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Abstract

Background Lung cancer is one of the most commonly
diagnosed cancers and is the leading cause of cancer-
related deaths. Metastatic bone disease occurs in 20% to
40% of patients with lung cancer, and these patients

often present with pain or skeletal-related events (SREs)
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that are associated with decreased survival. Bone-mod-
ifying agents such as denosumab or bisphosphonates are
routinely used; however, to our knowledge, there has
been no quantitative synthesis of randomized controlled
trial data to determine the most effective pharmacologic
treatment of metastatic bone disease because of lung
cancer.

Questions/purposes We aimed to perform a network
meta-analysis of randomized trials to identify the bone-
modifying agent that is associated with the (1) highest
overall survival, (2) longest time to SRE, (3) lowest SRE
incidence, and (4) greatest likelihood of pain resolution.
Methods We conducted our study according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses protocol and pre-registered the analysis on
PROSPERO (ID: CRD42019124364). We performed a
librarian-assisted search of MEDLINE, PubMed,
EMBASE, Cochrane Library, and Chinese databases in-
cluding China National Knowledge Infrastructure and
Wanfang Data. We included randomized controlled trials
reporting outcomes specifically for patients with lung
cancer treated with a bisphosphonate or denosumab. SREs
included pathologic fractures, spinal cord compression,
hypercalcemia of malignancy, or pain resulting in surgical
intervention or radiation therapy. We excluded trials ex-
clusively reporting surrogate outcomes such as changes in
bone turnover markers. Screening, data extraction, risk of
bias evaluation, and Grading of Recommendations
Assessment, Development, and Evaluation evaluations
were performed in duplicate. We included 131 randomized
controlled trials that evaluated 11,105 patients with skeletal
metastases from lung cancer. The network meta-analysis
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was performed using a frequentist model and the R statis-
tical software. Results are reported as relative risks or mean
differences, and the I* value is reported for heterogeneity.
The P-score, a measure of ranking certainty that accounts
for standard error, is reported for each outcome.
Heterogeneity in the network was considered moderate for
overall survival and time to SRE, mild for the incidence of
SRE, and low for pain resolution.

Results For overall survival, denosumab was ranked
above zoledronic acid and estimated to confer a mean of
3.3 months (95% CI 0.3-6.3) of increased overall sur-
vival compared with untreated patients (P-score = 89%).
For the time to SRE, denosumab was ranked first with a
mean of 9.1 additional SRE-free months (95% CI
6.7-11.5) compared with untreated patients (P-score =
99%), while zoledronic acid conferred an additional 4.8
SRE-free months (95% CI 3.6-6.1). Reduction in the
incidence of SREs was not different between patients
treated with denosumab (relative risk 0.54; 95%
CI 0.33-0.87) and those treated with zoledronic acid
(relative risk 0.56; 95% CI 0.46-0.67). Patients treated
with the combination of ibandronate and systemic ther-
apy were more likely to experience successful pain res-
olution than untreated patients (relative risk 2.4; 95% CI
1.8-3.2).

Conclusion In this comprehensive synthesis of all avail-
able randomized controlled trial evidence guiding the
pharmacologic treatment of bone metastases from lung
cancer, denosumab was ranked above zoledronic acid for
overall survival and time to SRE and was not different for
reducing the incidence of SRE. Both were superior to no
treatment for each of these outcomes. Given this, we en-
courage physicians to consider the use of denosumab or
zoledronic acid in treating this patient population. The
combination of ibandronate and systemic therapy was the
most effective at reducing pain because of metastases. No
cost-effectiveness analysis has yet been performed for
denosumab and zoledronic acid on patients with metastatic
lung cancer, and this represents an avenue for future
research.

Level of Evidence Level I, therapeutic study.

Introduction

Lung cancer is one of the most commonly diagnosed
cancer types worldwide and is the leading cause of all
cancer-related deaths [3]. Although the prognosis for
patients with lung cancer remains poor, it is improving,
and metastatic bone disease is present in 20% to 40% of
all patients with lung cancer [27, 43]. Patients with bone
metastases may present symptomatically with pain and
skeletal-related events (SREs) such as pathologic
fractures or spinal cord compression, which often result
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in intervention by an orthopaedic surgeon [43].
Metastatic bone disease affects the quality of life of
patients with lung cancer, and SREs have been in-
dependently linked to decreased overall survival [21].
Thus, decreasing the incidence of SREs has become an
important clinical goal in the care of patients with
metastatic lung cancer.

