
Mortality Due to Embolism Mean 8.1 months | Fadili Hassani, 2019 0% (0/1512)
SAE
Cardiorespiratory arrest Mean 8.1 months | Fadili Hassani, 2019" | <0.1% (1/1512)
Any intracardiac cement embolism Mean 8.1 months | Fadili Hassani, 2019" | 4.8% (72/1512)
Intracardiac cement embolism with PCE | Mean 8.1 months | Fadili Hassani, 2019" | 4.1% (62/1512)
Symptomatic intracardiac cement Mean 8.1 months | Fadili Hassani, 2019 | 0.3% (6/1512)
embolism
Asymptomatic PCE Perioperative Venmans, 2008 3.7% (11/299)
New Fracture
Any 1 year Kobayashi, 2021 18.6% (67/361)
36 months Bae, 2017 11.6% (34/293)
NR Tang, 2021 22.1% (241/1090)
Adjacent Fracture 1 year Kobayashi, 2021 6.6% (24/361)
36 months Bae, 2017 7.8% (23/293)
Distant Fracture 1 year Kobayashi, 2021 12.7% (46/361)
36 months Bae, 2017 3.8% (11/293)
Symptomatic Cement Leakage
Any 1 year Kobayashi, 2021 0% (0/485)
Any Leakage >2 years Ding, 2016 77.7% (227/292)
Asymptomatic Leakage 1 year Kobayashi, 2021 35.7% (173/485)
Spinal canal leakage 1 year Kobayashi, 2021 5.3% (26/485)
Cortical Leakage NR Tang, 2021 20.3% (295/1456 levels)
Venous Leakage NR Tang, 2021 56.2% (819/1456 levels)
Adjacent disc space leakage 36 months Bae, 2017 16.0% (41/256) [1 level]
Reoperation
Reoperation for new fracture | NR | Tang, 2021 | 22.1% (241/1090)
Procedure-Related AE
Any | 1 year | Kobayashi, 2021" | 0% (0/485)

AE = adverse event; PCE = pulmonary cement embolism; NR = not reported; SAE = serious adverse event; VP = vertebroplasty.

* Not related to procedure.

T Mixed pop of osteo (34%) and malignant (40%).

¥ None of the embolisms resulted in death.
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4.2.2.1.6 Vertebroplasty versus Kyphoplasty

Ten trials (reported in 11 publications) compared VP versus KP for the treatment of osteoporotic

compression fractures (patients with fracture due to cancer were excluded) (Table 18 and Appendix G-
H).137,140-149

In addition, four retrospective administrative database studies (using overlapping populations from the
U.S. Medicare and ACS-NSQIP databases)?63164178.210 3nd two retrospective comparative NRSIs161/18
evaluated adverse events for VP compared with KP. Further details of these database studies are
provided above at the beginning of the Safety section. Appendix Table K2 provides details of all
nonrandomized studies.

Mortality

In RCTs, VP and KP were associated with a similar cumulative risk of mortality at 3 months (2 RCTs,
N=488, 1.6% vs. 2.4%)1%1%7 and at latest follow-up (12 to 24 months; 3 RCTs, N=565, 8.9% vs.
7.1%),140146.147 (Eigure 25). One trial (N=66)'*! reported two deaths (3%) by 6 months but did not indicate
to which treatment group the patients were randomized. In general, deaths were due to causes
unrelated to the procedures or the trial.

Figure 25. VP vs. KP: Cumulative risk of mortality

Outcome
Duration and Pain Duration Pain Duration BME MRI PMMA  Outcome Vertebroplasty Kyphoplasty Risk Ratio
Authoryear  Inclusion (wks) Required Category definition n/N n/N (95% CI)

=1 mon to <6 mons

Dohm 2014 <6 mons MR Mo =5 ml Mortality 47190 5191 0.80 (0.22, 2.95)
Wang 2015 24 wks NR No =5ml Martality 0/53 1/54 0.34 (0.01, 8.15)
Subgroup, PL 4/243 6245 0.71(0.11, 3.13)

(p=0.623, " = 0.0%)

212 mons

Vogl 2013 <6 wks NR No <5ml Mortality 2128 4/49 0.88 (0.17, 4.48)
Dohm 2014 <6 mons NR No <5ml Mortality 21/190 16191 1.32 (0.71, 2.45)
Wang 2015 24 wks NR No <5ml Mortality 1/53 1/54 1.02 (0.07, 15.87)
Subgroup, PL 24/271 217294 1.24 (0.56, 2.38)

(p=0.890, I' = 0.0%)

Heterogeneity between groups: p = 0.410

I I I I I
063 .25 1 4 18
Favors Vertebroplasty Favors Kyphoplasty

BME = bone marrow edema; Cl = confidence interval; MRI = magnetic resonance imaging; mons = months; PL = profile
likelihood; PMMA = polymethylmethacrylate; wks = weeks.

Two studies using the same administrative database®*# report that procedure type (KP vs. VP) was not
an independent risk factor for 30-day mortality. At longer time fames two studies®*?1° using Medicare
data with overlapping sample frames reported that KP was associated with slightly lower mortality risk
compared with VP based on estimates for the larger of these studies (adjusted HR 0.87 95% CI 0.87,
0.88),'% Table 23.
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Subsequent fractures
Any new fracture and new symptomatic fracture

VP and KP were associated with a similar risk of any new fracture (6 RCTs, N=781, 25.4% vs. 20.4%;
follow-up range, 12 to a mean of 49 months),137:140:143,144146,147 (Eioyre 26) and new adjacent level
fracture (4 RCTs, 10.4% vs. 5.6%, 12 to 60 months)4%144146147 (Figyre 27) at latest follow-up, though
adjacent level fractures tended to occur more frequently following VP. Results were similar across
sensitivity analyses that stratified by timing (RR 1.21, 95% Cl 0.85 to 1.83, 1>=36.4%), that excluded an
outlier trial** (RR 1.15, 95% Cl 0.74 to 1.52, 1>’=0%) and that limited analysis to new radiographic only
fractures (RR 1.22, 95% Cl 0.82 to 2.57, 1>=56.3) (Appendix P, Figures P17 to P24). Similarly, there was no
difference in the risk of new symptomatic fractures following VP versus KP; however, only two poor-
quality trials specified symptomatic fractures, and the estimate was imprecise (Figure 28).

Figure 26. VP vs. KP: Cumulative risk of any new vertebral fractures at latest follow-up

Pain Duration PPain Duration BME MRI Vertebroplasty Kyphoplasty Risk Ratio
AuthorYear  Inclusion (wks) Required ~ PMMACategory  Outcome definition N N (95% CI)
Vogl 2013 56 wks NR Ma s5ml MNew Adjacent Level Fracture 1728 2148 H-i 0.88 (0.08, 9.22)
Dohm 2014 <6 mons NR Na s5ml New Radiographic Fractiures 64111 54110 ) 1.17 (0.92, 1.51)
¥i 2014 NR NR No s5ml Any New Fracture ] 579 —v.— 1.58 (0,55, 4.52)
Liu 2015 NR 26 No 55 mlvs. >5ml New Symptomatic Fracture 10050 12/50 —I-v— 0.83 (0.40, 1.75)
Wang 2015 24 wks NR No =5 ml Any New Fracture 150 4151 —-—— 0.26 (0.03, 2.20)
Griffoni 2020 <4 wks NR Yes NR New Radiographic Fracture 1564 2048 —o— 5,74 (1.38, 23.94)
Owerall, PL 1001393 o388 ’ 1.18 (0.86, 1.73)
(p=0.164, I’ = 36.4%)

T T T T

063 .25 1 4 16
Favors Vertebroplasty Favors Kyphoplasty

BME = bone marrow edema; Cl = confidence interval; mons = months; MRI = magnetic resonance imaging; PL = profile
likelihood; PMMA = polymethylmethacrylate; wks = weeks.

Figure 27. VP vs. KP: Cumulative risk of any new adjacent level vertebral fractures

Pain Duration Pain Duration BME MRI Vertebroplasty  Kyphoplasty Risk Ratio
AuthorYear  Inclusion (wks) Risquirisd PMMA Category Oulconmi defindion nN nN (95% CI)
Vogl 2013 6 wks NR No s5m MNew Adjacent Level Fracture 1728 249 v—l-— 0886 (008 922)
Liu 2015 NR 26 No sSmivs >5mi New Adjacent Level Fracture, Symplomatic 750 50 + 0886 (034, 223)
Wang 2015 24 wks MR No =5 mi Rew Adjacent Level Fracture 1150 w51 —_—t—— 306(0.13,7335)

Griffoni 2020 <4 wks NR Yes NR New Adjacent Level Fracture 1164 1149 _I— B.42 (113, 63.05)

Qverall, PL 201192 111199 ’ 137 (051, 7 19)

(#=0223,1 = 316%)

T T T T
063 25 1 4 16
Favors Vertebroplasty Favors Kyphoplasty

BME = bone marrow edema; Cl = confidence interval; mons = months; MRI = magnetic resonance imaging; PL = profile
likelihood; PMMA = polymethylmethacrylate; wks = weeks.
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Figure 28. VP vs. KP: Cumulative risk of any new symptomatic vertebral fractures

Pain Duration Pain Duration BME MRI Vertebroplasty  Kyphoplasty Risk Ratio

AuthorYear Inclusion (wks) Required PMMA Category Qutcome definition n'N N (95% CI)

Dohm 2014 <6 mons NR No £5ml MNew Symplomatic Fracture 171190 a1, T8 190087, 4.15)

Liu 2015 MR 26 No S5 mlvs. *5ml MNew Symplomatic Fracture 1V50 12/50 L B 0.83(0.40, 1.75)

Overall, PL 271240 211241 * 1.23 (0.46, 3.40)

{p=0134 1" = 554%)

Favors 'J\e'ggbrw'ast\f ! Favors K\:‘D!'-onlasw
BME = bone marrow edema; Cl = confidence interval; mons = months; MRI = magnetic resonance imaging; PL = profile
likelihood; PMMA = polymethylmethacrylate; wks = weeks.

One comparative NRSI (N=338)%! found that VP was associated with a large decrease in the risk of
adjacent level fractures by 1 year (3.3% vs. 9.8%, RR 0.33, 95% Cl 0.13 to 0.83) (See Appendix Table 13).

Refracture or Worsening Index Level Fracture

There was no difference between VP and KP in the risk of refracture or worsening fracture at the index
level across two poor-quality trials (N=348, 6.3% [10/159] vs. 2.6% [5/189], RR 2.24, 95% CI 0.29 to 8.49,
12=0%)%14¢; however, the estimate was imprecise. One trial'*® reported a case of a symptomatic
refracture at the index level in a patient who was randomized to KP; it was re-treated using VP. In the
second trial,**® more patients who received VP versus KP experienced worsening index fractures at 12
months, but the difference was not statistically significant; there were no additional worsening index
fractures at 24 months. These fractures are likely included in the count above for any new vertebral
fractures.

Serious Adverse Events
Any SAE

One poor-quality RCT (N=381)° reported a similar frequency of any SAE (27.4% vs. 26.2%) and of
procedure- or device-related or possibly related SAE (4.2% vs. 4.2%) within 30 days after VP versus KP;
by 24 months results remained similar between groups, respectively (65.8% vs. 65.5% and 5.8% vs.
6.3%), Table 30. For this study, serious adverse events (SAEs) included death, serious deterioration in
health, life threatening injury/illness, hospitalization or prolonged hospitalization, or resulted in medical
or surgical intervention. A second poor quality trial**” reported no SAE occurred in any patient over a
mean 49.4 months.

Two large administrative database studies (Medicare) with overlapping populations found that VP was
associated with a greater risk of most SAEs compared with KP over 10 years of follow-up in propensity
score matched analyses. In the larger dataset,'®* VP was associated with higher adjusted relative risks of
thromboembolic events (i.e., PE and DVT), cardiac complications (e.g., Ml), pulmonary complications,
and infection with the biggest difference in relative risk seen for PE (9% to 12% higher risk) at all
timepoints, and DVT at 1 year (7% higher risk). The other differences in risks ranged from 1% to 3%
across timepoints and some may not be clinically relevant. The second, smaller dataset?'° that provided
subgroup analyses specifically in osteoporotic fractures found that VP was associated with higher risks
of PE (adjusted HR 1.16, 95% Cl 1.01 to 1.35) and pulmonary complications (adjusted HR 1.05, 95% Cl
1.01 to 1.09) over 4 years compared with KP, but not DVT, cardiac complications (e.g., Ml), or infection
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which were similar between both cohorts. Two additional database studies using overlapping
populations from the ACS-NSQIP database found that VP was associated with a 3-fold increase in risk of
pulmonary/respiratory complications (1 study)*®® but a similar risk of any SAE (1 study)*®* by 30 days in

adjusted analyses compared with KP. See Table 32 for details.

Reoperation

Reoperation for any new fracture or refracture occurred with similar frequency following VP and KP

across the RCTs except for one trial**® which found that VP was associated with a large increase in the
risk of reoperation compared with KP (23.4% vs. 4.1%; RR 5.74, 95% Cl 1.38 to 23.94), Table 30.

Table 30. VP vs. KP: Summary of serious adverse events and reoperation from RCTs

Author, year VP KP
Outcome F/U RR (95% CI
Quality / % (n/N) % (n/N) (95% ci)
SAEs
Dohm, 2014 27.4% 26.2% 1.04 (0.75 to
Any SAE 30d
ny Poor ays (52/190) (50/191) 1.46)
24 mos 65.8% 65.5% 1.00(0.87 to
' (125/190) (125/191) 1.16)
Yi, 2014 mean 49.4
! 0% (0/90) 0% (0/79) NA
Poor mos.
4.2% 1.01(0.39 to
30 days 4.2% (8/190
Procedure or device related Dohm, 2014 y ©(8/190) (8/191) 2.62)
SAEs’ Poor 24 mos 5.8% 6.3% 0.92 (0.42 to
' (11/190) (12/191) 2.04)
Reoperation
Reoperation for any new or Vogl, 2013* 1.75(0.11 to
12 . 3.6% (1/28 2.0% (1/49
refracture Poor mos 0 (1/28) ©(1/49) 26.90)
Wang, 2015% 0.26 (0.03 to
12 . 2.0% (1/50 7.8% (4/51
Fair mos % (1/50) % (4/51) 2.20)
Griffoni, 23.4% 5.74 (1.38 to
x 12 . 4.1% (2/49
2020 mos (15/64) 0 (2/49) 23.94)
Mean 1.58 (0.55 to
Yi, 2014"" 10.0% (9/90) | 6.3% (5/79
! 49.4 (9/90) 0 (5/79) 4.52)
Discectomy with posterior spinal
W 2015
fusion for severe discogenic back Faiarngl 12 mos. 0% (0/50) 2.0% (1/51) NA
pain related to cement leak
Other AEs (not including serious)
36.3% 28.8% 1.26 (0.94 to
A i AE Doh 24 .
ny nonserious ohm mos (69/190) (55/191) 1.69)

AE = adverse event; Cl = confidence interval; F/U = follow-up; KP = kyphoplasty; mos. = months; NA = not applicable; RR = risk

ratio; SAEs = serious adverse events; VP = vertebroplasty.

* For this study, serious adverse events (SAEs) included death, serious deterioration in health, life threatening injury/illness,

hospitalization or prolonged hospitalization, or resulted in medical or surgical intervention.

T Not further defined.

¥ VP: reoperation with VP for 3 adjacent level fractures.
KP: six refracture at the index level, treated with VP.

§ VP: adjacent level fracture, surgically treated.

KP: nonadjacent level fractures, surgically treated.
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** Any new radiographic fracture, all required reoperation.
Tt Reoperation with VP or KP for new fracture.

One large Medicare database study that reported propensity score adjusted analyses found that VP was
associated with a similar risk of subsequent augmentation procedures over 4 years compared with KP,
to include retreatment for subsequent VCFs, HR 1.03 (95% CI1 0.97 to 1.09), Table 32.21°

Cement Leakage

Symptomatic cement leakage was rare and occurred with similar frequency following treatment with VP
(0% to 1.1%) versus KP (0% to 1.9%) across five RCTs (Table 31).137,140141.146.147 Three RCTs reported no
cases of symptomatic leakage in any patient; across the other two trials, there were two cases in both
groups. One fair-quality trial**” reported one case of discogenic back pain related to cement leakage that
required discectomy with posterior lateral fusion in a patient who underwent KP. A second poor-quality
trial**® reported one case of inferior cement leakage that possibly contributed to a new symptomatic
fracture at 2 days postoperatively in one KP patient.

In general, VP was associated with a higher risk of any (mostly asymptomatic) cement leakage compared
with KP across six trials14:141:143,146,148145 b, the difference was not always statistically significant (Table
31). Two poor-quality trials'*®4® reported the rate of leakage out of the number of levels treated (range,
74% to 81.6% with VP vs. 48% to 73.4% with KP) and four trials (1 fair and 3 poor quality)4143:148149,157
reported it out of the number of patients (range, 4.7% to 30.2% with VP vs. 4.1% to 11.4% with KP). One
fair-quality trial¥ found that VP was associated with a significantly lower risk of cement leakage versus
KP based on the number of levels treated; it is unclear why this trial’s findings differed from the others.
Another poor-quality trial®” reported only four cases of cement leakage (out of 169 patients, 217 levels)
but did not report to which groups the patients were randomized.

Similarly, one comparative NRSI (N=338)! reported a higher frequency of asymptomatic cement
leakage following VP versus KP (7.0% vs. 0%, p=0.003). See Appendix Table I3.

Cement Embolism

Symptomatic cement embolism was rare (< 1%) and occurred with similar frequency following VP versus
KP in one poor-quality RCT (N=381, 0.5% [1/190] vs. 0.5% [1/191], RR 1.01, 95% CI 0.06 to 15.96);4° the
estimate was imprecise, and the trial was likely unpowered to detect this rare event. A second RCT
(N=101)* reported one case (2.0%) of asymptomatic cement embolism in the right lung in a patient
who received KP; there were no cases of embolism in the VP group.

One comparative NRSI (N=373)% specifically designed to look for pulmonary cement embolism using
postprocedural CT scans reported an overall incidence of 17.2% with similar incidences a median of 412
days after VP versus KP (18.2% vs. 14.8%, RR 1.23, 95% Cl 0.74 to 2.05); authors infer that most were
asymptomatic.
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Table 31. VP vs. KP: Cement Leakage

PMMA Any cement leakage, Symptomatic cement leakage,
volume (ml) % (n/N) % (n/N)
Author,' year F/U VP vs. KP KP Conclusion VP KP Conclusion
Quality
Wang 2015" 12 3.3vs. 4.2 13.2% (9/68 30.6% (22/72 Any leakage Lower with VP 0% 1.9% Similar between
Fair mos. levels) levels) (p=0.013) (0/53) (1/54)" | groups, (p=0.68)
- primarily into disc space
Vogl, 2013* Post-tx | 4.0vs. 3.8 74% (29/39 48% (31/65 Any leakage higher with VP 0% 0% Similar between
Poor levels® levels™ (p=0.013) (0/28) (0/49) | groups
Spinal canal, Spinal canal, -.primarily lateral co.rtical Ie:flks
leaks per leaks per level: Spinal canal leakage higher with VP
level: 37% | 3.5% (p=0.026)
Dohm, 2014* NR 40vs.4.6 81.6% 73.4% (157/214 | Any leakage higher with VP 1.1% 0.5% Similar between
Poor (164/201 levels) (p=0.047) (2/190% | (1/191% | groups
levels) - primarily discal and §
intravascular leaks
Spinal canal leakage similar
between groups, (p=0.12, data NR)
Griffoni, 12 NR 4.7% (3/64) 4.1% (2/49) Any leakage similar between NR NR NR
2020™" mos. groups (RR 1.2, 95% Cl1 0.2 to 6.6);
Fair No other information provided
Wang, 2023 3mos. | NR 24% (12/50) 8% (4/50) Any leakage higher with VP NR NR NR
Poor (RR'™ 3.00, 95% Cl 1.04 to 8.67);
No other information provided
Endres, 6 mos. | 3.1vs. 4.3 27.3% (6/22) 11.4% (5/44)%%% | Any leakage similar between 0% 0% Similar between
2012 groups (RR 2.40, 95% Cl 0.82 to (0/22) (0/44) | groups
Poor 7.00);
-all discal or lateral leaks
Wang, 2018™" | Peri- 3.9vs. 4.0 30.2% (13/43) | 9.3% (4/43) Any leakage higher with VP NR NR NR
Poor op (RR 3.25, 95% Cl 1.15 to 9.18);

No other information provided
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PMMA Any cement leakage, Symptomatic cement leakage,
volume (ml) % (n/N) % (n/N)
Author,' year F/U VP vs. KP Conclusion (4 Conclusion
Quality
Yi, 2014 Mean | 4.0 ml 4 cases™™, N unclear 0% 0% Similar between
Poor 49.4 (169 patients, 217 levels) (0/90) (0/79) | groups
mos. Most discal or paravertebral, none into spinal canal

Cl = confidence interval; F/U = follow-up; KP = kyphoplasty; mos. = months; NR = not reported; peri-op = perioperative; PMMA = polymethylmethacrylate; RR = risk ratio; tx =
treatment; VP = vertebroplasty.

* Radiographs supplemented by CT scans.

T Discogenic back pain related to leakage, required discectomy with posterior lateral fusion.

¥ CT scan.

§ 12 levels had multiple leaks for a total of 54 leaks in 39 levels.

** Multiple leaks possible per level

11 6 levels had multiple leaks for a total of 42 leaks in 65 levels.

$1 1 cement embolism and 1 new symptomatic fracture occur within 2 days postoperatively (inferior to the index level), with inferior cement leakage that was considered
possibly bone cement-relate

§§ Cement embolism

*** NR (CT or radiograph)

111 Calculated.

$11 Radiographs supplemented by CT scans

§§8§Balloon: 4/22, Shield: 1/22.

**** Radiograph and MRI.

11+ Authors did not report data for VP and KP separately (i.e., combined them into one interventional arm).
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Table 32. Adverse Events Other than Mortality from Comparative Database Studies Comparing
Vertebroplasty versus Kyphoplasty for Osteoporotic Vertebral Compression

Study
Adverse Database Database Finding and conclusion
Event search
dates
SAE
PE Medicare | Ong, 2018 VP: 117,232 Propensity-adjusted risk, p<0.001:
(2005-2014) | KP: 261,756 1,5, 8, 10 years: 9% higher with VP vs.
All patients” KP
2 years: 12% higher with VP vs. KP
Edidin 2015 | VP: 37,252 4 years: Adj. HR: 1.16 (95% CI 1.01 to
(2005- KP: 36,286 1.35)
2009)" Propensity-score
matched
DVT Medicare | Ong, 2018 VP: 117,232 Propensity-adjusted risk, p<0.001:
(2005-2014) | KP: 261,756 1 year: 7% higher with VP vs. KP
All patients” 2 years: 4% higher with VP vs. KP
5, 8, 10 years: 2% higher VP vs. KP
Edidin 2015 | VP: 37,252 4 years: Adj. HR 1.05 (95% CI 0.96 to
(2005- KP: 36,286 1.15)
2009)" Propensity-score
matched
Cardiac Medicare | Ong, 2018 VP: 117,232 Propensity-adjusted risk:
complications (2005-2014) | KP: 261,756 1 year: 1% lower with VP vs. KP, p=NS
(to include All patients” 2 years: 1% higher with VP vs. KP, p=NS
MI) 5 years: 2% higher with VP vs. KP,
p<0.01
8, 10 years: 3% higher with VP vs. KP,
p<0.001
Edidin 2015 | VP: 37,252 4 years: Adj. HR 1.05 (95% Cl 0.94 to
(2005- KP: 36,286 1.16)
2009)" Propensity-score
matched
Pulmonary/ Medicare | Ong, 2018 VP: 117,232 Propensity-adjusted risk:
respiratory (2005-2014) | KP: 261,756 1 year: 1% higher with VP vs. KP, p<0.05
complications All patients” 2 years: 2% higher with VP vs. KP,
p<0.001
5, 8, 10 years: 3% higher with VP vs. KP,
p<0.001
Edidin 2015 | VP: 37,252 4 years: Adj. HR 1.05 (95% CI 1.01 to
(2005- KP: 36,286 1.09)
2009)" Propensity-score
matched
ACS- Choo, 2018 | VP: 242 30 days: Adj. OR 3.28 (95% CI 1.56-
NSQIP (2012-2014) | KP: 2,191 6.88)
Infection Medicare | Ong, 2018 VP: 117,232 Propensity-adjusted risk:
(2005-2014) | KP: 261,756 1 year: 3% lower with VP vs. KP, p<0.05
All patients” 2 years: 1% higher with VP vs. KP,

p<0.001
5, 8, 10 years: 0% difference
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Edidin 2015 | VP: 37,252 4 years: Adj. HR 1.05 (95% Cl 0.87 to
(2005- KP: 36,286 1.27)
2009)" Propensity-score
matched
Any SAE ACS- Kim 2022 VP: 191 Adj. OR 1.93 (95% CI 0.58 to 6.41)
NsQlP (2011-2013) | KP: 1741
Reoperation
Subsequent Medicare | Edidin 2015 | VP: 37,252 4 years:
augmentation (2005- KP: 36,286 Any subsequent augmentation: Adj. HR
2009)" Propensity-score 1.03 (95% Cl 0.97 to 1.09)
matched Subsequent augmentation or fusion:
Adj. HR 1.03 (95% CI 0.97 to 1.09)
Subsequent VCF with repair: Adj. HR
1.03 (95% Cl 0.97 to 1.09)

Adj. HR = adjusted hazard ratio; Adj. OR = adjusted odds ratio; Cl = confidence interval; DVT = deep vein thrombosis; KP =
kyphoplasty; Ml = myocardial infarction; NS = not significant; PE = pulmonary embolism; SAE = serious adverse event; VCF =
vertebral compression fracture; VP = vertebroplasty.

* Authors do a propensity score matched analysis but only provide data for the larger population; n’s unclear for adjusted
analyses.

t Data are for the OVCF cohort (osteoporotic and pathologic) which excludes the traumatic VCF patients.

4.2.2.2 Kyphoplasty
4.2.2.2.1 Kyphoplasty versus Usual Care

All four RCTs (in 6 publications)!371°0-154 that compared KP to UC for osteoporotic compression fractures
included for efficacy also reported safety outcomes. In addition, three large administrative database
studies (two with overlapping populations from the Medicare database and one using NIS data)'6+210.214
and one retrospective comparative NRSI*®2 evaluated harms following KP and UC.

Mortality

KP was associated with a similar risk of mortality compared to UC through 24 months (8.1% vs. 7.2%) in
one fair-quality RCT.150.154

One study using the Nationwide Inpatient Sample reported slightly lower mortality with KP versus non-
operative care but estimate precision could not be determined (0.3% vs. 1.6%, Adjusted OR: 0.52,
p=0.003)2!4, At longer time frames, two studies!®*?1° using Medicare data with overlapping sample
frames reported that KP was associated with slightly lower mortality risk compared with nonoperative
care based on estimates for the larger of these studies (adjusted HR 0.81, 95% CI 0.813 to 0.806),%%
(Table 23).

Serious Adverse Events and Withdrawals due to Adverse Events

KP was associated with a similar risk of any SAE compared to UC through 24 months (49.7% vs. 48.3%) in
one fair-quality RCT,*° defined as death, life threatening injury, or permanent impairment, or an event
that required extended hospital stay or intervention to prevent impairment (Table 33). Most SAEs were
not attributed to the procedure. Over 24 months, three patients who received kyphoplasty experienced
four treatment-related SAEs: a soft tissue hematoma at the surgical site, anterior cement migration that
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likely caused a new fracture, and a postoperative UTI requiring intervention; the same patient who had
a UTI developed spondylitis near the cement that required treatment by 24 months. In the UC group,
there was one case of serious back pain at 30 days attributed to treatment. The risk of treatment-
related SAEs was similar between groups (2.0% vs. 0.7%) as was the risk of withdrawal due to AEs (0.6%
in both groups). A poor-quality trial reported that no SAEs occurred through a mean of 49 months.**’
The trials were likely underpowered to detect rare events.

Three large database studies reported adverse events; two used the Medicare database and had
overlapping populations®*?1% and the other used the NIS database.?!* In the largest Medicare database
study,®* the propensity-adjusted risk of cardiac (e.g. Ml), pulmonary and thromboembolic complications
(PE and DVT) and infection were significantly lower in the KP group versus the UC group at all time
points up to 10 years (Table 35); the risk of cardiac complications was lowest (range, 11% to 19% lower).
The second, smaller Medicare dataset?!? that provided subgroup analyses specifically in osteoporotic
fractures only found that KP was associated with a lower risk of cardiac complications (adjusted HR 0.88,
95% Cl 0.83 to 0.93) and DVT (adjusted HR 0.92, 95% CI 0.87 to 0.96) compared with UC but the risk of
PE, pulmonary complications, and infection was similar between groups at 4 years. The third study (NIS
database)?!* found no difference between KP and UC in the 30-day risk of DVT (0.2% in both groups) or
infection (0.1% in both groups) calculated out of the number of total fractures.

New vertebral fractures

Two RCTs!37/150.153154 raported no difference in the incidence of new symptomatic vertebral fractures
following treatment with KP (range, 6.3% to 17.4%) versus UC (range, 11.3% vs. 14.0%) at latest follow-
up (Table 34). In the fair-quality RCT, new symptomatic vertebral fractures that were possibly or
probably related to cement occurred in 3.4% of KP patients through 30 days and 7.4% through 24
months. In this same trial, KP and UC were associated with a similar risk of new radiographic vertebral
fractures, to include index level and adjacent level vertebral fractures through 24 months (Table 34).

Conversely, one retrospective comparative NRSI*®? reported significantly fewer incidences of new
vertebral fracture over 2 years after treatment with KP versus UC (26.3% vs. 47.1%, OR 0.44, 95% CI NR,
p<0.05).

Cement Leakage

Cement leakage that possibly or probably caused symptomatic vertebral compression fractures
following KP occurred in 11 patients (7.4%) by 24 months in the fair-quality trial; five cases (34%)
occurred by 30 days.®'>3 A poor-quality trial reported no cases of symptomatic cement leakage.
Asymptomatic cement leakage was reported by three trials and the frequency varied.'3”1°2154 See Table
33 for data.

137

Reoperation

The fair-quality RCT found no difference in the risk of reoperation to treat new symptomatic vertebral
compression fractures following KP vs. UC at 24 months (8.1% vs. 4.0%), Table 35150154

One large Medicare database study that reported propensity score adjusted analyses found that KP was
associated with a substantially greater risk of subsequent augmentation procedures over 4 years
compared with UC, HR 12.5 (95% Cl 12.5 to 14.3), Table 35.21°
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Any adverse event

KP was associated with a moderate increase in the risk of any adverse event compared with UC at 30
days but there was no difference between groups at longer term follow-up in one fair-quality trial (Table
33).150153.154 Conversely, in the poor-quality trial, KP was associated with large decrease in the risk of any
adverse event compared UC, but the estimate was imprecise and follow-up was unclear.!?

One large database study (NIS database)?'* found no difference between KP and UC in the 30-day risk of
any SAE (1.7% vs. 1.0%) calculated out of the number of total fractures (N=5,766), though the difference
approached statistical significance favoring UC (p=0.061).

