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Abstract

Background: Immune checkpoint inhibitors (ICls) have been increasingly applied in the treatment of several kinds
of malignancies. Some clinical demographic characteristics were reported to be associated with the ICls efficacy.
The purpose of our current meta-analysis was to clearly evaluated the relationship between BMI and ICls efficacy for
cancer patients receiving immunotherapy.

Methods: A systematic search of Pubmed, EMBASE and conference proceedings was performed to investigate the
influence of BMI on ICls efficacy. Pooled analysis for overall survival (OS), progression-free survival (PFS) and immune-
related adverse effects (IRAEs) were analyzed in current study.

Results: A total of 13 eligible studies comprising 5279 cancer patients treated with ICls were included in the analy-
sis. The pooled analysis showed there is positive association between high BMI and improved OS and PFS among
patients with ICls treatment (OS: HR=0.62, 95% Cl 0.55-0.71, P < 0.0001; 1> = 26.3%, P =0.202); PFS: HR=0.71, 95% Cl

patients after ICls treatment.

0.61-0.83, P<0.0001: I>=0%, P=0.591). There is no significant difference between the incidence of all grade IRAEs
between obese, overweight patients and normal patients (Overweight vs Normal: pooled RR=1.28, 95% Cl 0.76—
2.18,P=0.356; Obese vs Normal: pooled RR=1.36,95% C| 0.85- 2.17, P=0.207).

Conclusion: Animproved OS and PFS were observed in patients with high BMI after receiving ICls treatment com-
pared with patients of low BMI. No significant association between BMI and incidence of IRAEs was found in cancer

Keywords: Immune checkpoint inhibitors, Body mass index, Overall survival, Progression-free survival

Background

Immune checkpoint inhibitors (ICIs) targeting pro-
grammed cell death 1 (PD-1), its ligand 1 (PD-L1) and
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4),
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including nivolumab, atezolizumab, and ipilimumab etc.,
have been increasingly applied in treating several kinds of
cancers because of their evident efficacy [1, 2]. Although
the use of ICIs has brought survival benefits to cancer
patients, the efficacy of ICIs varies widely among cancer
patients during clinical practice with some patients expe-
riencing a poor prognosis because of ICIs resistance [3—
5]. Under such circumstance, a considerable amount of
studies have been carried out to identify predictive bio-
markers which may help recognizing patients who could
benefit from ICIs [6-8]. Currently, available predictive
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biomarkers for ICIs response, such as PD-L1 expression,
tumor mutation burden, microsatellite instability and
tumor infiltrating lymphocytes (TILs) are mainly con-
fined to cancer itself or its associated TILs [6, 9]. How-
ever, the patients receiving ICIs immunotherapy are of
high heterogeneity and tumor-based biomarkers are not
fully validated. Recently, several patient-associated demo-
graphic characteristics are being investigated to estimate
the efficacy of ICIs [10]. One such characteristic, body
mass index (BMI) OR obesity, caught much attention.

Obesity, defined by high body mass index (BMI)
(=30 kg/m?) according to the WHO standard definition,
is a well-established risk factors for many malignancies,
tumor progression, tumor recurrence etc. [11, 12]. How-
ever, some recent retrospective studies showed that high
BMI possessed an positive association with improved
overall survival (OS) and progression-free survival (PES)
in cancer patients receiving immunotherapy [13, 14].
Moreover, some preclinical data also revealed that obe-
sity increases amount of aged T cell with higher PD-1
expression and dysregulated immune function, which
could make cancer cells more sensitive to ICIs therapy
[15]. Although several researches have investigated the
association between the BMI and ICIs efficacy, heteroge-
neous conclusions were revealed in these studies [16, 17].
Therefore, a high-grade meta-analysis was required to
evaluate the relationship between patients BMI and IClIs
efficacy.

The purpose of our current meta-analysis was to clearly
evaluate the relationship between BMI and IClIs efficacy
for cancer patients receiving immunotherapy.

