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Summary: Despite that immune checkpoint inhibitors (ICIs) had
tremendous improved the survival of multiple solid tumors, only a
limited proportion of patients are responsive to ICIs. Therefore,
effective variables are urgently needed to predict the probability of
response to ICIs. Systematic searches were conducted from incep-
tion up to May, 2020. Prospective or retrospective studies of ICIs
that investigated the association between body mass index (BMI)
and survival outcomes, including overall survival (OS) and/or pro-
gression-free survival (PFS), were selected. The association between
each BMI category and survival outcomes was calculated using Cox
proportional hazard regression models and quantified as hazard
ratio (HR) with corresponding 95% confidence interval. Seven
clinical studies involving data from 3768 individual patients were
included. The median OS was 15.5 months (95% confidence inter-
val: 14.7-16.2mo) and the median PFS was 5.7 months (5.2—
6.3mo). The median OS was significantly longer in overweight/
obese patients than in nonoverweight patients (20.7 vs. 11.3 mo;
P <0.001). The difference in OS between overweight and obese
patients was not statistically significant (HR: 1.14, P=0.098).
Similar results were observed for PFS outcomes. Subgroup analysis
demonstrated improved OS in overweight/obese patients with
nonsmall-cell lung cancer (HR: 0.81, P=0.002), melanoma (HR:
0.66, P<0.001), renal cell carcinoma (HR: 0.53, P<0.001), and
multiple cancer type (HR: 0.34, P<0.001), with parallel results

Received for publication March 12, 2021; accepted July 21, 2021.

From the Departments of *Gastric Surgery; {Hematologic Oncology;
fPathology, Sun Yat-sen University Cancer Center; fState Key
Laboratory of Oncology in South China, Collaborative Innovation
Center for Cancer Medicine; ||Department of Gastrointestinal Sur-
gery, the Sixth Affiliated Hospital, Sun Yat-sen University; and
§State Key Laboratory of Oncology in South China, Collaborative
Innovation Center for Cancer Medicine, Sun Yat-sen University
Cancer Center, Guangzhou, China.

R.-C.N., G.-M.C,, Y.W,, and S.-Q.Y. contributed equally to this study.

S.C., M.-Y.C,, and Y .-F.L. authors are co-senior authors.

All authors contributed to the study concept and design. R.-C.N. and
S.-Q.Y. extracted the data and performed the quality assessment.
R.-CN,, Y.W,, J-L.D.,, W-W.L, and S.-Q.Y. participated in anal-
ysis of the data. R.-C.N., Y.W., G.-M.C,, and J.Z. contributed to
drafting of the manuscript. S.C., M.-Y.C., and Y.-F.L. revised the
manuscript. All authors approved the final version of the manuscript.

Reprints: Yuan-Fang Li, Department of Gastric Surgery, Sun Yat-sen
University Cancer Center, No. 651 Dongfeng Eastern Road,
Guangzhou, Guangdong 510060, China (e-mail: liyuanf@sysucc.
org.cn).

Supplemental Digital Content is available for this article. Direct URL
citations appear in the printed text and are provided in the HTML
and PDF versions of this article on the journal's website, www.
immunotherapy-journal.com.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health,
Inc. This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from
the journal.

] Immunother » Volume 44, Number 9, November/December 2021

noted regarding PFS outcomes. Results of the present study sug-
gested that BMI may be a satisfactory prognostic factor for patients
treated with IClIs.
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n the past 2 decades, novel immune checkpoint inhibitors

(ICIs) that target cytotoxic T-lymphocyte-associated
protein-4 (CTLA4), programmed cell death 1 (PD1), or its
ligand 1 (PD-L1), have led to a revolution in the treatment
of a large set of cancers.!"> Although durable responses have
been noted in a limited proportion of patients, many others
experienced primary or acquired therapeutic resistance.

Two strategies have been attempted to improve the
therapeutic efficacy of ICIs, one of which is combinational
therapy that incorporates ICIs with chemotherapy, targeted
drugs, and other ICIs.3>* However, such combination
strategies are associated with an increased incidence of high-
grade adverse events.’ The other strategy is to identify
available biomarkers to predict response before the initial
treatment with ICls, such as PD-L1 expression, micro-
satellite status, and tumor mutational load.!9 In clinical
practice, several clinical and demographic variables may be
more easily identified to predict the probability of response
to ICIs.!! One such variable is body mass index (BMI).