Table 33. KP vs. UC: Summary of adverse events (other than vertebral fracture) from RCTs

Outcome " KP ucC
Author, RR (95% CI
(cumulative) uthor, year % (n/N) % (n/N) (95% ClI)
SAEs
ortality Wardlaw 2009, 12 mos. 6.0% (9/149) 4.6% (7/151) 1.30 (0.50 to 3.41)
ortality
Boonen 2011 24 mos. 8.1% (12/149) 7.2% (11/151) 1.11 (0.50 to 2.43)
M
SAEs? Yi, 2014 y gezr:nos 0% (0/79) 0% (0/121) | e
Wardlaw 2009 30 days 16.1% (24/149) | 11.2% (17/151) | 1.43(0.80 to 2.55)
Boonen 2011, Van 12 mos. 38.9% (58/149) 35.7% (54/151) 1.09 (0.81 to 1.46)
Meirhaeghe, 2013 |, ¢ 49.7% (74/149) | 48.3% (73/151) | 1.02 (0.82to 1.29)
30 days 1.3% (2/149) 0.7% (1/151) 2.03 (0.19 to 22.12)
Treatment- Boonen 2011, Van
’ 12 mos. 1.3% (2/149 NR |
related SAEs® Meirhaeghe 2013 mos % (2/149)
24 mos. 2.0% (3/149) NR |
Withdrawal due | Wardlaw 2009, 12 mos. 0.6% (1/149) 0.6% (1/151) 1.01 (0.06 to 16.05)
to AEs Boonen 2011 24 mos. 0.6% (1/149) 0.6% (1/151) 1.01 (0.06 to 16.05)
Boonen 2011, Van 30 days 3.4% (5/149) N/A N/A
Cement leakage, | Meirhaeghe 2013 24 mos. 7.4% (11/149) N/A N/A
symptomatic™*
M N/A
Yi 2014 y gezr:nos 0% (0/79) / N/A
Wardlaw 2009, V N/A
ardiaw 2803, Van | 15 mos. 32.2% (48/149) / N/A
c ¢ leak Meirhaeghe 2013
ement leakage,
28e . Mean 1.8% (4/217 N/A
asymptomatic Yi 2014 N/A
49.4 mos. vertebra)
Liu, 2019 NR 1.7% (1/58) N/A N/A
Wardlaw 2009 30 days 63.1% (94/149) | 36.4%(55/151) | 1.73(1.361t02.21)
Any adverse Boonen 2011, Van | 12 mos. 87.2% (130/149) | 80.8% (122/151) | 1,07 (0.98 to 1.19)
event Meirhaeghe 2013 ', ¢ 89.9% (134/149) | 88.7% (134/151) | 101 (0.94 to 1.10)
Liu 2019 NR 1.7% (1/58) 15.5% (9/58) 0.11 (0.01 to 0.85)

*For the FREE trial, Van Meirhaeghe 2013 provided 30-day data; Wardlaw 2009, 12-month data; and Boonen 2011, 24-month
data. The FREE trial is considered fair quality and remaining trials are poor quality.
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tNone considered device or procedure related and included the following events that resulted in death through 24 months:
cardiovascular event: 3.3% (5/149) vs. 3.3% (5/151); respiratory event: 0.6% (1/149) vs. 1.3% (2/151); cancer: 2% (3/149) vs.
1.3% (2/151); other (NR) event: 2% (3/149) vs. 1.3% (2/151).

$Yi 2014 did not specify serious adverse events; the FREE trial (Wardlaw, et al) defined SAEs as death, life threatening injury, or
permanent impairment, or required extended hospital stay or intervention to prevent impairment. Most SAEs were not
attributed to the procedure.

§At 30 days (and 12 months): 2 patients experienced serious adverse events that were attributed to kyphoplasty — a soft tissue
hematoma at the surgical site and a postoperative urinary tract infection that needed intervention; 1 serious event was
attributed to UC — back pain. At 24 months, the same patient who had UTI by 12 months developed spondylitis near the cement
that required treatment; in another patient there was anterior cement migration that likely caused a recurrent fracture.
**Possibly/probably causing symptomatic vertebral fracture; included under new vertebral fractures also.

t1Two trials137.154 reported that there were no cases of cement leakage into the spinal canal and one reported no cases of
cement embolism.>4

Table 34. KP vs. UC: Incidence of new vertebral fractures from RCTs

Author, year KP uc
t RR % Cl
Quality Outcome % (n/N) % (n/N) (95% ci)
Boonen 2011, New radiographic vertebral 7.4% 4.6%
30d 1.59 (0.63 t0 4.00
Van Meirhaeghe | fracture ays (11/149) (7/151) ( ° )
2013 22.0% 27.0%
EREE trial 3 mos. (27/118) (27/102) 0.86 (0.54 to 1.37)
38.1% 38.4%
. 12 . 1.02 (0.73to 1.44
Fair Mos- 1 (45/118) | (38/102) (0.73t0 1.44)
47.5% 44.1%
24 . 1.08 (0.81to 1.44
Mos- | (se/118) | (45/102) (081 to 1.44)
New radiographic index level 4.2% 10.8%
24 . 0.39(0.14 t0 1.09
vertebral fracture mos (5/118) (11/102) ( ° )
New radiographic adjacent 23.7% 16.7%
24 . 1.42 (0.83t0 2.45
vertebral fracture mos (28/118) (17/102) ( ° )
N linical t ti 17.49 11.39
ew clinical/symptomatic 24 mos. % % 1.55 (0.88 to 2.74)
vertebral fracture (26/149) (17/151)
3.4%
New clinical/symptomatic 30 days (5/149) N/A N/A
vertebral fractures, possibly
or probably related to cement | 24 mos 7:4% N/A N/A
P y © | (11/149)
Yi, 2014
b New clinical/symptomatic Mean 49 6.3% 14.0%
0.45 (0.17 to 1.17)
Poor fractures mos. (5/79) (17/121)
Wardlaw, 2009, Reoperation, new 3 mos 4.0% NR N/A
Boonen 2011 clinical/symptomatic fractures ' (6/149)
FREE trial 6 6.0% NR N/A
Fair mos. (9/149)
8.1% 4.0%
24 . 2.03(0.78 to 5.26
Mos- 1 (12/149) | (6/151) (0.78 t0 5.26)

Cl = confidence interval; F/U = follow-up; KP = kyphoplasty; mos. = months; N/A = not applicable; NR = not reported; RR = risk
ratio; UC = usual care.
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Table 35. Adverse Events Other than Mortality from Comparative Database Studies Comparing
Kyphoplasty versus Usual Care for Osteoporotic Vertebral Compression

Adverse
Event

Database

Study
Database

Finding and conclusion

search dates

(years NR)

PE Medicare | Ong, 2018 KP: 261,756 Propensity-adjusted risk, p<0.001:
(2005-2014) UC: 1,698,956 1 year: 7% lower with KP vs. UC
All patients” 2 years: 5% lower with KP vs. UC
5, 8, 10 years: 3% lower with KP vs. UC
Edidin 2015 KP: 55,770 4 years: Adj. HR 0.99 (95% ClI 0.92 to
(2005-2009)" UC: 163,791 1.08)
Propensity-score matched
DVT Medicare | Ong, 2018 KP: 261,756 Propensity-adjusted risk:
(2005-2014) UC: 1,698,956 1, 2 years: 2% lower with KP vs. UC,
All patients” p<0.01
5, 8, 10 years: 3% lower with KP vs. UC,
p<0.001
Edidin 2015 KP: 55,770 4 years: Adj. HR 0.92 (95% Cl 0.0.87 to
(2005-2009)" UC: 163,791 0.96)
Propensity-score matched
NIS Zampini, 2010 | n’s NR Inpatient
(years NR) 0.2% (n=882 fractures) vs. 0.2% (n=4884
fractures), p=0.899
Cardiac Medicare | Ong, 2018 KP: 261,756 Propensity-adjusted risk, p<0.001:
complications (2005-2014) UC: 1,698,956 1 year: 19% lower with KP vs. UC
All patients” 2 years: 15% lower with KP vs. UC
5, 8, 10 years: 11% lower with KP vs. UC
Edidin 2015 KP: 55,770 4 years: Adj. HR 0.88 (95% ClI 0.83 to
(2005-2009)" UC: 163,791 0.93)
Propensity-score matched
Pulmonary/ Medicare | Ong, 2018 KP: 261,756 Propensity-adjusted risk, p<0.001:
respiratory (2005-2014) UC: 1,698,956 1 year: 2% lower with KP vs. UC
complications All patients” 2, 5 years: 3% lower with KP vs. UC
8, 10 years: 4% lower with KP vs. UC
Edidin 2015 KP: 55,770 4 years: Adj. HR 1.00 (95% Cl 0.98 to
(2005-2009)" UC: 163,791 1.02)
Propensity-score matched
Infection Medicare | Ong, 2018 KP: 261,756 Propensity-adjusted risk
(2005-2014) UC: 1,698,956 1, 2 years: 2% lower with KP vs. UC,
All patients” p<0.05
5 years: 1% lower with KP vs. UC, p<0.05
8,10 years: 0% difference
Edidin 2015 KP: 55,770 4 years: Adj. HR 1.00 (95% CI 0.90 to
(2005-2009)" UC: 163,791 1.10)
Propensity-score matched
NIS Zampini, 2010 | n’s NR Inpatient
(years NR) 0.1% (n=882 fractures) vs. 0.1% (n=4884
fractures), p=0.929
Any SAE NIS Zampini, 2010 | n’s NR Inpatient

1.7% (n=882 fractures) vs. 1.0% (n=4884
fractures), p=0.061
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Subsequent Medicare | Edidin 2015 KP: 55,770 4 years

augmentation (2005-2009)" UC: 163,791 Subsequent augmentation: Adj. HR 12.5
Propensity-score matched | (95% Cl 12.5 to 14.3)

Subsequent augmentation or Fusion:
Adj. HR 12.5 (95% CI 12.5 to 14.3)

Adj. HR = adjusted hazard ratio; Cl = confidence interval; DVT = deep vein thrombosis; KP = kyphoplasty; NIS = National
Inpatient Sample; NR = not reported; PE = pulmonary embolism; SAE = serious adverse event; UC = usual care.

* Authors do a propensity score matched analysis but only provide data for the larger population; n’s unclear for adjusted
analyses.

t Data are for the OVCF cohort (osteoporotic and pathologic) which excludes the traumatic VCF patients.

4.2.2.2.2 Kyphoplasty versus Minimally Invasive Procedures

One NRSI was identified that met inclusion criteria and compared KP with pedicle screw fixation for the
treatment of severe osteoporotic compression fractures and reported harms.'®® There were no deaths in
either group and no difference between groups in the incidence of any adverse event to include DVT,
new vertebral fracture and reoperation (Table 36). Cement leakage was reported in 30.1% of patients
who received KP, but all were asymptomatic and there were no cases of symptomatic pulmonary
embolism.

Table 36. Adverse events from one NRSI comparing KP with pedicle screw fixation.

Study F/U ‘ Adverse Event KP % (n/N) PSF % (n/N) Adj HR/OR/RR (95% Cl) Analysis
Wen, | 3 Morality 0% (0/376) 2.5% (0/121)
2021 | years | DVT 0% (0/376) 2.5% (3/121) -

Adjacent or distant new | 7.7% (29/376) 5.8% (7/121) Unadjusted RR 1.33 (0.60 to 2.96)
vertebral fracture

Cement leakage, 30.1% (113/376) | - -

asymptomatic

Reoperation, any 7.7% (29/376)" 5.8% (7/121) Unadjusted RR 1.33 (0.60 to 2.96)
Reoperation, removal of | - 0.8% (1/121) -

device due to back pain

PSF = Adj HR = adjusted hazard ratio; Cl = confidence interval; DVT = deep vein thrombosis; F/U = follow-up; KP = kyphoplasty;
OR = odds ratio; PSF = pedicle screw fixation; RR = risk ratio.
* All for new fracture

Case series

Nine case series'’>82 evaluated adverse events following KP for the treatment of osteoporotic vertebral

fractures. Sample sizes ranged from 263 to 1,752. Follow-up periods ranged broadly from peri-operative
to 43 months. See Table 37 for AE details.

Mortality

Only one death (0.3%) was reported in one case series (N=297); it is unclear if it was procedure related
or not.t7®

SAEs

Perioperative SAEs for KP were rare (<1.0%) as reported by one case series (N=297)*> and included
allergic reaction to the balloon (severe hypotension and tachycardia) and subcutaneous hematoma
requiring release.
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New fractures

The incidence of new vertebral fracture after KP was as follows: any new vertebral fracture, range 12.1%

to 22.2% across three studies

any new symptomatic fracture, range from 8.1% to 10.6% across

two studies!”>'’’; any new adjacent fracture, range 4.6% to 10.5% across four studies!’#179.181182, and

symptomatic adjacent fracture from 0.3% to 6.6% across two studies.?”>'”” Only one study
refracture at the index level (0.7%, n=921). Longest follow-up was 43 months.

Cement leakage

178 reported

The incidence of symptomatic cement leakage appears to be rare but was not commonly reported and
ranged from 0% to 2.3% across two studies.’>8 Any cement leakage (primarily asymptomatic) is

common following KP.

Reoperation

Repeat KP for symptomatic fractures occurred in 8% and 10.6% of patents in two studies.

Table 37. Adverse Events in Single Arm Studies of KP for Osteoporotic fractures

175,177

Adverse Event Follow Up \ Study % (n/N)

KP

Mortality

Any NR | Bergmann, 2012 | 0.3% (1/297)

SAE

Allergic reaction to balloon Intraoperative Bergmann, 2012 0.3% (1/297)

Subcutaneous hematoma requiring Postoperative Bergmann, 2012 1.0% (3/297)

release

New Fracture

Any 1 year Lin, 2017 22.2% (110/495)
Mean 43 months | Ning, 2021 12.1% (111/921)
>1 year Bian, 2022 21.7% (57/263)

Any symptomatic fracture

Mean 350 days

Deibert, 2016

10.6% (77/726)

NR

Bergmann, 2012

8.1% (23/293)

Adjacent fracture 3.6 months Spross, 2014 9.9% (37/375)
1 year Zhao, 2022 4.6% (80/1752)
Mean 43 months Ning, 2021 5.5% (51/921)
1 year Lin, 2017 10.5% (52/495)

Adjacent symptomatic fracture NR Bergmann, 2012 0.3% (1/293)

Mean 350 days

Deibert, 2016

6.6% (48/726)

Refracture of index level Mean 43 months Ning, 2021 0.7% (6/921)

Symptomatic Cement Leakage

Any 6 months Qi, 2022 2.3% (21/896)"
Intraoperative Bergmann, 2012 0% (0/297)

Cement Leakage

Any 1 year Lin, 2017 20% (99/495)"
1 year Zhao, 2022 11.5% (202/1752)*
>1 year Bian, 2022 28.3% (105/371)
6 months Qi, 2022 6.3% (56/896)
Intraoperative Bergmann, 2012 40.1% (129/297)

Reoperation

Repeat KP for symptomatic fracture >1 year | Deibert, 2016 | 10.6% (77/726)
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| | NR Bergmann, 2012 | 8% (23/293) |
F/U = follow-up; KP = kyphoplasty; NR = not reported; SAE = serious adverse event.

* An additional 35 had asymptomatic bone cement displacement

T Calculated using the totals for cement leakage in the different fracture groups.

¥ Calculated by combining adjacent and non-adjacent fracture groups.

4.2.3 KQ3 Differential Effectiveness
4.2.3.1 Vertebroplasty

Evidence on differential effectiveness or harms of VP reported in included RCTs for subpopulations
defined by gender, age, psychological or psychosocial co-morbidities, provider characteristics, or payer
type or by fracture age, pain duration or intervention characteristics is sparse. In addition to data from
three trials of VP,11712125 resylts discussed below include those from an AHRQ review* that reported
stratified analyses for VP. These analyses included all but one of the RCTs of VP versus sham or usual
care that are included in this HTA update. No RCTs of KP reported stratified analyses for subpopulations.
One RCT comparing VP with KP briefly described such analyses.'*? Analyses in all trials were likely to
have low power for detecting effect modification by factors that were evaluated. Confidence in findings
from stratified analyses from included studies is very low.

Key Points

e VP versus Sham or Usual Care
o Fracture age/pain duration: There does not appear to be modification of the treatment
effect for vertebroplasty (versus sham) in patients with acute osteoporotic fractures,
compared with those with more chronic fractures, based on reported subgroup analyses
from included RCTs or from reported stratified analyses of RCTs comparing VP to a
combined UC and sham across RCTs for the outcomes of pain or function.
o Other factors:
= No modification of treatment effect based on sex, presence or absence of
pervious fractures or treating center were reported by one RCT of VP versus
sham
=  For the outcomes of pain and function, there appears to be no modification of
treatment effect based for the following subgroups based on stratified analysis
of RCTs comparing VP with sham or usual care: PMMA volume, study
enrollment requirement of MRI findings of bone marrow edema
= |n stratified analysis of RCTs of VP, control type appeared to modify treatment
at 2 to 4 weeks with a smaller difference in effect size for pain observed in trials
with sham control versus usual care as a control. Interaction between control
types was not statistically significant for function.
e VP versus KP
o One RCT comparing VP versus KP reported that no appreciable differences in the
magnitude of pain reduction were seen for subgroup analysis on sex, age, preoperative
pain scores or preoperative RDQ scores. Authors do not provide data or p-values for
interaction.
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4.2.3.1.1 Vertebroplasty versus Sham or Placebo
Detailed analysis
Fracture age or pain duration

Three RCTs comparing VP with sham reported post-hoc stratified analyses based on pain or fracture
duration.'”121125 Across two of the RCTs of VP versus sham, baseline pain duration did not modify
treatment effect for pain.'*”*?> One RCT of VP! reported no modification of treatment effect based on
duration of symptoms when stratified by <6 weeks versus 2 6 weeks or as a continuous variable. Data
were not presented. Another trial of VP versus sham?!?® reported similar treatment effects for pain (0 to
10 scale) at one month across three pain duration categories (p=0.58 across the three groups). Results
by pain duration categories were imprecise: <13 weeks duration (MD -0.8, 95% Cl -2.5 to 0.8), 14 to 26
weeks duration (MD -1.3, 95% Cl -3.4 to 0.8) and 7 to 52 weeks duration (MD 0.0, 95% Cl -1.6 to 1.7).

One RCT of VP versus sham (N=120)*° reported no modification of treatment effect (p for interaction
=0.12) based on risk differences (RD) for patients achieving an NRS (0-10 scale) of <4 was based on
fracture age of <3 weeks (RD 31, 95%Cl 12 to 50) and >3 weeks (RD -4, 95%Cl -39 to 31). Exploratory
subanalysis from this trial of patients (N=85) with a fracture age of <3 weeks!?! suggests clinically
important improvements in pain and function to patients with osteoporosis when vertebroplasty is
performed within 3 weeks of facture to 6 months (Appendix Table P2); however, differential efficacy
(effect modification) by fracture age cannot be assessed as the analysis does not compare with data in
patients with older fractures. Estimates across follow-up times are imprecise.

Stratified analyses from a recent AHRQ, review®® across 10 RCTs (N=1093) comparing VP to sham or usual
care control (most of which are included in this HTA update) found no statistically significant interaction
at for subgroups of baseline pain duration by study inclusion criteria based on pain for the outcome of
pain. Similarly, for the outcome of function, no statistically significant interaction for either of these pain
duration subgroups was observed. At 2 to 4 weeks, a significant interaction based on control type
(sham, usual care) was observed for pain. Effect sizes for VAS pain (0-10 scale) were substantially smaller
for VP versus sham (5 RCTs, N=536, MD -0.57, 95% Cl -1.09 to -0.05, 1>=0%), compared with VP versus
usual care (3 RCTs, N=382, MD -2.27, 95% Cl -3.20 to -0.94, 1>=0%) with an interaction p-value or 0.01. In
general, estimates were imprecise across factors. Additional data are found in the AHRQ Report.

Other factors

One RCT of VP reported no modification of treatment effect based on sex, presence or absence of
pervious fractures or treating center (p> 0.10 for all tests of interaction). Data were not presented.

Stratified analyses updates from the recent AHRQ review?? comparing VP to sham or usual care control
found no statistically significant interaction at any time frame for subgroups-based inclusion criteria
requiring MRI evidence of bone marrow edema, PMMA volume or study quality on pain. Similarly, no
statistically significant interaction was seen at any time frame for subgroups based on study quality or
use of the original RDQ (-0-24 scale) vs. modified RDQ (0-23 scale) for function.
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Control type (sham or usual care)

In general, across pooled analyses of RCTs included in this HTA update, effect estimates for pain and
function were smaller for VP versus sham than for VP versus usual care at all follow-up times. In
stratified analyses from the AHRQ report,” a significant interaction based on control type (sham, usual
care) was observed for pain at 2 to 4 weeks but not at other time frames. Effect sizes for VAS pain (0-10
scale) were substantially smaller for VP versus sham (5 RCTs, N=536, MD -0.57, 95% Cl -1.09 to -0.05,
1’=0%), compared with VP versus usual care (3 RCTs, N=382, MD -2.27 95% Cl -3.20 to -0.94, 1°=0%) with
an interaction p-value or 0.01. In general, estimates were imprecise across factors. Interaction between
control types at other times was not statistically significant for function. Additional data are found in the
AHRQ Report.

4.2.3.1.2 Vertebroplasty versus Kyphoplasty

One RCT comparing VP versus KP**? provided limited information on subgroup analysis, reporting only
that no appreciable difference in the magnitude of pain reduction were seen for subgroup analysis on
sex, age (<75 years vs. 275 years), preoperative pain scores (<7 vs. 27 on 0 to 10 scale) or preoperative
RDQ scores (<17 vs. 217, 0-24 scale). Authors do not provide data or p-values for interaction.

4.3 Vertebral Fractures Due to Malignancies or Tumors
4.3.1 KQ1 Effectiveness
4.3.1.1 Vertebroplasty

A total of 16 studies®15>:158,168,169,190-197,218-220 \yare jdentified that met inclusion criteria and reported on
VP or KP for patients with malignant fractures. One RCT*** compared KP with UC. The remaining studies
— three comparative NRSIs (2 from the prior report,%81° 1 newly identified'*®), one recent systematic
review,® and four case series!®>194195197 not included the SR — that evaluated the effectiveness of VP
versus KP or of VP or KP for treatment of VCFs due to cancer were identified. In addition to the above
studies for efficacy/effectiveness, three systematic reviews?!822° from the prior report and four case
series!90191193,1% nrayided information on safety specifically in this population

No RCTs were identified comparing VP with KP for the treatment of vertebral fractures due to
malignancy or tumor.

Three comparative NRSIs (2 from the prior report,1%81%° 1 newly identified*®®), one recent systematic
review,® and four case series®>1%41%.1%7 not included in the SR that evaluated the effectiveness of VP
and KP for malignant vertebral fractures were included. Many of the studies included in the SR did not
meet our inclusion criteria (e.g., case reports, not specifically treating vertebral fractures, ineligible
comparators) but given the lack of high-quality evidence for this population we included it for
completeness.

Comparative NRSIs

Three retrospective NRSIs!816816% (N range: 34 to 342) compared VP with KP for the treatment of
vertebral compression fractures due to malignancy. One study was conducted in the U.S,*®® one in the
Republic of Korea®*® and one in Turkey®®; funding was not reported. Median patient age ranged from 61
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to 64 years and 45% to 53% were female. The most common primary cancers across the studies were
multiple myeloma (100% in one study),*®® lung and breast. Only one study reported the duration of
spinal pain (or fracture age) which was 3.2 months.'®® All populations had a mix of single and multiple
level fractures, with as many as six fractures undergoing treatment. Further details of the study
populations, treatments, and inclusion and exclusion criteria can be found in Appendix Tables H3, 14,

and I5.

4.3.1.1.1.1 Primary Outcomes

Pain

VP and KP were associated with a similar likelihood of achieving pain response and similar improvement
in VAS pain scores at all timepoints across two NRSIs (Table 38).1°%18 The third NRSI*®® reported an
aggregate of mean VAS pain scores during five activities of daily living (pain at rest, walking, sitting-
standing, taking a shower and wearing clothes) and found that VP was associated with less improvement
compared with KP at 6 and 12 months (there was no difference between groups at 6 weeks).

Table 38. Retrospective Comparative NRSI

Outcome”

Author, year

F/U

VP
Mean (SD) or

KP
Mean (SD) or

Effect Size
(95% ClI)

Pain Response

% (n/N)

% (n/N)

Responders VAS (score 23) |Bae 2016 NR 62% 57% RR 1.10
(N=342) (148/238) (59/104) (0.90 to 1.33)
RD 0.06
(-0.06 to 0.17)
Complete or improved pain | Fourney 2003 | 24 hours 86% 80% RR 1.07
relief' (N=49) (30/35 sessions) | (12/15 sessions) (0.80to0 1.43)
Complete pain relief 23% 7.0% RR 3.43
(8/35 sessions) (1/15 sessions) (0.47 to 25.06)
Improved pain relief 63% 73% RR 0.86
(22/35 sessions) | (11/15 sessions) (0.58 t0 1.28)
Pain Improvement
VAS pain (0-10 scale) Bae 2016 NR® 2.5(1.8) 2.8(2.1) MD -0.30
(N=342) (n=238) (n=104) (-0.74 to 0.14)
Fourney 2003 | 1 month median 2 (NR) median 2.5 (NR) p=NS for all
(N=49) (n=34) (n=15)
3 months | median 2 (NR) median 2.5 (NR)
(n=34) (n=15)
6 months | median 2 (NR) median 4 (NR)
(n=34) (n=15)
12 months| median 1 (NR) median 2 (NR)
(n=34) (n=15)
VAS pain (0-50 scale)* Kose 2006 6 weeks 15.3 (4.1) 12.1 (3.6) MD 3.2
(N=34) (n=16) (n=18) (0.51 to 5.89)
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6 months 12.2 (3.0) 8.6 (2.3) MD 3.6
(n=16) (n=18) (1.74 to 5.46)

12 months 13.5(2.9) 9.7 (2.4) MD 3.8
(n=16) (n=18) (1.95 to 5.65)

Cl = confidence interval; F/U = follow-up; KP = kyphoplasty; MD = mean difference; NR = not reported; NS = not significant; RD =
risk difference; RR = risk ratio; SD = standard deviation; VAS = visual analogue scale; VP = vertebroplasty.

* Time of discharge or first follow-up visit.

T Refers to an analysis of documented VAS pain scores within first 24 hours.

¥ Average of pain during 5 activities of daily living: pain at rest, walking, sitting standing, taking a shower, and wearing clothes.

Systematic review and case series

One poor-quality SR published in 2019% included two RCTs, 60 cohorts (16 prospective, 44
retrospective) and 25 case series/case reports (N=3,426) in patients with vertebral compression
fractures due to malignancy and summarized information on pain and function. The authors divided
each article into two groups and pooled results for VP and KP separately. A total of 2,091 patients were
treated with VP and 1,335 with KP. The weighted mean age was 63 years, 51% of patients were female
and the mean number of treated levels per patient was 2.2. The most common primary malignancies
were multiple myeloma (36%), lung (19%), and breast (19%).

Four case series not included in the recent SR evaluated VP (2 studies)'®**> and KP (2 studies)****%7 for
the treatment of vertebral fractures due to cancer. Sample sizes ranged from 44 to 92, mean patient age
from 57 to 68 years and proportion female from 47% to 67%. The most common primary cancers were
multiple myeloma, breast, lung, and prostate. Many of the patients had multiple fractures; one case
series'® enrolled only patients undergoing treatment for 6 or more fractures (up to 13).

Results (Function, Pain, Quality of Life, Opioid Use)

The SR reported that both VP and KP resulted in similar, clinically relevant improvements in pain, ODI,
and KPS across all follow-up intervals (Table 39). Measures of variance and p-values were not reported.

Consistent with the findings from the SR, across all four case series, 9194195197 patients who received VP
or KP experienced significant improvement in VAS/NRS pain scores compared with baseline over various
follow-up times up to 24 months (Table 39). Results for function, opioid use and quality of life also
showed significant improvement following both VP and KP across follow-up times, with the exception of
KPS scores (all time points) and opioid use (MEDD) after 1 month in one study,*® which showed some
improvement following VP but the difference was not statistically significant compared with baseline.
This study enrolled only patients with multiple myeloma
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Table 39. Effectiveness outcomes from one SR and four case-series evaluating VP or KP for vertebral
fracture due to malignancy

VP KP Effect Size
Author, year Outcome” Mean (SD) or % Mean (SD) or % (95% Cl)
(n/N) (n/N) ’
Pain
Sorensen 2019 | VAS (0-10 scale) Baseline 7.48 (NR) (n=1,445) 7.05 (NR) p=NR
SR VP: 35 studies (n=1,103)
(N=::425: 87 KP: 21 studies | <4 weeks | 3.00 (NR) (n=1,147) | 2.96 (NR) (n=814)
studies
) <6 weeks | 2.90 (NR) (n=606) | 2.99 (NR) (n=222)
<6 months | 2.50 (NR) (n=370) | 3.12 (NR) (n=318)
<12 months | 2.85 (NR) (n=784) | 3.55 (NR) (n=204)
>12 months | 2.98 (NR) (n=260) | 3.09 (NR) (n=375)
Moulin 2020 | NRS pain (0-10 Baseline 5.0 (NR) (1.8) NA p<0.001 compared
(N=50)T Scale) 1 month 1.7 (NR) (14) NA with baseline
Rocha Romero | NRS pain (0-10 Baseline 5.16 (NR) NA p<0.001 for all
2020 (N=44) scale) 1 month 1.07 (95% Cl 1.00- NA compared with
1.14) baseline
3 months 1.48 (95% ClI 1.40- NA
1.56)
12 months | 1.77 (95% CI 1.70- NA
1.84)
24 months | 1.68 (95% Cl 1.59- NA
1.77)
Wu 2023 VAS pain (0-10 Baseline NA 6.3 (2.0) p<0.001 for all
(N=92) scale) 3 days NA 3.3 (L.5) compared with
baseline
1 month NA 2.3(1.1)
3 months NA 2.8 (1.2)
12 months NA 3.4(1.1)
Garcia-Maroto | VAS pain (0-10 Baseline NA 7.49 (1.19) p<0.05 compared
2015 (N=75) scale) 9-12 months NA 3.21(0.95) with baseline
Function
Sorensen 2019 | ODI (0-100 scale) Baseline 74.68 (NR) (n=226) | 66.02 (NR) (n=592) p=NR
SR VP:5studies | 4 weeks | 17.73 (NR) (n=190) | 34.73 (NR) (n=275)
(N=3,426; 87 KP: 13 studies - ¥ > - 4 =
studies) <6 weeks 32.25 (NR) (n=67) |38.54 (NR) (n=156)
<6 months | 31.68 (NR) (n=67) |37.35 (NR) (n=381)
<12 months | 29.88 (NR) (n=81) |30.16 (NR) (n=162)
>12 months | 28.93 (NR) (n=103) | 32.45 (NR) (n=301)
KPS (0-100 scale) Baseline 66.99 (NR) (n=611) p=NR
VPandKP:8 | .4 \veeks 80.28 (NR) (n=609)
studies
<6 weeks 83.11 (NR) (n=263)
<6 months 83.92 (NR) (n=263)
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<12 months 82.02 (NR) (n=265)
>12 months 79.08 (NR) (n=110)
Rocha Romero | KPS (0-100) Baseline 78.6 (NR) NA p=NS for all
2020 (N=44) 1month | 78.0(95% Cl 77.8- NA compared with
78.2) baseline
3 months 76.7 (95% Cl 76.4- NA
77.0)
12 months | 77.2(95% ClI 76.9- NA
77.5)
24 months | 77.9(95% Cl 77.6- NA
78.2)
Wu 2023 ODI (0-100 scale) Baseline NA 70.9 (7.1) p<0.001 for all
(N=92) 3 days NA 31.4 (4.7) compared with
baseline
1 month NA 31.2 (3.5)
3 months NA 31.2 (3.5)
12 months NA 30.4 (3.2)
Garcia-Maroto | KPS (0-100) Baseline NA 60.2 (10) p=0.03 compared
2015 (N=75) 9-12 months NA 80.7 (121) with baseline
Opioids
Moulin 2020 | Opioid Baseline 76 (42) NA p=0.0003 compared
(N=50)" consumption 1 month 45 (38) NA with baseline
(mean, mg/d)
Rocha Romero | MEDD (mean, Baseline 33.4 (NR) NA p<0.001 for 1
2020 (N=44) mg) 1month | 24.0(95% CI 23.1- NA month;
24.9) p=NS for 3-24
months compared
3 months 29.4 (95% Cl 28.2- NA . -
with baseline
30.6)
12 months | 28.2(95% Cl 26.8- NA
29.6)
24 months | 21.0(95% ClI 19.7- NA
22.3)
Garcia-Maroto | Major opioid use Baseline NA 53% (40/75) p<0.001 compared
2015 (N=75) 12 months NA 12% (9/75) with baseline
Quality of Life
Wu 2023 SF-36 (scale NR) Baseline NA 89.7 (16.1) p<0.001 compared
(N=92) 12 months NA 99.5 (19.7) with baseline

Cl = confidence interval; F/U = follow-up; KP = kyphoplasty; KPS = Karnofsky Performance Status index; MEDD = morphine
equivalent daily dose; NA = not applicable; NR = not reported; NRS = numerical rating scale; NS = not significant; ODI = Oswestry
Disability Index; SD = standard deviation; SF-36 = 36-item Short Form Questionnaire; SR = systematic review; VAS = visual
analogue scale; VP = vertebroplasty

* Lower score is better for all outcomes except KPS and SF-36 for which a higher score is better.