Methods

Study search

A systematic literature search was performed to iden-
tify relevant studies which have evaluated the associa-
tion between BMI and ICIs efficacy for cancer patients
through the Pubmed and Embase (up to January 2020)
through the following search strategy: “nivolumab’,
“pembrolizumab’, “avelumab’, “atezolizumab’, “lam-
brolizumab’, “pidilizumab’, “durvalumab’, “ipilimumab’,
“tremelimumab’, “immune checkpoint inhibitor’, “PD-1
inhibitor”, “PD-L1 inhibitors’, “CTLA-4 inhibitors’, “can-
cer’, “tumor’, “neoplasm’, “carcinoma’; “BMI’, “Body Mass
Index’, “Quetelet Index’, “Quetelet’s Index’, “Quete-
lets Index’, “obesity’, “overweight’, “weight’;, “Mass” In
addition, references of relevant articles were also care-
fully reviewed to identify potentially eligible studies.
For an attempt to find more relevant unpublished data,
the abstracts on American Society of Clinical Oncology
(ASCO) annual meeting, the European Society for Medi-
cal Oncology (ESMO) congress and Chinese Society of
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Clinical Oncology (CSCO) annual meeting were further
reviewed.

Study selection and quality assessment

Two authors (Yue An and Zhonghua Wu) independently
reviewed all the terms to identify eligible studies. The
goal of our current meta-analysis was to assess the asso-
ciation between BMI and ICIs efficacy in cancer patients.
For this purpose, we included eligible studies according
to the following inclusion criteria: (1) eligible patients
were diagnosed with a solid cancer and treated with ICIs
alone or ICIs combined with systemic chemotherapy.
However, cancer patients treated with ICIs accompa-
nied with loco-regional therapy were not included; (2)
BMI was reported in eligible studies and was categorized
into groups according to cutoff values; (3) The survival
outcome was reported and measures could be extracted
from the texts. When duplicated data was reported in
different studies, we will only include the most recent or
highest quality study. The quality of the included studies
was assessed according to the Newcastle-Ottawa scale
(NOS) scale [18].

Data extraction

Two authors (Yue An and Zhonghua Wu) independently
reviewed and extracted data from the included studies.
Any discrepancy was resolved through discussion with
the third author. The following data was extracted from
all the included studies: (1) the name of first author and
year of publication; (2) sample size, cancer types and
types of ICIs drugs. (3) BMI values and the cutoff value
for stratifying high or low BMI patient population; (4)
Hazard ratio (HR) associated OS, PFS and their corre-
sponding 95% CI. The HR for multivariate cox analysis
was the top priority for use when reported. Any discrep-
ancy during the data extraction was resolved through
discussion.

Statistical analysis
The primary outcomes were OS and PFS, and the asso-
ciation between BMI and ICIs efficacy was measured by
HR with the corresponding 95% CI. The pooled HR and
corresponding 95% CI were then calculated to evaluate
the association between BMI and ICIs efficacy in cancer
patients. The HR < 1.0 suggests improved OS and PFS in
patients with high BMI, and HR>1.0 indicates reduced
PES and OS. The pooled relative risk (RR) was analyzed
to assess the relationship between BMI and the incidence
rate of immune-related adverse effects (IRAEs) in cancer
patients receiving ICIs treatments.

Statistical heterogeneity across included studies was
evaluated using the Cochrane Q test and I statistic,
and I°>50% and/or P<0.05 was considered statistically
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heterogenous [19]. A random-effects model was cho-
sen for meta-analysis if there was significant heteroge-
neity between studies. Otherwise, a fixed-effects model
was selected [20]. Subgroup analyses were performed to
evaluate the influence of cancer type on the influence of
BMI on IClIs efficacy. Publication bias was assessed using
Begg’s and Egger’s tests [21, 22].

All statistical analyses were performed based on Stata
software (Version 12.0, Stata Corporation, College Sta-
tion, TX, USA). A statistical significance was recognized
if the 95% CI of pooled HR did not cover 1.0, with a P
value less than 0.05 (two-sided).

Results

Characteristics of eligible studies

A total of 714 literatures were retrieved upon system-
atic literature search, among which 687 literatures were
initially excluded through reviewing titles and abstracts.
The remaining 27 studies were subsequently reviewed
and screened according to our inclusion and exclusion
criteria. Finally, 13 studies [13-17, 23-30] were included
in our meta-analysis (Fig. 1). All the included stud-
ies were published between 2018 and 2020, of which all
studies were retrospective design.