BMI is the major surrogate of nutritional status, and its
associations with the incidence of cancer and the clinical
outcomes of cancer patients are complicated. While high
BMI has been shown to increase the risk for esophageal,
colon, and renal cancers,!? it has been identified as a
favorable prognostic factor in several solid cancers, such as
nonsmall-cell lung cancer (NSCLC),!? colorectal cancer!*
and gastric cancer.!> This phenomenon is referred to as the
“obesity paradox.” Furthermore, the prognostic value of
high BMI in patients treated with ICIs remains unclear.
McQuade et al reported that obesity is associated with
prolonged progression-free survival (PFS) and overall sur-
vival (OS) in patients with melanoma treated with ICIs, but
not in those treated with chemotherapy.'® Similarly,
Kichenadasse et al'” recently reported improved survival of
patients with NSCLC treated with atezolizumab.

In the present study, we extracted individual patient
data from 7 clinical studies comprising 3768 subjects, and
conducted a meta-analysis to investigate the association
between BMI and survival outcomes in patients treated
with IClIs.
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METHODS

Search Strategy, Selection Criteria, and Data
Extraction

This study complied with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guidelines.'® Analysis was performed in May 2020.

The PubMed, Web of Science, Embase, ClinicalTrials.
gov, and Cochrane Library databases were searched from
their inception to May 10, 2020 for clinical studies on ICIs
(anti-PD-1/PD-L1, anti-CTLA4) that reported the associa-
tion between BMI and survival outcomes. The compre-
hensive search terms used were as follows: (“nivolumab”
OR “pembrolizumab” OR “avelumab” OR “atezolizumab”
OR “durvalumab” OR “ipilimumab” OR “PD-1” OR “PD-
L1” OR “CTLA4” OR “checkpoint inhibitors”) AND
(“body mass index” OR “BMI” OR “overweight” OR
“obesity”) (eTable 1 in the Supplement, Supplemental
Digital Content 1,  http:/links.lww.com/JIT/A627).
Reviews, conference abstracts, case reports, comments,
protocols, and studies that were published as abstracts were
excluded. Because the “reconstructKM” package in R was
used to reconstruct patient-level data through Kaplan-Meier
curves (https://github.com/ryanrsun/reconstructKM), stud-
ies that did not report Kaplan-Meier curves and number-
at-risk information were excluded. For duplicated studies
reporting interim and final analyses or different endpoints,
the most recent reports with complete survival data were
included. Two authors (R.C.N. and Y.W.) independently
searched and reviewed the results to determine whether the
studies were included.

For each study, 3 of the authors (R.C.N., Y.W., and
S.-Q.Y.) independently extracted individual patient and
characteristics data. To extract individual patient data, the
following procedures were performed: using Engauge digi-
tizer software to click the location of event times in the
Kaplan-Meier plots; manually inputting number-at-risk
information; and applying the “reconstructKM” package to
reconstruct the survival time, censoring status, and treat-
ment arm for each individual in the included studies. Other
extracted data included first author, year of publication,
cancer type, study type, treatment regimen, number of
patients, BMI category, and survival outcomes, including
OS and PFS. All discrepancies regarding study selection,
extraction of individual patient data, and other character-
istics data were resolved by discussion to reach a consensus
among all investigators.

Outcomes

In this study, the primary outcome was OS, and the
secondary outcome was PFS. For each study, BMI was
assessed at the initiation of treatment and calculated as
weight (kg) divided by height (m) squared (ie, kg/m?). BMI
was categorized according to the standard World Health
Organization criteria definitions: underweight (< 18.5kg/
m?), normal weight (18.5-24.9 kg/m?), overweight (25—
29.9 kg/m?), and obese (>30kg/m?). Initially, a binomial
cut-off of 25kg/m? for BMI was used, and patients were
classified as nonoverweight (<25kg/m?) and overweight/
obese (>25kg/m?).

Statistical Analysis

Patient-level data, including survival time and censor-
ing status, were extracted using the “reconstructKM”
package through the Kaplan-Meier curves reported in each
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study. After acquiring patient-level data, survival curves for
nonoverweight and overweight/obese patients were esti-
mated using the Kaplan-Meier method. In order to evaluate
the possible prognostic effect of obesity, overweight (25—
29.9 kg/m?) and obese (> 30 kg/m?) patients were compared
with nonoverweight (< 25 kg/m?) patients. The association
between each category of BMI and survival outcomes (ie,
OS and PFS) was calculated using Cox proportional hazard
regression models and quantified as a hazard ratio (HR) and
corresponding 95% confidence interval (CI). Differences
with a 2-sided P <0.05 were considered to be statistically
significant. All analyses were performed using R version
3.6.1 (R Foundation for Statistical Computing; http://www.
r-project.org).