T Enrolled patients with >6 fractures treated simultaneously.
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4.3.1.2 Kyphoplasty
4.3.1.2.1 Kyphoplasty versus Usual Care

One RCT (CAFE trial) (N=134)' compared KP to UC for the treatment of symptomatic vertebral
compression fractures due to malignancy (see Appendix Table F3). The trial was conducted across 22
sites in the U.S., Canada, Europe, and Australia and was funded by industry. Mean patient age was 64
years, 58% were female, and the majority were White (88%). Most patients had multiple fractures (3:
31%; 2: 29%; 1: 39%) and more patients randomized to KP (38%) versus UC (23%) had three fractures.
Median fracture age was 3.4 months. Primary cancer types included multiple myeloma (38%), breast
(22%) and other (26%; colon, ovarian, esophageal, and bladder cancer) and cancer was considered
stable in 38% of patients, progressive in 36% and in remission in 8%. Previous treatments before
enrollment included spine radiation (21%), bone radiation (16%), surgeries (51%),
chemotherapy/hormonal therapy (67%), and steroids (35%), with some differences between groups
observed at baseline. Balloon KP was performed using standard techniques and PMMA cement (volume
not reported). Patients in both treatment groups received UC, which could include analgesics, bed rest,
bracing, physiotherapy, rehabilitation programs, walking aids, radiation treatment, and other antitumor
therapies at the discretion of the treating physician. Patients also received treatment for concurrent
osteoporosis or bone metastases as needed.

After 1 month, patients in the UC group were offered KP. Given the high rate of cross-over (59%), we
focused our efficacy analyses on outcomes up to 1 month (total follow-up period was 12 months). For
harms (see Key Question 2), all patients were analyzed, both as randomized and as treated.

The trial was rated as fair (up to one month). Major limitations included differences between groups at
baseline, and the lack of blinding.

No comparative observational studies meeting our inclusion criteria were identified.

4.3.1.2.1.1 Primary Outcomes
Pain

KP was associated with a large improvement in NRS pain scores (scale 0-10) at 1 week (N=117, MD -
3.50, 95% Cl -4.27 to -2.73) and 1 month (N=114, MD -3.50, 95% Cl -4.37 to -2.63) compared with usual
care (Table 40).%° The authors did not report the proportion of patients considered pain responders,
defined as a decrease of 1 to 2.5 points on the NRS, but stated that KP patients improved by a mean of
3.8 points (p<0.05) at 1 week, while usual care patients showed no significant improvement

Function

At 1 month, KP was associated with a large increase in the likelihood of achieving function response on
both the RDQ, defined as a 22-point improvement (N=113, 80.9% vs. 28%, RR 2.89, 95% Cl 1.82 to 4.58),
and the Karnofsky Performance Status (KPS) scale, defined as a 210-point improvement (N=112, 65.1%
vs. 26.5%, RR 2.45, 95% Cl 1.49 to 4.04), compared with usual care (Table 40).% Significantly more
patients who received KP had a KPS score of 270 (clinically meaningful ability to care for oneself) at 1
month compared with usual care. KP was also associated with a large improvement in RDQ scores (0-24
scale, N=113, MD -8.90, 95% Cl -9.49 to -8.31) and KPS scale scores (0-100 scale, N=112, MD 14.5, 95%
Cl 12.83 to 16.17) compared with usual care.
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4.3.1.2.1.2 Secondary Outcomes
Quality of life

KP was associated with a large improvement in quality-of-life scores as measured by the SF-36 PCS (0-
100 scale, N=105, MD 8.0, 95% Cl 7.18 to 8.82) and MCS (0-100 scale, N=105, MD 10.0, 95% CI 8.74 to
11.26), Table 40.1% The authors did not report the proportion of patients considered responders,
defined as an increase of 3.5 to 4.3 points on the SF-36 PCS, but stated that KP patients improved by a
mean of 9.4 points (p<0.05) at 1 month, while usual care patients showed no change.

Table 40. Summary of efficacy results: Kyphoplasty versus Usual Care in Patients with Fractures due to
Tumors and Malignancies from the CAFE Trial (Berenson, 2011)
KP Usual Care Effect Size
(95% Cl)

Outcome” Mean (SD) or Mean (SD) or
% (n/N) % (n/N)

Pain

1 week 3.5(2.4)" (n=63) | 7.0(1.7)" (n=54) | MD -3.50 (-4.27 to -2.73)"

NRS Pain (0-10; worse)
1 month 3.3(2.9)" (n=64) | 6.8 (1.4)" (n=50) | MD -3.50 (-4.37 to -2.63)*

Function

RR 2.89 (1.82 to 4.58)*
Responders RDQ (22 points) 1 month 80.9% (51/63) 28% (14/50)

RD 0.53 (0.37 to 0.69)

RR 2.45 (1.49 to 4.04)*
Responders KPS (210 points) 1 month 65.1% (41/63) 26.5% (13/49)

RD 0.39 (0.22 to 0.56)

Proportion with KPS score 270

(ability to care for oneself) 1 month 74.6% (47/63) 38.8% (19/49) RR 1.92 (1.32 to 2.81)*
RDQ (0-24; worse) 1 month 9.1(1.9)% (n=63) |18.0(1.0)%(n=50)| MD -8.9 (-9.49 to -8.31)*
KPS (0-100; better) 1 month 73.0 (4.5)% (n=63) | 58.5 (4.5)% (n=49) | MD 14.5 (12.83 to 16.17)*
Quality of Life

SF-36 PCS (0-100; better) 1 month 35 (2.5)" (n=58) 27 (1.5)" (n=47) MD 8.0 (7.18 to 8.82)*
SF-36 MCS (0-100; better) 1 month 46.5 (3.0)" (n=58) |36.5(3.5)" (n=47) | MD 10.0 (8.74 to 11.26)*

AE = Adverse event; Cl = Confidence interval; KP = Kyphoplasty; KPS = Karnofsky Performance Status; MCID = Minimally
clinically important difference; MCS = Mental component scale; MD = Mean difference; NA = Not applicable; NC = Not
calculable; NR = Not reported; NRS = Numerical Rating Scale; NS = Not significant; PCS = Physical component scale; RD = risk
difference; RDQ = Roland Morris Disability Questionnaire; RR = Risk ratio; SF-36 = 36 Item Short-Form Survey.

* All outcomes are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the
intervention (KP); with the exception of the KPS.

Tt Mean estimated from graphs, SD calculated from 95% Cls.

¥ Calculated from Means and SDs (MDs, 95% Cl), or proportions (RR, 95% Cl).

§ Estimated from graphs.
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4.3.2 KQ2 Harms and Safety
4.3.2.1 Vertebroplasty
4.3.2.1.1 Vertebroplasty versus Kyphoplasty

A total of two comparative NRSIs, %% one recent systematic review®® and three reviews?'#22° from the
prior report, and eight case series'®*% provided information on safety specifically in this population
following VP and KP.

Comparative studies

Two of the three retrospective NRSIs included for effectiveness reported safety outcomes; samples sizes
were very small (N range, 34 to 49).1%% Qverall, the incidence of adverse events was low and occurred
with similar frequency between treatments (VP vs. KP), except for asymptomatic cement leakage and
reoperation which occurred more frequently following VP vs. KP in one study (Table 41).

Table 41. Adverse Events in Comparative NRSIs evaluating VP vs. KP for treatment of Malignant
vertebral Fractures

Adverse Event Study Follow Up VP % (n/N) KP % (n/N)
Mortality
Fourney 30 days 0% (0/34) 0% (0/15)
2003 2.5 months 2.9% (1/34) 0% (0/15)
SAE
Neurological complications Kose 2006 12 mos. 0% (0/16) 0% (0/18)
Pulmonary complications 12 mos. 0% (0/16) 0% (0/18)
Paraplegia due to metastasis Fourney 30 days 2.9% (1/34) 0% (0/15)
Readmission for CHF 2003 30 days 0% (0/34) 6.7% (1/15)
Device-or procedure related complication
Balloon rupture (asx) Kose 2006 12 mos. n/a 5.6% (1/18)
Any Fourney 30 days 0% (0/34) 0% (0/15)
2003

New Fractures

Adjacent level fracture Kose 2006 12 mos. 0% (0/16) 0% (0/18)
Symptomatic fracture requiring
reoperation

Cement leakage

Asymptomatic leakage Fourney 30 days 9.2% (6/65 levels) | 0% (0/32 levels)
2003

Reoperation

Repeat VP or KP Fourney 4.5 months 2.9% (1/34) 6.7% (1/15)

Subsequent spinal surgery 2003 5.9% (2/34) 0% (0/15)

asx = asymptomatic; CHF = congestive heart failure; F/U = follow-up; KP = kyphoplasty; mos. = months; n/a = not applicable;
SAE = serious adverse event; VP = vertebroplasty.

Systematic review and case series

One poor-quality SR published in 2019 included for effectiveness and three SRs from the prior report
summarize data on any complication, new vertebral fractures and cement leakage. Data from these SRs
of non-randomized studies were from a combination of case series and cohort studies which were
pooled to provide summary estimates. Data from included reviews is summarized in Table 43.
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Eight case series not included in the SRs were identified that met inclusion criteria and evaluated safety
outcomes following VP (3 studies),9%19419 KP (4 studies)9%1931%6:197 or ejther VP or KP (1 study)?®®? for
vertebral fractures due to malignancy (Table 42).

New fracture

The incidence of any new vertebral fracture was similar after VP and KP in one SR (18% vs. 17% of
patients); when considered out of the number of levels treated, the VP arms had a slightly higher
incidence of new fracture (21% vs. 13%). A second SR that included only studies evaluating KP, reported
an overall fracture rate of 10.2%. Across the case series not included in the SRs, the incidence of any new
vertebral fracture ranged from 10.0% to 29.5% across four studies; incidence ranged from 10% to 29.5%
by 12 months in two studies of VP only!®*1%> and was 24.6% in one study of VP or KP*** and 14.7% in one
study of KP only.?® New adjacent vertebral fractures occurred in 15.9% (1 study of VP) to 17.6% (1 study
of VP/KP) over 2 to 12 months,*°1% (Table 43).

Cement leakage

Cement leakage was more common with VP (37.9%-79.0%) than KP (6.0%-13.6%). Differences across
studies in the extent of surveillance and reporting of leakage may influence the range of rates.
Symptomatic leakage was uncommon for both procedures, ranging from 0.26% to 3.1% for VP and 0%
for KP. Across the case series not included in the SRs, one study®* reported four cases (1.0%) of
symptomatic epidural extravasation at 2 months following VP or KP and another study*® reported no
cases of symptomatic cement leakage.

Reoperation

One case series'*!

reported any reoperation in 19.2% of patients by 2 months following VP or KP but the
reason is unclear. This same study reported two cases (0.5%) reoperation for symptomatic cement
leakage causing lower extremity weakness and another study reported that 6.0% of patients had repeat

procedures to treat new fractures at 1 month.'%*

Mortality

Across four case series,*1941% the incidence of mortality ranged from 0% (by 3 months) to 34.0% (at a
mean 401 days); excluding the study that reported no deaths, the risk ranged from 9.3% (by 9 months)
to 34.0%.

Any SAE

The incidence of any symptomatic complication was rare as reported by the most recent SR and occurred
with similar frequency between VP (1.7%) and KP (0.8%).% A second SR reported four cases of
neurological complications (not further specified) in the VP groups compared with none in the KP groups
(4.1% vs. 0%).%2° Across the case series not included in the SRs, the incidence of individual SAEs was low
and ranged from 0% to 2.0% across four studies.!91194196197 |n one study'®* there was one case (2.0%)
each of symptomatic cement PE, lumbar artery puncture and retroperitoneal hematoma requiring blood
transfusion during or up to 1 month after VP.

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 146



WA — Health Technology Assessment

October 16, 2024

Table 42. Adverse Events in Single Arm Studies for Malignant Fracture

Adverse Event Follow Up Study % (n/N)

Mixed VP/KP

SAE

Increase in pain and radicular 2 months Burton, 2011" 0.5% (2/407)
symptoms, treated conservatively

Vertebral body infection 2 months Burton, 2011 0.2% (/407)
New Fracture

Any 2 months Burton, 2011 24.6% (100/407)
Adjacent Fracture 2 months Burton, 2011 17.6% (72/407)
Cement Leakage

Any 2 months Burton, 2011 33.7% (134/407)
Symptomatic epidural extravasation 2 months Burton, 2011 1.0% (4/407)
Reoperation

Any 2 months Burton, 2011 19.2% (78/407)
Weakness due to compression from 2 months Burton, 2011 0.5% (2/407)

symptomatic epidural extravasation

Mortality
Any 100 days Moulin, 2020 10.0% (5/50)"

Mean 401 days Moulin, 2020 34.0% (17/50)"
SAE
Any grade 4/5 1 month Moulin, 2020 0% (0/50)
Symptomatic Cement PE 1 month Moulin, 2020 2.0% (1/50)
Lumbar artery puncture Perioperative Moulin, 2020 2.0% (1/50)
Retroperitoneal hematoma requiring | Perioperative Moulin, 2020 2.0% (1/50)
blood transfusion
New Fracture
Any 1 month Moulin, 2020 10.0% (5/50)

1 year Rocha Romero, 2020 | 29.5% (13/44)
Adjacent level 1 year Rocha Romero, 2020 | 15.9% (7/44)
Cement Leakage
Any | NR | Cui, 2022 | 34.9% (185/530)
Reoperation
For new fracture 1 month Moulin, 2020 6.0% (3/50)
Mortality
Any 3 months Garcia-Maroto, 2015 | 1.3% (1/75)

9 months Garcia-Maroto, 2015 | 9.3% (7/75)

3 months Molloy, 2016 0% (0/158)

1 year Wu, 2022 18.8% (22/117)
SAE
Any 1 year Wu, 2022 0% (0/117)

1 year Wu, 2023 0% (0/92)
New Fracture
Any 12 months Garcia-Maroto, 2015 | 14.7% (11/75)
Cement Leakage
Symptomatic 1 year Wu, 2022 0% (0/215)
Any Mean 11 months | Garcia-Maroto, 2015 | 5.7% (7/122)

1 year

Wu, 2022

13.0% (28/215 procedures)
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| 1year | Wu, 2023 | 13.0% (12/92)

Other AE

Any | 1year | Wu, 2022 | 74.3% (87/117)
AE = adverse event; KP = kyphoplasty; NR = not reported; SAE = serious adverse event; VP = vertebroplasty.

* Burton 2011 includes a mixed population, but primarily malignancy 65% versus 35% OVCF.

T No deaths in Moulin 2020 were related to treatment.
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Table 43. Summary of pooled estimates of cement leakage, new fractures, and any complications reported in systematic reviews of

comparative studies and case series evaluating VP and KP for treatment of pathologic vertebral fractures

Any new Fracture®

Any complications”

Author Number of Any Cement leak” Symptomatic Cement Leak”
(year) studies
KP VP KP KP VP KP
Pathologic fractures’
Sorensen | eVP N=62 ©37.9% ©13.6% NA NA NA NA 01.7% ©0.8%
(2019) (11 (439/1157)* (28/206)* (35/2024)* | (8/909)*
prospective)
oKP N =27
(7
prospective)
Lee oVP N =13 All studies All studies (per All studies All studies All studies All studies NA NA
(2009)™ (1 (per level) level) (per level) (per level) ©18.0% ©17.0%
prospective) | 79.07% 6.07% (13/214 | #0.26% 0.0% (490/2781 (123/727
eKP N =7 (601/760 levels) (21/760 (0/214 pts) pts)
(2 levels) levels) levels) 21% 13.0%
prospective) (830/3912 (158/1192
levels) levels)
Prospective Prospective
studies studies
018.1% 016.1%
(122/672 (11/68 pts)
pts) ©11.2%
016.3% (12/107
(154/941 levels)
levels)
Bouza oKP Only NA All studies NA ¢0.0% oNA ©10.23% NA NA
(2009)” | eN = 7 studies 5.8% (1.96, (95% Cl,
(4 9.64%) 2.8%,
prospective) (41 leaks, 17.7%)
presume levels (21/172
reported), patients)
Prospective
studies
011.2%
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[ )
Retrospective
studies

¢0.51%

Mendel o/PN=5 Prospective Prospective Prospective Prospective Prospective Prospective 4.1% (4/98 0%
(2009)" prospective studies studies studies studies studies studies patients)™
eKPN=6 ©58.4% ©12.1% 12/2391 | ©3.1% (3/98 | «0% NR NR
prospective (59/101 levels) patients)
levels)

KP = kyphoplasty; NA = not applicable; VP = vertebroplasty.
* Authors may report rate per number of patients or number of levels treated (level) or number of vertebrae as noted in the table.
T Pathologic fractures may include multiple myeloma, hemangioma or metastases.
T We assume that the denominator is the total n they report in table 1.
§ Included radiating pain, transient chest pain, radiculopathy without palsy, hemothorax, hematoma, radicular neuritis, asymptomatic and symptomatic pulmonary embolisms,
bilateral leg motor deficits, cauda equina, and complete paraplegia.
** From prior report.

11 All neurological, not specified.
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4.3.2.2 Kyphoplasty
4.3.2.2.1 Kyphoplasty versus Usual Care

One RCT (CAFE trial) (N=134)** that compared KP to UC for the treatment of symptomatic vertebral
compression fractures due to malignancy reported adverse events. Details of this trial have been
reported in Key Question 1 (also see Appendix Table F3). Given the high rate of cross-over (59%) from
UC to KP after 1 month, we reported harms for patients both as randomized and as treated.

New vertebral fracture

KP was associated with a similar risk of new symptomatic vertebral fractures compared with UCat 1
month (N=134, 2.8% vs. 4.7%, RR 0.61, 95% Cl 0.11 to 3.53).1%> After one month up to 12 months, a total
of 18 patients (16.7%), nine (12.8%) originally randomized to KP and nine (23.7%, 9/38) who crossed
over from UC to KP, experienced a symptomatic fracture compared to no patient who received UC only
(Table 44). In the original randomized cohort, KP was associated with a similar risk of non-index
radiographic vertebral fractures at 1 month compared with UC in patients who had radiographic data:
KP (19.4%, 12/62) and UC (17.0%, 8/47); RR 1.14, 95% CI 0.51 to 2.56. An additional five patients who
crossed over from UC to KP at 1 month experience a new radiographic fracture by 12 months; it is
unclear how many of these patients had radiographs available (i.e., denominator is unclear).

Cement Leakage

Only one KP patient (1.4%) experienced a symptomatic cement leakage by the 1-month follow-up; this
patient also suffered an adjacent fracture the day after the procedure, which was classified as a serious
device-related event.’ (See Table 44 and Appendix Table G6 for details.)

Table 44. Summary of safety results: Kyphoplasty versus Usual Care in Patients with Fractures due to

Tumors and Malignancies from the CAFE Trial (Berenson, 2011)

" . KP Usual Care 0
Outcome Follow up Analysis group % (n/N) % (n/N) RR (95% Cl)
1 month As randomized 2.8% (2/70) 1.5% (1/64) 1.82(0.17 to
19.69)
- As randomized o o 1.56 (0.66 to
Mortality 51 month and <12 30.0% (21/70) | 19.2% (5/26) 3.71)
months As treated (after 1.30 (0.55 to
0, (o)
crossover) 25.0% (27/108) | 19.2% (5/26) 3.05)
1 month As randomized NR NR NR
As randomized o o 1.72(0.93 to
Any Serious AES' |51 month and <12 52.8% (37/70) | 30.7% (8/26) 3.19)
months As treated (after 1.66 (0.90 to
0, 0,
crossover) 50.9% (55/108) | 30.7% (8/26) 5.03)
1 month As randomized 2.8% (2/70) | 4.7% (3/64) 0'613((5)'31)1 to
‘;“r’a"c'f::’emat'c o o g |ASTandomized 12.8%(9/70) | 0% (0/26)* NC, p=0.056
>1 month and <
months f:OZZTJES (after 11 ¢ 7% (18/108)| 0% (0/26) NC, p=0.026
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Cement Leakage |1 month As randomized 1.4% (1/70) NA NC
1 month As randomized 37.1% (26/70) | 29.7% (19/64) 1.252(3.37)7 to
Any AES* >1 th and <12 |As treated (aft .
>1 month and < s treated (after NR \R \R
months crossover)

AE = Adverse event; Cl = Confidence interval; KP = Kyphoplasty; NA = Not applicable; NC = Not calculable; NR = Not reported; RR
= Risk ratio.

* No deaths were determined to be related to the device or procedure.

T Serious AEs defined as any event that resulted in death, life-threatening injury or permanent impairment, needed intervention
to prevent impairment, or resulted in prolonged hospitalization. Some patients had multiple serious AEs.

f 9 patients that crossed over to KP from usual care experienced symptomatic fractures between 1 and 12 months; one patients
had vertebral fracture before the crossover procedure, but was counted in the crossover group, and another had a new adjacent
fracture 13 days after the crossover procedure which was possibly device related.

§ Included Blood and lymphatic disorders, cardiac disorders, eye disorders, gastrointestinal disorders, general disorders,
infections, balloon rupture (asymptomatic), myocardial infarction, procedure-related pain, postoperative urine retention,
metabolic/nutritional disorder, musculoskeletal disorders, neoplasms, nervous system disorders, psychiatric disorders,
respiratory disorders, vascular disorders, myocardial infarction resulting in death, cardiac failure resulting in death, and general
disorders resulting in death.

Mortality

KP and usual care were associated with a similar risk of mortality by 1 month, though results were
imprecise (N=131, 2.8% vs. 1.5%, RR 1.82, 95% CI 0.17 to 19.69).%>> In the KP group, one death was
attributed to a myocardial infarction (MlI) that occurred prior to treatment and the other to general
disorders with no further information. The one death in the usual care group was a result of cardiac
failure. The risk of mortality after 1 month and up to 12 months remained similar between treatment
groups in both the “as randomized” and the “as treated” analyses (Table 44). Most deaths were the
result of neoplasms and general disorders, and none were judged to be related to treatment.

Serious Adverse events

The total number of patients with a SAE by 1 month was not reported (patients could have more than
one AE). By 1 month, there were three events that occurred in the KP group described by the authors as
serious: two cases of myocardial infarction (2.7%, 2/70) (one occurred before treatment and resulted in
death and the other occurred intraoperatively with intermittent atrial fibrillation and was attributed to
anesthesia and resolved with medical therapy) and one case (1.4%, 1/70) of cement leakage into the
adjacent disc resulting in an adjacent fracture 1 day after the procedure (Table 44).

The risk of SAEs (defined as any event that resulted in death, life-threatening injury or permanent
impairment, required intervention to prevent impairment, or resulted in prolonged hospitalization) after
1 month up to 12 months was higher in the KP group compared to the UC group, but the difference was
not statistically significant in both the “as randomized” (52.8% vs. 30.7%) and the “as treated” analyses
(50.9% vs. 30.7%), Table 44.1>> None of the SAEs in the patients initially randomized to KP were
considered device related. In the crossover group (n=38), two patients (5.3%) had serious device-related
events: an airway complication caused by anesthesia (resolved by mask ventilation) and a new vertebral
compression fracture VCF 13 days after KP that the local investigator reported as possibly device related.
Overall, 2.8% (2/108) of patients who received KP at any point during the 12-month follow-up had a
serious device-related adverse event.
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Other Adverse events

KP was associated with a similar risk of any adverse event compared to UC by 1 month (N=134, 37.1%
vs. 29.7%, RR 1.25, 95% CI 0.77 to 2.03), Table 44.%* Four cases of device-related AEs were reported but
were not serious: one asymptomatic balloon rupture, two cases of extravasation to the disc (one
asymptomatic), and one superficial wound infection. The incidence of any AE after 1 month was not
reported.

4.3.2.3 Mixed Vertebroplasty and Kyphoplasty Populations

Studies that did not report VP and KP separately but analyzed data across both augmentation procedure
types are summarized here. Five large administrative database studies were included. Three provided
comparative data; one used a 20% random sampling of the Medicare database,?!* one used the NIS
database!® and one used private health insurance data from Germany?!! to compare adverse events
following vertebral augmentation with UC or operative treatment. The other two database studies
provided primarily single arm data from the ACS-NSQIP database, have overlapping populations and are
summarized with the case series below.'®8 |n addition, one retrospective comparative NRSI?*2
evaluated safety following KP and UC.

Mortality

One study of Medicare claims data?'® reported slightly lower 30-day mortality with vertebral

augmentation versus conservatively treated propensity matched controls, but estimates were imprecise
(adjusted odds ratio [OR] 0.61, 95% Cl 0.39 to 0.95). At 12 months mortality risk was similar between
groups (hazard ratio [HR] 0.92, 95% Cl 0.81 to 1.04). This study used a 20% random sample of Medicare
data. Similarly, data from a small hospital-based study in the US reported no difference in mortality
between vertebral augmentation and no treatment (adjusted HR 0.81, 95% Cl 0.42 to 1.59).%2 In
contrast, another study using data from private health insurance in Germany reported slightly lower
mortality with vertebral augmentation versus nonoperative care by 60 months (adjusted HR 0.58, 95%
Cl1 0.48 to 0.70), however author’s Kaplan-Meier plot shows similar survival between vertebral
augmentation and nonoperative management up to 36 months since diagnosis (data NR),>'" (Table 45).

Other SAEs

Across the three studies comparing KP and UC, there were no difference in the risk of any or specific
SAEs across the database studies!®>?!3 or in the risk of recurrent fracture in the comparative NRSI,?!?
except for 30-day outcomes in the Medicare database study?'® which showed that KP was associated
with fewer SAEs (any) in propensity score adjusted analysis (adjusted OR 0.90, 95% CI 0.81 to 0.99).

KP was associated with significantly fewer SAEs, both any SAE (adjusted OR 0.48, 95% Cl 0.41 to 0.56)
and individual SAEs, i.e., stroke, MI, PE, shock, after adjusted analyses compared with open surgery in
the large NIS database study.!®®
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Table 45. Adverse Events Other than Mortality from Comparative Database and Comparative
Nonrandomized Studies Evaluating Any Vertebral Augmentation (i.e., Vertebroplasty/Kyphoplasty)
for Osteoporotic Vertebral Compression

Study

Adverse Event Database Database search Finding and conclusion
dates

SAE

Specific SAEs NIS Purvis, 2018 VP/KP: 11,116 Post-op, all p=NR

(2002-2011) UC: 46,962 Stroke: 0.1% (11/11116) vs. 0%
(0/46962)

MI: 0.6% (67/11116) vs. 0.8%
(376/46962)

PE: 0.2% (22/11116) vs. 0.3%
(141/46962)

Shock: 0.2% (22/11116) vs. 0.2%
(94/46962)

Any SAE NIS Purvis, 2018 VP/KP: 11,116 Post-op

(2002-2011) UC: 46,962 8.1% (900/11116) vs. 8.7%
(4086/46962), Adj. OR 0.95 (95% Cl
0.87-1.03)

Medicare | McCullough, VP/KP: 9,017 30 days

2013" UC: 9,017 9.5% (860/9017) vs. 10.5%
(2002-2006, 20% | propensity- (947/9017), Adj. OR 0.90 (95% Cl
random sample) | score matched 0.81-0.99)

1 year

29.8% (2691/9017) vs. 30.0%
(2709/9017), Adj. HR 1.00 (95% Cl
0.94-1.06)

Recurrent Fracture NA Levy 20127 VP/KP: 57 17.5% (10/57) vs. 25.9% (7/27),
(NA) uc: 27 unadjusted RR 0.68 (0.29 to 1.58);
p=NS in adjusted analyses

Mixed VP/KP vs. Operative Treatment
SAEs NIS Purvis, 2018 VP/KP: 11,116 Post-op

(2002-2011) Open Surgery: Stroke: 0.1% (11/11116) vs. 0.3%
1,487 (4/1487), p<0.001

MI: 0.6% (67/11116) vs. 2.2%
(33/1487), p<0.001

PE: 0.2% (22/11116) vs. 1.2%
(18/1487), p<0.001

Shock: 0.2% (22/11116) vs. 1.0%
(15/1487), p<0.001

Any SAE: 8.1% (900/11116) vs. 16.3%
(242/1487); Adj. OR 0.48 (95% ClI
0.41-0.56)

Adj. HR = adjusted hazard ratio; Adj. OR = adjusted odds ratio; Cl = confidence interval; KP = kyphoplasty; MI = myocardial
infarction; NA = not available; NIS = National Inpatient Sample; NR = not reported; PE = pulmonary embolism; RR = risk ratio;
SAE = serious adverse event; UC = usual care; VP = vertebroplasty.