Although the metastasis microenvironment pro-
motes bone turnover and resorption leading to SREs,
bisphosphonates function by directly inhibiting osteo-
clast function and inducing osteoclast apoptosis [28].
Denosumab, a monoclonal antibody to the receptor
activator of nuclear factor kappa-B ligand, functions by
inhibiting osteoclast differentiation from progenitor
cells as well as reducing osteoclast activity and survival
[12, 28]. Currently, there is strong evidence from sev-
eral randomized controlled trials (RCTs) supporting the
use of bone-modifying agents such as bisphosphonates
or denosumab for reducing SREs in patients with met-
astatic bone disease because of breast and prostate
cancer [1, 15, 19]. Recently, smaller RCTs have spe-
cifically enrolled only patients with lung cancer and
evaluated denosumab and various bisphosphonates [30,
41, 47]. However, to our knowledge, no systematic
review to date has quantitatively synthesized all of the
available RCT data in order to determine the best
therapy specifically for patients with metastatic lung
cancer. Three previous meta-analyses excluded deno-
sumab, used mainly observational data, or included
patients without lung cancer [14, 22, 26]. Furthermore,
no network meta-analysis has been performed on this
patient population. Network meta-analyses allow
quantitative comparisons and relative rankings of all
interventions studied in RCTs, even in the absence of
trials directly comparing each treatment. A regular
systematic review would only be able to include trials
evaluating the same interventions. Given the multitude
of interventions evaluated for this patient population,
only a network meta-analysis can use all published RCT
data to derive the most accurate estimates of treatment
effects and provide rankings of all treatments, even
those that have not been directly compared with one
another. Although the American Board of Orthopaedic
Surgeons lists bisphosphonates and denosumab among
topics that orthopaedic surgeons should be familiar
with [2], the ranking of these treatments for patients
with metastatic lung cancer of bone is not yet
established.

We therefore sought to perform a network meta-
analysis of randomized trials to identify the bone-
modifying agent that is associated with the (1) highest
overall survival, (2) longest time to SRE, (3) lowest
SRE incidence, and (4) greatest likelihood of pain
resolution.
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Patients and Methods

We performed a systematic review and network meta-
analysis in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions and the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses protocol [29]. This network meta-analysis
was prospectively registered on PROSPERO (ID:
CRD42019124364).

Search Strategy

We conducted a librarian-assisted (SS) search of
MEDLINE, PubMed, EMBASE, and the Cochrane Library
up to January 2019. Once it became apparent that many
studies meeting our inclusion criteria were published in
Chinese, but not in any other foreign language, several
major Chinese databases, including Wanfang Data,
Wanfang Med Online, China National Knowledge
Infrastructure, and Chongqing VIP Information were
searched using a similar strategy adapted by a local trans-
lator (JD). We also thoroughly reviewed the reference
sections of previous meta-analyses to identify relevant
studies, and included so-called “gray literature” such as
research meeting abstracts in our search. Our inclusion and
exclusion criteria were developed a priori. We included
RCTs reporting outcomes specifically for patients with
lung cancer treated with any bisphosphonate or denosu-
mab. We excluded studies that did not involve bone-
modifying agents and studies that reported surrogate out-
comes such as changes in markers of bone turnover but not
the outcomes of interest.

Trial Selection

We screened titles and abstracts in duplicate, and all con-
flicts were resolved by consultation with a senior author
(AB). We included RCTs evaluating the effect of bone-
modifying agents on metastatic bone disease in patients
with a diagnosis of lung cancer, regardless of the subtype.
Studies were included if they enrolled only patients with
lung cancer or if they reported outcomes for the subgroup
of patients with lung cancer.

All types of bisphosphonates were included in the study
regardless of dosage, route (intravenous or oral), fre-
quency, or treatment duration. For the outcome of pain
resolution, systemic treatments such as chemotherapy, ra-
diation therapy, or radionuclide therapy were sometimes
offered concurrently with bisphosphonates. The large
number of trials for this outcome (121) allowed for com-
binations of treatments to be included and evaluated. We
included articles written in English or Chinese.

Papers written in Chinese were translated into English
by a local translator (JD) before screening. If a study in-
cluded patients with lung cancer but did not report out-
comes specifically for this subgroup, we contacted the
authors or data holders to request aggregate-level outcome
data.