A total of 5279 patients which were from USA, Canada,
Italy, France, Israel, and Japan were included in our meta-
analysis. The diagnosed cancer types of these patients
were mainly non-small cell lung cancer (NSCLC) (68.2%),

714 studies identified
through literature search

—

135 duplicated studies
excluded

|

579 studies for further
screening

552 studies were
excluded after
screening

|

27 full-text studies assessed
further for eligibility

14 studies excluded
according to inclusion
criteria

|

13 studies included for
meta-analysis

Fig. 1 The flow diagraph of literature search and study selection
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melanoma (18.5%), and renal cell carcinoma (10.2%).
With regard to BMI values, seven studies [13, 15-17, 24,
25, 28] stratified the BMI value into high BMI group and
low BMI group by one cutoff value, four studies [14, 23,
27, 29] stratified the BMI values into normal BMI group
(18.5<BMI <24.9), overweight group (25.0< BMI<29.9)
and obese group (BMI> 30) according to the WHO defi-
nition, one study [26] used both two methods to stratify
BMI value. Notably, one study [30] stratifies BMI into 3
groups (BMI <25, 25.0 <BMI< 35, BMI> 35), which was
neither dichotomous nor stratifying BMI into normal
overweight and obese groups. After carefully assess-
ing this study, we found there was small proportion of
patients in the group with BMI over 35. Based on this, we
extracted the data comparing the two groups (BMI< 25,
25.0<BMI<35). Ten studies reported the application
of anti-PD-1/PD-L1 inhibitors, one study used the anti-
CTLA4 inhibitors, and one study used the anti-PD-1/
PD-L1 inhibitors or the anti-CTLA4 inhibitors. Main
characteristics of 13 eligible studies including 15 cohorts
are summarized in Table 1. Subsequently, NOS scale [18]
was used to assess the quality of included studies. Among
the 13 studies, seven studies had a score of 7, five stud-
ies had a score of 6, and one study had a score of 5. The
results of quality assessment were displayed in Table 2.

BMI and overall survival (OS)
Firstly, we analyzed the pooled HR for OS in 9 studies
which stratified the BMI value into high BMI group and
low BMI group. There were 10 cohorts reporting the HR
for OS in these 9 studies in the setting comparing survival
difference between patients high BMI and those with low
BMI. The pooled analysis showed there is an improved
OS in patients with high BMI compared with patients
with low BMI after receiving ICIs therapy (HR=0.62,
95% CI 0.55-0.71, P<0.0001) (Fig. 2a). There was no sig-
nificant heterogeneity across the 10 cohorts in terms of
OS (I>=26.3%, P=0.202). The funnel plot showed no
obvious publication bias regarding OS among these stud-
ies (z=1.25, Begg’ s test P=0.21) (Additional file 1).

Subsequently, we included the studies that dichoto-
mized BMI into high and low group and those studies
with obese versus normal comparisons, and performed
subgroup analysis based on cancer type. The results
showed that patients with high BMI possessed improved
OS (NSCLC subgroup: HR=0.78, 95% CI 0.70-0.87,
P<0 0.001, I’=0% Mixed cancer type subgroup:
HR=0.51, 95% CI 0.40-0.64, P<0 0.001, I*=0%; Mela-
noma subgroup: HR=0.66, 95% CI 0.52-0.84, P=0
0.001, I>=34.1%; Renal cancer subgroup: HR=0.59, 95%
CI0.41-0.83, P=0 0.003, I2=0%) (Fig. 2b).

