@'PLOS | ONE

CrossMark

click for updates

{3 OPEN ACCESS

Citation: Heng DY, Signorovitch J, Swallow E, Li
N, Zhong Y, et al. (2014) Comparative
Effectiveness of Second-Line Targeted Therapies
for Metastatic Renal Cell Carcinoma: A Systematic
Review and Meta-Analysis of Real-World
Observational Studies. PLoS ONE 9(12): e114264.
doi:10.1371/journal.pone.0114264

Editor: Eng-Huat Tan, National Cancer Centre,
Singapore

Received: September 11, 2014
Accepted: November 5, 2014
Published: December 10, 2014

Copyright: © 2014 Heng et al. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and repro-
duction in any medium, provided the original author
and source are credited.

Data Availability: The authors confirm that all data
underlying the findings are fully available without
restriction. All relevant data are within the paper
and its Supporting Information files.

Funding: Novartis Pharmaceuticals Corporation
provided financial support for this study. The funder
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript. The funder provided support in the
form of salaries for authors XW, JP, and SS, but did
not have anyadditional role in the study design,
data collection and analysis, decision to publish, or
preparation of the manuscript. The specific roles of
these authors are articulated in the ‘author
contributions’ section.

Competing Interests: James Signorovitch, Elyse
Swallow, Nanxin Li, Yichen Zhong, Paige Qing and
Daisy Zhuo are employees of Analysis Group Inc.,
which has received funding from Novartis for this
research. Xufang Wang, Jinhee Park and Sotirios
Stergiopoulos are employees of Novartis. Dr.
Christian Kollmannsberger has received advisory
board and symposia fees from Pfizer, Sanofi-
aventis, and Novartis. Professor Daniel Heng has
received advisory board fees and/or played a
consultancy role with Novartis, Pfizer, BMS, and
Bayer. The authors confirm that this does not alter
adherence to PLOS ONE policies on sharing data
and materials.

PLOS ONE | DOI:10.1371/journal.pone.0114264 December 10, 2014

RESEARCH ARTICLE

Comparative Effectiveness of Second-Line
Targeted Therapies for Metastatic Renal
Cell Carcinoma: A Systematic Review and
Meta-Analysis of Real-World Observational
Studies

Daniel Y. Heng', James Signorovitch?, Elyse Swallow?, Nanxin Li?, Yichen
Zhong?, Paige Qin?, Daisy Y. Zhuo?, Xufang Wang?, Jinhee Park?, Sotirios
Stergiopoulos?®, Christian Kollmannsberger**

1. Department of Medical Oncology, Tom Baker Cancer Center, Alberta Health Services Cancer Care, University of
Calgary, Calgary, Canada, 2. Analysis Group, Inc., Boston, Massacusetts, United States of America, 3. Novartis

Pharmaceuticals Corporation, East Hanover, New Jersey, United States of America, 4. Department of Oncology,
British Columbia Cancer Agency, Vancouver, Canada

*ckollmannsberger@bccancer.bc.ca

Abstract

Objective: The optimal sequencing of targeted therapies for metastatic renal cell
carcinoma (mMRCC) is unknown. Observational studies with a variety of designs
have reported differing results. The objective of this study is to systematically
summarize and interpret the published real-world evidence comparing sequential
treatment for mRCC.

Methods: A search was conducted in Medline and Embase (2009-2013), and
conference proceedings from American Society of Clinical Oncology (ASCO),
ASCO Genitourinary Cancers Symposium (ASCO-GU), and European Society for
Medical Oncology (ESMO) (2011-2013). We systematically reviewed observational
studies comparing second-line mRCC treatment with mammalian target of
rapamycin inhibitors (mTORI) versus vascular endothelial growth factor (VEGF)
tyrosine kinase inhibitors (TKI). Studies were evaluated for 1) use of a retrospective
cohort design after initiation of second-line therapy, 2) adjustment for patient
characteristics, and 3) use of data from multiple centers. Meta-analyses were
conducted for comparisons of overall survival (OS) and progression-free survival
(PFS).

Results: Ten studies reported OS and exhibited significant heterogeneity in
estimated second-line treatment effects (1°=68%; P=0.001). Four of these were
adjusted, multicenter, retrospective cohort studies, and these showed no evidence
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of heterogeneity (I’=0%; P=0.61) and a significant association between second-
line mTORI (>75% everolimus) and longer OS compared to VEGF TKI (>60%
sorafenib) (HR=0.82, 95% CI: 0.68 to 0.98) in a meta-analysis. Seven studies
comparing PFS showed significant heterogeneity overall and among the adjusted,
multicenter, retrospective cohort studies. Real-world observational data for axitinib
outcomes was limited at the time of this study.