Included Trials

We included 131 RCTs that evaluated 11,105 patients with
skeletal metastases from lung cancer (see Supplementary
Table 1; Supplemental Digital Content 1, http://links.Iww.
com/CORR/A544). Specific reported subtypes included
adenocarcinoma in 2218 patients, squamous cell
carcinoma in 1669, adenosquamous carcinoma in 262,
and small-cell lung cancer in 216. The remaining lung
cancer subtypes were not specified. The age of the included
patients ranged from 18 to 90 years, and 62% of patients in
studies that reported sex were male. The included studies
were published between 1999 and 2018 (Fig. 1).

Data Abstraction

We extracted data from all included trials in duplicate into
spreadsheets for analysis (Microsoft Excel version 16.2).
Discrepancies in data were resolved by consensus by re-
ferring to the original trial. Data abstracted included the
year of the study, demographic data of the patients, overall
survival, SRE incidence, time to SRE, and pain remission
efficacy. Overall survival and the time to SRE were mea-
sured in months since patient enrollment. SREs included
pathologic fractures, spinal cord compression, hypercal-
cemia of malignancy, or pain resulting in surgical in-
tervention or radiation therapy [7]. Pain remission efficacy
was measured as the number of patients who experienced
substantial pain relief. We included all reported pain scales
(such as numerical rating scale, verbal rating scale, and
VAS), and we performed a meta-regression analysis to test
for the correlation between the scale used and the outcome.
In studies where information on pain remission efficacy
was not provided, patients who experienced complete or
partial pain remission were categorized as having effective
relief, while patients who had not experienced any change
in pain levels were deemed to have ineffective relief.

For RCTs that did not report the SD for continuous out-
comes, the 95% CI was used to derive the SD, based on
methods recommended by the Cochrane Handbook [17]. If an
article published neither the SD nor the CI, a pooled SD value
was derived from the SD values of other studies in the net-
work, using methods described by Hedges [13]. Furukawa
et al. [10] have shown that using pooled SD values in meta-
analyses yields adequate concordance with actual SD values.
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Fig. 1 This Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart

shows the included RCTs.

Risk of Bias in Individual Studies

The quality of the included studies was evaluated by two
reviewers (RB and MD) in duplicate using the Cochrane
Collaboration’s tool for assessing the risk of bias [16]. We
used low, unclear, and high to evaluate the effectiveness of
the methodologies used for random-sequence generation,
allocation concealment, blinding of participants and per-
sonnel, and blinding of outcome assessments, as well as for
the completeness of outcome data, the presence of selective
reporting, and other biases for each study. Unless a study
specifically mentioned blinding, a high risk of bias was
given. The same standards were applied to studies pub-
lished in English and Chinese.

Most of the included trials (98% [128 of 131]) used
appropriate randomization methods. However, fewer
than 1% (one of 131) of the studies explicitly mentioned
their method for concealing allocation. Blinding of
participants was observed in 6% (eight of 131) of the
included trials, and outcome assessors were blinded in
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1.5% (two of 131). Although Chinese-language
studies were not formatted for the risk of bias tool,
there were no large, observable differences in the risk of
bias scores between Chinese and Western studies (see
Supplementary Table 2; Supplemental Digital Content
2, http://links.lww.com/CORR/A545).

Quality of Evidence

The overall quality of evidence was assessed using the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) framework by two reviewers
(AB and JD) in duplicate for each outcome [11]. In this
network meta-analysis, we used Confidence in Network
Meta-Analysis, an online network quality appraisal tool
developed in accordance with the GRADE framework
[11], to evaluate and synthesize the quality of direct and
indirect evidence for each outcome network, according to
the latest methodologic guidelines. Confidence in Network
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Meta-Analysis evaluates a network’s quality based on six
criteria: within-study bias (risk of bias), across-study bias,
indirectness, imprecision, heterogeneity, and incoherence
[31]. We reported the overall GRADE of the quality of
evidence for each outcome. The GRADE for overall sur-
vival was moderate because of suspected across-study bias
and concerns about incoherence between direct and in-
direct network estimates of effect. The GRADE for time to
SRE was moderate because of suspected across-study bias
and concerns about incoherence. The overall GRADE for
the quality of evidence was high for SRE incidence and
pain remission.