* Major medical complications included diagnosis codes for cardiorespiratory arrest, acute myocardial infarction, respiratory
failure, pulmonary embolism, pneumonia, and stroke as well as relevant procedural codes.

t This trial had a 3rd arm of VP/KP + medical that included 49 patients but was excluded b/c it does not meet inclusion criteria.
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Case series

183,184 185-187,215

Two large single arm database studies with overlapping populations and four case series
evaluated safety for VP or KP together as vertebral augmentation. Sample sizes ranged from 1,932 to
2,433 in the database studies and from 299 to 358 in the case series. Follow-up periods ranged broadly
from 1 to 31 months across the studies that reported follow-up. See Table 46 for AE details.

Mortality

The incidence of mortality following VP or KP was low, 2.0% across two large databases with overlapping
populations. 183186

SAEs

The frequency of any SAE following VP or KP across the two database studies ranged from 4.9% to 5.8%
and the incidence of individual SAEs (e.g., thromboembolic events, cardiac events, cerebrovascular
events, etc.) was very low (<1.0%); it is unclear if any SAEs were related to the treatment.’®¥1%* One
additional case series reported that no SAE occurred in any patient.®

Cement Embolism

Two case series studies looked specifically at the risk of pulmonary cement embolism (PCE); there were
no symptomatic cases in either study. In one study (N=373) the incidence of PCE on post-procedural CT
was 17.2% and author state the incidence was similar for VP and KP.*> In another study,?*® 3.7% of
patients (N=299) had a PCE during VP; follow-up after 12 months showed no further sequelae or
symptoms.

New fractures

Only one study reported the incidence of new vertebral fracture which was 12.6% for any new fracture
and 7.3% for any new symptomatic adjacent level fracture by a mean of 31 months.®®

Cement leakage

The incidence of symptomatic cement leakage or leakage into the spinal canal was rare (<2%) across two
studies but asymptomatic or any cement leakage was common following VP (32.5% to 40.8%).185187

Reoperation

The rate of any reoperation across the two database studies ranged from 3.2% to 3.6%.1%3'8 Repeat VP
or KP for symptomatic adjacent level fractures was 7.3% in one case series.'8®
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Table 46. Adverse Events in Single Arm Studies for mixed VP/KP for Osteoporotic fractures

Adverse Event Follow Up ‘ Study % (n/N)

Mortality

Any 1 month Choo, 2018 2.0% (49/2433)
1 month Kim, 2022° 2.1% (40/1932)

SAE

Any 1 month Choo, 2018 5.8% (140/2433)
1 month Kim, 2022 4.9% (95/1932)
NR Wang, 2014 0% (0/358)

Thromboembolic events

Any thromboembolic event 1 month Choo, 2018 1.0% (24/2433)

PE 1 month Kim, 2022 0.7% (13/1932)

DVT 1 month Kim, 2022 0.7% (14/1932)

Cardiac events

Cardiac arrest 1 month Kim, 2022 0.2% (4/1932)

M 1 month Kim, 2022 0.1% (1/1932)

CVA events

Stroke 1 month Choo, 2018 0.1% (3/2433)

CVA with neurologic deficit 1 month Kim, 2022 0.1% (1/1932)

Infection

Deep infection 1 month Kim, 2022 0% (0/1932)

Septic complication 1 month Choo, 2018 0.8% (20/2433)

Sepsis 1 month Kim, 2022 0.5% (9/1932)

Septic shock 1 month Kim, 2022 0.2% (4/1932)

Bleeding

Bleeding requiring transfusion 1 month Choo, 2018 0.7% (16/2433)

Pulmonary Cement Embolism

Asymptomatic PCE Median 412 days | Sun, 2023 17.2% (64/373)

Perioperative

Venmans, 2008

3.7% (11/299)

New Fracture

Any fracture Mean 31 months | Wang, 2014 12.6% (45/358)
Adjacent level, symptomatic fracture 6 months Wang, 2014 3.1% (11/358)
Mean 31 months | Wang, 2014 7.3% (26/358)
Cement Leakage
Any symptomatic leakage requiring Mean 31 months Wang, 2014 0% (0/358)
intervention
Any leakage Mean 31 months | Wang, 2014 40.8% (146/358)
NR Zhang, 2020 32.5% (96/295 levels)
Spinal canal leakage NR Zhang, 2020 2.7% (8/295 levels)
Reoperation
Any 1 month Choo, 2018 3.6% (88/2433)
1 month Kim, 2022° 3.2% (61/1932)
Repeat VP/KP for symptomatic Mean 31 months | Wang, 2014 7.3% (26/358)
adjacent level fracture
Any AE
| 1 month | Kim, 2022 | 8.6% (166/1932)

AE = adverse event; Cl = confidence interval; CVA = cerebrovascular accident; DVT = deep vein thrombosis; F/U = follow-up; KP
= kyphoplasty; MI = myocardial infarction; NR = not reported; PCE = pulmonary cement embolism; PE = pulmonary embolism;

SAE = serious adverse event; VP = vertebroplasty.
* Some overlap with Choo 2018 - also, these are included in the comparative database table very minimal outcomes.
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4.4 Sacroplasty

A total of six studies were identified for this update review that met inclusion criteria and evaluated the
effectiveness and safety of sacroplasty for treatment of sacral insufficiency fractures: four comparative
NRSIs, one prospective®® and three retrospective,*>91% gne SR of case series,*>® and one single arm
registry study.'®® The SR of case series includes the sacroplasty arm from one of our included
comparative NRSIs.”* See Appendix H for study details.

In addition, results from the prior report from one SR?*! and nine case series???2% (4 that were included
in the SR)224225229.230 gre summarized for completeness.

4.4.1 KQ1 Effectiveness
Description of Included comparative studies

One prospective®! and three retrospective®”1>%1%0 NRS|s were included that compared sacroplasty with
nonsurgical management consisting of usual care, i.e., analgesics (to include muscle relaxants and
opioids), bracing, walking aids and/or bed rest (3 studies)*”"**> and percutaneous teriparatide
injections (20 pg once a day for 26 weeks) (1 study).°

Sacroplasty was performed at the discretion of the treating physician and included cement (PMMA)
sacroplasty in three studies®>*>%%0 in the fourth study a variety of methods were used and included
balloon sacroplasty, radiofrequency sacroplasty, vertebrosacroplasty and cement sacroplasty.*’ Sample
sizes ranged from 27 to 244, the mean age of patients ranged from 70 to 81 years and the majority were
female (range, 81% to 95% across 3 studies and 100% in one study). Duration of pain ranged from mean
of 6.8 to 11.2 weeks in two studies*>*®® and was >3 weeks in another®! based on inclusion criteria; the
fourth study did not indicate pain duration.*” Only one was conducted in the U.S.5! the others took place
in Austria,* Turkey,®® and Taiwan.® Two studies received no funding for their work*”~°! and the other
two did not report funding.>%16°

One of the above studies”” included a third treatment arm and also compared sacroplasty with screw
fixation in 178 patients (83% female) with a mean age of 70 years. Sacroplasty was performed using a
variety of methods and included balloon sacroplasty, radiofrequency sacroplasty, vertebrosacroplasty
and cement sacroplasty. The alternative surgical method consisted primarily of iliosacral screw fixation
(64%), most with cement augmentation. Mean duration of pain was 11.2 weeks.

These studies were considered poor-quality (high risk of bias) due serious confounding by indication and
lack of controlling for this and for baseline differences. See Appendix H for study details.

4.4.1.1 Sacroplasty versus Non-surgical Management
4.4.1.1.1 Primary Outcomes
Pain

Across the three studies comparing sacroplasty with usual care,*">1> sacroplasty resulted in
significantly greater improvement in VAS pain scores (0-10 scale) across most timepoints and was
sustained longer term (follow-up range, 6 months to 10 years) (Table 47). One of the studies*’ presented
data stratified by a number subgroups but did state that patients receiving sacroplasty experienced pain
reductions rapidly and significantly (p<0.001), while patients receiving conservative therapy either did
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not or experienced a delayed in response. Of note, one of these studies had a large imbalance in pain
scores at baseline (8.82 for sacroplasty vs. 4.18 for UC) and based its results on change scores.®

The study that compared sacroplasty with daily percutaneous injections of teriparatide over 26 weeks
reported significantly less improvement in VAS pain scores after sacroplasty at 12 and 26 weeks of
follow-up but scores were not statistically different between treatment groups at earlier timepoints
(Table 47).1%0

Function

Two of the studies reported function using the ODI**® and the Hamburg Barthel Index (HBI)*” and found
that sacroplasty resulted in significantly greater improvement in function scores compared with UC at all
timepoints (Table 47). There were large imbalances between groups in baseline scores in both trials,
such that the sacroplasty group had greater disability; one study based its results on change scores.>

The study that compared sacroplasty with daily percutaneous injections of teriparatide over 26 weeks
reported significantly less improvement in ODI scores after sacroplasty at 4, 12 and 26 weeks of follow-
up; scores were not statistically different between treatment groups after 2 weeks (Table 47).16°

Opioid use

One study*! reported opioid use only in those who received sacroplasty. At study entry, 77.1% (162/210)
of patients were using opioids which decreased to 32.9% (69/210) during the postoperative period; at
the 10-year follow-up, none of the patients (0/117) reported using opioids for sacral pain (Appendix
Table I1).
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Table 47. Sacroplasty vs. Usual Care/Non-surgical Management

Outcome” Author, year SP UC/NSM Effect Size
Type of NSM Mean (SD) Mean (SD) (95% Cl)
Pain
VAS pain (0-10, |Frey, 2017 Baseline 8.29(0.13) (n=210) 7.47 (0.38) (n=34) p>0.05
lower better) 2 weeks 2.82 (SE 0.17) (n=NR) 5.44 (SE 0.44) (n=34) NC
UC: analgesics including opioids, 2 c 5,39 (SE 0.15) (n=NR .04 (SE 0.42) (n=34 NC
corsets, and/or bed rest Weeks 39 ( 15) (n=NR) 24 ( 42) (n=34)
12 weeks 1.93 (SE 0.14) (n=NR) 3.47 (SE 0.46) (n=34) NC
24 weeks 1.45 (SE 0.13) (n=NR) 2.47 (SE 0.42) (n=34) NC
1vyear 0.89 (SE 0.10) (n=NR) 1.44 (SE 0.28) (n=34) NC
2 years 0.66 (SE 0.08) (n=82) 1.12 (SE 0.25) (n=34) MD -0.46 (-0.86 to -0.06)
10 years 0.50 (SE 0.08) (n=117) NA NA
Sarigul 2023 Baseline 8.82 (NR) (n=83) 4.18 (NR) (n=102) p<0.05
10 days 5.91 (NR) (n=83) 1.48 (NR) (n=102) p=0.77 for change scores
UC: analgesics, muscle relaxants, 5 . ) 83 36 102 ~0.02 for ch
and bed rest 12 weeks 4.22 (NR) (n=83) 1.36 (NR) (n=102) p=0.02 for change scores
1vyear 1.15 (NR) (n=83) 2.82 (NR) (n=102) p<0.001 for change scores
Yang 2023 Baseline 7.7 (0.8) (n=13) 8.0 (1.0) (n=14) p>0.05
2 weeks 4.7 (1.3) (n=13) 5.0 (0.8) (n=14) p>0.05
Percutaneous teriparatide injection ¥ ~ ~ ~
20 g 1x/day for 26 weeks 4 weeks 4.6 (1.2) (n=13) 3.8 (1.1) (n=14) P=NR
12 weeks 3.8 (1.5) (n=13) 1.8 (0.6) (n=14) p<0.001
26 weeks 2.7 (1.4) (n=13) 0.6 (0.8) (n=14) p<0.001
Function
oDl (0-100, Sarigul 2023 Baseline 78.64 (NR) (n=83) 51.79 (NR) (n=102) p<0.05
lower better) 10 days 24.31 (NR) (n=83) 48.76 (NR) (n=102) p=0.04 for change scores
UC: analgesics, muscle relaxants,
and bed rest 12 weeks 14.28 (NR) (n=83) 42.94 (NR) (n=102) p=0.03 for change scores
1vyear 8.44 (NR) (n=83) 21.16 (NR) (n=102) p<0.001 for change scores
Yang 2023 Baseline 82.6 (9.1) (n=13) 82.7 (9.7) (n=14) p>0.05
2 weeks 68.3 (3.5) (n=13) 64.6 (8.2) (n=14) p>0.05
4 weeks 56.9 (4.1) (n=13) 48.8 (8.0) (n=14) P=0.010
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Outcome” Author, year SP UC/NSM Effect Size
Type of NSM Mean (SD) Mean (SD) (95% Cl)
Percutaneous teriparatide injection | 12 weeks 32.4 (4.8) (n=13) 22.6 (9.4) (n=14) p=0.005
20 pg 1x/day for 26 weeks 26 weeks 20.7 (4.9) (n=13) 11.2 (3.5) (n=14) p<0.001
HBI (0-100, Andresen 2022 Baseline 48 (14) (n=109) 65 (10) (n=88) p<0.001

higher = better)

UC: bed rest, analgesic therapy and
mobilization using a walker or
crutches

2 years* 83 (6) (n=109) 76 (13) (n=88) P<0.05

Cl = confidence interval; F/U = follow-up; HBI = Hamburg Barthel Index; MD = mean difference; NA = not applicable; NC = not calculable; NR = not reported; NSM = non-surgical
management; ODI = Oswestry Disability Index; SD = standard deviation; SE =standard error of the mean; SP = sacroplasty; UC = usual care; VAS = visual analogue scale.
*Data not provided for other timepoints, but authors indicate significant differences between treatment groups favoring sacroplasty from 2 days to 18 months
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4.4.1.2 Sacroplasty versus Surgery

One study compared sacroplasty with screw fixation (primarily iliosacral screw fixation with cement
augmentation)*” and found that patients in both groups experienced significant improvement in pain
(VAS scores) and function (HBI scores) but it was more rapid following sacroplasty; authors state that
patients who received screw fixation benefited after 6 months with sustained benefits. Data was not
well reported, especially for pain, and comparisons between the two groups were not distinctly made.
HBI function scores at 2 years (N=154) were similar, mean 83 vs. 84, respectively. Those in the surgical
group had more complex and severe fractures which likely impacted the recovery time. See Appendix
Table I1 for study details and results.

Systematic review and case series

One SR published in 2019 included one comparative NRSI and 18 cases series that evaluated sacroplasty
for treatment of sacral insufficient fracture and neoplastic lesions.>® The sole NRSI°* included in the SR is
a study we’ve included above for comparative effectiveness; only the sacroplasty arm of this study was
used in the SR’s analyses. A total of 861 patients were included (range of N’s, 6 to 243). The majority of
patients were female (79%) with a weighted mean the age of 74 years (range, 58 to 83 years). Most of
studies evaluated patients with osteoporotic fracture (63%, 12/19); the remainder included patients
with malignant lesions only (21%, 4/19) or both osteoporotic and malignant fracture (16%, 3/19). Six
patients underwent two procedures for a total of 867 sacroplasty procedures performed. Funding was
not reported.

One prospective study®® conducted an interim analysis of the first 102 patients included in the Vertebral

Augmentation Sacroplasty Fracture Registry, a U.S. national ongoing registry involving 10 sites designed
to assess the effectiveness and safety of sacroplasty as an as-treated, on-label procedure. The mean
patient age was 74 years, 69% were female and 98% received sacroplasty for osteoporotic sacral
insufficient fractures. Most patients had failed nonoperative treatment of up to 4 months duration.
Sacroplasty and other procedural techniques used were at the discretion of the investigational site and
the treating physician. The study was funded by an academic foundation.

See Appendix Table J1, K1, and K2 for study and results details.

Studies from the 2010 report

A systematic review?%!

osteoporosis included 15 papers; seven of these were case series, three were case reports, and five
were technical reports. A total of 108 patients (range 1-52 per study) with a mean age of 75.5 years
were included across all the studies in this review, with follow-up ranging from 24 hours to 42 months.

of sacroplasty for the treatment of sacral insufficiency fractures caused by

In addition, nine case series?*223%(several of which were also included in the systematic review)?*! were
also included. As with this update report, only studies with five or more patients were considered for
inclusion. Two studies??>??° were of patients with osteoporosis (N=65 total patients), three?2>223226 were
of patients primarily with multiple myeloma or other tumors (N=28 total patients), and four?24227:228:230
were of patients with sacral insufficient fractures of undefined or mixed causes (N=48 total patients).
Summarizing the results of these studies was made difficult by the lack of consistency in the outcomes
reported or in length of follow-up.
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4.4.1.2.1 Primary Outcomes
Pain

Pooled analyses of VAS pain scores in the SR*® demonstrated statistically significant improvement in
pain levels from baseline to 24 to 48 hours and 6- and 12-months post-procedure; cumulative pain
scores are in provided in Table 48. Results remained robust after adjusting for potential publication bias.
The authors also performed a meta-regression which showed that none of the covariates studied
(sacroplasty indication [osteoporosis vs. malignancy], study design [prospective vs. retrospective], and
technical modifications [none, radiofrequency augmentation, balloon dilation) were associated with
VAS-study effect size. Clinical success was achieved in 95.7% of patients but the timing is unclear.

Consistent with the findings from the SR, the registry study* showed statistically significant

improvement in VAS pain scores at all time points (1, 3 and 6 months) following sacroplasty with 91.8%
of patients achieving a clinically meaning improvement (=2 points) on the VAS pain scale by 6 months
(Table 48).

Studies from the 2010 report

Pain results from the prior report are consistent with those of this update report, showing significant
improvement in pain following sacroplasty. In the SR?*! included in the prior report VAS pain scores were
significantly improved in the 62 patients for whom it was measured, improving from 8.9 pre-operatively
to 2.6 post-operatively (across a range of follow-up times). Six of the nine case series reported VAS pain
scores which improved following sacroplasty for both osteoporotic and malignant fractures, from a
mean of 8.1 to 9.1 pre-operatively to 0.8 to 3.8 at varying follow-up periods.??%223:225227.230 Across two
studies,?**??° 11 of 19 patients (58%) reported complete or significant pain relief at follow-up of
approximately two weeks.

Function

In the registry study,'® RDQ scores improved significantly at all time points (1, 3 and 6 months) post-
procedure with 83.7% of patients achieving a clinically meaning improvement (25 points) on the RDQ
pain scale by 6 months (Table 48). The SR did not report function outcomes.

Table 48. Effectiveness outcomes from one SR and one registry study of SP for sacral insufficient
fractures or malignant fractures

Author, year Outcome F/U ‘ SP, mean (SD) or % (n/N)

Chandra 2019 SR | VAS pain (0-10 Baseline |19 studies (N=861): pooled mean 8.35 (95% CI 8.08 to 8.63);
(N=861; 19 single |scale) range of mean scores: 5.3 t0 9.3"

arm studies) 24-48 hours | 15 studies (N=749): pooled mean 2.70 (95% CI 2.19 to 3.20);

range of mean scores: 0.67 to 4.1

6 months |8 studies (N=352): pooled mean 2.26 (4.5)%;

range of mean scores NR

12 months |9 studies (N=357): pooled mean 2.01 (95% CI 1.35 to 2.67);
range of mean scores: 0.89 to 2.4

Clinical success? NR 18 studies: 95.7% (623/651)
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Beall 2023¢ NRS pain (0-10 Baseline |N=102: mean 7.8 (2.4)
(N=102) scale) 1 month |N=51: mean 2.4 (3.3), p<0.001 vs. baseline
The Sacroplasty -
Regi 3 months |N=52: mean 1.2 (2.5), p<0.001 vs. baseline
egistry
6 months | N=49: mean 0.9 (2.2); p<0.001 vs. baseline
>2-point 1 month |72.6% (37/51)
improvementon | 3 months  |90.4% (47/52)
NRS
6 months |91.8% (45/49)
RDQ (0-24 scale) Baseline | N=102: mean 17.7 (6.4)
1 month |N=51: mean 8.4 (4.9), p<0.001 vs. baseline
3 months |N=52: mean 6.9 (4.9), p<0.001 vs. baseline
6 months | N=49: mean 5.2 (5.2); p<0.001 vs. baseline
>5-point 1 month |76.5% (39/51)
improvementon | 3 months | 78.8% (41/52)
RD
Q 6 months |83.7% (41/49)

Cl = confidence interval; F/U = follow-up; NRS = numerical pain rating scale; RDQ = Roland Morris Disability Questionnaire; SD =
standard deviation; SP = sacroplasty; UC = usual care; VAS = visual analogue scale.

* Excluding the 5.3 score, the range is 7.5 to 9.3.

t Standard deviation calculated from standard error given.

¥ Defined as: the patient’s pain improved, stayed the same, or if remobilization was achieved after the sacroplasty procedure.
§ N indicated the number of patients with completed follow-ups at time of data collection.

Studies from the 2010 report

Function results from the prior report are consistent with those of this update report, showing
significant improvement in function after sacroplasty. One case series??” measured function via a 5-point
mobility scale (1 = normal, 5 = bedridden; mean 4.3 [SD 1] at baseline vs. 2.3 [SD 1.2] posttreatment)
and another study?° reported improvement in all activities of daily living (data not reported).

4.4.1.2.2 Secondary Outcomes

Opioid Use

188

Neither the SR of case series nor the registry study**° included in this update report reported opioid use.

Studies from the 2010 report

Three studies reported decreases in the use of opioid pain medication following sacroplasty, from a
range of 71%-58% at baseline to 10%-21% at follow up in two studies of patients with osteoporotic
fractures??>2%” and from 100% to 0% (most were using only nonsteroidal anti-inflammatory medications)
in a series of eight patients with fractures due to malignancy.???
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4.4.2 KQ2 Harms and Safety
Safety was not well reported across the included studies. See Table 49 for a summary of reported AEs.
Mortality

The only comparative data provided was for mortality in one retrospective NRSI*” which showed that
sacroplasty was associated with significantly fewer deaths compared with usual care over 12 months
(8.4% vs. 21.7%); while there were fewer deaths in patients who received sacroplasty versus pedicle
screw fixation surgery (8.4% vs. 13.6%) in this same study, the difference was not statistically significant.
The single arm registry study reported no deaths through 6 months.188

SAE

Only one retrospective NRSI called out a specific adverse event and noted that there were no cases of
pulmonary embolism in any patient following sacroplasty.'>® The study that compared sacroplasty with
daily injections of teriparatide only stated that no specific complication related symptoms were noticed
in either group.

Symptomatic Fracture

There were three cases (3.0%) of new symptomatic fracture reported over 6 months in the registry
study; two patients suffered new sacral fractures and had revision sacroplasty and one patient
presented with severe back pain and underwent vertebral augmentation to treat a new VCF. These
patients are included under reoperation below. None of the studies reported the incidence of new
fracture (symptomatic or asymptomatic).

Reoperation

In the SR of case series, there were three patients (0.9%) with radicular pain due to cement leakage who
required decompression to relieve the symptoms.'*® All three patients with symptomatic fractures in the
registry study (see above) required either repeat sacroplasty or vertebral augmentation.®

Cement Leakage

Symptomatic cement leakage was rare as reported by the SR, the registry study and two NRSIs (0% to
1.0%).47:156:159,188 Across just the SR and the registry study the incidence ranged from 0.6% to 1.0%.°6:188

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 164



WA — Health Technology Assessment

October 16, 2024

Table 49. Summary of safety results for NRSIs of sacral insufficiency fractures

Outcome

Follow up

Sacroplasty

Comparative

Study Design

% (n/N)

Comparative NRSI

Mortality Andresen 2022 12 months 8.4% (10/119) vs. UC: 21.7% (25/114);
Comparative NRSI RR 0.38 (95% Cl 0.19 to 0.76)
8.4% (10/119) vs. Surgery: 13.6% (8/59);
RR 0.62 (95% Cl 0.23 to 1.49)
SP arm only
Mortality
Beall 2023 o
Any Single arm Registry 6 months 0% (1/102)
SAE
PE Sarigul 2023 Perioperative 0% (0/83)

Symptomatic Fracture

Comparative NRSI

Any Beall 2023 6 months 3% (3/102), required surgery
New sacral fracture | Single arm Registry 2% (2/102), required surgery
New VCF 1% (1/102), required surgery

Reoperation”

Radicular pain dueto |Chandra 2019 0

cement leakage (SAE) |SR of single arm studies 3-18 months 0.3% (3/861)

Beall 202
Any new sacral or VCF 'ea 023 . 6 months 3% (3/102)

Single arm Registry

Cement Leakage

Symptomatic Chandra 2019 o . .
SR of single arm studies 3-18 months 0.6% (5/861), radicular pain
B'eaII 2023 . 6 months 1.0% (1/102), new neurologic deficit
Single arm Registry
Sarigul 2023 . . 0
Comparative NRS| Perioperative 0% (0/83)
Andresen 2022 Perioperative 0% (0/119)

Asymptomatic

Chandra 2019

- o)
SR of single arm studies 3-18 months 2.2% (19/861)
Beall 2023 o
Single arm Registry 6 months 17.7% (18/102)
Sarigul 2023

Comparative NRSI

Perioperative

2.4% (2/83)

Andresen 2022
Comparative NRSI

Perioperative

8.4% (10/119)

AE = Adverse event; Cl = Confidence interval; NA = Not applicable; NC = Not calculable; NR = Not reported; NRSI =
Nonrandomized study of interventions; RR = Risk ratio; SAE = serious adverse event; SR = systematic review; UC = usual care;
VCF = vertebral compression fracture.

*Also included under cement leak complications and symptomatic fracture.
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Safety results reiterated from the 2010 report

Very few adverse outcomes were reported in the SR??! included in the prior report (clinically insignificant
cement leakage and S1 radiculopathy). No major complications were reported in any of the case series
of sacroplasty.?222%0 Asymptomatic cement leakage was reported in 7 of 34 patients across four

series. 223224226228 Qne patient developed radicular pain during cement injection, which was relieved 7
days later with an epidural steroid injection.??®> Two patients had radicular pain during the procedure
from tumor extension into neural foramen, which was treated with selective nerve root block.?%®

4.5 KQ4 Cost-Effectiveness

4.5.1 Evidence of Cost Implications and Cost-Effectiveness of Vertebroplasty, Kyphoplasty,
and Sacroplasty

Summary of studies and key points:

Three full economic studies comparing either vertebroplasty or kyphoplasty with conventional
treatment were included in the 2010 HTA report: one evaluated kyphoplasty and was of reasonable
quality,?! one moderate quality,’3! and one was poor quality study and evaluated vertebroplasty.?? All
evaluated populations with osteoporotic vertebral compression fractures. All suggest that in the short
term, vertebroplasty (two studies'3232) and kyphoplasty (one study?!) may be of at least comparable
cost and may provide earlier pain relief compared with conventional treatment, however confidence in
the evidence was very low. None examined the cost effectiveness of either balloon kyphoplasty or
vertebroplasty in a U.S. setting, thus generalizability to the U.S populations was unknown. Studies
provided little information on the impact of various factors on overall cost effectiveness, and all were
limited by lack of long-term data on effectiveness and safety. Two studies were industry funded31:23!
and funding was not stated in the third.?*2 No full economic studies in patients with tumor-related
fractures or sacroplasty were identified for the 2010 HTA.

For this update, three reviews®>“2 and six full economic studies relevant to populations with

osteoporotic vertebral compression fractures®1%9-201.203.204 gnd gne relevant to cancer-related VCF2®
were identified. Summaries of the three reviews are in Appendix N. Individual studies described in these
reviews that met our inclusion criteria are summarized individually below or were included in the prior
report. Two studies were U.S. based.'%%2% Both were industry funded (Medtronic). Of the non-US based
studies two were reported by government entities®>?°? in the UK and Canada. One?** was performed in
Japan and received no funding. The other two were performed in Sweden?®® and the UK?®* and were
industry funded (Medtronic). No economic studies on sacroplasty were identified. Critical appraisal of
individual studies is found in Appendix Tables E12 to E14.

4.5.1.1 Key Findings Across New Economic Studies

In general, most economic studies suggest that vertebral augmentation may be cost effective versus
nonoperative conventional management. Mortality was modeled in many of these studies. Several
economic studies evaluating associations between VP, KP and usual care and mortality used data from
or analyses of Medicare/CMS data for mortality, which is an important limitation of these studies.
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Sensitivity analyses in most studies suggest that assumptions regarding mortality had important impacts
on cost-effectiveness. Well known limitations of such administrative database studies include selection
bias, inability to control confounding including confounding by indication, missing data and misclassified
data. Although authors report various methods of adjusting for bias, such as propensity score matching,
residual confounding and selection bias may persist. Causal inference for mortality benefit is not
possible. Some studies modeled a life-time horizon or longer-term horizons (5 years) however long-term
RCT data are sparse. Patient populations modeled were generally age >65 years and changes in health
status and co-morbidities may impact life years and quality of life. The impact of adverse events and
potential for subsequent fractures were infrequently modeled or considered in sensitivity analyses.

Given the differences in healthcare systems and reimbursement between the U.S. and other countries,
the generalizability of findings from studies from outside of the U.S. is unclear.

4.5.1.1.1 U.S. Based Economic Studies

Two US based economic studies were identified

e One poor-quality, industry-funded study ! evaluated cost effectiveness in terms cost per
life-years gained based on analysis of Medicare data.

o Cost per life-year-gained for VP ranged from $2,452 to $13,543 and from $1,863 to
$6,687 for VP versus nonoperative care. Based on Medicare enrollment information,
survivorship was modeled from the time of VCF diagnosis until death, being censored or
the end of the study period.

o A primary limitation of this study is that causal inference that augmentation reduces
mortality is not possible given the limitations of administrative data and lack of detailed
information on causes of death and the possibility of residual confounding and selection
bias even after adjusted for these. Sensitivity analyses were limited to the impact of
discount rate.

e One good-quality, US-based study?® also used Medicare data (paid for by industry) used a
model based on that of the UK study described below? to compare VP and KP with
conventional medical management (CMM) using Medicare data. The authors’ results suggest
that both KP and VP are more cost-effective in the outpatient setting than in the inpatient
setting. Four groups based on treatment and inpatient versus outpatient setting were
constructed (KP inpatients vs CMM, KP outpatients vs CMM, VP inpatients vs CMM and VP
outpatients vs CMM)

o Inall four of the treatment scenarios tested, surgical intervention was predicted to be
cost-effective compared to CMM with incremental cost-effectiveness ratios (ICERs)
ranging from USD $11,000 to $43,000 per quality adjusted life-year (QALY) gained across
groups with the highest ICER for inpatient KP versus nonoperative management and
lowest for outpatient.

o As was the case with several of other new economic studies, mortality “benefit” was a
key driver of cost effectiveness; authors report ICER ranges of $55,485 per QALY for
outpatient KP versus nonoperative care to $314,958 per QALY for inpatient VP versus
nonoperative care which exceed the willingness-to-pay (WTP) threshold.

o A primary limitation of this study relates to the limitations of administrative data
including potential selection bias and residual confounding despite propensity scoring
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and the inability to make causal inference regarding mortality benefit associated with
augmentation.