Conclusions: Real-world studies employed different designs and reported
heterogeneous results comparing the effectiveness of second-line mTORi and
VEGF TKI in the treatment of mRCC. Within the subset of adjusted, multicenter
observational studies, second-line use of mMTORI was associated with significantly
prolonged survival compared with second-line use of VEGF TKI.

Introduction

Renal cell carcinoma (RCC) has a lifetime risk of approximately 1-2%, with one
third to one half of cases presenting with or progressing to metastatic disease
(mRCC) [1,2]. The prognosis for mRCC is poor, with a historical 5-year survival
rate of approximately 10% [3]. During the past decade, the advent of targeted
therapies has significantly improved patient outcomes in mRCC. Seven targeted
therapies are currently in use: the vascular endothelial growth factor (VEGF)
tyrosine kinase inhibitors (TKIs) sorafenib, sunitinib, pazopanib, and axitinib, the
VEGEF-directed monoclonal antibody bevacizumab, and the mammalian target of
rapamycin inhibitors (mTORis) everolimus and temsirolimus. Guidelines
recommend treatment initiation with a VEGF TKI for most patients. However,
the majority will eventually fail their first line treatment due to disease progression
or intolerance. Sequential treatment with subsequent lines of VEGF TKI or
mTORI is the current standard of care for mRCC [4]. However, there is no
consensus on the optimal sequencing of targeted therapies after the failure of first-
line VEGF TKI.

Evidence from available randomized clinical trials does not fully inform later-
line treatment choices. The mTORI everolimus has shown superior PFS compared
to placebo in the second-line setting, but has not been compared to other second-
line targeted therapies in a completed randomized trial [5]. Sorafenib
demonstrated comparable progression-free survival (PFS) and superior overall
survival (OS) to temsirolimus [6] and inferior PFS compared with axitinib in the
second-line setting [7]. However, no other randomized comparisons of targeted
therapies are available in the second-line setting. In addition, randomized trials in
mRCC have not directly demonstrated impacts on OS, due to crossovers between
treatment arms following disease progression. Given the large number of
treatment options for mRCC following the failure of a first targeted therapy, the
comparative effectiveness of different sequential treatment strategies for mRCC,
especially in terms of OS, is of high interest to physicians and patients.
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To address this need for comparative evidence, a number of observational
studies have been conducted to compare outcomes among different mRCC
treatment sequences. The results of these studies have been mixed. Some have
associated prolonged PFS or OS with second-line mTORi versus VEGF TKI [8],
others with VEGF TKI versus mTORi [9]; others have found no significant
differences among second-line treatments [10]. It is possible that differences
across these studies could be due to heterogeneity in data sources, study designs
and analytical methods. In addition, observational studies may be subject to
varying levels of confounding and selection bias due to the lack of randomization
(1],

When properly conducted and reported, observational studies can provide a
valuable complement to clinical trial evidence in comparative effectiveness
research by providing results applicable to broader, more inclusive populations
that reflect real-world practice, and by comparing longer-term clinical outcomes
such as OS. The differing results among currently available observational studies
in mRCC present a challenge to decision makers who are interested in considering
real-world evidence.

The present study systematically summarizes and interprets the published real-
world evidence comparing OS and PFS for sequential treatment with VEGF TKI-
mTORi versus VEGF TKI-VEGF TKI in mRCC patients. Since most patients
receive a VEGF TKI in the first-line setting, and many studies do not adequately
represent third-line treatment, we focused on comparisons of second-line
treatment outcomes as a practical and meaningful first step in understanding the
comparative effectiveness of treatment sequences. In addition, since most studies
report only class-level treatment groups, we further focused on second-line
mTORI versus second-line VEGF TKI at the class level. The objectives of this
study are to assess whether the comparative evidence demonstrates significant
heterogeneity across studies and to obtain consensus estimates of comparative
effectiveness using meta-analysis when studies are suitably similar.

Materials and Methods
Systematic Literature Review

A systematic literature review was conducted using Medline and Embase (2009-
2013), and conference proceedings from American Society of Clinical Oncology
(ASCO), ASCO Genitourinary Cancers Symposium (ASCO-GU), and European
Society for Medical Oncology (ESMO) (2011-2013). These date ranges are
intended to capture publications of real-world data following the approval of
mTORI in 2009, and to capture recent real-world data presented at conferences
but not yet published in manuscript form. Search queries are included in the S1
Appendix in S1 File. We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines in designing, performing, and
reporting the systematic review (S1 Checklist in S1 File) [12]. Included studies
were required to: 1) be observational (i.e., non-randomized), 2) compare mTORi
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versus VEGF TKI as second-line treatments for mRCC, 3) report PES or OS
outcomes, and 4) be published in English. Reviews, case reports, economic
models, analyses of randomized trials and other studies not reporting analyses of
real-world data were excluded. When multiple analyses were identified using the
same data source, only the analysis based on the most recent data was included.
When peer-reviewed publications and conference presentations were identified
for the same analysis, the conference presentation was excluded. The systematic
literature review was conducted on September 3™, 2013. Two researchers (YZ and
PQ) independently applied the selection criteria, extracted the relevant data into a
data collection spreadsheet with prepared fields, and assessed the quality of each
included study; a third party (NL) was consulted to arbitrate disagreement.