Ethical Approval

Because this was a network meta-analysis, ethical approval
of this study was waived by the Hamilton Integrated
Research Ethics Board.

Statistical Analysis

We used a frequentist framework and a fixed-effects model
network meta-analysis to assess direct and indirect evi-
dence of the effect of bone-modifying agents on four pri-
mary outcomes: overall survival, time to SRE, SRE
incidence, and successful pain remission. We created a
network diagram of all interventions (nodes) and trials
(edges) for each outcome and report the results of the
network meta-analysis as relative risks or mean differ-
ences. We present forest plots, ranks, and a P-score for the
treatments evaluated for each outcome. The P-score, based
on point estimates and standard error, represents the like-
lihood that a given treatment will rank first in a specific
category; a score closer to100% represents a greater chance
that treatment is best [37]. The P-score is equivalent to the
surface under the cumulative ranking curve score in
Bayesian network meta-analyses [37]. Global in-
consistency across the network model is described using
the I? value, which represents the percentage of variation
across studies because of study heterogeneity [45].
Network heterogeneity was 12% for pain remission, 41%
for the incidence of SRE, 62% for the time to SRE, and
77% for overall survival.

For all outcomes where some included studies adminis-
tered concurrent systemic therapies such as radiation therapy
or chemotherapy to both the treated and untreated groups,
Bayesian meta-regression analyses were performed to de-
termine whether the observed treatment effects were similar to
those of studies without concurrent systemic therapies. For
the outcome of pain remission, a meta-regression analysis was
performed to determine any interaction between reported
successful pain remission and the length of follow-up and/or

the pain scale that was used. All statistical analyses were
performed using R version 3.4.2 [42].

Results
Overall Survival

Denosumab was ranked first, conferring a mean survival
benefit of 3.3 months compared with untreated patients (95%
CI 0.3-6.3). Zoledronic acid (ZA) was ranked second and
estimated to confer a mean of 2.1 months (95% CI 1.0-3.2) of
increased survival compared with untreated patients. The
P-score was 89% for denosumab and 60% for ZA (Fig. 2A).
We performed meta-regressions to assess for any interaction
between overall survival and concurrent systemic treatment
with chemotherapy or radionuclides. Only the use of con-
current radionuclide therapy was associated with higher
overall survival (see Supplementary Fig. 1; Supplemental
Digital Content 3, http://links.lww.com/CORR/A546). Nine
RCTs comprising 1911 patients and comparing three
treatment arms contributed to this outcome (Fig. 2B).

Time to SRE

The most effective therapy for delaying SREs was deno-
sumab, conferring a mean of 9.1 additional SRE-free
months (95% CI 6.7-11.5) compared with untreated pa-
tients (P-score = 99%). Treatment with ZA was ranked
second and estimated to confer a mean of 4.8 additional
SRE-free months (95% CI 3.6-6.1) compared with un-
treated patients (P-score = 57%). Ibandronate, another
bisphosphonate, was estimated to confer an additional 4.0
SRE-free months (95% CI 0.9-7.1) (Fig. 3A). The meta-
regression analysis showed no demonstrable effect of
concurrent treatment with radionuclides. Five RCTs com-
prising 1201 patients and comparing four treatment arms
contributed to this outcome (Fig. 3B).

SRE Incidence

The effectiveness of denosumab and ZA for decreasing the
incidence of SRE was not different (P-score = 77% and 74%,
respectively). Patients treated with ZA had 0.56 the risk of
SRE (95% CI 0.46-0.67) compared with untreated patients,
while those treated with denosumab had 0.54 the risk of SRE
(95% CI 0.33-0.87) (Fig. 4A). Patients treated with ibandro-
nate (relative risk 0.57; 95% CI 0.30-1.10) or pamidronate
(relative risk 1.18; 95% CI 0.58-2.38) did not have a different
risk of SRE than untreated patients did. In the meta-regression
analysis, concurrent treatment with chemotherapy or radio-
nuclides did not affect the odds of SRE, nor was the length of
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Intervention Arm P-Score Rank Favours Untreated Favours Bone Modifying Agent Mean Difference  (95% Cl)
Denosumab 0.8909 9 —_— 3.30 (0.28, 6.31)
Zoledronic Acid 06010 2 —E— 210 (1.02,3.17)
A Untreated 00081 3 L 2 i g s 0.00 12=77%
Denosumab
1 study, n=411
Untreated
8 studies, n=440

Zoledronic Acid
B 9 studies, n=1060

Fig. 2 This (A) forest plot and (B) network diagram represent overall survival.

follow-up of the included studies associated with the observed
outcomes. Seventeen RCTs comprising 2398 patients and
comparing denosumab with four bisphosphonates contrib-
uted to this outcome (Fig. 4B).