Some included studies stratified the BMI values into
normal BMI group, overweight group and obese group
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Table 1 The baseline characteristics of included studies
Author Year Publication Source Country Cancer type Sample Immunotherapy BMI Outcomes
type of analyzed size regimen stratification
data
Ichihara 2020 Full text Retrospective Japan NSCLC 84 Cohort1: pem- High:>22.0;  OS, PFS
(cohort 1) cohort brolizumab low:<22.0
Ichihara 2020 Full text Retrospective Japan NSCLC 429 Cohort2: High:>220; OS, PFS
(Cohort 2) cohort nivolumab, low:<22.0
pembrolizumab,
atezolizumab
Popinat 2019 Full text Retrospective France NSCLC 55 Nivolumab High:>24.7; 0S
cohort low:<24.7
Magri 2019 Full text Retrospective Israel NSCLC 46 Nivolumab High:>246;, OS
cohort low:<24.6
Kulkarni 2019 Abstract Retrospective USA NSCLC 148 Nivolumab High:>25.0; OS, PFS
cohort low:<25.0
Kichena- 2019 Full text NCT02031458 USA, Aus- NSCLC 1434 Atezolizumab Normal: OS, PFS, IRAEs
dasse NCT01846416 tralia 18.5-24.9
overweight:
25.0-29.9
obese: > 30
Zhi 2018 Abstract Retrospective USA NSCLC 703 Nivolumab, pem-  Normal: OS, PFS
cohort brolizumab 18.5-24.9;
overweight:
25.0-29.9;
obese:>30
Wang 2019 Full text Retrospective USA NSCLC 250 PD-L1 inhibitor High: > 30; OS, PFS
cohort Melanoma low: <30
0oC
Cortellini 2019  Full text Retrospective Italy NSCLC RCC 976 Pembrolizumab, Definition1: OS, PFS, IRAEs
cohort melanoma nivolumab, high:>25.0;
atezolizumab low:<25.0
definition2:
Normal:
185-24.9;
overweight:
25.0-299;
Obese: > 30
Naik 2019 Full text Retrospective USA Melanoma 139 PD-1 inhibitor High: 25.0-35  OS, PFS
cohort low: < 25
Richtig 2018 Full text Retrospective Austria Melanoma 76 Ipilimumab High:>25.0; OS, PFS
cohort Low:<25.0
McQuade 2018 Full text NCT00324155&  USA, Aus- Melanoma 207 Cohort 1: Normal: OS, PFS, IRAEs
(cohort 1) retrospective tralia Ipilimumab plus 18.5-24.9;
corhot dacarbazine overweight:
25.0-29.9;
Obese: > 30
McQuade 2018 Full text NCT00324155&  USA, Aus- Melanoma 329 Cohort 2: Pem- Normal: OS, PFS, IRAEs
(Cohort 2) Retrospective tralia brolizumab, 18.5-24.9;
corhot nivolumab, Overweight:
atezolizumab 25.0-29.9;
Obese: > 30
Labadie 2019 Full text Retrospective USA, RCC 90 Pembrolizumab, Normal: OS, PFS
cohort Canada, nivolumab, 18.5-24.9
Spain atezolizumab Overweight:
25.0-299
Obese: > 30
De Giorgi 2019 Full text Retrospective [taly RCC 313 Nivolumab high: > 25.0; oS
cohort low:<25.0

NSCLC, non-small cell lung cancer; RCC, renal cell cancer; OC, ovarian cancer; BMI, Body mass index; OS, overall survival; PFS, progression-free survival; IRAEs, immune-

related adverse effects
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Table 2 The quality assessment of included study using the Newcastle-Ottawa scale
Study Selection Comparability Outcome TOTAL Quality
REC SNEC AE DO SC AF AO FU AFU
Ichihara 2020 1 1 1 1 0 0 1 0 1 6 Moderate
Wang 2019 1 1 1 1 0 0 1 0 1 6 Moderate
Popinat 2019 1 1 1 1 0 0 1 1 1 7 High
Naik 2019 1 1 1 1 0 0 1 1 1 7 High
Magri 2019 1 1 1 1 0 0 1 1 1 7 High
Labadie 2019 1 1 1 1 0 0 1 1 1 7 High
Kulkarni 2019 1 1 1 1 0 0 0 0 1 6 Moderate
Kichenadasse 2019 1 1 1 1 0 0 1 1 1 7 High
De Giorgi 2019 1 1 1 1 0 0 1 1 1 7 High
Cortellini 2019 1 1 1 1 0 0 1 0 1 6 Moderate
Richtig 2018 1 1 1 1 0 0 0 1 1 6 Moderate
Zhi 2018 1 1 1 1 0 0 0 0 1 5 Moderate
McQuade 2018 1 1 1 1 0 0 1 1 1 7 High