Assessment of Study Designs

In order to evaluate the reliability of comparative evidence, a pre-planned
assessment of study designs was conducted. Included studies were classified
according to criteria derived from the Newcastle-Ottawa Quality Assessment Scale
for Cohort Studies [13].

1) Use of a retrospective cohort design after second-line treatment initiation. In a
retrospective cohort design, inclusion criteria are applied only to patient
history up to and including the exposure of interest, in this case the initiation
of a second-line targeted therapy. All patients meeting the inclusion criteria
are then followed, retrospectively, as long as possible for outcome events
(progression or death) or censoring due to the end of follow-up. A common
departure from retrospective cohort designs occurs when a patient’s inclusion
in the study depends on events occurring after the exposure of interest, such as
initiating a later-line treatment. This results in immortal time bias, which will
bias comparative treatment effects to an unknown degree and direction [14].
The Newcastle-Ottawa scale does not explicitly include this criterion, however
it is implicit in the classification of a study as a cohort study. In addition,
study designs that are not valid retrospective cohorts would fail to satisfy the
“representativeness of the exposed cohort” and the “adequacy of follow-up”
items in the Newcastle-Ottawa scale. Therefore, the present review considered
studies using a retrospective cohort design more reliable than those that did
not.

2) Adjustment for patient characteristics. Non-randomized treatment groups, as
are found in observational studies, may have different patient characteristics
prior to starting treatment. Such differences can result in confounding bias,
i.e. differences outcomes between treatment groups that are due to differences
in patient characteristics, such as demographics, severity, prognostic factors,
rather than to treatment effects. The risk of confounding bias may be reduced
by adjustment for pre-treatment characteristics, such as in a multivariable
regression model [15,16]. In the present review, we assessed whether or not
each study reported adjusted comparative analyses, and summarized the
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patient characteristics included in the adjustment. Comparative analyses that
do not adjust for baseline differences would fail to satisfy the comparability of
cohorts criterion in the Newcastle-Ottawa scale. Adjusted results were
considered more reliable than unadjusted results in the present review.

3) Inclusion of data from multiple study centers. Multicenter studies are more
likely to be representative and generalizable to broader populations, and are
therefore considered more reliable than single-center studies [16,17] In
addition, treatment patterns at a single center may consistently channel
particular patient profiles to particular treatments, which can result in
confounding biases that are difficult to address via adjustment for patient
characteristics. The Newcastle-Ottawa scale includes an assessment of the
representativeness of the cohorts. In the present review, multicenter studies
were considered more reliable than single-center studies.

Additional items from the Newcastle-Ottawa scale, including ascertainment of
exposure, methods of outcome assessments and reporting of follow-up, were also
evaluated.

Meta-Analyses

Estimated treatment effects of second-line mTORIi versus VEGF TKI were
synthesized for OS and PFS across all identified studies using meta-analysis.
Treatment effects were measured as hazard ratios (HRs). Pooled HRs and
associated 95% confidence intervals (ClIs) and P values were estimated under a
random effects model. Separate meta-analyses were then applied to the subgroup
of adjusted, multicenter, retrospective cohort studies (i.e., studies meeting all
three criteria described above). When studies did not report HRs, they were
imputed based on reported medians and associated 95% Cls for time to event and
a constant hazard assumption. In each meta-analysis, heterogeneity was assessed
using I* and tested with Cochran’s Q statistic and its associated P value. Small
study bias was also assessed using funnel plots and Egger’s tests. Meta-analyses
were conducted using the R software [18].

Results

The systematic literature review identified 12 studies meeting all inclusion criteria:
6 peer-reviewed journal publications [8—10, 19-21] and 6 conference abstracts/
posters [22-27] (Fig. 1). Among these studies, 10 reported treatment effects on
OS and 7 reported effects on PES and were subsequently included in further
analyses for OS and PFS, respectively. Studies reporting OS included a pooled
total of 2,228 patients: 961 patients who received second-line mTORi and 1,267
patients who received second-line VEGF TKI. Studies reporting PFS included a
pooled total of 1,926 patients: 916 patients who received second-line mTORi and
1,010 patients who received second-line VEGF TKI.
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Records identified through database searching Additional records identified through literature review of
(Medline, Embase) articles and conference abstracts (ASCO, ASCO-GU, ESMO)
(Total: n = 786) (Total: n =1119)