Pain Remission

The most effective therapy for successful pain remission
was the combination of ibandronate and radionuclide

(P-score = 97%). Patients given this treatment were more
likely to experience successful pain resolution than un-
treated patients (relative risk 2.4; 95% CI 1.8-3.2). In
general, the combination of bisphosphonates and systemic
therapy provided high odds of successful pain remission
(Fig. 5A). No trial evaluated denosumab for this outcome.
The meta-regression analysis showed no interaction be-
tween the length of follow-up (see Supplementary Fig. 2;
Supplemental Digital Content 4, http:/links.lww.
com/CORR/A547) or between the pain scale used in the

Intervention Arm P-Score Rank Favours Untreated  Favours Bone Modifying Agent Mean Difference (95% Cl)
Denosumab 0.9993 1 — 9.10 (6.74, 11.46)
!
o '
Zoledronic Acid  0.5699 2 : e 4.80 (3.55,6.05)
Ibandronate 0.4289 3 ) — B 4.00 (0.90, 7.10)
:
r T T T 1
A Untreated 0.0019 4 _5 0 5 10 15 0.00 12=62%
Denosumab
1 study, n=411
Zoledronic Acid
5 studies, n=612
Ibandronate
1 study, n=27

Untreated
3 studies, n=151

Fig. 3 This (A) forest plot and (B) network diagram represent time to SRE.
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studies and the observed treatment -effects (see
Supplementary Fig. 3; Supplemental Digital Content 5,
http://links.Iww.com/CORR/A548). A total of 121 RCTs
comprising 8200 patients and comparing 18 treatment arms
contributed to this outcome. This outcome was supported
by the densest network (many direct estimates between
treatments), which permitted the analysis of bone-
modifying agents and concurrent systemic therapies as
distinct treatment arms (Fig. 5B).

We provide a summary of findings table for all out-
comes (Table 1).

Discussion

Although an increasing number of patients who have
cancer are living with metastatic bone disease, a compre-
hensive, quantitative synthesis of all available RCT data to
quantify and rank the treatment effects of bone-modifying
agents on metastatic bone disease from lung cancer has, to
our knowledge, not been performed. Our network meta-
analysis ranked denosumab first for overall survival,
conferring a mean survival benefit of 3.3 months compared
with untreated patients. ZA ranked second with a survival
benefit of 2.1 months. Similarly, denosumab was ranked
first for prolonging the time to SRE by a mean of
9.1 months, while ZA ranked second, conferring a mean of
4.8 additional SRE-free months compared with untreated

patients. Regarding the incidence of SRE, denosumab
conferred a 46% relative risk reduction of SRE, and ZA
was ranked first among all bisphosphonates, conferring a
44% relative risk reduction in the odds of SRE compared
with untreated patients. The network for successful pain
remission, based on 121 RCTs, ranked ibandronate and
concurrent radionuclide therapy first, with a relative risk of
2.4 in terms of pain remission compared with untreated
patients. In general, bisphosphonates and systemic thera-
pies performed better for pain remission than no treatment.

Limitations

This study has several limitations. Despite our rigorous
librarian-assisted search strategy, we may have missed
some studies with relevant data. However, we took several
steps (described earlier) to gather as much eligible data as
possible, including acquiring unpublished subgroup out-
come data from a large trial. Another potential limitation is
that the networks for our outcomes are relatively sparse.
Whereas an analysis of 450 published network meta-
analyses found a median of seven (interquartile range 5-9)
interventions evaluated per outcome network and a median
of 21 studies per outcome network (interquartile range
13-40) [44], three of our four outcomes fall short of those
medians. The GRADE working group has stated that be-
cause of insufficient data in sparse networks to reliably