REC, representativeness of the exposed cohort; SNEC, selection of the non-exposed cohort; AE, ascertainment of exposure; DO, demonstration that outcome of
interest was not present at start of study; SC, study controls for age, sex; AF, study controls for any additional factors (chemoradiotherapy, curative resection); AO,
assessment of outcome; FU, follow-up long enough (36 M) for outcomes to occur; AFU, adequacy of follow-up of cohorts.“1” means that the study is satisfied the item

and “0” means the opposite situation

according to the WHO definition. In these studies, the
OS for patients with overweight BMI, obese BMI was
respectively compared with normal BMI. The pooled
analysis showed that OS was significantly different
between the patients with normal weight, overweight,
and obesity treated with ICIs, with improved OS for
patients with overweight BMI values (HR=0.68; 95%
CI, 0.55-0.85; P=0.001; I>=65.9%) with significant het-
erogeneity and obesity BMI values (HR=0.66; 95% CI,
0.57-0.76; P<0.001; 7.8%) compared with patients with
normal BMI without significant heterogeneity (Fig. 3).

BMI and progression-free survival (PFS)
Among the 9 studies which stratified the BMI value into
high BMI group and low BMI group, 6 studies including
7 cohorts reported the HR for PFS. The pooled analysis
indicated that high BMI was associated with improved
PFS in cancer patients receiving ICIs therapy (HR=0.71,
95% CI 0.61-0.83, P<0.0001), with no significant hetero-
geneity among these studies (I*=0%, P=0.591) (Fig. 4a).
The results of Begg’s and Egger’s tests showed that no sig-
nificant publication bias was found in the overall analysis
Of PES (Ppegg = 0.548, Pegqers = 0.878; Additional file 1).
We perform subgroup analyses among the stud-
ies that dichotomized BMI into high and low group
and those studies with obese versus normal compari-
sons based on cancer type, showing improved PFS was
found in patients with high BMI compared with those
with low BMI (NSCLC subgroup: HR=0.85, 95% CI
0.75-0.97, P=0 0.012, *=0%; Mixed cancer type sub-
group: HR=0.68, 95% CI 0.56-0.83, P<0 0.001, I*=0%;

Melanoma subgroup: HR=0.83, 95% CI 0.67-1.03, P=0
0.087, I*=1.3%; Renal cancer subgroup: HR =0.50, 95%
CI0.28-0.89, P=0 0.018, I2=0%) (Fig. 4b).

Pooled analysis for PFS was also performed in the set-
ting of comparing obese, overweight patients with nor-
mal patients. The results showed, compared with normal
patients, overweight and obese patients showed an
improved PFS (overweight vs normal: HR=0.82, 95%
CI=0.73-0.91, P<0 0.001, I>=35.1%; obese vs normal:
HR=0.79, 95% CI=0.69-0.91, P=0 0.001, I>=35.0%)
(Fig. 5).

BMI and immune-related adverse effects (IRAEs)

There were 3 studies reporting the incidence of all grades
IRAEs. The pooled results showed that there was no sig-
nificant difference between the incidence of all grade
IRAEs between obese, overweight patients and nor-
mal patients (Overweight vs Normal: pooled RR=1.28,
95% CI 0.76— 2.18, P=0.356; I*=90.3%; Obese vs Nor-
mal: pooled RR=1.36, 95% CI 0.85-2.17, P=0.207;
12=88.4%) with significant heterogeneity between stud-
ies (Fig. 6).

Discussion

The advent of immune-checkpoint inhibitors (ICIs) treat-
ment has changed the therapeutic paradigm for can-
cer and brought survival benefit for some patients [2].
However, there were considerable amounts of patients
not responding to these treatments, and few factors
exists to identify those patients who will benefit from
ICIs treatment among cancer patients. Recently, several
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a Study ID OS (High BMI VS low BMI) HR (95% CI) Weight %
Ichihara 2020(cohort 1) —IO—— 0.63(0.30,1.33) 297
Ichihara 2020(cohort 2) —_—— 0.61(0.37,1.01) 6.54
Wang 2019 ——— 0.59 (0.35,0.99)  6.10
Popinat 2019 -+ 0.61(0.20,1.88) 131
Naik 2019 4 < - 0.26 (0.10,0.71)  1.72
Magri 2019 —— 0.84 (0.66, 1.08)  27.20
Kulkarni 2019 — 0.64 (0.45, 0.90) 13.73
De Giorgi 2019 —— 0.63 (0.43,0.91) 11.74
Cortellini 2019 —0— 0.49 (0.38,0.64)  24.28
Richtig 2018 *: 1 0.55(0.30,1.02)  4.41
Overall (I-squared = 26.3%, p = 0.202) <> 0.62(0.55,0.71)  100.00