4.5.1.1.2 Non-U.S. Based Economic Studies
Two government-funded economic studies outside of the US were identified

e The most comprehensive economic analysis was performed by the UK National Institute for
Health Research (NIHR)® which included data from both sham controlled trials and trials
comparing VP with usual care in patients with osteoporotic VCF. It was rated as good quality.

o Based on extensive sensitivity analyses, including consideration of whether sham
involving local anesthetic might be considered a more “active” control, authors
conclude that ICERs are driven by the clinical scenarios chosen:

= KP was consistently cost-effective (at WTP below £20,000) if modeling included
differential mortality benefit versus UC. When no mortality benefit was
assumed, the method for utility determination influenced cost/QALY

= |CERs for VP and KP were often greater than £20,000 when blinded trials were
used

= VP was constantly cost effective at ICER below £20,000 when a pooled
beneficial effect was used.

= Authors note that while vertebral augmentation may lead to decreased
mortality, the data for this is from administrative data (registry) and that causal
inference is not possible given lack of detailed information on causes of death.

o The only cost-utility analysis (CUA) in patients with malignant VCF was performed by
Health Quality Canada?® and concluded that KP and VP may be cost-effective with ICERs
of Canadian Dollars (CAD) $33,471/QALY gained for KP and CAD $17,870/QALY gained
for VP, both in comparison to nonsurgical management. It was rated as good quality.

Three cost utility studies from outside of the U.S. were identified.

e Two industry-funded CUAs, one performed in the UK?*** which used data from FREE and
VERTOS Il RCTs and the other performed in Sweden?®® using data from the FREE trial.

o One fair-quality study was conducted in Sweden,?® had industry funding, and evaluated
the cost-effectiveness of KP compared to UC based on data of 63 patients from the FREE
trial.

= The base case ICER was Swedish Krona (SEK) 884,682 (USD $134,043) per QALY.
Sensitivity analysis showed that adjusting QALY benefits could make KP cost-
effective, with costs ranging from SEK 359,146 to SEK 745,812 per QALY.

= Limitations include potential selection bias, reliance on cost diaries, and a small
sample size, making the findings specific to the Swedish healthcare system and
limiting their generalizability.

o A good-quality UK based study, Svedbom 2013%° used a Markov model with data from
the FREE and VERTOS Il RCTs to evaluate the cost-effectiveness of KP versus VP and non-
surgical management (NSM) in the UK. Funding was from Industry

= KP showed higher costs (£9,313) and more quality-adjusted life years (5.473)
than NSM and VP, with ICERs of £2,706 and £15,982 per QALY, respectively.
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= Sensitivity analysis confirmed KP's cost-effectiveness was robust but was
sensitive to changes in mortality benefit assumptions. A 75% reduction in
mortality benefit increased the ICER to £3,104 per QALY for NSM and £32,419
per QALY for VP. Without mortality benefit, KP was less cost-effective,
particularly compared to VP.

= The study's limitations include reliance on retrospective administrative mortality
data, potential placebo effects in health-related quality of life (HRQol), and
differences between patient populations in the trials, limiting generalizability
outside the UK.

o One good-quality study from Japan?** (which received no funding) was a propensity
score matching study evaluating the cost-effectiveness of KP compared to NSM. The
study used a Markov model with a lifetime horizon to assess costs and QALYs for 71
matched patients.

= The base case analysis indicated that KP was associated with higher costs
(402,988 Japanese Yen [JPY]) compared to NSM and a gain in QALYs of 0.033 at
6 months and 0.089 over 3 years. The ICER for KP was 4,404,158 JPY per QALY at
3 years and 2,416,406 JPY per QALY at 20 years.

=  Sensitivity analyses showed that the ICER ranged from 652,181 JPY to 4,896,645
JPY depending on variations in HRQoL benefits and mortality reductions. With a
50% reduction in HRQoL benefit, the ICER increased to 4,896,645 JPY. When full
mortality benefit was assumed, the ICER decreased to 871,450 JPY. The study
highlighted that KP remained cost-effective under most scenarios, but its cost-
effectiveness was notably lower in patients aged over 80 years.

=  The study was not based on RCT data with some data coming the author’s
institution, some from historical controls and mortality data was sourced from
the Japanese government.

4.5.1.2 Detailed Analysis of New Economic Studies
Data for included studies and identified reviews are in Appendix O.

4,5.1.2.1 U.S. Studies
Edidin 2012:'%°

Study Overview: This industry-funded, poor-quality study (QHES 53/100) evaluated the cost-
effectiveness of KP or VP following a diagnosis of OVCF (costing year: 2010) versus NSM by comparing
the cost per life-year gained from the US Medicare payer perspective. Authors used cumulative costs
from the 2005-2008 Centers for Medicare & Medicaid Services (CMS) database (i.e., inpatient and
outpatient claims data) with three years of data of patients aged 65 years and older diagnosed with
newly diagnosed OVCFs. The OVCF patients were stratified in two groups: 21.3% (n=182,946) in the
“operated” treatment group (i.e., n=119,253 for KP and n=63,693 for VP) and the remaining 78.7%
(n=676,032 patients) in the “non-operated” control group.

The Weibell survival model was used to estimate survival and life-years gained. Cost life-year gained was
determined as the ratio between the discounted incremental cost and the discounted years of life
gained. A discount rate of 3% was used for the base case in the cost-effectiveness analysis, with 0% and
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5% discount rates used in sensitivity analyses. Authors analyzed the cost-versus-mortality benefit alone
(not incorporating quality-adjusted life-years), finding that the cost per life-year gained ranged from USD
$1,863 to $6,687 for KP and from USD $2,452 to $13,543 for VP compared with NSM. VP treatments
were found to be cost effective in the Medicare population when compared with NSM. Among patients
for whom surgical treatment was indicated, KP was found to be cost effective and cost saving compared
with VP.

Base case and sensitivity analyses: Although the 3-year cumulative costs were higher for KP and VP, this
study shows that the OVCF treatments are cost effective in the Medicare population when compared
with NSM. Their results indicate that the survival rates are higher for the “operated patients” than the
“non-operated ones (i.e., 50.3% for NSM vs 54.8% and 59.1% for VP and KP, respectively). This study
also shows higher median life expectancies among the “operated” patients versus the “non-operated”
patients. Patients in the kyphoplasty group had the longest median life expectancies, followed by
vertebroplasty patients, and the non-operated patients. Among the oldest patients (85 years old and
older), both KP and VP treatments were found to be cost effective (in terms of cost per life-year gained).

After accounting for the differences in median costs and using a discount rate of 3%, the cost per life-
year gained for kyphoplasty and vertebroplasty patients ranged from USD $1,863 to $6,687 and from
USD S2,452 to $13,543, respectively, compared with “non-operated” patients. The cost per life-year
gained for kyphoplasty compared with vertebroplasty ranged from -$4,878 (cost saving) to $2,763.

A sensitivity analysis was performed to assess if differences in life expectancy between the study cohorts
could be attributed to selection bias but provide limited detail of their modeling. Authors also evaluated
the effects of the exclusion criteria on the life expectancy and did not find any differences in the life
expectancy between the patient groups.

Limitations: Authors present only limited sensitivity analyses and do not describe drivers of cost or cost-
effectiveness. This study was based on the Medicare population aged 65 years and older. A primary
limitation of this study is that causal inference that augmentation reduces mortality or confers a benefit
is not possible given the limitations of administrative data and lack of detailed information on causes of
death and the possibility of residual confounding and selection bias even after adjusted for these.
Confounding by indication could at least partially explain the findings. The impact of complications and
new fractures or new comorbidities was addressed in this analysis. Authors acknowledge the potential
risk of selection bias as the control population in the claims may receive different types of conservative
care, but do not describe the potential impact of biases in detail. This analysis is limited to the first three
years after an OVCF diagnosis. Costs associated with that diagnosis remain unchanged from the fourth
year onward.

Hopkins 20202

Study overview: This industry funded, good-quality study (QHES 82/100) evaluated the cost-
effectiveness VP and KP following a diagnosis of OVCF (costing year: 2016) compared with CMM from
the US Medicare payer perspective. Medicare data were paid for by industry and three co-authors were
full-time employees of that company. Modeling was based on that of the UK study described below. 2°
This analysis evaluated patient subgroups by treatment setting (i.e., inpatient or outpatient).
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Using a propensity-score model, the authors stratified CMS patients into four groups based on
treatment and inpatient versus outpatient setting (i.e., KP inpatients vs CMM with n=2,071 x 2; KP
outpatients vs CMM with n=3,708 x 2; VP inpatients vs CMM with n=720 x 2; VP outpatients vs CMM
with n=1,042 x 2). The authors evaluated patient subgroups by treatment setting using 2014 through
2016 CMS claims data. Patients were selected based on the date of their first VCF diagnosis, with a 2-
year follow-up.

The average age in the KP inpatients group is 81.6 years old (vs 82.2 in the matching CMM group), 78.9
years old among the KP outpatients (vs. 79.3 in the matching CMM group), 81.4 years old VP inpatients
(vs. 81.8 in the matching CMM group), 79.5 years old among the VP outpatients (vs. 80.4 in the
matching CMM group). Overall and when looking at the four groups (based on treatment and inpatient
versus outpatient setting), the proportion of female patients is higher (e.g., 82.3% in the KP inpatients
group vs 83.23% in the matching CMM group). The Charlson Score ranges from 0 to 2+. 56.6% of the KP
outpatients have a Charlson Score of 0 (vs 56.3% in the matching CMM group). Compared to the KP
outpatients and VP outpatients, both the KP inpatients and the VP inpatients had a higher proportion of
a Charlson Score of 2+ (i.e., 42.2% for the KP inpatients and 46.8% for the VP inpatients). The percentage
of diagnosis is the highest among the KP inpatients (i.e., 70.8% vs 71.0% in the matching CMM group)
and is the lowest among the VP outpatients (i.e., 56.0% vs 56.1% in the matching CMM group). The time
to visit (measured in number of days) from first visit with diagnosis of VCF to surgery is the highest
among the VP inpatients (i.e., 401.7 days) and is the lowest among the KP inpatients with 13.3 days. All
four groups (based on treatment and inpatient versus outpatient setting) had a higher proportion of 0
inpatient visits (i.e., 68.2% for the KP inpatients, 78.6% for the KP outpatients, 64.8% for the VP
inpatients, 78.9% for the VP outpatients).

Although each of the four groups seem to look similar in size and in demographic characteristics against
the number of patients in the control group (i.e., CMM), there is a statistically significant difference for
the following pairwise treatment comparison:

- Mean age for the KP inpatients versus CMM patients (p<0.05)

- Mean age for the KP outpatients versus CMM patients (p<0.05)

- Mean age for the KP outpatients versus CMM patients (p<0.001)

- Proportion of female patients in the KP outpatients vs CMM patients (p<0.05).

Base case and sensitivity analyses: The authors developed a 6-month Markov simulation model based
on an existing UK-based model using demographic, clinical, and cost inputs to reflect a US Medicare
population. Demographic data were sourced from the CMS database. US-specific VCF risks such as age
and gender, and health state utilities were derived from other studies and published literature to
calculate and reflect US utility values. Based on published literature, the authors also calculated the
relative risk of subsequent fracture(s) in their 6-month Markov microsimulation.

By stratifying patients into four groups based on treatment and inpatient versus outpatient setting, the
results from this study show that KP and VP are cost-effective at a willingness-to-pay threshold (WTP) of
< $50,000 per QALY. For each pairwise comparison, the authors computed the mean cost per patient,
the mean 2-year costs of post-fracture outpatient care, and the mean inpatient cost. Costs and QALY
were discounted at 3% per year.
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The authors performed some sensitivity analyses by changing and varying the model inputs and
assessing the impact on the outcome of interest, the cost-effectiveness of the treatment. The base-case
model assumed that the utility weights for patients undergoing VP were the same as those receiving KP.
The authors changed both the VP and KP utilities within their confidence limits to assess the impact and
did the same for the age-specific relative risks of subsequent fractures. ICERS did not exceed the WTP
threshold of $50,000/QALY for most sensitivity analyses. As was the case with several of these new
economic studies, mortality “benefit” was a key driver of cost effectiveness; authors report ICER ranges
of 55,485 per QALY for outpatient KP versus nonoperative care to $314,958 per QALY for inpatient VP
versus nonoperative care which exceed the WTP threshold.

They also ran a probabilistic sensitivity analysis to evaluate the cumulative impact of all the model inputs
on the cost-effectiveness results. For each treatment comparison, the model results show that the
probabilistic results cluster around the deterministic results.

The authors’ results suggest that both KP and VP are more cost-effective in the outpatient setting than
in the inpatient setting. In all four of the treatment scenarios tested, surgical intervention was predicted
to be cost-effective compared to CMM with ICERs ranging from USD $11,000 to $43,000 per QALY
gained. For KP in the outpatient setting at the willingness-to-pay threshold of USD $50,000, outpatient
KP had an ~100% probability of being cost-effective compared with CMM

Limitations: A limitation of this study is that causal inference that augmentation reduces mortality or
confers a benefit is not possible given the limitations of administrative data, including selection bias and
confounding. Parameters in the model, such as health state utilities, were derived from other studies
and published literature to calculate and reflect US utility values. However, those studies only included a
KP treatment arm. While those for the VP treatment were not observed in the previously published
literature, this study used the same utility weights for both KP and VP patients. The authors observed
similar cost-effectiveness profiles for both KP and VP compared with CMM which might have not been
otherwise the case; had the authors not used the same utility weights for both KP and VP patients.
Additionally, some assumptions were made regarding health utilities. For the KP and VP groups, the
authors assumed that the patients’ utility between 24 months and 36 months would decrease linearly
and that there would not be any additional utility benefit between the treatment and control group
after three years (i.e., for the KP and VP groups, the patients’ utility would equal the CMM group’s utility
at 0.668).The authors made some additional adjustments for the ongoing risks of mortality and the
subsequent risk(s) of fracture while using the CMS data in their model. The base case in this study used
Medicare data to develop a microsimulation model whose population is older than the one from the
previously published literature (i.e., mean age 79-82 years vs mean 72—74 years). There was no explicit
discussion on the impact of specific biases. In particular, selection bias may be present, and propensity
score matching may not fully account for confounders.

4.5.1.2.2 Non-U.S. Studies

Two analyses from government reports were identified. One analysis from Health Quality Ontario 22 in
populations with VCF due to cancer and the other in patients with osteoporotic fractures from the UK
National Institute for Health Research (NIHR).® Two industry-funded studies 2°2%3 and one that receive
no industry funding **were also identified .

Cameron 2016 (Health Quality Ontario): 22
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Study overview: This good-quality cost-utility study (QHES 80/100) evaluated the cost-effectiveness of
KP or VP for VCF due to cancer in a Canadian healthcare setting (costing year: 2015), compared with
NSM. The authors conducted a systematic review (SR) of health economic studies assessing the cost-
effectiveness of KP or VP versus NSM for the treatment of VCF in patients with cancer, from the
perspective of the Ontario Ministry of Health. The study utilized a 1-year Markov simulation model with
1-month health state transitions, categorizing patients into the following states: 1) alive without
subsequent vertebral fractures, 2) alive with subsequent vertebral fractures, and 3) death. The model
estimated the cost-utility of KP and VP compared to NSM, focusing on a population of cancer patients
(e.g., lung cancer, breast cancer, prostate cancer, multiple myeloma) using clinical outcomes including
QALYs, mortality reduction, subsequent fractures, and costs.

The population was comprised of 90% outpatients with a mean age of 65. The survival rates by cancer
type were derived from published literature, with model data indicating that over a 60-month period,
survival rates for all cancer types decreased by nearly 10%, with breast cancer having the highest
survival rate. The average cancer care cost was sourced from published literature, and utility estimates
were derived from an industry-sponsored abstract of the CAFE trial, > where SF-36 scores were
mapped to utilities. All direct costs and outcomes were discounted at 5%.

Base case and sensitivity analyses: At baseline, patients undergoing NSM had a utility of 0.27, which

increased to 0.30 after one month. Similarly, patients receiving KP had a nearly identical baseline utility
to those in the NSM group (0.30 vs. 0.27, respectively). However, after one month, the utility for
patients treated with KP was significantly higher, more than double that of the NSM group (0.63 vs.
0.30). Although NSM resulted in lower 1-year costs compared to both KP and VP, it also led to fewer
QALYs. The base case analysis demonstrated ICERs of CAD $33,471 per QALY gained for KP and CAD
$17,870 per QALY gained for VP, both in comparison to NSM.

The authors performed univariate sensitivity analyses using the model inputs (i.e., HRQOL benefit,
cancer type, time horizon, costs, and mortality reduction). HRQOL range had the biggest impact on the
ICER with the upper range reaching CAD $75,000/QALY based on estimate from author’s graph. The ICER
range by cancer type ranged from about CAD $25,000/QALY to around CAD $50,000/QALY, again based
on author’s figure. Mortality benefit had the least impact on the based case ICER and enhanced cost
effectiveness.

Limitations: This study evaluates the impact of KP or VP interventions compared to NSM for treating
OVCEF in cancer patients, but it only includes one year of data. The authors made assumptions about the
proportion of cancer patients in their analysis. Despite examining different cancer types, they did not
consider any adverse events, and it remains unclear whether the utility gains extend beyond one year.
Although they mentioned varying the discount rate in their sensitivity analysis, the specific results were
not provided. Similarly, despite describing their findings as robust, they did not present results for VP
versus NSM. The study relied on procedure cost data from a single Ontario hospital, which may limit the
generalizability of the findings to the broader Canadian or U.S. healthcare systems. Additionally, the
study estimated the total costs of kyphoplasty and vertebroplasty, without adjusting for the number of
levels treated per procedure, at CAD $7,240 and $3,870, respectively. These estimates may vary
depending on factors such as hospital experience, case complexity, referral patterns, or operating costs.

Stevenson 2014: UK National Institute for Health Research (NIHR)®
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Study overview: This was the most comprehensive economic analysis identified. This very good-quality
economic analysis (HTAS) (QHES 99/100) evaluated the cost-effectiveness of KP or VP as active surgical
interventions following a diagnosis of OVCF compared with NSM in England and Wales. The related
systematic review is registered as PROSPERO number CRD42011001822 and was funded by the National
Institute for Health Research Health Technology Assessment Programme. This systematic review and
cost-effectiveness analysis included data from the following RCTs with patients with painful OVCF: Blasco
201212 Buchbinder et al. 2009, Farrokhi 2011%°, FREE*>*, INVEST? Liu 2010, Rousing 20093,
VERTOS™?®, and VERTOS 1'%, The proportion of female patients in those RCTs was ~70% with an average
age of 70 years old. A mathematical model was used to assess the cost-effectiveness of KP and VP (using
low-viscosity cement in 85% of patients and high-viscosity cement in 15% of patients) versus sham,
which they term operative placebo with local anesthesia (OPLA) and optimal pain management (OPM).

Base case and sensitivity analyses:

The authors evaluated six scenario analyses including mortality reduction and utility benefits to evaluate
the cost-effectiveness of KP and VP treatments versus optimal medical management (OPM. They
included extensive one-way sensitivity analyses around numerous input parameters assumptions
including age, mortality risk, utilities, OPM, pan and function and use of bisphosphonates. (See Appendix
0). One-way, univariate analyses did not alter the authors' overall conclusions for most parameters.
However, they found that the assumption of a mortality benefit significantly influenced the relative cost-
effectiveness of the treatment. Additionally, the source of utility values for EQ-5D—whether mapped
from VAS or obtained directly from the trials also impacted the results.

Authors evaluate six scenarios that included data from FREE trial****>* and two sham-controlled trials,
Buchbinder et al ¥ and INVEST!?. Details of sensitivity analyses for each scenario and reported the
corresponding ICERs are in Appendix O.

Overall, this study did not reach a definitive conclusion regarding whether or not KP or VP is/are cost-
effective as such a conclusion is tied to assumptions chosen in the analyses. The authors reported that:

- If differential mortality effects with KP being more effective than VP were assumed, then KP is a
more cost-effective treatment at the GBP £20,000 WTP per QALY gained (scenarios 1 & 2).

- If differential mortality effects of KP and VP were identical, with OPM providing half the benefit,
VP was dominating KP at the GBP £10,000 WTP per QALY gained (scenarios 3 & 4).

- If OPM, KP, and VP have identical mortality benefits, then OPM dominates VP when VP costs are
higher than OPM and when QALY losses due to AEs for VP and the EQ-5D data from the RCTs
were used.

- Wherever OPM was not deemed to be a comparator, VP is more cost-effective than OPM at the
GBP £10,000 WTP per QALY gained.

- Inscenarios 5 & 6, assuming equal hospitalization costs for all interventions, VP has a cost per
QALY gained higher than the standard GBP £20,000 WTP.

Limitations: Authors mentioned that the RCTs and systematic reviews used for data were specific to
patients with painful OVCF and, therefore, those results cannot be generalized to other VCFs such as
myeloma, traumatic, and/or metastatic deposits. Authors note that while vertebral augmentation may
lead to decreased mortality, the data for this is from administrative data (registry) and that causal
inference is not possible given lack of detailed information on causes of death.

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 174



WA — Health Technology Assessment October 16, 2024

Fritzell 2011 Sweden?®

Study overview: This industry-funded, Fair-quality study (QHES 79/100) evaluated the cost-effectiveness
of active surgical intervention (with KP) following a diagnosis of OVCF (costing year: 2008) compared
with UC in a Sweden setting from a societal perspective and health care perspective. Given a SEK
600,000 WTP threshold, the authors concluded that KP was not cost-effective compared to UC in
patients with OVCF.

Base case and sensitivity analyses: This study included Swedish patients (n=63) from the FREE trial and
utilized patient-reported EQ-5D values after 24 months. The difference in QALYs gained over this period
between the treatment and control groups was 0.085 (95% Cl -0.132 to 0.306) in favor of KP. There was
no difference in indirect costs between the groups, as all patients were on pension. The authors also
considered adverse events, such as infection in the index-cemented vertebra, and adjusted costs
accordingly in their analyses.

The base case ICER in this study was at SEK 884,682 (€92,154 and US $134,043) per QALY gained for
undergoing KP vs UC. The uncertainty in the ICER estimate was assessed through bootstrapping and
presented in a CEAC. At an ICER of SEK 884,682, the CEAC indicates a 50% probability that KP is cost-
effective compared to UC. However, with a willingness-to-pay (WTP) threshold set at SEK 600,000
(€62,500 and US $90,910) per QALY gained, the probability of KP being cost-effective drops to less than
40%.

Sensitivity analysis, after varying costs, resulted in a cost per QALY gained ranging from SEK 622,800
(€64,875 and US $94,364) to SEK 745,812 (€77,689 and US $113,002). Adjusting the QALY benefit from
0.085 to 0.21 (based on the FREE trial) led to a cost per QALY gained of SEK 359,146 (€37,411 and US
$54,416), potentially making KP cost-effective compared to UC.

Limitations: The authors acknowledged the potential for selection bias, as the treatment could not be
masked, possibly influencing patients’ responses. The analysis covered only a short time period and
relied primarily on 'cost diaries' to measure and report costs, a method susceptible to manual and
human errors. Additionally, the authors noted that the inclusion and exclusion criteria might have been
too restrictive, potentially affecting the analysis results. A further issue is that the model, along with its
assumptions and limitations, was not clearly described or justified, nor was there sufficient explanation
of how the data were parameterized within the model. The authors emphasized that these findings
should be interpreted within the context of the Swedish healthcare system and cannot be generalized to
the US healthcare perspective. One final issue may result from a small sample size: with only 63
patients, outliers (particularly those identified as having high costs due to complications and additional
procedures) may be disproportionately influencing the overall cost-effectiveness results.

Takahashi et al. (2019) Japan®*

Study Overview: This fair-quality study (QHES 77/100) evaluated the cost-utility of KP following a
diagnosis of OVCF compared with NSM in an elderly population in Japan from a healthcare perspective
over a lifetime time horizon. In this cost utility analysis (costing year: 2018), the authors used a Markov
simulation model and a propensity-score matched analysis (i.e., 71 matched patients with a propensity
score match tolerance of 0.015). They compared outcomes between the KP and NSM groups to estimate
the probability of undergoing KP using patient characteristics such as age, gender, number of baseline
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old fractures, fracture level, and SF-6D score for QALY. Inclusion criteria included presence, severity, and
duration of pain (i.e., VAS pain score greater or equal to 4 and T scores less or equal to -1). Cost data in
this analysis came from published literature and prior studies from the authors. All direct costs and
outcomes have been discounted at 3.5%. Mortality data was sourced from the Japanese government
(i.e., Statistics and Information Department of the Minister’s Secretariat, Ministry of Japanese Health,
Labor, and Welfare). Health utilities came from a SF-6D survey. The study was not based on RCT data
with some data coming the authors’ institution and some from historical controls; they cite two 23323
cohorts used for propensity score matching for NSM data.

Base case and sensitivity analyses:

100% of the patients in the treatment group required hospitalization while 66% of the patients in the
control group were hospitalized (p<0.001). The difference in the duration of hospitalization in the KP vs
NSM groups was also statistically significant (p<0.001). There is no statistically significant difference in
the 71 matched patients’ age (p=0.456), gender (p=1), level of fracture (p=0.068), baseline prevalent
fractures (p=0.978), duration of back pain (p=0.320), bone density measured in T-score (p=0.665),
osteoporosis medication before injury (p=0.603).

The difference in costs, in favor of NSM, was 402,988 JPY (p=0.001) and the gains in QALY at 6-month
follow-up, in favor of KP, was 0.033 (i.e., 0.153 for KP vs 0.120 for NSM). The incremental cost over the
incremental QALY benefit represents the ICER. In their analysis, the authors divided the patients into
three subgroups based on the patients’ age to test differences in ICER per QALY gained. Prior to any
sensitivity analysis, a smaller ICER was achieved over a longer time horizon (i.e., 4,404,158 JPY for a 3-
year time period vs 2,416,406 JPY for a 20-year time period). Both the 3-year and 20-year ICERs are the
base case scenario in this study. The authors reported a cost-effectiveness of KP vs NSM in patients with
OVCF in Japan aged between 60 and 79 years old, but not in patients > 80 years old. ICERs for three and
20 years were 4,404,158 JPY and 2,416,406 JPY, respectively.

The authors considered 5,000,000 JPY (i.e., £33,404) to be an acceptable WTP. They evaluated the
magnitude of ICERs when varying model inputs for mortality reduction from 50% to 100% (i.e., full
mortality reduction), QALY benefits, use of fracture prevention medication (i.e., bisphosphonate), and
0% to 7% discount rates. The sensitivity analyses show an overall range of ICERs from 652,181 JPY to
4,896,645 JPY (£4,418 — £33,168):

- Sensitivity analyses with a 100% and a 50% mortality reduction reported lower ICERs (i.e.,
871,450 and 1,202,067 JPY, respectively).

- A50% reduction in bisphosphonate use combined with mortality reduction achieved a slightly
higher ICER (i.e., 897,668 JPY) than an ICER with a full mortality reduction alone (i.e., 871,450
JPY).

- With a 50% QALY benefit, the ICER increased to 4,896,645 JPY (£33,168).

- Absent any mortality reduction, the difference in ICER when the discount rate changed from 0%
and 7% was relatively small (i.e., 2,349,185 JPY and 2,529,388 JPY, respectively).

- Onthe other hand, with a mortality reduction, the ICER increased nearly twofold when the
discount rate varied from 0% to 7%.

- According to the authors, the best scenario achieved is an ICER of 652,181 JPY (£4,418) with a
44% mortality reduction in KP.
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The cost-effectiveness acceptability curve (CEAC) indicates that a 50% probability for KP to be cost-
effective is associated with a cost of 1,121,453 JPY (£7,596). From the CEAC, KP is a cost-effective
treatment with a probability higher than 80% for that same level of WTP.

Limitations The authors acknowledged the lack of data supporting the cost-effectiveness of KP (vs. NSM)
in patients aged 80 years or older with OVCF, noting that their sample consisted exclusively of female
patients. They also highlighted that the observed mortality reduction benefit could be influenced by
confounders or unobserved treatment biases. While the authors recognized the risk of adverse events,
such as cement leakage, these were not included in their analysis. Additionally, the study raises
concerns about relying solely on the ICER as a unique and reliable measure of cost-effectiveness in an
elderly population. Further limitations include a lack of justification in model parameters and data
sources, and no discussion on biases or their effect on analyses. In particular, a ‘super-aging’ society is
unlikely to be generalizable to other populations.

Svedbom et al. (2013), UK?*!

Study Overview: This industry-funded, good-quality study (QHES 84/100) evaluated the cost-
effectiveness of active surgical intervention with balloon kyphoplasty (KP) following a diagnosis of
osteoporotic vertebral compression fracture (OVCF) (costing year: 2009) compared with NSM and VP in a
UK setting.

In this cost utility analysis, the authors built a Markov model to estimate the cost utility of KP compared
to NSM and VP (VP compared to NSM is not explicitly modeled). Markov models allow for transitions
between health states over time. This is an extension and revision of the 2010 Strom study (i.e.,
including VP); the latter had been included in our prior HTA. This study was updated to include VP as an
intervention and includes the potential beneficial effect of KP and VP on mortality.

This cost-effectiveness study relied on functional outcomes data from previous randomized trials (i.e.,
FREE®%15% and VERTOS 11*3 with duration of 2 and 1 year, respectively) and compared KP with NSM and
VP. Cost data in this analysis came from published literature (e.g., general practitioner, referral costs,
analgesics, cost per bed day) and from the National Health Service (NHS). All costs have been discounted
at 3.5%. Health utilities were derived from these previous randomized trials. The NSM health utilities
during each cycle (from cycle 1 to cycle 7) were lower than those for KP and VP. The health utilities for
KP were similar to those for VP for each cycle. Average age (70) of the all-female population in the base
case was also derived from the mean age in these previously mentioned RCTs. Mortality hazard ratios
for KP, VP and NSM modeled in the sensitivity analysis were from published literature.

The authors estimated that KP was cost effective with cost per QALY gained of GBP £2,706 and £15,982
compared to NSM and VP, respectively. The authors noted that this measure fell within the threshold
range of GBP £20,000 to £30,000 in the UK for the willingness to pay for a QALY.

Base case and sensitivity analyses: The base-case population was an all-female population of 70-year-
old UK patients with at least one vertebral fracture (requiring hospitalization) and a T-score of -3 (a
clinical measure of bone density where -2.5 or lower indicates osteoporosis); health states of additional
fracture or death were possible every six months until age 100 or death. The primary impact of
kyphoplasty was assumed to be through improvements in quality of life, so the first 12 months of
available data from the FREE trial were used.
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The base case analysis indicated increased cost (GBP £9,313) and increased quality-adjusted life years
(QALY) (5.473) for KP compared with NSM and VP, with an incremental cost-effectiveness ratio (ICER) of
GBP £2,706 and £15,982 per QALY gained, respectively.

The authors did a one-way sensitivity analysis to evaluate KP vs VP and KP vs VP and NSM using
modeling inputs (i.e., mortality rates (hazard ratios), QALY levels, risk of fracture, medication, costs, age,
and discount rate). Sensitivity analysis showed evidence of the cost-effectiveness of KP vs NSM when
mortality and QALY inputs were varied. Sensitivity analysis indicated that the ICER for KP vs NSM
continued to be less than GBP £30,000/QALY under variations of patient age (60-80 years), QALY benefit
(25%, 50%, 75% QALY benefit), mortality benefit (25%, 50%, 75% mortality benefit), discount rates (0%
to 7%), relative risk of fracture, bisphosphonate treatment, and hospital length of stay benefit (0-9 days
difference from NSM).