Identification

Duplicates removed
(n =206)

Eligible records (n = 1699)

Records excluded (Level I) for the following

reasons (n=1652):

Published prior to March 2009 (n=0)

Not a relevant population (n=83)

Not a relevant publication type (n=177)

Not a relevant study type (n=1252)

Not a relevant intervention (n=113)

No comparative effectiveness outcomes (n=27)

Not published in English (n=0)

Screening Level 1

Eligible records (n =47)

Records excluded (Level II) for the following
reasons (n=35):
Not a relevant population (n=0)
Not a relevant publication type (n=0)
Not a relevant study type (n=11)
Not a relevant intervention (n=1)
No comparative effectiveness outcomes (n=14)
Not published in English (n=1)
Not the most recent report for data source (n=8)

Screening Level 11

Records to be included in review (n =12)
Reported OS comparisons: n=10
Reported PFS comparisons: n=7

Fig. 1. PRISMA diagram of selected records.

doi:10.1371/journal.pone.0114264.9001

Studies reporting OS

Study designs differed substantially among the 10 studies reporting OS (Table 1).
Seven employed a retrospective cohort design [8, 10,20-24]. The 3 studies that
departed from a retrospective cohort design did so by requiring patients to receive
a third-line therapy after the initiation of second-line treatment [9, 19,27],
resulting in immortal time bias for the effects of second-line treatment. Seven out
of the 10 studies reported adjusted treatment effects [8—10, 19-22]. Patient

characteristics used for multivariable adjustment are listed in Table 2. With the
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Table 1. Studies comparing OS and PFS with VEGF TKI-mTORi versus VEGF TKI-VEGF TKI (HR<1 favors second-line mTOR:i versus VEGF TKI).

Inclusion
Criteria

mTORi
included

VEGF
TKI
included

PFS HR
(95% CI)°

Busch
et al.
2011

Chen
et al.
2012

Heng
et al.
2012°

Wong
et al.
2013

Park
et al.
2012

Gore
et al.
2013

Harrison
et al.
2012

Ruiz
et al.
2013

Busch
et al.
2013

Medical
records from
2 centers in
Germany

US claims
data

International
registry
(Canada,
United

States,
Singapore, and
Denmark)®

Nationwide
chart review
in the United
States

Medical
records from
a single
center in
South Korea

Multicenter,
Australia,
Brazil,
Canada,
Europe,
United States

Multicenter,
United States

Single-
institution,
Spain

Medical
records from
2 centers in
Germany

Progressi-
on on first-
line VEGF
TKI

Received
sunitinib

Received
first-line
VEGF TKI

Failed
first-line
VEGF TKI

Failed
first-line
VEGF TKI

Received
first-line
sunitinib in
a rando-
mized trial

Patients
alive since
January
2007 and
diagnosed
between
January 1,
2007, and
February
7, 2011

Received
at least 1
line of tar-
get ther-
apy
between
2007 and
2011

Failure of

first-line
VEGF TKI

Everolimus

Everolimus

Everolimus
and
temsirolimus

Everolimus

Everolimus
and
temsirolimus

Everolimus,
temsirolimus,
Sirolimus
and

SGN-75

Not
specified

Everolimus
and
temsirolimus

Everolimus
and
temsirolimus

Sunitinib
and
sorafenib

Sorafenib

Sunitinib
and
sorafenib

Sorafenib

Sunitinib
and
sorafenib

Sunitinib
and
sorafenib

Not
specified

Sunitinib,
sorafenib,
bevacizu-
mab,
pazopa-
nib,
axitinib®,
dovitinib
Sunitinib
and
sorafenib

Nl
spective| Adjust| Multi VEGF | OS HR
(95% CI)?
Y Y¢ Y 62 46 0.79
(0.43, 1.45)
Y Y Y 17 65 1.03
(0.59, 1.79)
Y yd Y 277 541 0.84
(0.67, 1.06)
Y Y Y 233 123 0.65
(0.42, 0.99)
Y yd N 42 41 1.71
(0.86, 3.4)
Y N Y 42 171 1.05
(0.71, 1.54)
N N Y 33 32 3.13 (0.96,
10.22)
Y N N 19 34 1.10
(0.56, 2.17)
N Y¢ Y 41 62 0.86
(0.51, 1.44)

0.86
(0.57-1.28)°

N/A

1.18
(0.92-1.5)¢

075
(0.53-1.07)