Intervention Arm P-Score Rank Favours Bone Modifying Agent  Favours Untreated Risk Ratio  (95% Cl)
Denosumab 0.7712 1 —_— E 0.54 (0.33,0.87)
I
0 . '
Zoledronic Acid 07387 2 = : 056  (0.46,0.67)
'
Ibandronate 0.7063 3 —_— 0.57 (0.30, 1.10)
'
Pamidronate 0.1020 5 —e—-— 1.18 (0.58, 2.38)
1
A Untreated 01818 4 g5 05 1 2 4 1.00 12=41%
Denosumab
1 study, n=411
Zoledronic Acid
16 studies, n=1289 Ibandronate
2 studies, n=78

B Untreated

12 studies, n=541

Pamidronate
3 studies, n=79

Fig. 4 This (A) forest plot and (B) network diagram represent the incidence of SRE.
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Intervention Arm P-Score Rank Favours Untreated Favours Bone Modifying Agent  Risk Ratio  (95% ClI)

Ibandronate+Nuclide 0.9677 1 : —F— 2.40 (1.77,3.24)
Zoledronic Acid+Nuclide 08758 2 . e 217 (1.54, 3.04)
Clodronate+Chemotherapy 0.8589 3 i —_—— 2.16 (1.50, 3.13)
Pamidronate+Nuclide 07824 4 ' —F— 1.98 (1.48, 2.64)

i
Zoledronic Acid+Chemotherapy  0.7677 5 E —E—— 1.95 (1.51,2.53)
Zoledronic Acid+Radiotherapy 0.6273 6 i —E— 1.82 (1.36, 2.43)
Ibandronate+Chemotherapy 0.6027 7 ; —FF— 1.81 (1.34,2.43)
Pamidronate+Radiotherapy 0.5761 8 : —— 1.78 (1.30, 2.43)
Pamidronate+Chemotherapy 0.5035 9 i —E— 1.72 (1.28, 2.30)
Clodronate+Nuclide 0.4907 10 i —E— 1.7 (1.20, 2.43)
Ibandronate 0.4534 11 i —F— 1.67 (1.24, 2.26)
Nuclide 0.3889 12 i —F— 1.63 (1.23,2.17)
Radiotherapy 03194 13 ; —F— 1.58 (1.19,2.12)
Zoledronic Acid 02583 14 i —4— 154 (1.20,1.96)
Clodronate 02526 15 D — 153 (1.14,2.09)
Pamidronate 01883 16 : —— 150 (1.16,1.93)
Chemotherapy 0.0855 17 i —F— 1.39 (1.07, 1.80)
A Untreated 00009 18 05 ; 2 4 1.00 12=12%
Chemotherapy
63 studies, n=2114
Clodronate

Zoledronic Acid+Radiotherapy i
8 studies, n=301 6 studies, n=153
Zoledronic Acid+Nuclide

Clodronate+Chemotherapy
2 studies, n=57

2 studies, n=51

Zoledronic Acid+Chemotherapy

67 studies, n=2320 Clodronate+Nuclide

1 study, n=20

-—

Ibandronate
5 studies, n=243

Zoledronic Acid
33 studies, n=964

Untreated |

Ibandronate+Chemotherapy
3 studies, n=99

5 studies, n=152

Ibandronate+Nuclide
4 studies, n=238

Radiotherapy
8 studies, n=285

Pamidronate+Radiother
2 studies, n=28

Pamidronate+Nuclide
B 4 studies, n=105

Nuclide
9 studies, n=312

Pamidronate
24 studies, n=658

Pamidronate+Chemotherapy
4 studies, n=100

Fig. 5 This (A) forest plot and (B) network diagram represent pain remission.

estimate variances, “the result, however, may be spuriously for serious imprecision” [4]. Therefore, we followed the
wide confidence intervals ... and inappropriately low rat- GRADE working group recommendation to use a fre-
ings of the certainty of the evidence through rating down quentist fixed-effects model, as opposed to a Bayesian
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Table 1. Summary of findings

Overall survival Time to SRE SRE incidence Pain remission
Bone-modifying Months Months RR RR
agent (95% ClI) P-score (95% ClI) P-score (95% ClI) P-score (95% ClI) P-score
Denosumab 3.3(0.3-6.3) 89% 9.1 (6.7-11.5) 99% 0.54 (0.33-0.87) 77%

Zoledronic acid 2.1(1.0-3.2) 60% 4.8 (3.6-6.1) 57%

4.0 (0.9-7.1) 43%

0.56 (0.46-0.67) 74%
0.57 (0.30-1.1) 71%

1.55(1.2-2.0) 26%

Ibandronate 1.7 (1.2-2.3) 45%

Pamidronate

1.18 (0.58-2.38) 10% 1.5(1.1-1.9) 19%

random-effects model, to avoid spuriously widening Cls in
sparser networks [4]. Finally, despite performing several
meta-regression analyses showing no interaction of the
length of follow-up or the pain scale used, overall network
heterogeneity was moderate (50%-75%) for two outcomes,
mild (25%-49%) for one, and low (< 25%) for one.
Heterogeneity in our outcomes was inversely correlated
with the number of trials included in each outcome.