The authors ran a probabilistic sensitivity analysis (1,000 simulations) using the model inputs (i.e., QALY,
mortality reduction, length of stay in hospital) under six scenarios, including the base case scenario. The
cost effectiveness acceptability curves show that, given the base case inputs, KP had a probability of
~60% and ~75% of being the optimal intervention at a WTP threshold of GBP £20,000 and £30,000 per
QALY, respectively. When considering six different scenarios and when comparing KP vs NSM and VP,
the PSA results indicate that:

- Inthe base scenario, KP had a probability of ~60% of being the optimal intervention at the WTP
threshold of GBP £20,000.

- Excluding mortality benefit, NSM had a probability of ~80% of being the optimal intervention at
the WTP threshold of less than GBP £20,000.

- When comparing KP to NSM alone and when excluding the mortality benefit, KP had a
probability greater than 80% of being the optimal intervention at the WTP threshold of GBP
£20,000.

- When comparing KP vs NSM, excluding mortality benefit and after removing % of QALY gain,
there is uncertainty, KP is cost-effective at the GBP £30,000 WTP threshold with a 60%
probability.

- Excluding reduction in length of stay in hospital and QALY benefit, in both scenarios, KP had a
probability of ~60% of being the optimal intervention at the WTP threshold of GBP £20,000.

- Inthe scenario where mortality reduction was removed, VP had the highest probability of being
the optimal intervention given any level of cost-effectiveness threshold (i.e., from GBP £0 to
£30,000).

Between the one-way sensitivity analysis and the PSA, the authors found that, across the six scenarios,
the maximum difference between the deterministic and mean probabilistic ICERs was 6%.

Limitations of this study include lack of blinding for outcomes assessment and a potential that results
may at least in part be due to placebo effect. The base case assumed a 12-month benefit in QALY and a
6-day improvement in hospital length of stay for kyphoplasty. Fracture incidence and mortality were
modeled from UK and Swedish registry data; cost inputs were from published literature and U.K. NHS
data. The main limitations are the lack of available long-term data on QALY, effectiveness, or
complications and mortality associated with KP. The use of a 100-year time horizon may not be realistic.
The study sample consists only of female patients. The authors’ unclear presentation of utility at less
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than 12 months and lack of presentation of sensitivity analysis of costs are limitations, especially for
assessing generalizability to a US health care setting. From the one-way analysis and PSA, the authors
concluded that kyphoplasty was a cost-effective intervention, but this should be revisited as additional
evidence becomes available. The mortality reduction with KP and VP were not obtained from a RCT but
from a US retrospective study conducted in an inpatient and outpatient settings and then used in an
outpatient setting in the UK. The health systems and treatment pathways might be different in the US vs
in the UK. Some results were discussed in the study but not shown (e.g., impact of a longer offset period
of KP and VP over NSM and KP over VP). Adverse events were not evaluated by the authors.
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5 Strength of Evidence (SOE)

5.1 Strength of Evidence Summary: Osteoporotic Vertebral Compression Fractures

5.1.1 Strength of Evidence Summary: Effectiveness from Vertebroplasty versus Sham in Patients with Osteoporotic Vertebral
Compression Fractures

Outcome* Studies Serious Serious Serious Serious VP vs. Sham Quality (SoE)
(N) Risk of | Inconsistency Indirectness Imprecision Effect estimate (95% Cl)
Bias Conclusion
Pain Response | <1 week 1RCT No Unknown No Yes (-1) 31% (18/58) vs. 8.5% (5/55); OO0
230% reduction (N=113) RR 3.41 (1.36 to0 8.56); RD LOwW
in pain from Clark 2016 21.9% (7.8% to 36.1%)
baseline
Conclusion: Large likelihood of
pain improvement with VP
>1 weekto<2 | 2 RCTs No No No Yes (-1) 41% (38/92) vs. 27.7% (26/94) S1e1]@)
weeks (N=186) RR 1.44 (0.60 to 3.47), 1=0%; MODERATE
Buchbinder RD 13.8% (15.2% to 38.5%)
2009,
Clark 2016 Conclusion: Similar likelihood
of response
>2 weeks to <1 | 3 RCTs No No No Yes (-1) 57.7% (89/157) vs. 35.2% S1e1]@)
month (N =313) (55/156) MODERATE
Buchbinder RR 1.48 (0.95 to 2.86), 1>=0%
2009, RD 21.9% (4.1% to 36.7%)
Kallmes
2009, Conclusion: Moderate
Clark 2016 likelihood of pain improvement
with VP vs. sham
>1 month to 2 RCTs No No No Yes (-1) 54.5% (48/88) vs. 34% (30/88) S1e1]@)
<6 months (N=176) RR 1.60 (1.06 to 2.38), 1>=0% MODERATE
Buchbinder RD 20.5% (3.5% to 37%)
2009,
Clark 2016 Conclusion: Moderate
likelihood of pain improvement
with VP vs. sham
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>6 months to 2 RCTs (N = No No No Yes (-1) 63.5% (54/85) vs. 45.3% S1e@)
<12 months 171) (39/86) MODERATE
Buchbinder RR 1.40 (0.99 to 1.94), I1>=0%
2009, RD 18.2% ( -0.1% to 35.4%)
Clark 2016
Conclusion: Small increase in
likelihood of pain improvement
with VP vs. sham
>12 months 3 RCTs No No No Yes (-1) 70.5% (124/176) vs. 51.5% S1el@)
(N = 339) (84/163) MODERATE
RR 1.36 (1.08 to 1.66), 1>=0%
Comstock RD 20.0% (7.6% to 30.6%)
2013,
Firanescu Conclusion: Small increase in
2018 likelihood of pain improvement
Kroon 2014 with VP vs. sham
<1 week 4 RCTs No Yes (-1) No Yes (-1) Pooled MD: -0.22 (-1.34 to
Pain (0-10 (N =500) 0.87), 1’=83.3% =100
scale) LOW
Kallmes 2009 Conclusion: Similar pain
Clark 3018 improvement vs. sham
Firanescu
2018
Carli 2023
>1 weekto <2 | 6 RCTs No No No Yes (-1) Pooled MD: -0.16 (-0.78 to
weeks (N = 616) 0.37), 12=28.5% o000
Buchbinder MODERATE
2009 Conclusion: Similar pain
Kallmes 2009 improvement vs. sham
Clark 3018
Firanescu
2018
Hansen 2019
Carli 2023
>2 weeks to <1 | 6 RCTs No No No No Pooled MD: -0.62 (-1.07 to - CODD
month (N =616) 0.18), 12=0% HIGH
Buchbinder
2009
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Kallmes 2009
Clark 3018
Firanescu
2018

Hansen 2019
Carli 2023

Conclusion: Small

improvement with VP vs. sham

>1 month to
<6 months

6 RCTs

(N =605)
Buchbinder
2009
Kallmes 2009
Clark 3018
Firanescu
2018

Hansen 2019
Carli 2023

No

No

No

No

Pooled MD: -0.60 (-1.13 to -
0.16), 1>=8.0%

Conclusion: Small

improvement with VP vs. sham

OO0
HIGH

>6 months to
<12 months

5 RCTs

(N = 550)
Buchbinder
2009
Kallmes 2009
Clark 3018
Firanescu
2018

Carli 2023

No

No

No

No

Pooled MD: -0.66 (-1.16 to -
0.21), 1>=0%

Conclusion: Small
improvement with VP vs. sham

OO0
HIGH

>12 months

5 RCTs

(N =478)
Buchbinder
2009
Kallmes 2009
Clark 3018
Firanescu
2018

Carli 2023

No

Yes (-1)

No

Yes (-1)

Pooled MD: -0.30 (-1.17 to
0.62), 1’=61.1%

Conclusion: Similar pain
improvement with VP vs. sham

®000
Low

Function

RDQ scores (0-
24 scale)t

<1 week

2 RCTs

(N =244)
Kallmes 2009
Clark 3018

No

Yes (-1)

No

Yes (-1)

Pooled MD: -0.51 (-3.09 to
2.03), 1’=56.1%

®000
Low

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report

Page 182




WA — Health Technology Assessment

October 16, 2024

Conclusion: Similar
improvement in function with
VP vs. sham

>1 weekto €2 | 5RCTs No Yes (-1) No Yes (-1) Pooled MD: 0.19 (-0.91 to 12]0]@)
weeks (N =531) 1.34), 1’=26.1% LOW
Buchbinder
2009 Conclusion: Similar
Kallmes 2009 improvement in function with
Clark 3018 VP vs. sham
Firanescu
2018
Carli 2023
>2 weeks to <1 | 5RCTs No No No Yes (-1) Pooled MD: -1.54 (-2.56 to -
month (N = 566) 0.55), 12=0% o000
Buchbinder MODERATE
2009 Conclusion: Small
Kallmes 2009 improvement in function with
Clark 3018 VP vs. sham
Firanescu
2018
Carli 2023
>1 month to 5 RCTs No Yes (-1) No Yes (-1) Pooled MD: -1.16 (-2.50 to
<6 months (N =557) 0.18), 1’=36.7% =100
Buchbinder LOwW
2009 Conclusion: Similar
Kallmes 2009 improvement in function with
Clark 3018 VP vs. sham
Firanescu
2018
Carli 2023
>6 months to 5 RCTs No Yes (-1) No Yes (-1) Pooled MD: -1.47 (-2.87 to -
<12 months (N = 548) 0.17), 1= 30.6% =110]0)
Buchbinder LOwW
2009 Conclusion: Small
Kallmes 2009 improvement in function with
Clark 3018 VP vs. sham
Firanescu
2018

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report

Page 183




WA — Health Technology Assessment

October 16, 2024

Carli 2023

>12 months

4 RCTs

(N =432)
Buchbinder
2009
Kallmes 2009
Firanescu
2018

Carli 2023

No

Yes (-1)

No

Yes (-1)

Conclusion: Similar

Pooled MD -0.02 (-1.54 to
1.52), I’=11.5%

improvement in function

®000
Low

Cl = confidence interval; MD = mean difference; RCT = randomized controlled trial; RDQ = Roland-Morris Disability Questionnaire; RCT = randomized controlled trial; RD = risk
difference; RR = risk ratio; SD = standard deviation; SoE = strength of evidence; VP = vertebroplasty.
*VAS and RDQ are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (VP).
tModified RDQ scaled/converted to 0-24 scale.

5.1.2 Strength of Evidence Summary: Safety from RCTs of Vertebroplasty versus Sham in Patients with Osteoporotic Vertebral
Compression Fractures

Outcome

Studies

(N)

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. Sham
Effect estimate (95% Cl)
Conclusion

Quality (SoE)

Mortality At last follow- | 5RCTs No No No Yes (-1) 6.0% (18/298) vs. 6.9% (20/291) CIe12]@)
up (N =289) RR 0.92 (0.46 to 1.71), I’=0% MODERATE

Clark 2016 Conclusion: Similar mortality in

Comstock each group; Results were similar

2013 when mortality was analyzed by

Firanescu timepoint.

2018

Carli 2023

Kroon 2014
Any New By last follow- | 4 RCTs No No No Yes (-1) 20.3% (4/207) vs. 18.4% (37/201) 1)
Vertebral up (N=408) RR 1.10 (0.68 to 1.88), I1’=0% MODERATE
Fracture

Clark 2016 Conclusion: Similar risk of new

Firanescu fracture

2018
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Outcome Studies Serious Serious Serious Serious VP vs. Sham Quality (SoE)
(N) Risk of Inconsistency Indirectness | Imprecision Effect estimate (95% Cl)
Bias Conclusion
Carli 2023
Staples 2015
Any, By last follow- | 1 RCT (N=34) | No Unknown No Yes (-1) 40% (6/15) vs. 31% (6/19) eeO0O
Symptomatic up RR 0.84 (0.38 to 1.84) LOow
with Bone Edema Firanescu
2018 Conclusion: Similar frequency
between groups
Any Serious Across time 4 RCTs No No No Yes (-1) 1.9% (4/207) vs. 2.0% (4/202)
Adverse Events frames, by last | (N=409) RR 0.98 (0.26 to 3.66) 1= 0% edO0O
follow-up LOW
Kallmes 2009 Conclusion: Similar frequency of
Buchbinder serious adverse event in each
2009 group
Clark 2018
Carli 2023
Cement Leakage Any 3 RCTs No Yes -1 no Yes (-1) Range across studies was 40% (to 1)
(symptomatology (N=232 91% of treated levels. MODERATE
not reported) treated
levels) 1 RCT (Firenescu) reported:
location/type:
Carli 2023 Type 1 = disc above treated level
Firanescu (20%)
2018 Type 2 = disc under treated level
Buchbinder, (15%)
2009 Type 3 = perivertebral tissue
(10%)
Type 4 = perivertebral veins
(39%)
Type 5 = pulmonary (7%) Type 6
= spinal canal (8%)
A fourth RCT reported than none
were observed (Hansen 2019)
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VP vs. Sham
Effect estimate (95% Cl)

Serious
Imprecision

Serious
Indirectness

Serious
Inconsistency

Quality (SoE)

Studies Serious
(N) Risk of

Outcome

Bias

Conclusion

Conclusion: Cement leakage is

common

Cl = confidence interval; RCT = randomized controlled trial; RR = risk ratio; SoE = strength of evidence; VP = vertebroplasty.

5.1.3 Strength of Evidence Summary: Effectiveness for Vertebroplasty versus Usual Care in Patients with Osteoporotic Vertebral
Compression Fractures

Outcome*

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. UC
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion

Pain Responders | 12 1 RCT (N=95) Yes (-1) Unknown No Yes (-1) 44.7% (21/47) vs. 47.9% o000
(<4 on 0-10 VAS) months (23/48); RR 0.93 (0.60 to INSUFFICIENT
Blasco 2012 1.44); RD -0.03 (-0.23 t0 0.17)
Conclusion: Similar likelihood
of achieving pain response
pain for VP vs. UC.
Pain Responders | 12 1 RCT (N=89) Yes (-1) Unknown No Yes (-1) 84.8% (39/46) vs. 34.9% o000
(Complete Pain months (15/43); RR 2.43 (1.59 to INSUFFICIENT
Relief) Chen 2014 3.72); RD 0.50 (0.32 to 0.68)
Conclusion: Evidence is
insufficient to draw
conclusions.
Pain Scores (VAS/ | <1 3 RCTs (N=343) Yes (-1) No No No Pooled MD: -2.84 (-3.47 to el @)
NPRS (0-10)) weeks -2.06), 1’=0% MODERATE
Klazen 2010
Voormolen Conclusion: Large
2007 improvement in pain with VP
Yang 2016 vs. UC.
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Outcome*

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. UC
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion

>1 week | 5RCTs (N=557) Yes (-1) No No Yes (-1) Pooled MD: -1.22 (-2.80 to 12]0]@)
to <2 (excluding 0.21), 1>’=81.3% LOW
weeks Blasco 2012 outlier) (excluding
Chen 2014 Excluding potential outlier outlier)
Klazen 2010 (Blasco), N=432: MD -1.99
Voormolen (95% Cl -2.61 to -1.26), 1°=0%
2007
Yang 2016 Conclusion: Moderate
improvement in pain with VP
vs. UC after excluding outlier
trial.
>2 3 RCTs (N=398) Yes (-1) No No Yes (-1) Pooled MD: -2.28 (-3.20 to =100
weeks -1.00), 1’=30.5% LOW
to<1 Chen 2014
month Klazen 2010 Conclusion: Large
Yang 2016 improvement in pain with VP
vs. UC.
>1 5 RCTs (N=569) Yes (-1) No No No Pooled MD: -1.17 (-1.71 to @)
month -0.60), 1> =0% MODERATE
to <6 Blasco 2012
months | Chen 2014 Conclusion: Moderate
Klazen 2010 improvement in pain with VP
Rousing 2009 vs. UC.
Yang 2016
26 4 RCTs (N=523) Yes (-1) Yes (-1) No Yes (-1) Pooled MD: -0.89 (-2.20 to :12]0l@)
months 0.34), 1’=71.9% LOW
to<12 Blasco 2012
months | Chen 2014 Conclusion: Similar
Klazen 2010 improvement in pain with VP
Yang 2016 vs. UC.
212 5 RCTs (N=567) Yes (-1) Yes (-1) No Yes (-1) Pooled MD: -1.10 (-2.08 to =100
months -0.12), 1>=63.4% LOW
Blasco 2012
Chen 2014
Klazen 2010
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Outcome*

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. UC
Effect estimate (95% Cl)

Quality (SoE)

Function scores
(RDQ [0-24], ODI
[0-100] and

DPQDA [0-100])

Bias Conclusion
Rousing 2009 Conclusion: Moderate
Yang 2016 improvement in pain with VP
vs. UC.
>1 week | 4 RCTs (N=432) | Yes(-1) Yes (-1) No No SMD: -0.37 (-0.61 to -0.17), 12]0]@)
to <2 12=11.5% LOW
weeks Chen 2014
Klazen 2010 Conclusion: Small
Voormolen improvement in function
2007 with VP vs. UC.
Yang 2016
>2 3 RCTs (N=398) Yes (-1) No No No SMD: -0.29 (-0.50 to -0.08), &121]@)
weeks 12=0% MODERATE
to<1 Chen 2014
month Klazen 2010 Conclusion: Small
Yang 2016 improvement in function
with VP vs. UC.
>1 4 RCTs (N=440) Yes (-1) No No No SMD: -0.38 (-0.57 to -0.18), &11]@)
month 12=0% MODERATE
to <6 Chen 2014
months | Klazen 2010 Conclusion: Small
Rousing 2009 improvement in function
Yang 2016 with VP vs. UC.
>6 3 RCTs (N=398) Yes (-1) No No No SMD: -0.29 (-0.50 to -0.09), o000
months 12=0% MODERATE
to <12 Chen 2014
months | Klazen 2010 Conclusion: Small
Yang 2016 improvement in function
with VP vs. UC.
212 4 RCTs (N=436) Yes (-1) No No No SMD: -0.26 (-0.46 to -0.06), Sell@)
months 12=0% MODERATE
Chen 2014
Klazen 2010
Rousing 2009
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Outcome*

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. UC
Effect estimate (95% Cl)

Quality (SoE)

Yang 2016

Bias

Conclusion
Conclusion: Small
improvement in function
with VP vs. UC.

Cl = confidence interval; DPQDA = Dallas Pain Questionnaire Daily Activities; MD = mean difference; mos = months; ODI = Oswestry Disability Index; RCT = randomized controlled
trial; RDQ = Roland-Morris Disability Questionnaire; RCT = randomized controlled trial; RD = risk difference; RR = risk ratio; SD = standard deviation; SMD = standardized mean

difference; SoE = strength of evidence; UC = usual care; VP = vertebroplasty.
*VAS and all function scores are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (VP).

5.1.4 Strength of Evidence Summary: Safety from RCTs of Vertebroplasty versus Usual Care in Patients with Osteoporotic

Vertebral Compression Fractures

Outcome

Time

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. UC
Effect estimate (95% Cl)

Quality (SoE)

Bias Conclusion
Mortality Latest | 5 RCTs (N=844) Yes (-1) No No Yes (-1) 3.1% (13/416) vs. 4.2% el @)
follow- (18/428); MODERATE
up Blasco 2012 RR 0.72 (0.35 to 1.50), 12 = 0%
(6-12 Farrokhi 2011
mos.) Klazen 2010 Conclusion: Similar risk of
Leali 2016 mortality for VP vs. UC at
Rousing 2009 latest follow-up. Results
Yang 2016 were similar at earlier
timepoints, but estimates
were more imprecise.
Any new vertebral | Latest | 9 RCTs (N=830) Yes (-1) Yes (-1) No Yes (-1) 10.1% (62/611) vs. 10.5% 12100
fracture follow- (67/638); LOW
up (2 Blasco 2012 RR 0.96 (0.59 to 1.64), I> =
wks. to | Chen 2014 43.4%
mean Farrokhi 2011
49 Klazen 2010 Conclusion: Similar risk of
mos.) Leali 2016 any new vertebral fracture
Rousing 2010 for VP vs. UC at latest follow-
Voormolen up. Results were similar in
2007 sensitivity analyses that
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Outcome

Time

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. UC
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion

Farrokhi, 2011
Rousing,
2009/2010
Yang, 2016

Yi, 2014

Yang 2016 excluded poor-quality trials
Yi 2014 and restricted to trials with
>12 months follow up.
Any New Latest | 6 RCTs (N=877) | Yes(-1) Yes (-1) No Yes (-1) 6.5% (27/418) vs. 5.9% OO
Symptomatic follow- (27/459); RR 1.24 (0.26 to LOW
Vertebral Fracture | up (2 Blasco 2012 6.55), 1> =63.5%
wks. to | Farrokhi 2011
12 Leali 2016 Conclusion: Similar risk of
mos.) Rousing 2010 any new symptomatic
Voormolen vertebral fracture for VP vs.
2007 UC at latest follow-up.
Yi 2014 Results were similar in
sensitivity analyses that
excluded poor-quality trials,
excluded an outlier trial, and
restricted to trials with 212
months follow up.
Serious Adverse Any 4 RCTs (N=408) Yes (-1) Unclear No Yes (-1) SAE (unspecified): 12100
Events time 2 RCTs (N=261) stated that LOW

no SAEs occurred in either
treatment group over 12 to a
mean 49 months.

DVT/thrombophlebitis:

1 RCT, 3.6% (2/56) vs. 7.8%
(4/51) at 12 months; RR 0.46
(0.09 to 2.38)

Epidural cement leakage
causing LE pain and
weakness (required
reoperation): 2.5% (1/40) at
1 week (NA for UC group)
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Outcome

Time

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. UC
Effect estimate (95% Cl)

Quality (SoE)

Conclusion

Conclusion: SAEs were poorly
reported and occurred with
similar frequency between
groups were reported.

Reoperation

Any
time

3 RCTs (N=269)

Farrokhi, 2011
Voormolen,
2007

Yi, 2014

Yes (-1)

Unclear

No

Yes (-1)

Range across VP arms, 3 RCTs
(n range, 18 to 90): 2.5% to
11.1%

Reoperation reasons
included symptomatic new
fractures or cement leak
causing LE pain

VP for symptomatic new
fractures, 1 RCT, VP vs. UC:
10.0% (9/90) vs. 9.1%
(11/121),RR 1.10(0.48 to
2.54)

Conclusion: Similar risk of
reoperation for symptomatic
new VCF with VP vs. UCin
one trial.

ee0O0O
LOW

Cement Leakage

Any
time

7 RCT
(n=varies)

Blasco, 2012
Chen, 2014
Farrokhi, 2011
Klazen, 2010
Rousing,
2009/2010
Yang, 2016

Yi, 2014

Yes (-1)

No

No

Yes (-1)

Symptomatic cement
leakage:

range, 0% to 1% across 7
RCTs (range of levels, n=63 to
140 across 6 RCTs; NR by 1
RCT); one symptomatic
leakage reported in 1 RCT
(1%, 1/100 levels)

Asymptomatic cement
leakage

o000
MODERATE
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Outcome Time Studies Serious Serious Serious Serious VP vs. UC Quality (SoE)

Risk of Inconsistency Indirectness Imprecision Effect estimate (95% Cl)

Bias Conclusion

range, 13.0% to 72.4% across
5 RCTs (range of levels, n=65
to 140);
range, 49.3 % to 72.4%
across the 3 fair-quality RCTs
(range of levels, n=69 to
140);
2 RCTs (63 levels; 90 patients
[levels NR]) reported that all
fractures were asymptomatic
but did not provide clear
data

Conclusion: Symptomatic
cement leakage appears to
be rare following VP while
asymptomatic leakage is
common.

Cl = confidence interval; NR = not reported; RCT = randomized controlled trial; RR = risk ratio; SoE = strength of evidence; UC = usual care; VCF = vertebral compression fracture;
VP = vertebroplasty.
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5.1.5 Strength of Evidence Summary: Effectiveness for Vertebroplasty versus Kyphoplasty in Patients with Osteoporotic

Vertebral Compression Fractures

Outcome*

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)
Conclusion

Quality (SoE)

Pain Responders
(total effective
rate)

12
months

1 RCT (N=100)

Wang 2023

Yes (-1)

Unknown

No

Yes (-1)

Total effective rate: complete
(“cure”), excellent or
effective (not defined)
improvement in clinical
symptoms: 74% (37/50) vs.
94% (47/50), RR 0.79 (0.66 to
0.94); RD -0.20 (-0.34 to -
0.06)

Complete or excellent
improvement: 56% (28/50)
vs. 74% (37/50); RR 0.76
(0.56 to 1.02); RD -0.18 (-0.36
to 0.004)

Conclusion: Evidence from
one poor-quality trial is
insufficient to draw
conclusions.

®O00

INSUFFICIENT

Pain Scores (VAS/
NPRS (0-10))

<1 week

3 RCTs (N=313)

Evans 2016
Liu 2010
Wang 2015

Yes (-1)

No

No

No

Pooled MD: -0.15 (-0.42 to
0.19), I = 44.6%

Conclusion: Similar
improvement in pain with VP
vs. KP

e O)
MODERATE

>1 week
to <2
weeks

1 RCT (N=377)

Dohm 2014

Yes (-1)

Unknown

No

Yes (-1)

MD -0.25 (-0.81 to 0.31)

Conclusion: Evidence from
one poor-quality trial is
insufficient to draw
conclusions.

eO00O

INSUFFICIENT
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Outcome*

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious

Imprecision

VP vs. KP
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion

>2 3 RCTs (N=560) | Yes(-1) No No No Pooled MD: 0.35 (-0.60 to 1:]0]@)
weeks (excluding (excluding | 1.24), 1> =86.5% LOW
to<1 Dohm 2014 outlier) outlier) (Excluding
month Evans 2016 Excluding potential outlier outlier)
Wang 2023 (Wang 2023), N=460:
MD -0.08 (95% CI -0.58 to
0.41), 1= 0%
Conclusion: Similar
improvement in pain with VP
vs. KP
>1 3 RCTs (N=519) Yes (-1) No No No Pooled MD: 0.46 (-0.43 to 21100
month (excluding (excluding | 1.26), 1>=93.1% LOW
to <6 Dohm 2014 outlier) outlier) (Excluding
months | Wang 2015 Excluding potential outlier outlier)
Wang 2023 (Wang 2023), N=419:
MD 0.14 (95% CI -0.29 to
0.45), 12=0%; N=419
Conclusion: Similar
improvement with VP vs. KP
26 3 RCTs (N=248) Yes (-1) No No Yes (-1) Pooled MD: -0.07 (-0.55 to o000
months 0.18), 1> =29.0% LOW
to <12 Endres 2012
months | Evans 2016 Conclusion: Similar
Liu 2010 improvement in pain with VP
vs. KP
212 5 RCTs (N=673) Yes (-1) No No Yes (-1) 12 months (5 RCTs) 21100
months | Dohm 2014 Pooled MD: 0.08 (-0.12 to Low
Evans 2016 0.30), I’= 0% (12, 24
Griffoni 2020 months
Liu 2015 24 months (2 RCTs, N=320)
Wang 2015 Pooled MD: -0.16 (-0.67 to e®0O00
0.42), 1= 0% INSUFFICIENT
(60 months)
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Outcome* Studies Serious Serious Serious Serious VP vs. KP Quality (SoE)
Risk of Inconsistency Indirectness Imprecision Effect estimate (95% Cl)
Bias Conclusion
60 months (1 poor-quality
RCT, N=100)

MD: -0.60 (-1.13 to -0.07)

Conclusion: Similar
improvement in pain with VP
vs. KP at 12 and 24 months.
Evidence at 60 months from
one poor-quality trial is
insufficient to draw

conclusions.
Function scores <1 week | 1 RCT (N=106) Yes (-1) Unknown No Yes (-1) MD: -0.32 (-3.20 to 2.56), 21100
(RDQ [0-24], ODI RDQ LOW
[0-1001]) Evans 2016
Conclusion: Similar
improvement in function
with VP vs. KP
>2 4 RCTs (N=652) Yes (-1) Yes (-1) No Yes (-1) SMD: 0.67 (-0.46 to 1.83), 000
weeks 12=95.8% INSUFFICIENT
to<1 Dohm 2014
month Evans 2016 Excluding potential outlier
Wang 2018 (Wang 2023), N=552: SMD
Wang 2023 0.13 (95% ClI -0.28 to 0.63),
12=73.9%
Conclusion: Evidence is
insufficient to draw
conclusions.
>1 3 RCTs (N=499) Yes (-1) No No No SMD: 1.20 (-1.27 to 3.70), o0
month [excluding [excluding | 1>=97.9% LOW
to <6 Dohm 2014 outlier] outlier] [excluding
months | Wang 2015 Excluding potential outlier outlier]
Wang 2023 (Wang 2023), N=399: SMD

0.14 (-0.11 to 0.38), 1=0%
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Outcome*

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion
Conclusion: Similar
improvement in function

with VP vs. KP
>6 3RCTs (N=238) | Yes(-1) No No No SMD: 0.26 (-0.10 to 0.63), SIE@)
months 12=25.7% MODERATE
to <12 Endres 2012
months | Evans 2016 Conclusion: Similar
Wang 2018 improvement with VP vs. KP
>12 5RCTs (N=643) | VYes(-1) No No Yes (-1) 12 months: o0
months (12 months) (12 months) | SMD: 0.17 (-0.06 to 0.49), LOW
Dohm 2014 12=50.2% (12 months)
Evans 2016 Unknown Yes (-1)
Griffoni 2020 (24 months) (24 months) | 24 months (1 RCT, N=201): o000
Wang 2015 MD: -1.00 (-6.88 to 4.88) INSUFFICIENT
Wang 2028 (24 months)

Conclusion: Similar
improvement in function

with VP vs. KP at 12 months.

Evidence at 24 months from
one poor-quality trial is
insufficient to draw
conclusions.

Cl = confidence interval; MD = mean difference; NPRS = numerical pain rating scale; ODI = Oswestry Disability Index; RCT = randomized controlled trial; RDQ = Roland-Morris

Disability Questionnaire; RCT = randomized controlled trial; RD = risk difference; RR = risk ratio; SD = standard deviation; SMD = standardized mean difference; SoE = strength of
evidence; UC = usual care; VP = vertebroplasty.
*VAS and ODI and RDQ are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (VP).
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5.1.6 Strength of Evidence Summary: Safety from RCTs of Vertebroplasty versus Kyphoplasty in Patients with Osteoporotic
Vertebral Compression Fractures

Outcome

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP

Effect estimate (95% Cl)

Conclusion

Quality (SoE)

Mortality Latest 4 RCTs (N=631) | Yes (-1) No No Yes (-1) 3 RCTs, N=565, 12-24 mos.: ®e0O0
follow-up 8.9% (24/271) vs. 7.1% LOW
(12-24 Dohm 2014 (21/294), RR 1.24 (0.56 to
mos.) Endres 2012 2.38), 1=0%
Vogl 2013
Wang 2015 1 RCT: 3.0% (2/66), 6 mos.;
NR by group [Endres 2012]
Conclusion: Similar risk of
mortality with VP vs. KP up to
24 months. Results were
similar in analysis at 3
months.
Any new Latest 6 RCTs (N=781) | Yes (-1) Yes (-1) No Yes (-1) 25.4% (100/393) vs. 20.4% 1:]0]0)
vertebral follow-up (79/388); RR 1.18 (0.86 to LOW
fracture (12toa thm 2,014 1.73, 1>=36.4%
mean 49 erffonl 2020
mos.) Liu 2015 Conclusion: Similar risk of
Vogl, 2013 any new vertebral fracture
Wang, 2015 with VP vs. KP up to a mean
¥i, 2014 of 49 months. Results were
similar across sensitivity
analyses that stratified by
timing and that excluded an
outlier trial and for analyses
specific to new radiographic
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Outcome

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)
Conclusion

fractures and new adjacent
level fractures.