1.03
(0.62-1.69)¢

N/A

N/A

N/A

0.76
(0.43-1.35)¢
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Table 1. Cont.
VEGF
Inclusion | mTORi TKI spective| Adjust OS HR PFS HR
Criteria included included | Cohort | ment i (95% CI)? (95% CI)°
lacovelli Medical Patients Everolimus Sunitinib N Y Y 95 152 2.59 N/A
et al. records from  consecu- and and (1.59, 4.22)
2013 multiple tively trea- temsirolimus sorafenib
centers in ted with 3
Italy targeted
therapies
Elaidi Medical Received Everolimus  Sunitinib, Y Y Y 123 118 N/A 1.56
et al. records from  VEGF and sorafenib, (1.11-2.22)
2013 7 centers in TKI-VEGF temsirolimus pazopa-
Europe TKI or nib,
VEGF axitinib®
TKI-
mTORi
Signorovitch Chart review,  Started Everolimus Sunitinib, Y Y Y 138 79 N/A 0.74
et al. multicenter, second-  and sorafenib, (0.48, 1.15)
2013 United States line tar- temsirolimus pazopa-
geted nib,
therapy in axitinib®
2010 or
later

Cl, confidence interval; HR, hazard ratio; mTORi, mammalian target of rapamycin inhibitor; N/A, not available; OS, overall survival; PFS, progression-free
survival; VEGF TKI, vascular endothelial growth factor tyrosine kinase inhibitor.

20S HRs and 95% Cls were imputed for Harrison et al. 2012, Gore et al. 2013, and Ruiz et al. 2013.

PPFS HRs and 95% Cls were imputed for Heng et al. 2012 and Busch et al. 2013.

°Heng et al. 2012 used prospective data collection. However, the comparative analysis was performed retrospectively.

%The PFS results for Busch et al. 2011, Heng et al. 2012, Park et al. 2012, and Busch et al. 2013 were unadjusted. Y in column adjustment refers to the OS
results.

°Only one patient received axitinib in Elaidi et al. 2013. The number of patients who received axitinib was not reported in Ruiz et al. 2013. The number
receiving axitinib was n=10 in Signorovitch et al. 2013 (personal communication).

doi:10.1371/journal.pone.0114264.t001

Table 2. Patient characteristics used for multivariable adjustment.

Study Patient characteristics

Busch et al. 2011 MSKCC risk group, prior immunotherapy, first-line sunitinib, primary first-line VEGF TKI resistance, second-line
primary resistance and more

Chen et al. 2012 Sex, age, payer type, region, treating physician’s academic affiliation and specialty, site of metastases, second-
line medication possession ratio, and comorbidity at the time of second-line treatment

Heng et al. 2012 Heng et al. criteria, non-clear cell histology, and nephrectomy status

Wong et al. 2013 Age, gender, race, whether metastasis was present at initial diagnosis, duration of mMRCC, type of first targeted

therapy, response to and duration of first targeted therapy, treatments received before first targeted therapy,
comorbidities, number and sites of metastasis, sarcomatoid differentiation, non-clear-cell RCC, and KPS, as
well as physician’s practice setting and year of practice

Park et al. 2012 Age, absolute neutrophil count, platelet count, Karnofsky performance status, time from diagnosis to treatment,
corrected calcium level, first-line VEGF TKI

Busch et al.2013 MSKCC risk group, prior immunotherapy, first-line sunitinib, primary first-line VEGF TKI resistance, toxicity of
second-line

lacovelli et al. 2013 Initial prognostic group by MSKCC, and primary resistance at first-line

doi:10.1371/journal.pone.0114264.t002
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exception of one claims-based study [10], the studies adjusted for similar mRCC
prognostic factors, including the Memorial Sloan-Kettering Cancer Center
(MSKCC) score [28], the Heng et al. criteria [29] or their components (MSKCC
score components: Karnofsky performance status (KPS), time from diagnosis to
therapy, serum lactate dehydrogenase level, hemoglobin level, and corrected
serum calcium; Heng et al. criteria components: KPS, time from diagnosis to
therapy, hemoglobin level, corrected serum calcium, neutrophil level, and platelet
level). Eight out of the 10 studies were conducted in multiple centers in North
studies were conducted in South Korea [21] and Spain [24]. Four studies met all 3
criteria (i.e., were multicenter, adjusted, retrospective cohort studies) and were
considered for separate meta-analyses [8, 10,20, 22]. The 10 studies differed in the
allowed reasons for discontinuing first-line therapy, ranging from requiring
progression on first-line [20] to broader definitions of first-line treatment failure
including progression, non-response and lack of tolerability [8,19,21] (Table 1).
Additional criteria included in the Newcastle-Ottawa scale either did not
differentiate among studies or were not relevant for this review of OS and PFS. In
particular, in all studies patients were necessarily free of the outcomes (observed
progression or death) at the start of second-line therapy. None of the studies
included outcome assessments that were blinded to treatment group. No studies
provided a detailed accounting of all subjects lost to follow-up, however all studies
used statistical methods appropriate for random censoring. In all studies,
ascertainment of exposure was based on secure records (medical records or
claims).