RESULTS

Study Characteristics

A total of 636 studies were retrieved through the initial
search of the databases, of which 371 were selected after
duplicate records were removed. After title and abstract
reviews, 21 studies were retained for full-text review, among
which 7 were removed because of a lack of reporting of
survival outcomes, 1 was excluded owing to a further report
of the same cohort, and 6 were excluded because of no
report of Kaplan-Meier curves and/or number-at-risk
information. Because the majority of the included studies
excluded underweight patients because of its low prevalence
(< 5%), the underweight cohort in the study by Ichihara
et al'® was excluded. Ultimately, 7 studies!®!7192 com-
prising 3768 subjects were included for reconstruction of
individual-level data and meta-analyses (eFig. 1 in the
Supplement, Supplemental Digital Content 2, http://links.
Iww.com/JIT/A628). These investigations comprised 5 ret-
rospective and 2 prospective studies addressing ipilimumab,
pembrolizumab, nivolumab, and atezolizumab. They
involved patients with NSCLC (2 studies), melanoma (2
studies), renal cell carcinoma (2 studies), and multiple solid
cancers (1 study) (eTable 2 in the Supplement, Supplemental
Digital Content 1, http:/links.lww.com/JIT/A627).

BMI and Efficacy Analysis

With a median follow-up duration of 9.4 months
(range: 0.1-50.0 mo) in the entire cohort, the median OS was
15.5 months (95% CI: 14.7-16.2 mo) and the median PFS
was 5.7 months (95% CI: 5.2-6.3 mo). Survival outcomes
were first analyzed according to BMI dichotomized using a
cut-off of 25 kg/m?. The median OS was significantly longer
in overweight/obese patients than in nonoverweight patients
[20.7mo (95% CI: 19.3-23.3) vs. 11.3mo (95% CI:
10.4-12.8); HR: 0.59 (95% CI. 0.53-0.64); P<0.001]
(Fig. 1A). Regarding PFS outcomes, a total of 2043 patients
were included in the entire cohort, and a similarly prolonged
PFS was observed in overweight/obese patients [median
PFS 8.3 (95% CI: 7.3-10.1) vs. 3.7 (95% CI: 3.4-4.3)
months; HR: 0.58 (95% CI: 0.53-0.65); P <0.001] (Fig. 1B).

Next, the survival outcomes according to the 3 BMI
categories (ie, 18.5-24.9, 25.0-29.9, and >30.0 kg/m?) were
analyzed. Cohorts in the studies by De Giorigi et al*! and
Naik et al® were excluded because these BMI categories
were not reported; thus, 3339 subjects were included.
Overweight (HR: 0.62; 95% CI: 0.55-0.68; P<0.001) and
obese (HR: 0.54; 95% CI: 0.47-0.62; P<0.001) patients
experienced significantly longer OS than normal weight
patients (eFig. 2A in the Supplement, Supplemental Digital
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FIGURE 1. Overall survival and progression-free survival for total population treated with immune checkpoint inhibitors according to
binomial BMI levels (Cut-off 25). BMI indicates body mass index; OS, overall survival; PFS, progression-free survival.

Content 3, http:/links.lww.com/JIT/A629). Notably, the
difference in OS between overweight and obese patients was
not significant (HR: 1.14; 95% CI: 0.98-1.33; P=0.098).
Similar results were observed regarding PFS outcomes
(eFig. 2B in the Supplement, Supplemental Digital Content
3, http://links.lww.com/JIT/A629). The OS and PFS results
according to the different BMI categories are shown in
Figure 2.

Subgroup Analysis

Finally, subgroup analysis stratified according to can-
cer type was performed to assess the robustness of BMI as a
prognostic marker for immunotherapy. As shown in eFig-
ure 3 in the Supplement (Supplemental Digital Content 4,
http://links.lww.com/JIT/A630), overweight/obesity was

associated with improved OS compared with nonoverweight
in the NSCLC (HR: 0.81; 95% CI: 0.71-0.92; P=0.002),
melanoma (HR: 0.66; 95% CI: 0.53-0.81; P <0.001), renal
cell carcinoma (HR: 0.53; 95% CI: 0.37-0.77; P<0.001),
and multiple cancer cohorts (HR: 0.34; 95% CI: 0.28-0.41;
P <0.001). Parallel results were noted with regard to PFS
outcomes (eFig. 4 in the Supplement, Supplemental Digital
Content 5, http://links.lww.com/JIT/A631).