Quality (SoE)

Dohm 2014
Liu 2015

Any New Latest 2 RCTs (N=481) | Yes (-1) Yes (-1) No Yes (-1) 11.3% (27/240) vs. 8.7% OO0
Symptomatic follow-up (21/241), RR 1.23 (0.46 to INSUFFICIENT
Dohm 2014 2 o

Vertebral (12 mos.) . 3.40), 1°=55.4%
Liu 2015
Fracture
Conclusions: Evidence from 2
poor-quality trials is
insufficient to draw
conclusions.
Refracture or Latest 2 RCTs (N=348) | Yes (-1) Yes (-1) No Yes (-1) 6.3% (10/159) vs. 2.6% OO0
worsening follow-up (5/189), RR 2.24 (0.29 to INSUFFICIENT
. Dohm 2014 2o
index level (12 mos.) 8.49), 1’=0%
Vogl 2013
fracture
Conclusions: Evidence from 2
poor-quality trials is
insufficient to draw
conclusions
Serious Adverse | Various 2 RCTs (N=550) | Yes (-1) Yes (-1) No Yes (-1) 1RCT o000
Events INSUFFICIENT

30 days: 27.4% (52/190) vs.
26.2% (50/191), RR 1.04
(0.75 to 1.46)

24 months: 65.8% (125/190)
vs. 65.5% (125/191), RR 1.00
(0.87 to 1.16)

1RCT

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report

Page 198



WA — Health Technology Assessment

October 16, 2024

Outcome

Studies

Serious

Risk of
Bias

Serious

Inconsistency

Serious

Indirectness

Serious
Imprecision

VP vs. KP

Effect estimate (95% Cl)

Conclusion

mean 49.4 months: 0%
(0/90) vs. 0% (0/79)

Conclusions: Evidence from 2
poor-quality trials is
insufficient to draw
conclusions

Quality (SoE)

Procedure or
device related
SAEs (not
further defined)

30 days,
24 months

1 RCT (N=381)

Dohm 2014

Yes (-1)

Unknown

No

Yes (-1)

30 days: 4.2% (8/190) vs.
4.2% (8/191), RR 1.01 (0.39
t0 2.62)

24 months: 5.8% (11/190) vs.
6.3% (12/191), RR 0.92 (95%
Cl 0.42 to 2.04)

Conclusions: Evidence from 1
poor-quality trial is
insufficient to draw
conclusions

®O00

INSUFFICIENT

Reoperation for
any new or
repeat fracture

12-49.4
months

4 RCTs (N=460)

Wang, 2015
Griffoni, 2020
Vogl, 2013

Yi, 2014

Yes (-1)

Yes (-1)

No

Yes (-1)

12 months (3 RCTs):

1 RCT (fair-quality): 2.0%
(1/50) vs. 7.8% (4/51), RR
0.26 (0.03 t0 2.20)

1 RCT (fair-quality): 23.4%
(15/64) vs. 4.1% (2/49), RR
5.74 (1.38 t0 23.94)

®O00

INSUFFICIENT
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Outcome

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP

Effect estimate (95% Cl)

Conclusion

1 RCT (poor-quality): 3.6%
(1/28) vs. 2.0% (1/49), RR
1.75 (0.11 to 26.90)

Mean 49.4 months:

1 RCT (poor-quality): 10.0%
(9/90) vs. 6.3% (5/79), RR
1.58 (0.55 to 4.52)

Conclusions: Evidence is
insufficient to draw
conclusions. Serious
inconsistency across trials
and imprecision is present.

Quality (SoE)

Symptomatic Any time | 5RCTs (N=800) | Yes(-1) No No Yes (-1) VP: range, 0% to 1.1% =1 0]0)
Cement KP: range, 0% to 1.9% LOW
Leakage
Dohm 2014 3 RCTs (N=312) reported no
Endres 2012 events in either group
Vogl 2013
Wang 2015 1 RCT: 1.1% (2/190) vs. 0.5%
Yi2024 (1/191), RR 2.01 (0.18 to
21.99)
1 RCT: 0% (0/53) vs. 1.9%
(1/54), p=0.68; required
discectomy and fusion
Conclusions: Symptomatic
cement leakage appears to
be rare following VP and KP.
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Outcome Studies Serious Serious Serious Serious VP vs. KP Quality (SoE)
Risk of Inconsistency Indirectness Imprecision
Bias Effect estimate (95% Cl)
Conclusion
Cement Any time Symptomatic Yes (-1) No No Yes (-1) Symptomatic embolism: £12]0]@)
Embolism, 1 RCT (N=381) 0.5% (1/190) vs. 0.5% LOW
(1/191); RR 1.01 (0.06 to
Symptomatic Dohm 2014 15.96)
and Asymptomatic embolism:
Asymptomatic Asymptomatic 0% (0/50) vs. 2.0% (1/51)

1 RCT (N=101)
Conclusions: Similar risk of
Wang 2015 cement embolism with VP
and KP. Cement embolism
appears to be rare, but
studies were likely
underpowered to detect rare
events.

Cl = confidence interval; KP = kyphoplasty; NR = not reported; RCT = randomized controlled trial; RR = risk ratio; SoE = strength of evidence; VCF = vertebral compression
fracture; VP = vertebroplasty.

5.1.7 Strength of Evidence Summary: Effectiveness for Vertebroplasty versus Minimally Invasive Procedures (i.e., Blocks) in
Patients with Osteoporotic Vertebral Compression Fractures

Outcome* Studies Serious Serious Serious Serious VP vs. Nerve/Facet Block Quality (SoE)
Risk of Inconsistency Indirectness | Imprecision Effect estimate (95% Cl)
Bias Conclusion
Pain <1 week 1RCT (N=206) | Yes(-1) | Unknown No No MD: -1.72 (-1.94 to -1.50) o000
LOW
VAS (0-10 scale) Wang, 2016 Conclusion: Moderate

improvement in pain with VP
vs. facet block.

>1 week to 2 RCTs (N=233) | Yes(-1) No No No Pooled MD: -1.59 (-1.92 to - o000
<2 weeks 0.84), 1>’=5.3% LOW
Tan, 2023
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Wang, 2016

Conclusion: Moderate
improvement in pain with VP
vs. medial branch nerve or
facet block

>2 weeksto | 2 RCTs (N=230) | Yes(-1) No No Yes (-1) Pooled MD: -0.20 (-0.68 to 1:]0]@)
<1 month 0.21), 1>=0% LOW
Tan, 2023
Wang, 2016 Conclusion: Similar
improvement in pain with VP
vs. medial branch nerve or
facet blocks
>1 monthto | 2RCTs (N=227) | Yes(-1) | Unknown No No Pooled MD: 1.16 (-1.92 to 1:]0]@)
<6 months (excluding 4.59), 1’=92.1% LOW
Tan, 2023 poor-quality (large, fair-
Wang, 2016 RCT) Fair-quality RCT (Wang), quality trial)
N=206: MD 0.01 (-0.20 to
0.22)
Conclusion: Similar
improvement in pain with VP
vs. facet blocks
>6 months to | 1 RCT (N=206) | Yes(-1) | Unknown No No MD: 0.03 (-0.18 to 0.24) o000
<12 months LOW
Wang, 2016 Conclusion: Similar
improvement in pain with VP
vs. facet blocks
>12 months | 1RCT(N=206) | Yes(-1) | Unknown No No MD: 0.04 (-0.17 to 0.25) o000
LOW
Wang, 2016 Conclusion: Similar
improvement in pain with VP
vs. facet blocks
Function <1 week 1 RCT (N=206) Yes (-1) Unknown No No MD: -2.86 (-3.19 to -2.53) 21100
LOW
RDQ scores (0- Wang, 2016 Conclusion: Moderate
24 scale) improvement in pain with VP
vs. facet block
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>1 week to
<2 weeks

2 RCTs (N=233)

Tan, 2023
Wang, 2016

Yes (-1)

Unknown
(excluding
poor-quality
RCT)

No

No

Pooled MD: -1.69 (-6.54 to
3.98), 12=89.4%

Fair-quality RCT (Wang),
N=206: MD -3.42 (-3.72 to
-3.12)

Conclusion: Large
improvement in pain with VP
vs. facet block after exclusion
of poor-quality trial.

o000

LOW
(large, fair-
quality trial)

>2 weeks to
<1 month

2 RCTs (N=230)

Tan, 2023
Wang, 2016

Yes (-1)

No

No

No

Pooled MD: 0.15 (-0.45 to
0.19), 12=0%

Conclusion: Similar
improvement in function
with VP vs. medial branch
nerve or facet blocks

®a00
LOW

>1 month to
<6 months

2 RCTS (N=227)
Tan, 2023
Wang, 2016

Yes (-1)

Yes (-1)

No

Yes (-1)

Pooled MD: -0.11 (-0.59 to
1.94), 1’=68.8%

Conclusion: Similar
improvement in function
with VP vs. medial branch
nerve or facet blocks

ea00
LOW

>6 months to
<12 months

1 RCT (N=206)
Wang, 2016

Yes (-1)

Unknown

No

No

MD: 0.01 (-0.32 to 0.34)

Conclusion: Similar
improvement in function
with VP vs. facet blocks

®a00
LOW

>12 months

1 RCT (N=206)
Wang, 2016

Yes (-1)

Unknown

No

No

MD: -0.16 (-0.52 to 0.20)

Conclusion: Similar
improvement in function
with VP vs. facet blocks

o000

LOW

Cl = confidence interval; MD = mean difference; RCT = randomized controlled trial; RDQ = Roland-Morris Disability Questionnaire; RCT = randomized controlled trial; RR = risk
ratio; SD = standard deviation; SoE = strength of evidence; VP = vertebroplasty.
*VAS and RDQ are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (VP).
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5.1.8 Strength of Evidence Summary: Safety from RCTs of Vertebroplasty versus Minimally Invasive Procedures (i.e., blocks) in
Patients with Osteoporotic Vertebral Compression Fractures

Outcome Studies Serious Serious Serious Serious VP vs. Blocks Quality (SoE)

Risk of | Inconsistency | Indirectness Imprecision

Bi Effect estimate (95% ClI)

ias
Conclusion
New vertebral 12 months 1 RCT (N=206) | Yes(-1) | Unknown No No 13% (13/100) vs. 10.4% o000
fractures (11/106), RR 1.25 (0.59 to
Wang, 2016 2.67) LOW

Conclusion: Similar risk of
any new vertebral fracture
with VP vs. facet block.

Asymptomatic 1 week, 12 1 RCT (N=100, | Yes(-1) | Unknown No Yes (-1) RCT: 1.0% (1/100), 12 OO0
Cement Leakage | months VP arm only) months
INSUFFICIENT
Wang, 2016 Conclusion: Evidence is
insufficient to draw
conclusions.

Cl = confidence interval; NR = not reported; RCT = randomized controlled trial; RR = risk ratio; SoE = strength of evidence; VCF = vertebral compression fracture; VP =
vertebroplasty.
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5.1.9 Strength of Evidence Summary: Effectiveness for Kyphoplasty versus Usual Care in Patients with Osteoporotic Vertebral
Compression Fractures

Quality (SoE)

KP vs. Usual Care
Effect estimate (95% Cl)

Serious
Imprecision

Serious
Indirectness

Serious
Inconsistency

Serious
Risk of

Outcome” Time Studies’

Bias

Conclusion

Pain <1 week 1 RCT (N=80) Yes (-1) Unknown No Yes (-1) MD: -6.22 (-7.13 to -5.31) o000
INSUFFICIENT
VAS scores Li, 2017 Conclusion: Data from one
(0-10 scale) poor-quality trial is
insufficient to draw
conclusions
>1 weekto | 2 RCTs(N=380) | Yes(-1) Unknown No No Pooled MD: -2.59 (-3.97 to OO0
<2 weeks (fair-quality (fair-quality | -1.76), 1>=67.0% LOwW
Li, 2017 trial only) trial only) (fair-quality
Wardlaw, 2009 Fair-quality trial trial)
(Wardlaw), N=300: MD:
-2.40 (-2.89 to -1.91)
Conclusion: Large
improvement in pain with
KP vs. UC in the large, fair-
quality trial.
>2 weeksto | 2 RCTs (N=380) | Yes (-1) Unknown No No Pooled MD: -1.33 (-3.02 to OO0
<1 month (fair-quality (fair-quality | 0.57), 1°=85.4% LOW
Li, 2017 trial only) trial only) (fair-quality
Van Fair-quality trial (Van trial)
Meirhaeghe Meirhaeghe), N=300: MD:
2023 -1.96 (-2.50 to -1.42)
Conclusion: Moderate
improvement in pain with
KP vs. UCin the large, fair-
quality trial.
>1 monthto | 2 RCTs (N=380) | Yes (-1) No No Yes (-1) Pooled MD: -1.48 (-2.10 to OO
<6 months -0.58), 1’=0% LOW
Li, 2017
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Outcome®

Studies’

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

KP vs. Usual Care
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion

Van Conclusion: Moderate
Meirhaeghe improvement in pain with
2023 KP vs. UC.
26 months 2 RCTs (N=380) | VYes (-1) Unknown No No Pooled MD: -1.08 (-2.41 to 12]0]@)
to <12 (fair-quality (fair-quality | 0.27), 1>=85.0% LOwW
months Li, 2017 trial only) trial only) (fair-quality
Van Fair-quality trial (Van trial)
Meirhaeghe Meirhaeghe), N=300: MD
2023 -1.62 (-2.18 to -1.06)
Conclusion: Moderate
improvement in pain with
KP vs. UCin the large, fair-
quality trial.
>12 months | 1 RCT (N=300) | Yes(-1) Unknown No Yes (-1) 12 months: 1]10]0)
MD: -0.98 (-1.56 to -0.40) LOW
Van (fair-quality
Meirhaeghe 24 months: trial)
2023 MD: -0.83 (-1.41 to -0.25)
Conclusion: Small
improvement in pain with
KPvs.UCat 12 and 24
months.
Function <1 week 1 RCT (N=80) Yes (-1) Unknown No Yes (-1) SMD: -0.49 (-0.94 to -0.05) o000
INSUFFICIENT
RDQ scores Li, 2017 Conclusion: Evidence from
(0-24 scale) one poor-quality trial is
ODI scores insufficient to draw
(0-100) conclusions.
>1 weekto | 1RCT(N=80) Yes (-1) Unknown No Yes (-1) SMD: -0.05 (-0.49 to 0.39) o000
<2 weeks INSUFFICIENT
Li, 2017 Conclusion: Evidence from
one poor-quality trial is
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Outcome” Studies’ Serious Serious Serious Serious KP vs. Usual Care Quality (SoE)
Risk of  Inconsistency = Indirectness Imprecision Effect estimate (95% Cl)
Bias Conclusion
insufficient to draw
conclusions.
>2 weeksto | 2 RCTs (N=380) | Yes (-1) Unknown No No Pooled SMD: -0.48 (-1.13 12]0]@)
<1 month (fair-quality to 0.27), 1’=81.4% LOW
Li, 2017 trial only) (fair-quality
Van Fair-quality trial (Van trial)
Meirhaeghe Meirhaeghe), N=300: SMD
2023 -0.71 (-0.95 to -0.48)
Conclusion: Moderate
improvement in function
with KP vs. UC in the large,
fair-quality trial.
>1 monthto | 2 RCTs (N=380) | Yes (-1) Unknown No No Pooled SMD: -0.50 (-0.92, =11 0l0)
<6 months (fair-quality 0.16), 1’=69.9% LOwW
Li, 2017 trial only) (fair-quality
Van Fair-quality trial (Van trial)
Meirhaeghe Meirhaeghe), N=300: SMD
2023 -0.60 (-0.83 to -0.37)
Conclusion: Moderate
improvement in function
with KP vs. UC in the large,
fair-quality trial.
26 months 1RCT (N=300) | Yes(-1) Unknown No No SMD: -0.48 (-0.71 to -0.25) OO0
to <12 LOW
months Van Conclusion: Small
Meirhaeghe improvement in function
2023 with KP vs. UC.
>12 months | 1 RCT (N=300) | Yes(-1) Unknown No No 12 months 1]10]0)
SMD: -0.45 (-0.68 to -0.22) LOW
Van
Meirhaeghe 24 months
2023 MD: -1.43 (-2.90 to 0.04)
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Quality (SoE)

KP vs. Usual Care
Effect estimate (95% Cl)
Conclusion

Serious
Imprecision

Serious
Indirectness

Serious
Inconsistency

Serious
Risk of
Bias

Outcome® Time Studies’

Conclusion: Small
improvement in function
with KP vs. UC at 12
months but similar
improvement between
groups at 24 months.

Cl = confidence interval; KP = kyphoplasty; MD = mean difference; ODI = Oswestry Disability Index; RCT = randomized controlled trial; RDQ = Roland-Morris Disability
Questionnaire; RCT = randomized controlled trial; RR = risk ratio; SD = standard deviation; SoE = strength of evidence; UC = usual care.

* VAS and RDQ and ODI are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (KP).

T Wardlaw 2009 (index publication) and Van Meirhaeghe 2023 (follow-up publication) are the same trial (FREE trial).

5.1.10 Strength of Evidence Summary: Safety from RCTs of Kyphoplasty versus Usual Care in Patients with Osteoporotic Vertebral

Compression Fractures

Serious
Inconsistency

Serious
Risk of
Bias

Outcome Studies”

Serious
Indirectness

Serious
Imprecision

KP vs. Usual Care
Effect estimate (95% Cl)
Conclusion

Quality
(SoE)

Mortality Latest 1 RCT (N=300) | Yes(-1) | Unknown No Yes (-1) 8.1% (12/149) vs. 7.2% 10100
follow-up (11/151); RR 1.11 (0.50 to LOW
(24 Wardlaw 2009, 2.43)
months) Boonen 2011
Conclusion: Similar risk of
mortality with KP vs. UC.
Results were similar at 12
months (6.0% vs. 4.6%).
SAEs (any) 30 days 2 RCTs Yes (-1) | Yes(-1) No Yes (-1) Fair quality trial, OO0
and Latest | (N=500) 30 days: LOW
follow-up 16.1% (24/149) vs. 11.2%
Wardlaw 2009, (17/151), RR 1.43 (0.80 to
Boonen 2011, 2.55)
Van 24 months:
Meirhaeghe
2013;
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Outcome

Studies”

Yi 2014

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

KP vs. Usual Care

Effect estimate (95% Cl)
Conclusion

49.7% (74/149) vs. 48.3%
(73/151), RR 1.02 (0.82 to
1.29)

Poor-quality trial, mean 49
months:

0% (0/79) vs. 0% (0/121)

Conclusion: Similar risk of any
SAE with KP vs. UC.

Quality
(SoE)

symptomatic

Boonen 2011,
Van
Meirhaeghe
2013,Yi 2014

24 months: 7.4% (11/149)

Poor-quality trial
Mean 49 months: 0% (0/79)

Treatment- Various 1 RCT (N=300) Yes (-1) | Unknown No Yes (-1) 30 days: 12 10@)
related SAEs’ 1.3% (2/149) vs. 0.7% (1/151), LOW
Boonen 2011, RR 2.03 (0.19 t0 22.12)
Van
Meirhaeghe 12 and 24 months:
2013 KP arm only: 1.3% (2/149) and
2.0% (3/149)
Conclusion: Similar risk of any
treatment-related SAEs with
KP vs. UC by 30 days.
Withdrawals | Latest 1RCT Yes (-1) | Unknown No Yes (-1) 0.6% (1/149) vs. 0.6% (1/151), | ®HOO
due to AEs follow-up (N=300) RR 1.01 (0.06 to 16.05) LOW
(24
months) Wardlaw 2009, Conclusion: Similar risk of any
Boonen 2011 withdrawal due to AEs with KP
vs. UC.
Cement Various 2 RCTs (n=379, | Yes(-1) | Yes(-1) No Yes (-1) Fair-quality trial 12 10@)
leakage, KP arm only) 30 days: 3.4% (5/149) LOW
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Outcome Studies” Serious | Serious Serious Serious KP vs. Usual Care Quality

Risk of Inconsistency Indirectness Imprecision  Effect estimate (95% Cl) (SoE)
Bias Conclusion

Conclusion: Similar risk of any
withdrawal due to AEs with KP
vs. UC.

New clinical/ | Latest 2 RCTs (N=500) | Yes(-1) | Yes(-1) No Yes (-1) Fair-quality trial, 24 months: o000
symptomatic | follow-up 17.4% (26/149) vs. 11.3% LOW
vertebral (24toa Boonen 2011, (17/151), RR 1.55 (0.88 to
fractures mean 49 Van 2.74)

months) Meirhaeghe
2013, Poor-quality trial

Yi 2014 Mean 49 months: 6.3% (5/79)
vs. 14.0% (17/121), RR 0.45
(0.17 to 1.17)

Conclusion: Similar risk of new
symptomatic vertebral
fractures with KP vs. UC.

New Latest 1 RCT (N=300) Yes (-1) | Unknown No Yes (-1) Any new fracture: 12100
radiographic | follow-up 47.5% (56/118) vs. 44.1% LOW
vertebral (24 Boonen 2011, (45/102), RR 1.08 (0.81 to
fracture months) Van 1.44)

(Any, index Meirhaeghe
level, and 2013 New index level fractures:
adjacent 4.2% (5/118) vs. 10.8%
level) (11/102), RR 0.39 (0.14 to
1.09)

New adjacent level fractures:
23.7% (28/118) vs. 16.7%
(17/102), RR 1.42 (0.83 to
2.45)

Conclusion: Similar risk of any
new fractures, new index level
fractures, and new adjacent

level fractures with KP vs. UC.
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Outcome Studies” Serious Serious Serious Serious KP vs. Usual Care Quality
Risk of Inconsistency Indirectness Imprecision | Effect estimate (95% Cl) (SoE)
Bias Conclusion

Reoperation | Latest 1RCT (N=300) | Yes(-1) | Unknown No Yes (-1) 8.1% (12/149) vs. 4.0% OO

(for new follow-up (6/151), RR 2.03 (0.78 to 5.26) LOW

symptomatic | (24 Wardlaw 2009,

fractures) months) Boonen 2011 Conclusion: Similar risk of

reoperation for new
symptomatic fractures with KP
vs. UC.

Cl = confidence interval; KP = kyphoplasty; NR = not reported; RCT = randomized controlled trial; RR = risk ratio; SoE = strength of evidence; UC = usual care; VCF = vertebral
compression fracture.

* FREE trial: Wardlaw 2009 (index publication), Van Meirhaeghe 2013 and Boonen 2011 (24-month follow-up data/subsequent publications).

1 At 30 days (and 12 months): 2 serious adverse events were attributed to kyphoplasty — a soft tissue hematoma at the surgical site and a postoperative urinary tract infection
that needed intervention; 1 serious event was attributed to UC — back pain. At 24 months, the same patient who had UTI by 12 months developed spondylitis near the cement
that required treatment; in another patient there was anterior cement migration that likely caused a recurrent fracture.
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Strength of Evidence Summary: Malignant Fractures

5.1.11 Strength of Evidence Summary: Effectiveness of Kyphoplasty versus Usual Care in Patients with Fractures due to Tumors
and Malignancies

Outcome”

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

KP vs. Usual Care
Effect estimate (95% Cl)
Conclusion

Quality
(SoE)

Pain

NRS (0-10)

1 week and 1
month

1 RCT (N=134)
Berenson,
2011 (CAFE
trial)

Yes (-1)

Unknown

No

No

1 week

N=117, MD -3.50 (-4.27 to -
2.73)

1 month
N=114, MD -3.50 (-4.37 to -
2.63)

Conclusion: One fair-quality
trial found a large
improvement in pain with KP
compared to usual care.

eeO0O
LOW

Function

Responders:
RDQ (22.5-point
improvement);
KPS (=5- point
improvement)

1 month

1 RCT (N=134)
Berenson,
2011 (CAFE
trial)

Yes (-1)

Unknown

No

No

RDQ

80.9% (51/63) vs. 28%
(14/50)

RR 2.89 (1.82 to 4.58); RD
0.53 (0.37 t0 0.69)

KPS

65.1% (41/63) vs. 26.5%
(13/49)

RR 2.45 (1.49 to 4.04); RD
0.39 (0.22 to 0.56)

Conclusion: Large increase in
the likelihood of achieving
MCIDs on RDQ and KPS for KP
compared to usual care.

®000
LOW
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Outcome” Studies Serious Serious Serious Serious KP vs. Usual Care Quality
Risk of Inconsistency Indirectness | Imprecision Effect estimate (95% Cl) (SoE)
Bias Conclusion

Function 1 month 1RCT (N=134) | Yes (-1) | Unknown No Yes (-1) | 74.6% (47/63) vs. 38.8% OO
Berenson, (19/49) LOW

KPS score 270 2011 (CAFE RR 1.92 (1.32 to 2.81)

(ability to care trial)

for oneself) Conclusion: Moderate

increase in the likelihood of
achieving a score 270 on the
KPS for KP compared to usual

care.
Function 1 month 1 RCT (N=134) | Yes (-1) Unknown No No RDQ: ®00O0O
Berenson, N=113, MD -8.9 (-9.49 to - LOW

RDQ scores (0- 2011 (CAFE 8.31)
24) trial)

KPS:
KPS scores (0- N=112, MD 14.5 (12.83 to
100) 16.17)

Conclusion: One fair-quality
trial found large
improvement in function
(both measures) with KP
compared to usual care.

AE = Adverse event; Cl = Confidence interval; KP = Kyphoplasty; KPS = Karnofsky Performance Status; MCS = Mental component scale; MD = Mean difference; NA = Not
applicable; NRS = Numerical Rating Scale; PCS = Physical component scale; RCT = Randomized controlled trial; RD = risk difference; RDQ = Roland Morris Disability Questionnaire;
RR = Risk ratio; SF-36 = 36 Item Short-Form Survey; SoE = Strength of evidence.

* VAS and ODI are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (KP); for the KPS, a higher score is better, i.e.,
a positive score favors the intervention (KP).

T The CAFE Trial reports outcomes beyond 1 month. However, 53% (34/64) of the control group immediately crossed over to KP at 1 month; given the substantial cross-over rate
and break in randomization, our efficacy analyses focused on data at 1 month and earlier.
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5.1.12 Strength of Evidence Summary: Safety of Kyphoplasty versus Usual Care in Patients with Fractures due to Tumors and
Malignancies

Outcome

Time®

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

KP vs. Usual Care
Effect estimate (95% Cl)
Conclusion

Quality (SoE)

Mortality 1 month 1 RCT (N=134) | Yes (-1) Unknown No Yes (-1) 2.8% (2/70) vs. 1.5% (1/64) edO0O
Berenson, RR 1.82 (0.17 to 19.69) LOwW
2011 (CAFE
trial) Conclusion: Similar risk of
mortality between groups but
the estimate was imprecise.
>1 month and | 1 RCT (N=134) | Yes (-1) Unknown No Yes (-1) As randomized: =12]10]@)
<12 months Berenson, 30.0% (21/70) vs. 19.2% (5/26), LOW
2011 (CAFE RR 1.56 (0.66 to 3.71)
trial) As treated/after crossover:
25.0% (27/108) vs. 19.2% (5/26),
RR 1.30 (95% CI 0.55 to 3.05)
Conclusion: KP tended to have
higher mortality rates compared
with usual care, but the
differences were not statistically
significant, and the estimates
were imprecise.
Serious AEs' | 21 month and | 1 RCT (N=134) | Yes (-1) Unknown No Yes (-1) As randomized: 2110l0)
<12 months Berenson, 52.8% (37/70) vs. 30.7% (8/26) LOW
2011 (CAFE RR 1.72 (0.93 to 3.19)
trial) As treated/after crossover:
50.9% (55/108) vs. 30.7% (8/26),
RR 1.66 (0.90 to 3.03)
Conclusion: KP tended to have
higher mortality rates compared
with usual care, but the
differences were not statistically
different.
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Outcome

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

KP vs. Usual Care
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion

Symptomatic | 1 month 1 RCT (N=134) | Yes (-1) Unknown No Yes (-1) 2.8% (2/70) vs. 4.7% (3/64) 1:]0l0)
Fracture Berenson, RR 0.61 (0.11 to 3.53) LOW
2011 (CAFE
trial) Conclusion: Similar risk of new
symptomatic fracture between
groups, but the estimate was
imprecise
>1 month and | 1 RCT (N=134) | Yes (-1) Unknown No Yes (-1) As randomized: =12]10]@)
<12 months Berenson, 12.8% (9/70) vs. 0% (0/26), LOW
2011 (CAFE p=0.056
trial) As treated/after crossover:
16.7% (18/108) vs. 0% (0/26),
p=0.026
Conclusion: Only patients
receiving KP experienced
symptomatic fractures in the
long term.
Cement 1 month 1 RCT (N=70) Yes (-1) Unknown No Yes (-1) 1.4% (1/70) =12]10]@)
Leakage, Berenson, LOW
symptomatic 2011 (CAFE Conclusion: One patient
trial) receiving KP experienced

symptomatic cement leakage
and suffered an adjacent
fracture the day after the
procedure, which was classified
as a serious device-related
event.

AE = Adverse event; Cl = Confidence interval; KP = Kyphoplasty; RCT = Randomized controlled trial; RR = Risk ratio; SoE = Strength of evidence.
* Given the high rate of cross-over (53%) from UC to KP after 1 month, we reported harms for patients both as randomized and as treated.
T Defined as any event that resulted in death, life-threatening injury or permanent impairment, needed intervention to prevent impairment, or resulted in prolonged

hospitalizations
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5.1.13 Strength of Evidence Summary: Effectiveness of Vertebroplasty versus Kyphoplasty in Patients with Fractures due to

Tumors and Malignancies

Outcome”

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)
Conclusion

Quality (SoE)

Responders Discharge or | 1 comparative | Yes (-1) Unknown No Yes (-1) 62% (148/238) vs. 57% OO0
(VAS score >3) | first f/u visit | NRSI (N=342) (59/104), RR 1.10 (0.90 to INSUFFICIENT
1.33); RD 0.56 (-0.06 t0 0.17)
Bae 2016
Conclusion: Data from one
retrospective NRSI are
insufficient to draw
conclusions.
Complete or 24 hours 1 comparative | Yes (-1) Unknown No Yes (-1) 86% (30/35 sessions) vs. 80% o000
improved pain NRSI (N=49) (12/15 sessions), RR 1.07 INSUFFICIENT
relief (0.80to 1.43)
Fourney 2003
Conclusion: Data from one
retrospective NRSI are
insufficient to draw
conclusions.
VAS pain scores | 1,3,6,12,24 | 2 comparative | Yes (-1) Unknown No Yes (-1) 1 NRSI (N=342), Timing OO0
(0-10) months NRSIs (N=391) unclear: MD -0.30 (-0.74 to INSUFFICIENT
0.14)
Bae 2016
Fourney 2003 1 NRSI (N=49)
1 month: median 2 vs. 2.5
1SR of case 3 months: median 2 vs. 2.5
series (N=1,445 6 months: median 2 vs. 4
VP; 1,110 KP) 12 months: median 1 vs.2
p=NS for all
4 case series
(N=261) VP (N=1,539), SR and case
VP (N=94) series:
Moulin 2020 Baseline range, 5.0-7.48
Rocha Romero Latest follow-up range (1-24
KP (N=157) months): 1.68 to 2.98
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Outcome®

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)

Quality (SoE)

Wu 2023
Garcia Maroto
2015

Bias

Conclusion

KP (N=1,539), SR and case
series:

Baseline range, 6.3-7.49
Latest follow-up range (9 to
>12 months): 3.09to 3.4

Conclusion: Both VP and KP
showed improvement in pain
from baseline over time.
Data from NRSIs and are
insufficient to draw

conclusions.