Hazard ratios for death comparing second-line mTORi versus VEGF TKI
ranged from 0.65 to 3.13 across the 10 identified studies. A meta-analysis pooling
all of these HRs exhibited significant heterogeneity, with over twice as much
variability arising from between study differences as from within studies (I°=68%;
P=0.001; Fig. 2). No evidence of small study reporting bias was detected by the
funnel plot (Fig. 3) or the Egger’s test (P=0.146). No significant difference in OS
was identified between treatment sequences in this overall meta-analysis
(HR=1.11, 95% CI 0.84-1.45, P=0.491), and, more importantly, the pooled effect
estimate is difficult to interpret due to the significant heterogeneity.

A meta-analysis including only the 4 adjusted, multicenter, retrospective cohort
studies [8, 10,20, 22] was also performed (Fig. 4). These 4 studies included a total
of 1,464 patients, constituting over half of the total number of patients in all 10
studies. 689 of these patients received mTORIi (>75% everolimus) and 775
patients received VEGF TKI therapy (>60% sorafenib, no axitinib) in the second-
line. There was no evidence of heterogeneity in the comparative effects estimates
among these 4 studies (I>=0%; P=0.608). The funnel plot was symmetrical,
indicating no evidence of publication bias (Fig. 5; Egger’s test was not performed
due to the small number of studies). In a meta-analysis of these four studies
meeting reliability criteria, second-line mTORi was associated with significantly
prolonged OS compared with VEGF TKI, corresponding to an 18% reduction in
the hazard of death (HR=0.82, 95% CI 0.68 to 0.98, P=0.028).
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Study

Busch et al. 2011
Chen et al. 2012
Heng et al. 2012
Wong et al. 2013
Park et al. 2012
Gore et al. 2013

Harrison et al. 2012

Ruiz et al. 2013
Busch et al. 2013

lacovalli et al. 2013

Random effects model

Weight

9.2%
9.9%
14.8%
11.8%
8.2%
12.5%
4.1%
8.2%
10.4%
10.9%

Heterogeneity: '=67.5%, p=0.0011

Hazard Ratio (95% CI)

second-line mTORIi versus TKI

0.79 (0.43-1.45)
1.03 (0.59-1.79)
0.84 (0.67-1.06)
0.65 (0.42-0.99)
1.71 (0.86-3.40)
1.05 (0.71-1.54)
3.13 (0.96-10.22)
1.10 (0.56-2.17)
0.86 (0.51-1.44)
2.59 (1.59-4.22)

1.11 (0.84-1.45)

Log Hazard Ratio

Hazard Ratio

Fig. 2. Forest plots of 10 studies reporting comparative OS results.

0.1

I |
1 2
2.7 74

doi:10.1371/journal.pone.0114264.9002

As a sensitivity analysis, we further investigated the impact of one additional
study, Park et al. [21] which used an adjusted retrospective cohort design, but was
conducted in a single-center in South Korea (N=42 patients with mTORi and
N=41 patients with VEGF TKI as second-line treatment). This study reported
numerically shorter OS for second-line mTORi compared to VEGF TKI (adjusted
HR=1.71, 95% CI 0.86 to 3.40, P=0.125), which, despite the wide confidence
interval and small sample size, was significantly different from the pooled HR
among the 4 adjusted, multicenter, retrospective cohort studies (P=0.004). When
Park et al. was pooled with these 4 studies, the resulting HR for mTORI versus

o
T e |
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=
. |
(=]
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Rt (o\] —
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=
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<
E
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)
e
<>
Log Hazard Ratio
Hazard Ratio

-1.0
0.4

I
-0.5
0.6

= e
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Fig. 3. Funnel plots of 10 studies reporting comparative OS results.

0.5
1.6

doi:10.1371/journal.pone.0114264.9003
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Study Weight
Busch et al. 2011 8.9%

Chen et al. 2012 10.7%
Heng et al. 2012 62.5%
Wong et al. 2013 17.9%

Random effects model
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Fig. 4. Forest plots of 4 studies meeting all reliability criteria reporting comparative OS results.
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VEGF TKI increased from 0.82 to 0.85 and the confidence interval increased in
width (HR=0.85, 95% CI 0.72 to 1.02, P=0.082).