| ' T
b 1 1 10
Study ID OS (Cancer type subgroup) HR (95% CI) Weight %
NSCLC :
Ichihara 2020(cohort 1) —_— 0.63(0.30,1.33) 1.42
1
Ichihara 2020(cohort 2) —_—r 0.61(0.37,1.01) 3.13
Popinat 2019 > 0.61(0.20,1.88)  0.63
Magri 2019 — 0.84 (0.66, 1.08)  13.01
Kulkarni 2019 ——— 0.64 (0.45,0.90)  6.57
Kichenadasse 2019 —— 0.80(0.67,0.96)  24.40
Zhi 2018 == 0.82 (0.66, 1.02)  16.65
Subtotal (I-squared = 0.0%, p = 0.770) < 0.78 (0.70,0.87)  65.81
I
I
Mixed cancer type '
Wang 2019 —_————— 0.59 (0.35,0.99)  2.92
Cortellini 2019 —— 0.49 (0.38,0.64)  11.61
Subtotal (I-squared = 0.0%, p=0.531) O : 0.51(0.40,0.64) 14.53
I
Melanoma :
Naik 2019 * : 0.26 (0.10,0.71)  0.82
Richtig 2018 —_— 0.55(0.30,1.02)  2.11
McQuade 2018(cohort 1) —_— 0.70 (0.48,1.03)  5.41
McQuade 2018(cohort 2) —_—— 0.78 (0.52,1.17)  4.80
Subtotal (I-squared = 34.1%, p = 0.207) <> 0.66 (0.52,0.84)  13.14
I
Renal cell cancer :
Labadie 2019 - L 0.38(0.15,0.97)  0.91
De Giorgi 2019 —_—— 0.63(0.43,0.91) 5.62
Subtotal (I-squared = 0.0%, p = 0.325) P 0.59 (0.41,0.83)  6.52
I
I
Heterogeneity between groups: p = 0.007 !
Overall (I-squared =34.2%, p = 0.095) é 0.70 (0.64,0.77) ~ 100.00
I
I
1
I I
1 1 10
Fig. 2 a Pooled analysis showing associations between BMI and OS in cancer patients receiving immune checkpoint inhibitors treatment; b
Subgroup analysis of associations between BMI and OS based on cancer type

patient-associated demographic characteristics are being  meta-analysis evaluated the association between patients’
evaluated to estimate the efficacy of ICIs [10, 31-34]. sex and ICIs efficacy, revealing ICIs can improve sur-
Among these characteristics, patients’ gender and BMI  vival for patients of both sexes, but men have a larger
values were investigated by some researchers. A recent treatment effect than women [10]. In our current
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a  Study ID OS (Overweight VS Normal) HR (95% CI) Weight %
Labadie 2019 ( < E 0.38 (0.15, 0.97) 4.58

Kichenadasse 2019 é—‘— 0.80 (0.67, 0.96) 23.96
Cortellini 2019 —_—— i 0.46 (0.35, 0.61) 19.55
Zhi 2018 %—0— 0.82 (0.66, 1.02) 22.28
McQuade 2018(cohort 1) + 0.70 (0.48, 1.03) 15.25
McQuade 2018(cohort 2) —i—‘— 0.78 (0.52, 1.17) 14.39
Overall (I-squared = 65.9%, p=0.012) @ 0.68 (0.55, 0.85) 100.00
NOTE: Weights are from random effects analysis i
I ' |
15 1 6.67
b Study ID OS (Obese VS Normal) HR (95% CI) Weight %
Labadie 2019 ( g E 0.28 (0.09, 0.91) 1.58
Kichenadasse 2019 —_— 0.69 (0.54, 0.87) 37.12
Cortellini 2019 —O—i— 0.50(0.32,0.79) 10.34
Zhi 2018 — 0.75 (0.57,0.99) 27.70
McQuade 2018(cohort 1) ——0—%— 0.54 (0.34, 0.86) 9.80
McQuade 2018(cohort 2) —_—— 0.72 (0.48, 1.06) 13.45
Overall (I-squared =7.8%, p =0.367) 0 0.66 (0.57, 0.76) 100.00
| : |
.09 1 11.1
Fig. 3 a Pooled analysis showing improved OS in overweight cancer patients compared with normal patients receiving immune checkpoint
inhibitors treatment; b Pooled analysis showing improved OS in obese cancer patients compared with normal patients receiving immune
checkpoint inhibitors treatment