VAS pain (0-50 6 weeks, 6 Kdse 2006 Yes (-1) Unknown No Yes (-1) 6 weeks: MD 3.2 (0.51 to o000
scale)’ months, 12 (N=34) 5.89) INSUFFICIENT
months 6 months: MD 3.6 (1.74 to

5.46)

12 months: MD 3.8 (1.95 to
5.65)

Conclusion: Data from one

retrospective NRSI are
insufficient to draw
conclusions.

AE = Adverse event; Cl = Confidence interval; KP = Kyphoplasty; KPS = Karnofsky Performance Status; MCS = Mental component scale; MD = Mean difference; NA = Not

applicable; NRS = Numerical Rating Scale; PCS = Physical component scale; RCT = Randomized controlled trial; RD = risk difference; RDQ = Roland Morris Disability Questionnaire;
RR = Risk ratio; SF-36 = 36 Item Short-Form Survey; SoE = Strength of evidence.
* VAS is scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (VP or KP).

T Average of pain during 5 ADLs: pain at rest, walking, sitting-standing, taking a shower and wearing clothes.
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5.1.14 Strength of Evidence Summary: Safety of Vertebroplasty versus Kyphoplasty in Patients with Fractures due to Tumors and
Malignancies

Outcome

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)
Conclusion

Quality (SoE)

4 case series (N
range, 50-407)

Mortality 30days, 2.5 | 1 comparative Yes (-1) Unknown No Yes (-1) 30 days: 0% (0/34) vs. 0% o000
months NRSI (N=49) (0/15) INSUFFICIENT
2.5 months: 2.9% (1/34) vs.
Fourney 2003 0% (0/15)
4 case series (N
range, 50-158) 4 case series
VP (1 study, N=50): 34.0% at
401 days
KP (3 studies, N range 75-
158): 0% to 18.8%
Conclusion: Data from one
retrospective NRSI and case
series are insufficient to draw
conclusions.
SAEs 30 days, 12 | 2 comparative Yes (-1) Unknown No Yes (-1) 30 days, 1 NRSI: 2.9% (1/34) o000
months NRSI (N=83) (different vs. 6.7% (1/15), RR 0.44 (95% | INSUFFICIENT
time points) C1 0.03 to 6.59)
Fourney 2003 VP: Paraplegia due to
Kose 2006 metastasis

KP: Readmission for CHF

12 months, 1 NRSI: 0%
(0/16) vs. 0% (0/18)

4 case series

VP (1 study, N=50): 2%

KP (2 studies, N=92, 117): 0%
VP/KP (1 study, N=407): 0.5%
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Outcome

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)

Quality (SoE)

Bias

Conclusion
Conclusion: Data from two
retrospective NRSI and case
series are insufficient to draw
conclusions.

Device- or 30 days, 12 | 2 comparative Yes (-1) Unknown No Yes (-1) 30 days, 1 NRSI: 0% (0/34) o000
procedure- months NRSI (N=83) (different vs. 0% (0/15) INSUFFICIENT
related time points)
complications Fourney 2003 12 months, 1 NRSI: NR vs.
Kose 2006 5.6% (1/18), asymptomatic
balloon rupture
Conclusion: Data from two
retrospective NRSI are
insufficient to draw
conclusions.
New fracture 12 months 1 comparative Yes (-1) Unknown No Yes (-1) Adjacent level fracture and o000
NRSI (N=34) symptomatic fracture INSUFFICIENT
requiring reoperation: 0%
Kose 2006 (0/16) vs. 0% (0/18)
2 SRs of case 2 SRs of case series
series VP: 18% (1 study)
KP: range, 10.2%- 17.0%
4 case series (N
range, 44-407) Case series
VP (2 studies, N=44, 50):
10%-29.5%
KP: (1 study, N=75): 14.7%
VP/KP (1 study, N=407):
24.6%
Conclusion: Data from one
retrospective NRSI and case
series are insufficient to draw
conclusions.
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Outcome

Studies

Serious
Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

VP vs. KP
Effect estimate (95% Cl)

Quality (SoE)

Cement
leakage,
asymptomatic

30 days

1 comparative
NRSI (N=49)

Fourney 2003

Bias
Yes (-1)

Unknown

No

Yes (-1)

Conclusion
9.2% (6/65 levels) vs. 0%
(0/32 levels)

Conclusion: Data from one
retrospective NRSI are
insufficient to draw
conclusions.

®O00
INSUFFICIENT

Symptomatic
cement leakage

2 SR of case
series

2 case series

2 SRs of case series:

VP: 0.26% (21/760 levels) to
3.1% (3/98)

KP: 0% (0/214 levels) and 0%

2 case series,
VP/KP: 1.0% (4/407)
KP: 0% (0/215)

®O00
INSUFFICIENT

Reoperation

4.5 months

1 comparative
NRSI (N=49)

Fourney 2003

2 case series (N
range, 50-407)

Yes (-1)

Unknown

No

Yes (-1)

Repeat VP or KP: 2.9% (1/34)
vs. 6.7% (1/15). RR 0.44 (95%
C1 0.03 to 6.59)

Subsequent spinal surgery:
5.9% (2/34) vs. 0% (0/15)

Case series

VP (1 study, N=50): 6.0%
VP/KP (1 study, N=407):
19.2%

Conclusion: Data from one
retrospective NRSI and case
series are insufficient to draw
conclusions.

®O00
INSUFFICIENT

AE = Adverse event; Cl = Confidence interval; KP = Kyphoplasty; KPS = Karnofsky Performance Status; MCS = Mental component scale; MD = Mean difference; NA = Not
applicable; NRS = Numerical Rating Scale; PCS = Physical component scale; RCT = Randomized controlled trial; RDQ = Roland Morris Disability Questionnaire; RR = Risk ratio; SF-
36 = 36 Item Short-Form Survey; SoE = Strength of evidence.
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5.2 Strength of Evidence Summary: Sacroplasty

5.2.1 Strength of Evidence Summary: Effectiveness of Sacroplasty vs. Nonsurgical Management and vs. Surgery

Outcome” Time Studies’

Serious

Risk of
Bias

Serious

Inconsistency

Serious
Indirectness

Serious
Imprecision

SP vs. NSM
Effect estimate (95% Cl)
Conclusion

Quality (SoE)

Sacroplasty vs. Usual Care
VAS pain Various | 3 Yes (-1) Unknown No Yes (-1) Sacroplasty resulted in significantly o000
scores (0-10) comparative greater improvement in pain across INSUFFICIENT
NRSls most timepoints (follow-up range, 10
(N=438) days to 2 years) compared with UC and
was sustained longer term
Frey, 2017
Sarigul, Latest follow-up
2023, 1 NRSI (N=116), 2 years: MD -0.46 (95%
Andresen Cl -0.86 to -0.06);
2022 1 NRSI (N=185), 1 year: mean change
scores, -7.67 vs. -1.36, p<0.001;
1 NRSI (N=137), 2 years: data NR,
p<0.001
Conclusion: Data from two comparative
NRSIs (1, prospective, 1 retrospective)
are insufficient to draw conclusions.
Function Various | 2 Yes (-1) Unknown No Yes (-1) Sacroplasty resulted in significantly o000
comparative greater improvement in function across | INSUFFICIENT
ODI scores (0- NRSls all timepoints (follow-up range, 10 days
100) (N=382) to 2 years) compared with UC and was
sustained longer term
HBI scores (0- Sarigul,
100) 2023 Latest follow-up
Andresen, oDl
2022 1 NSRI (N=185), 1 year: mean change
scores, -70.2 vs. -30.6, p<0.001
HBI
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Outcome” Time Studies’ Serious Serious Serious Serious SP vs. NSM Quality (SoE)
Risk of Inconsistency Indirectness Imprecision Effect estimate (95% Cl)
Bias Conclusion
1 NSRI (N=197), 2 years: MD 7.0 (95% ClI
4.24109.76)

Conclusion: Data from two
retrospective comparative NRSIs are
insufficient to draw conclusions.

Sacroplasty vs. teriparatide

VAS pain Various | 1 Yes (-1) Unknown No Yes (-1) Sacroplasty resulted in significantly less OO0

scores (0-10) comparative improvement in pain and function INSUFFICIENT
NRSI (N=27) compared with UC at 12 and 24 weeks

ODI function but not at early timepoints (2, 4 weeks)

scores (0-100) Yang, 2023

Latest follow-up, 26 weeks:
VAS pain: MD 2.1 (1.21 to 3.00)
ODI function: MD 9.5 (6.14 to 12.86)

Conclusion: Data from 1 retrospective
comparative NRSI are insufficient to
draw conclusions.

Sacroplasty vs. surgery

VAS pain Various | 1 Yes (-1) Unknown No Yes (-1) Patients in both groups experienced 10100
scores (0-10) comparative significant improvement in pain (VAS INSUFFICIENT
NRSI scores) and function (HBI scores) but it
HBI function (N=233) was more rapid following sacroplasty
scores (0-100) versus surgery
Andresen,
2022 Latest follow-up, 2 years:

VAS pain: data NR, p<0.001
HBI function: MD -1.0 (-2.89 to 0.89)

Conclusion: Data from 1 retrospective
comparative NRSI are insufficient to
draw conclusions.

Cl = Confidence interval; MD = Mean difference; NR = not reported; ODI = Oswestry Disability Index; SoE = Strength of evidence.
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* VAS and ODI are scaled such that a lower score means a better outcome, i.e., a negative mean difference favors the intervention (KP); for the KPS, a higher score is better, i.e.,
a positive score favors the intervention (KP).
T All comparative NRSIs are retrospective except Frey 2017 which is prospective.

5.2.2 Strength of Evidence Summary: Safety of Sacroplasty vs. Nonsurgical or Surgical Management

Outcome

Studies

Serious
Risk of
Bias

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

SP vs. NSM or Surgery
Effect estimate (95% Cl)
Conclusion

Quality (SoE)

Mortality 6-12 months 1 comparative Yes (-1) Unknown No Yes (-1) NRSI, 12 months: OO0
NRSI (2 different SPvs. UC INSUFFICIENT
SP vs. UC comparators) 8.4% (10/119) vs. 21.7%
(N=233) (25/114); RR 0.38 (0.19 to 0.76)
SP vs. Surgery SP vs. Surgery
(N=178) 8.4% (10/119) vs. 13.6% (8/59);
RR 0.62 (0.23 to 1.49)
Andresen, 2022
Registry, 6 months: 0% (0/102)
1 single arm
Registry Conclusion: Data from 1
retrospective comparative NRSI
Beall 2023 and one single arm registry are
insufficient to draw conclusions
for SP vs. UC and vs. surgery.
SAEs Perioperative | 1 comparative Yes (-1) Unknown No Yes (-1) PE OO0
NRSI (N=83 in Perioperative: 0% (0/83) vs. NR | INSUFFICIENT
SP arm)
Conclusion: Insufficient data to
Sarigul 2023 draw conclusions.
New 6 months 1 single arm Yes (-1) Unknown No Yes (-1) 3% (3/102), all required surgery 10100
fracture, registry INSUFFICIENT
symptomatic (N=102) Conclusion: Insufficient data to
draw conclusions.
Beall 2023
Cement Perioperative, | 2 comparative Yes (-1) No No Yes (-1) Symptomatic cement leakage: 1000
leakage and 3-18 NRSI (N=202 in range 0% to 1.0% INSUFFICIENT
month SP arm)
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Outcome

Time

Studies

Serious

Risk of

Serious
Inconsistency

Serious
Indirectness

Serious
Imprecision

SP vs. NSM or Surgery
Effect estimate (95% Cl)

Quality (SoE)

Sarigul 2023
Andresen 2022

1single arm
registry
(N=102)
Beall 2023

1 SR of case
series (N=861)

Chandra 2019

Bias

Conclusion
Asymptomatic cement leakage:
range 2.2% to 17.7%

Conclusion: Symptomatic
cement leakage appears to be
rare; asymptomatic cement
leakage is common following
sacroplasty. However, data is
insufficient data to draw
conclusions.

Reoperation

3-18 months

1single arm
registry
(N=102)
Beall 2023

1 SR of case
series (N=861)

Chandra 2019

Yes (-1)

No

No

Yes (-1)

Registry:
3% (3/102), for any new sacral
or VCF

SR:
0.3% (3/861), radicular pain due
to cement leakage

Conclusion: Data is insufficient
data to draw conclusions.

eO00O
INSUFFICIENT

AE = Adverse event; Cl = Confidence interval; NA = Not applicable; NRSI = Nonrandomized studies or interventions; RCT = Randomized controlled trial; RR = Risk ratio; SAE =
serious adverse event; SoE = Strength of evidence; SP = sacroplasty; SR =systematic review; UC = usual care; VCF = vertebral compression fracture
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5.3 Safety Evidence Summary: NRSIs for Osteoporotic Compression Fractures

The following evidence from NRSIs (comparative and single arm) is considered insufficient to draw
conclusions due to the methodological flaws/limitations (i.e., high risk of bias) of studies and imprecision
of estimates, with many studies not providing any measure of variance. Given the unique analyses
across some of the studies, consistency is often unknown. NRSIs start out at Low SOE and given these
limitations the studies ended up as insufficient strength of evidence.

5.3.1 Adverse events reported in nonrandomized studies of patients with osteoporotic
vertebral compression fractures: Comparative NRSI of VP vs. UC and case series of VP

Outcome VP vs. UC

Effect estimate (95% Cl)
Conclusion
Mortality Admin data: 3 studies VP vs. UC

Ong: HR 0.926 (0.926, 0.917)
Lin: adj HR 1.39 (1.09-1.78)
Huang: Adj HR 0.87 (0.77-0.99)

Case series (all VP):

2 case series range: 0%(N=1512) to 1.2% (N=485)
Mortality due to embolism: 0% (N=1512)

New fracture Admin data: VP vs. UC

Huang: <0.3% of 1389 vs. <0.1% of 6017), p=NS

Case series (all VP):

Any new, range: 11.6% (N=293)

10 22.1% (N = 1090)

Adjacent: 6.6% (N=361) to 7.8%(N=293)

Pulmonary embolism (PE) Admin data: VP vs. UC
Edidin 2015: 4 years: Adj. HR 1.07 (95% CI 0.98 to 1.18

Case series (all VP):
Asymptomatic pulmonary cement embolism: 3.7% (11/299)

Deep vein thrombosis (DVT) Admin data: VP vs. UC
Edidin 2015, 4 years: Adj. HR 1.05 (95% CI 0.96 to 1.15)

Case series (all VP):

NR
Cardiac complications (to Admin data: VP vs. UC
include Mi) Edidin 2015, Adj. HR 1.05 (95% CI 0.94 to 1.16)
Other cardiac complications Case series (all VP):

All from 1 Case series (N=1512) Cardiorespiratory arrest: <0.1%
Any intracardiac cement embolism 4.8%

Intracardiac cement embolism with associated PCE 4.1%
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Outcome VP vs. UC

Effect estimate (95% Cl)
Conclusion
Symptomatic intracardiac cement embolism: 0.3% (none resulted in death)

Respiratory (including resp Admin data: VP vs. UC
failure) Edidin 2015, 4 years: Adj. HR 1.05 (95% Cl 1.01 to 1.09
Choo, 2018: 30 days: Adj. OR 3.28 (95% Cl 1.56-6.88)

Case series (all VP):

NR
Infection, osteomyelitis or Admin data: VP vs. UC
infection Edidin 2015, adj HR 1.05 (95% CI 0.87 to 1.27)

Case series (all VP):

NR
Additional procedures, Admin data: VP vs. UC
reoperation, subsequent Edidin 2015:
augmentation Any subsequent augmentation: Adj. HR 11.1 (95% Cl 11.1 to 12.5)

Subsequent augmentation or fusion: Adj. HR 11.1 (95% Cl 11.1 to 12.5)

Case series (all VP):
New fracture: 22.1% (241/1090)

Adj = adjusted; Cl = confidence interval; HR = hazard ratio; MI = myocardial infarction; NRSI = nonrandomized study of
interventions; OR = odds ratio; RR = risk ratio; UC = usual care; VP = vertebroplasty.

5.3.2 Adverse events reported in nonrandomized studies of patients with osteoporotic
vertebral compression fractures: Comparative NRSI of VP vs. KP

Outcome VP vs. KP

Effect estimate (95% Cl)
Conclusion

Mortality Admin data, 2 studies:

Kim 2022, Adj OR 0.94 (0.27-3.24), 30 days, KP vs. VP
>30 days, 1KP vs. VP

Edidin 2015, Adj HR 0.83 (0.81-0.85), >30 days, KP vs. VP

Pulmonary embolism (PE) Admin data, 1 study:
Edidin 2015, Adj HR 1.16 (1.01-1.35), 4 years, VP vs. KP

Deep vein thrombosis (DVT) Admin data, 1 study:
Edidin 2015, Adj HR 1.16 (1.01-1.35), 4 years, VP vs. KP

Cardiac complications (due to include MI) | Admin data, 1 study:
Edidin 2015, Adj HR 1.05 (0.94-1.16), 4 years, VP vs. KP

Other cardiac complications
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Outcome VP vs. KP
Effect estimate (95% Cl)
Conclusion
Pulmonary/ Admin data, 2 studies:
respiratory complications Edidin 2015, Adj HR 1.05 (1.01-1.16), 4 years, VP vs. KP

Choo 2018, Adj. OR 3.28 (1.56-6.88), 30 days, VP vs. KP

Infection Admin data, 1 study:
Edidin 2015, Adj HR 1.05 (0.87 to 1.27), 4 years, VP vs. KP

Any SAE Admin data, 1 study:
Kim 2022, Adj OR 1.93 (0.58 to 6.41), 30 days, VP vs. KP

Subsequent reoperation Admin data, 1 study:

Edidin 2015, 4 years, VP vs. KP:

Any subsequent augmentation: Adj. HR 1.03 (0.97-1.09)
Subsequent augmentation or fusion: Adj. HR 1.03 (0.97-1.09)
Subsequent VCF with repair: Adj. HR 1.03 (0.97-1.09)

Adj = adjusted; Cl = confidence interval; HR = hazard ratio; KP = kyphoplasty; Ml = myocardial infarction; NRSI = nonrandomized
study of interventions; OR = odds ratio; RR = risk ratio; SAE = serious adverse event; VCF = vertebral compression fracture; VP =
vertebroplasty.

5.3.3 Adverse events reported in nonrandomized studies of patients with osteoporotic
vertebral compression fractures: Comparative NRSI of VP vs. Other surgery

Outcome VP vs. Other surgery

Effect estimate (95% Cl)
Conclusion

Mortality Admin data, 1 study:
Huang 2019, mean 4.5 years, VP vs. Open surgery, 19.2%
(267/1389) vs. 17.4% (212/1219), p>0.05

New fracture Admin data, 1 study:
Huang 2019, mean 4.5 years, VP vs. Open surgery, <0.3%
(NR/1389) vs. <0.3% (NR/1219), p>0.05

Stroke Admin data, 1 study:

Wu 2012, <5 years, VP vs. other surgery:

Any stroke: Adj. HR 1.22 (95% Cl 0.67 to 2.24)

Hemorrhagic Stroke: Adj. HR 3.17 (95% Cl 0.97 to 10.3)

Ischemic stroke: Adj. HR 0.96 (95% Cl 0.49 to 1.91)

Pulmonary embolism (PE) Admin data, 1 study:

Huang 2019, mean 4.5 years, VP vs. Open surgery, 0.4% (6/1389)
vs. £0.3% (NR/1219), p>0.05

Vertebral osteomyelitis or infection Admin data, 1 study:
Huang 2019, mean 4.5 years, VP vs. Open surgery, 1.0% (14/1389)
vs. 1.0% (12/1219), p>0.05

Adj = adjusted; Cl = confidence interval; HR = hazard ratio; NRSI = nonrandomized study of interventions; VP = vertebroplasty
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5.3.4 Adverse events reported in nonrandomized studies of patients with osteoporotic
vertebral compression fractures: Comparative NRSIs of VP vs. Minimally Invasive
Procedures (Blocks)

Outcome” VP vs. Blocks

Effect estimate (95% Cl)
Conclusion
New vertebral fractures 1 comparative NRSI (N=164)

Bae 2019, 24 months, VP vs. medial branch block
15.2% (14/92) vs. 4.2% (3/72), RR 3.65 (1.09-12.23), remained
significant after adjustment for confounding factors (data NR)

Symptomatic Cement Leakage 1 comparative NRSI (N=92 VP arm only)
Bae 2019, 1 week, 1.1% (1/92), subjective leg weakness, resolved

Asymptomatic Cement Leakage 1 comparative NRSI (N=92 VP arm only)
Bae 2019, 1 week, 4.3% (4/92)

Cl = confidence interval; NRSI = nonrandomized study of interventions; VP = vertebroplasty

5.3.5 Adverse events reported in nonrandomized studies of patients with osteoporotic
vertebral compression fractures: Comparative NRSI of KP vs. UC and case series of KP

Outcome KP vs. UC

Effect estimate (95% Cl)
Conclusion

Mortality Admin data, 2 studies

Zampini 2010, 30 days, KP vs. UC, 0.3% vs. 1.6%, Adj OR 0.52,
p=0.003 (CI NR);

Edidin 2015, 4 years, UC vs. KP, Adj HR 1.62 (1.60-1.64)

Case series (all KP):
1 case series (Bergmann 2012): 0.3% (1/297)

Pulmonary embolism (PE) Admin data, 1 study:
Edidin 2015, 4 years, KP vs. UC, Adj HR 0.99 (0.92-1.08)

Case series (all KP):
No studies

Deep vein thrombosis (DVT) Admin data, 2 studies:

Edidin 2015, 4 years, KP vs. UC, Adj HR 0.92 (0.0.87-0.96)
Zampini 2010, inpatient, KP vs. UC, 0.2% (n=882 fractures) vs.
0.2% (n=4884 fractures), p=0.899

Case series (all KP):
No studies

Cardiac complications (including Ml) Admin data, 1 study:
Edidin 2015, 4 years, KP vs. UC, Adj HR 0.88 (0.83-0.93)

Case series (all KP):
No studies
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Outcome KP vs. UC

Effect estimate (95% Cl)
Conclusion

Pulmonary/respiratory complications Admin data, 1 study:
Edidin 2015, 4 years, KP vs. UC, Adj HR 1.00 (0.98-1.02)

Case series (all KP):
No studies

Infection Admin data, 2 studies:

Edidin 2015, 4 years, KP vs. UC, Adj HR 1.00 (0.90-1.10)
Zampini 2010, inpatient, 0.1% (n=882 fractures) vs. 0.1%
(n=4884 fractures), p=0.929

Case series (all KP):
No studies

Any SAE Admin data, 1 study:
Zampini 2010, inpatient, 1.7% (n=882 fractures) vs. 1.0%
(n=4884 fractures), p=0.061

Case series (all kyphoplasty):

1 case series (Bergmann 2012): <1.0% (2/297) allergic reaction
to the balloon (severe hypotension and tachycardia) and
subcutaneous hematoma requiring release

New fracture (various) Case series (all kyphoplasty):

Any new fracture

3 studies, range 12.1% to 22.2%;

Any new symptomatic fracture, 2 studies, range 8.1% to

10.6%;
Any new adjacent level fracture, 4 studies, range 4.6% to
10.5%;
Symptomatic adjacent level fracture, 2 studies, range 0.3% to
6.6%;
Refracture at index level, 1 study, 0.7%

Symptomatic cement leakage Case series (all kyphoplasty):

2 studies, range 0% to 2.3%

Subsequent augmentation Admin data, 1 study:

Edidin 2015, 4 years, KP vs. UC, Subsequent augmentation: Adj
HR 12.5 (12.5-14.3);

Subsequent augmentation or Fusion: Adj HR 12.5 (12.5-14.3)

Case series (all kyphoplasty):

Repeat KP for symptomatic fracture, 2 studies, range 8% to
10.6%

Adj = adjusted; Cl = confidence interval; HR = hazard ratio; KP = kyphoplasty; Ml = myocardial infarction; NRSI = nonrandomized
study of interventions; SAE = serious adverse event; UC = usual care.
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5.3.6 Adverse events reported in nonrandomized studies of patients with osteoporotic
vertebral compression fractures: Comparative NRSI of KP vs. Pedicle Screw Fixation

Outcome KP vs. Surgery
Effect estimate (95% Cl)
Conclusion

Mortality 1 comparative NRSI
Wen 2021, 3 years, KP vs. screw fixation, 0% (0/376) vs. 0%
(0/121)

Deep vein thrombosis (DVT) 1 comparative NRSI
Wen 2021, 3 years, KP vs. screw fixation, 0% (0/376) vs. 2.5%
(3/121)

Adjacent or distant new vertebral fracture 1 comparative NRSI

Wen 2021, 3 years, KP vs. screw fixation, 7.7% (29/376) vs.
5.8% (7/121), unadjusted RR 1.33 (0.60-2.96)

Any reoperation 1 comparative NRSI

Wen 2021, 3 years, KP vs. screw fixation, 7.7% (29/376) vs.
5.8% (7/121), unadjusted RR 1.33 (0.60-2.96), all for new
fractures

Cl = confidence interval; KP = kyphoplasty; NRSI = nonrandomized study of interventions.

5.3.7 Adverse events reported in nonrandomized studies in patients with osteoporotic
vertebral compression fractures: Comparative NRSIs for any vertebral augmentation
(VP or KP) vs. UC

Outcome Any VA (VP or KP) vs. UC

Effect estimate (95% Cl)
Conclusion

Mortality Admin data: VP/KP vs. UC

<30 days, 1 study

McCullough 2013, 0.3% (31/9017) vs. 0.6% (51/9017),

Adj OR 0.61 (95% Cl 0.39-0.95)

>30 days, 3 studies

McCullough 2013, 5.2% (469/9017) vs. 5.6% (505/9017),

Adj HR 0.92 (95% Cl, 0.81-1.04);

Levy 2012, Adj HR: 0.81 (0.42, 1.59)

Lange 2014, Survival rates, 69.9% vs. 53.8%, Adj HR 0.58 (0.48-
0.70);

Case series (all VP/KP):

2 database studies, 2%

Any SAE Admin data: VP/KP vs. UC

1 study, Purvis 2018, post-op

Post-op, 8.1% (900/11116) vs. 8.7% (4086/46962), Adj OR 0.95
(0.87-1.03)

1 study, McCullough 2013, 30 days and 1 year

30 days, 9.5% (860/9017) vs. 10.5% (947/9017), Adj OR 0.90
(0.81-0.99)

1 year, 29.8% (2691/9017) vs. 30.0% (2709/9017), Adj HR 1.00
(0.94-1.06)
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Outcome

Any VA (VP or KP) vs. UC

Effect estimate (95% Cl)

Conclusion

Case series (all VP/KP):
2 database studies (N=1932-2433), range, 4.9% to 5.8%
1 case series, no SAEs occurred in any patient (N=358)

Specific SAE

Admin data: VP/KP vs. UC

1 study, Purvis 2018, post-op

Stroke: 0.1% (11/11116) vs. 0% (0/46962)
MI: 0.6% (67/11116) vs. 0.8% (376/46962)
PE: 0.2% (22/11116) vs. 0.3% (141/46962)
Shock: 0.2% (22/11116) vs. 0.2% (94/46962)
All p>0.05

Case series (all VP/KP):

2 database studies (N=1932-2433), the incidence of individual
SAEs — thromboembolic events, cardiac events, cerebrovascular
events — was very low £1.0%

Recurrent/new fracture

Admin data: VP/KP vs. UC
1 study, Levy 2012, 17.5% (10/57) vs. 25.9% (7/27), unadjusted RR
0.68 (0.29 to 1.58); p>0.05 in adjusted analyses

Case series (all VP/KP):

1 study, Wang 2014

Any new fracture: 12.6% (45/358)
Symptomatic Adjacent level: 7.3% (26/358)

Deep infection, Sepsis

Case series (all VP/KP):

Deep infection, 1 database, Kim 2022, 0% (0/1932)
Sepsis/septic complication, 2 databases, Choo 2018, Kim 2022,
range, 0.5%-0.8% (N=1932-2433)

Cement Embolism

Case series (all VP/KP):

2 studies, no symptomatic cases in either study.
1 study, Sun 2023, 17.2% (64/373)

1 study, Venmans 2008, 3.7% (11/299)

Symptomatic Cement leakage

Case series (all VP/KP):
1 study, Wang 2014, 0% (0/358)

Reoperation

Case series (all VP/KP):

Any reoperation

2 database studies, Choo 2018, Kim 2022, range 3.2%-3.6%
Repeat VP or KP for symptomatic new fracture

1 study, Wang 2014, 7.3%

Adj = adjusted; Cl = confidence interval; HR = hazard ratio; KP = kyphoplasty; Ml = myocardial infarction; NRSI = nonrandomized
study of interventions; OR = odds ratio; PE = pulmonary embolism; RR = risk ratio; SAE = serious adverse event; VP =

vertebroplasty.

Vertebroplasty, Kyphoplasty, Sacroplasty Rereview: Final Report Page 231



WA — Health Technology Assessment October 16, 2024

5.3.8 Adverse events reported in nonrandomized studies of patients with osteoporotic
vertebral compression fractures: Comparative NRSIs for any vertebral augmentation
(VP or KP) vs. operative treatment

Outcome Any VA (VP or KP) vs. Operative

Effect estimate (95% Cl)
Conclusion

Any and specific SAEs Admin data: VP/KP vs. Open surgery
1 study, Purvis 2018, post-op
Stroke: 0.1% (11/11116) vs. 0.3% (4/1487), p<0.001
MI: 0.6% (67/11116) vs. 2.2% (33/1487), p<0.001
PE: 0.2% (22/11116) vs. 1.2% (18/1487), p<0.001
Shock: 0.2% (22/11116) vs. 1.0% (15/1487), p<0.001
Any SAE: 8.1% (900/11116) vs. 16.3% (242/1487); Adj. OR 0.48
(95% Cl 0.41-0.56)
All p>0.05

Cl = confidence interval; KP = kyphoplasty; MI = myocardial infarction; NRSI = nonrandomized study of interventions; OR = odds
ratio; PE = pulmonary embolism; SAE = serious adverse event; VCF = vertebral compression fracture; VP = vertebroplasty.
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