Studies reporting PFS
The 7 studies reporting PFS differed substantially in their designs: 6 used a

criteria [8,25,26]. A meta-analysis pooling all 7 studies identified significant
heterogeneity (I=57%; P=0.031), and did not find a significant difference in PFS
between second-line mTORi and second-line VEGF TKI (HR=0.98, 95% CI 0.78
to 1.22, P=0.827). Significant heterogeneity remained when the analysis was
limited to the 3 adjusted, multicenter, retrospective cohort studies (I*=81%;
P=0.005) [8,25,26], and the pooled analysis of these studies did not identify any
treatment differences (HR=0.96, 95% CI 0.58 to 1.59, P=0.876). Among them,
Signorovitch et al, 2013 and Wong et al, 2013 reported numerically longer PES for
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Fig. 5. Funnel plots of 4 studies meeting all reliability criteria reporting comparative OS results.
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second-line mTORi compared to VEGF TKI (HR=0.74, 95% CI 0.48 to 1.15;
HR=0.75, 95% CI 0.53 to 1.07); Elaidi et al, 2013 reported significantly shorter
PFS for second-line mTORi compared to VEGF TKI (HR=1.56, 95% CI 1.11 to
2.22).

Discussion

This study systematically reviewed and synthesized real-world comparative
evidence for second-line mTORi versus VEGF TKI in the treatment of mRCC.
Study designs and patient populations varied across studies, and this variation was
reflected in significant heterogeneity in the estimated comparative effects on OS
and PFS. Pooling all of the studies together, there was no evidence of a difference
between mTORi and VEGF TKI in the second-line setting. However, more
importantly, the high level of heterogeneity indicated that it was not possible to
draw a single comparative conclusion from the diverse collection of all identified
studies.

When synthesizing comparative evidence, it is important to consider the
reliability of the included studies in addition to their heterogeneity. To this end,
we applied three criteria, adapted from the Newcastle-Ottawa scale, to identify
studies with the most reliable comparative study designs [13]. First, we required
studies to follow a retrospective cohort design that imposed inclusion criteria only
up to the initiation of second-line therapy, and then followed all included patients
as long as possible for outcomes. This is similar to requiring an “intent-to-treat”
approach in clinical trials. The three studies that did not meet this criterion
required patients to initiate third-line therapy [9, 19,27], and therefore excluded
large proportions of second-line patients who did not reach third line during the
study period due to loss to follow-up, continuation of second-line treatment at
the time of chart review, death during second-line therapy, or other reasons.
These patients contain valuable information about second-line treatment
outcomes. While designs that exclude these patients, by requiring three lines of
treatment, provide valuable retrospective descriptions of patient treatment
sequences, they are not valid designs for comparing the effectiveness of second-
line treatment choices [14]. Indeed, such study populations cannot be identified
in clinical practice at the time second-line treatment decisions are made because
future use of third-line treatment is unknown at that point. As a second criterion,
we required studies to report comparative outcomes that were adjusted for
patients’ characteristics prior to the initiation of second-line treatment.
Comparative studies that do not adjust for baseline characteristics could be biased
by avoidable baseline differences [15, 16]. Finally, we required studies to draw data
from multiple treatment centers, as such studies are considered more
representative and generalizable than single-center studies [16, 17]. Studies not
meeting these three criteria may provide valuable descriptive evidence, and could
meet general quality criteria for reporting of observational studies, but do not
provide the same level of comparative evidence as studies that do meet the
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criteria. On a per-patient basis, the majority of the evidence identified in our
systematic review met all three of these reliability criteria. Additional items from
the Newcastle-Ottawa scale were also evaluated, but did not differentiate among
studies.

It is notable that after focusing the meta-analysis on adjusted, multicenter,
retrospective cohort studies, there was no evidence of heterogeneity in estimated
second-line treatment effects on OS. This suggests that these four studies,
although based on diverse data sources including a prospective multi-national
registry, medical records from Germany, a retrospective chart review in the US
and US claims data, are estimating the same underlying association between
second-line treatment and OS. The pooled estimate from these studies showed a
significant association between use of mTORi and prolonged OS compared with
VEGF TKI in the second-line setting. The magnitude of the difference was
clinically significant, representing an 18% decrease in the hazard of death
associated with second-line mTORI.

One additional study that employed an adjusted, retrospective cohort design,
but was conducted at a single center in South Korea, was considered in a
sensitivity analysis. Despite including fewer than 100 patients, this study showed a
significantly different and opposite association between second-line treatment and
OS than the pooled analysis of the four studies meeting all three criteria. It was
not possible to assess whether this difference was due to factors affecting the single
center in South Korea, or other potential differences. Nevertheless, inclusion of
this study in the meta-analysis, along with the adjusted, multicenter, retrospective
cohort studies, did not significantly change the hazard ratio for second-line
mTORIi versus VEGF TKI.