meta-analysis, we evaluated the association between BMI
and survival of cancer patients receiving ICIs treatment,
and our findings suggest that high BMI have a posi-
tive association with improved OS and PFS for cancer
patients.

To our knowledge, this is the first meta-analysis
to clearly evaluate the association between patients’
BMI values and the efficacy of ICIs for cancer patients.

Through a systemic literature search and screening,
our current meta-analysis included 12 eligible studies
containing 5140 patients to assess the impact of BMI
on the efficacy of ICIs after receiving ICIs treatment.
Our results revealed that higher BMI is associated with
improved OS and PFS in the setting of comparing high
BMI with low BMI for cancer patients treated with
ICIs, and both obese and overweight patients possessed
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2 Study ID PFS (High_BMI VS low BMI) HR (95% CI) Weight %
Ichihara 2020(cohort 1) —l—ol— 0.94 (0.53,1.67)  6.93
Ichihara 2020(cohort 2) - 0.64 (0.25,0.93) 529
Wang 2019 —0—.— 0.61(0.42,0.89)  16.18
Naik 2019 - 043 (0.19,0.95)  3.52
Kulkarni 2019 —&— 0.73(0.51,1.03) 1847
Cortellini 2019 —0— 0.71 (0.56,0.90)  40.54
Richtig 2018 —u—o— 0.97(0.59,1.61)  9.06
Overall (I-squared = 0.0%, p = 0.591) @ 0.71 (0.61, 0.83) 100.00

T ' |

.19 1 5.26
b Study ID PFS (Cancer type subgroup) HR (95% CI) Weight %
NSCLC :
Ichihara 2020(cohort 1) — 0.94(0.53,1.67) 2.68
Ichihara 2020(cohort 2) ~— 0.64 (0.25,0.93) 2.04
Kulkarni 2019 —_—— 0.73(0.51,1.03) 7.14
Kichenadasse 2019 —— 0.88(0.77,1.02)  44.62
Subtotal (I-squared = 0.0%, p =0.618) IO 0.85(0.75,0.97)  56.48
1
Mixed cancer type E
Wang 2019 —_—— 0.61 (0.42,0.89) 6.25
Cortellini 2019 —_—— 0.71 (0.56,0.90)  15.67
Subtotal (I-squared = 0.0%, p = 0.503) O 0.68 (0.56,0.83) 21.92
1
1
Melanoma :
Naik 2019 g : 0.43(0.19,0.95) 1.36
Richtig 2018 —_—— 0.97 (0.59, 1.61)  3.50
McQuade 2018(cohort 1) —_— 0.88 (0.61,1.26) 6.70
McQuade 2018(cohort 2) —_—— 0.82(0.58,1.16) 7.34
Subtotal (I-squared = 1.3%, p = 0.385) o 0.83 (0.67,1.03) 1891
1
Renal cell cancer :
Labadie 2019 —_— 0.50 (0.28,0.88)  2.69
Subtotal (I-squared = .%, p=".) _ 0.50 (0.28, 0.89)  2.69
:
Heterogeneity between groups: p = 0.103 :
Overall (I-squared = 12.7%, p = 0.323) <> 0.80 (0.72,0.87)  100.00
1
:
I I
19 1 5.26

Fig.4 a Pooled analysis showing associations between BMI and PFS in cancer patients receiving immune checkpoint inhibitors treatment; b
Subgroup analysis of associations between BMI and PFS based on cancer type

survival benefit in OS and PFS in the setting of compar-
ing obese and overweight BMI with normal BMI. Simi-
larly, subgroup analysis based on cancer type also showed
improved OS and PES in patients with NSCLC and mixed
cancer type except for the PFS in melanoma subgroup.
The discrepancy in melanoma may be explained by few
studies included in this subgroup. In the future, more

studies were required to clearly investigate the associa-
tion between BMI and ICIs efficacy in patients with mel-
anoma after ICIs treatment.