DISCUSSION
To the best of our knowledge, the present study, which
pooled individual patient data from 3768 subjects, is the
largest investigation of the association between BMI and
survival outcomes in patients treated with ICIs. Overall, our
findings demonstrated that high BMI (ie, overweigh/obese)

BMI No. of Median OS/PFS
category patients (95% CI)
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25.0-29.9 1145 19.4 (17.3-21.6)
= 30.0 536 21.9(18.1-27.1)
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FIGURE 2. Summary results of overall survival and progression-free survival for total population treated with

immune checkpoint

inhibitors according to different BMI categories. BMI indicates body mass index; Cl, confidence interval;, HR, hazard ratio; OS, overall

survival; PFS, progression-free survival.
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patients treated with ICIs experienced improved PFS and
OS outcomes compared with those with normal BMI,
regardless of the tumor type. Furthermore, we noted that
the risk for death and progression did not decrease if BMI
increased to > 30 kg/m>.

Despite the tremendous improvements in survival in a
wide range of metastatic solid tumors treated with IClIs,
only a relatively limited proportion of patients (20%—40%)
are responsive to these agents.*2* Effective biomarkers are
urgently needed to distinguish potential beneficiaries before
the initial use of ICIs, among which BMI is a simple and
practical characteristic. BMI has been recognized as a sur-
rogate of nutritional status, with the BMI values ranging
from 25 to 29.9kg/m? defined as overweight, and > 30
kg/m? as obesity. This study pooled individual patient data
from 7 studies, and adds supporting evidence that high BMI
is associated with survival following treatment with IClIs.
Furthermore, subgroup analysis demonstrated that this
improved survival in the high BMI group was observed
regardless of the tumor type. The basic biological process of
this association remains under investigation. High BMI
would increase autophagy levels that suppresses the tumor
growth.2526 It is also possible that high BMI may induce
obesity-associated inflammation,”’ which can lower epi-
genetic barriers to tumorigenesis and improve the response
to ICIs. Wang et al®® reported that obesity may induce PD-1
positive and dysfunctional T cells through leptin signaling;
this immunosuppression phenomenon can promote tumor
progression and the remaining tumors are markedly more
responsive to ICIs. Recently, Liu et al?® reported that
inhibition of PCSK9, a key protein to regulate cholesterol
levels, can attenuate the tumor growth and promote the
response to ICIs. Thus, whether inhibiting of PCSK9 and
PD-1 can improve the therapeutic effect for obesity patients
should be further explored.

Previous studies have reported inconsistent results
regarding whether the risk for death and progression is
further decreased as BMI increases to >30kg/m? or even
> 35 kg/m?2,16:17.19.20.2223 yhile Kichenadasse et al'’ and
Labadie et al?? reported a trend toward improved survival in
obese patients compared with overweight patients, other
studies reported similar survival outcomes between these 2
groups. 61920 Naik et al?? even reported that patients with
BMI >35kg/m? had shorter OS and PFS than those with
BMI >25kg/m? and <35kg/m>. Pooling a total of 3339
patients to strengthen statistical power, our study demon-
strated that differences in OS (HR: 1.14, P=0.098) and PFS
(HR: 1.02, P=0.802) between overweight and obese
patients were not significant, indicating that the risk for
death and progression did not decrease if BMI increased to
>30kg/m?2. We considered that the risk for death caused by
cardiovascular and cerebrovascular diseases will increase as
BMI increases to >30kg/m? which would weaken the
benefits of ICIs. As such, the endpoint of disease-specific
survival should be used rather than OS or PFS to minimize
the effect caused by noncancer deaths and to better clarify
the dose response according to BMI.

Our study had some limitations. First, based on the
inclusion and exclusion criteria, we excluded studies that did
not report Kaplan-Meier curves and number-at-risk infor-
mation, which may have introduced some publication bias.
Next, given that the baseline characteristics, included tumor
types and ICI regimens were different, potential hetero-
geneity should be acknowledged. Moreover, because we
used the “reconstructKM” package to reconstruct the
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patient-level data of the included studies, a subgroup anal-
ysis stratified according to sex and other characteristics
could not be performed. In addition, our study lacks the
ability to apply the multivariate analysis to adjust the effect
of other variables, such as PD-L1 status and performance
status. Also, further study should be performed to
confounding effect of systemic inflammatory immune index,
and other metabolic measures, such as metformin or usage
of cholesterol lowering drugs. Finally, we only used one-
time rather than dynamic records of BMI to evaluate its
prognostic value, which would limit its clinical application.
Given the above limitations, our findings should be inter-
preted cautiously.

Pooling individual patient data from 3768 subjects, our
study further confirmed that BMI may be a satisfactory
prognostic factor for patients treated with ICIs.
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