As observed for the comparative studies of OS, the full group of studies
comparing PFS showed significant heterogeneity and no significant differences
between second-line mTORi and VEGF TKI. However, even after focusing the
meta-analysis of PFS on adjusted, multicenter, retrospective cohort studies,
significant heterogeneity remained among the PFS comparisons. Potential reasons
for greater heterogeneity in PFS were not clear. Results were consistent between
two separate US-based chart reviews, which suggested longer PFS with second-line
mTORIi versus VEGF TKI [8,26]. However, a multinational European study
reported the opposite association [25]. It was not possible to reach a consensus
conclusion about comparative effects on PES by pooling these studies.

This review and meta-analysis of observational studies carries important
limitations. The foremost limitation is that the meta-analyses are based on non-
randomized treatment comparisons. The comparisons between drug classes may
be confounded by differences in the types of patients treated with each class.
Potential confounding factors may include, for example, differences in age,
metastatic burden, RCC histology, performance status, response to first VEGF
TKI, lab values (e.g., neutrophil count, platelet count, corrected calcium level) or
composite risk scores (e.g., MSKCC or Heng et al. criteria). Study design features
that depart from a retrospective cohort design, such as requiring the initiation of a
3rd-line treatment, could also introduce bias. Since the present study relied on
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published data, it was not possible to adjust for pre-specified characteristics at the
patient level. We aimed to limit the potential for confounding in our meta-
analyses by conducting sub-analyses of published studies that included more
reliable comparative designs. However, even the included studies with the more
reliable comparative designs and adjustment for important prognostic factors,
may be confounded by unobserved differences in patient populations.

Only a well-conducted randomized trial can avoid the potential for
confounding. However, little evidence from randomized controlled trials
comparing mTORi to VEGF TKI in the second-line setting is currently available.
A recent randomized controlled trial reported comparable PFS but significantly
better OS for second-line use of sorafenib, a VEGF TKI, versus temsirolimus, an
mTORI [6]. However, this study did not report subsequent treatments that were
off-protocol, which might have influenced the results. Additionally, this study did
not include everolimus, the mTORi used by the majority of the patients in the
present study, or other VEGF TKIs (e.g., sunitinib); therefore, a comparative
conclusion at the class level cannot be made. There are also potential limitations
due to missing or inaccurate data obtained from real-world practice. In particular,
assessments of progression may vary across practices and patients depending on
visit schedules and the use and interpretation of imaging. The present study also
pooled treatments at the class level, comparing mTORi vs. VEGF TKI, since most
underlying studies did not report drug-specific results. However, there is evidence
that individual drug effects can vary within these classes [7, 8, 10]. Future real-
world research, with adequate sample sizes, will be valuable for understanding
drug specific effects. In the present study, the majority of second-line mTOR use
was everolimus and the majority of second-line VEGF TKI use was sorafenib.

This study also carries limitations inherent in meta-analysis. Though we
conducted a systematic review of both peer-reviewed publications and conference
proceedings, there is a possibility of publication bias, such as the selective
reporting of significant findings. However, there is reason to believe that
publication bias was absent or negligible in the present review. Following the
advent of new targeted therapies for mRCC, there has been high interest in any
real-world data on treatment outcomes with sequential targeted therapy. Indeed,
most identified studies did not individually show statistically significant treatment
differences. It should also be noted that this review included conference
proceedings in addition to peer-reviewed publications. Conference proceedings
may be subject to revision during peer review. On the other hand, conference
proceedings often report more recent real-world data, which is important when
studying the outcomes that reflect recently approved treatments, including
everolimus in the second line setting and pazopanib in the first-line setting. At the
time of this study, adequate real-world non-clinical trial evidence was not
available for study of axitinib outcomes in the second-line setting and hence no
axitinib-specific data were included. Whether axitinib would change the reported
results remains to be seen in future studies. Finally, the present study did not
compare outcomes among different 3")-line treatment choices. An appropriate
retrospective cohort design for comparing 3"-line treatment outcomes would
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follow patients after initiation of 3™-line treatment, and would adjust for patient
characteristics available at the time of 3rd-line treatment initiation, including
treatments received in the first and second line. Future real-world studies of 37-
line treatment outcomes will be valuable.

Conclusions

In this systematic review, real-world studies employed different designs and
reported heterogeneous results comparing the effectiveness of second-line mTORi
and VEGF TKI in the treatment of mRCC. Due to the high heterogeneity, it was
not possible to draw a comparative conclusion from the full set of identified
studies. In a sub-analysis of studies with more reliable designs for comparative
analysis (i.e., adjusted, multicenter, retrospective cohort studies), second-line use
of mTORIi was associated with significantly prolonged OS compared with second-
line use of VEGF TKI in the treatment of mRCC. Real-world outcomes for
axitinib were not available at the time of this analysis, and should be considered in
future studies. The present review demonstrates that study design should be
considered when interpreting observational studies comparing treatment
sequences in mRCC.
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