Overall Survival, SRE Incidence, and Time to SRE

Current guidelines regarding the use of bone-modifying
agents for metastatic bone disease from lung cancer are
either non-specific or based on data from single trials. The
National Comprehensive Cancer Network 2017 update on
metastatic lung cancer broadly states that “Patients with
widespread metastatic disease (Stage IV) are usually can-
didates for systemic therapy (consisting of chemotherapy,
targeted therapy, or immunotherapy,” without specific
guidance for the treatment of bony metastases [8]. The
2017 European Society of Medical Oncology guidelines
stated that “denosumab is not inferior to and shows a trend
towards superiority to ZA in lung cancer in terms of SRE
prevention” [32] based ona 2011 RCT by Henry etal. [15].
Our findings support the European Society of Medical
Oncology’s statement and are based on pooled evidence
from an additional four trials [9, 20, 23, 46]. Furthermore,
nine trials provided evidence that denosumab may be su-
perior to ZA in terms of overall survival and time to SRE
[5,18,23,24,30, 33, 38, 46, 48]. Given that the median life
expectancy for patients with metastatic lung cancer is
5 months, prolongation of even 1 to 2 months is likely to be
important to patients [36]. Overall, this study provides a
rationale for updating guidelines regarding the pharmaco-
logic treatment of metastatic lung cancer of bone. Because
the care of patients with metastatic bone disease is usually
multidisciplinary, orthopaedic surgeons should be aware of
the ranking and efficacy of bone-modifying agents in order
to help mitigate the risk of SREs by ensuring that their
patients are receiving the therapy with the best supporting
evidence.

Pain Remission

Regarding successful pain remission, the highest-ranked
treatments were combinations of a bone-modifying agent
and systemic therapy. This reflects current practice, which
often includes a multidisciplinary and multimodal ap-
proach to patient care. However, the systemic therapy that
contributed the most to pain remission, intravenous ra-
dionuclides, is not commonly used at our center or gener-
ally across North America. For the treatment of bone
metastases, strontium-89 is most often used, although other
compounds with different half-lives and depth of tissue
penetration are available [25]. Strontium is in the same
column of the periodic table as calcium and replaces cal-
cium in hydroxyapatite in sites of osteoblastic activity [25].
Studies of strontium-89 monotherapy for bone pain due to
metastases have shown response rates of 65% to 90%, with
complete pain remission and cessation of opioid analgesia
in up to 20% of patients [40]. Pain relief may occur as early
as 3 days but is more commonly seen at around 3 weeks and
can last for 3 to 6 months. Radionuclide therapy has also
been shown to delay the time to SRE in studies in Canada
and the United Kingdom [34, 35], but there are mixed and
inconclusive effects of radionuclide therapy for prolonging
survival [40]. However, our meta-regression analysis in-
dicated that concurrent radionuclide therapy may increase
overall survival. The main adverse event of radionuclide
therapy is marrow suppression, with a 30% to 40% re-
duction in platelets and leukocytes occurring in 30% to
50% of patients by 5 to 8 weeks and resolving by 10 to
16 weeks [40]. Possible barriers to increased use of ra-
dionuclide therapy in North America include cost, avail-
ability, and familiarity [6, 39].

Conclusion

In this comprehensive synthesis of all available RCT evidence
guiding the pharmacologic treatment of bone metastases from
lung cancer, denosumab was ranked above ZA for overall
survival and time to SRE. Both treatments were superior to no
treatment for all outcomes. Physicians and guideline
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committees can use our findings about the efficacy and
ranking of available bone-modifying agents to inform their
treatment decisions for patients with metastatic bone disease
from lung cancer. No cost-effectiveness analysis has yet been
done for denosumab and ZA in patients with metastatic lung
cancer, and this represents an avenue for future research.
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