Higher BMI has correlated with a survival advan-
tage to ICIs therapy for cancer patients as revealed by
our meta-analysis. A recent study suggested that obe-
sity is associated with improved PFS and OS compared
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a  Study ID PFS (Overweight VS Normal) HR (95% CI) Weight %
:
1
1
Labadie 2019 -4 T 0.50 (0.28, 0.88) 3.55
Kichenadasse 2019 —— 0.88 (0.77, 1.02) 58.93
Cortellini 2019 —— 0.68 (0.53, 0.87) 18.97
1
:
McQuade 2018(cohort 1) —— 0.88 (0.61, 1.26) 8.85
'
McQuade 2018(cohort 2) D ——— 0.82 (0.58, 1.16) 9.70
Overall (I-squared = 35.1%, p = 0.187) @ 0.82(0.73,0.91) 100.00
1
:
| |
28 1 3.57
b Study ID PFS (Obese VS Normal) HR (95% CI) Weight %
'
1
Labadie 2019 ¢ . 0.39(0.19, 0.82) 3.54
Kichenadasse 2019 —_—— 0.87 (0.72, 1.04) 56.03
Cortellini 2019 ——r—t 0.72 (0.49, 1.06) 12.73
1
'
McQuade 2018(cohort 1) —_—— 0.63 (0.41, 0.95) 10.73
!
McQuade 2018(cohort 2) ——t— 0.85 (0.61, 1.19) 16.97
.
Overall (I-squared = 35.0%, p = 0.188) @ 0.79 (0.69, 0.91) 100.00
1
1
| |
.19 1 5.26
Fig. 5 a Pooled analysis showing improved PFS in overweight cancer patients compared with normal patients receiving immune checkpoint
inhibitors treatment; b Pooled analysis showing improved PFS in obese cancer patients compared with normal patients receiving immune
checkpoint inhibitors treatment

with those outcomes in melanoma patients with nor-
mal BMI after receiving ICIs treatment [29]. Another
study performed in NSCLC patients also suggested
high BMI was associated with improved PES and OS in
patients treated with ICIs [14]. Currently, the mecha-
nisms through which BMI impact survival outcomes
after ICIs treatment is just beginning to be understood.
The possible explanation may be that obesity may pro-
mote the formation of a systemic meta-inflammation

and result in a dysregulated immune response. A recent
study [35] pointed that adipocytes in adipose tissues
could release several proinflammatory cytokines and
chemokines to form and maintain inflammatory envi-
ronment, which may potentiate the effect of immune
checkpoint inhibitors. In addition, basic experimental
study also found obesity could induce T cell dysfunc-
tion and increase the number of PD-1 positive T cells in
the peripheral blood and tumors, which may partially
explain the influence of BMI on the efficacy of ICIs [15].
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a X Events Events Weight
Study ID IRAEs (Overweight VS Normal) RR (95% CI) Overweight Normal v,
Kichenadasse 2019 e e s 1.13(0.93,1.36)  138/480 177/693  37.96
Cortellini 2019 ' e 2.06 (1.64,2.58) 60/107  123/452 3722
.
McQuade 2018 - - 0.77(0.40,1.48)  14/109  17/102 24.82
Overall (I-squared = 90.3%, p = 0.000) < - 1.28 (0.76, 2.18) 212/696  317/1247  100.00
[ ]
NOTE: Weights are from random effects analysis E
387 1 2.58
b IRAEs (Ob VS N 1 Events Events Weight
Study ID s (Obese ormal) RR (95% CI)  Obese  Normal o,
'
"
Kichenadasse 2019 ‘ - 1.23(0.98,1.55)  75/238 177/693 37.48
.
n
"
Cortellini 2019 . —‘% 2.05(1.72,2.44) 210/377 123/452 38.81
.
L]
L]
McQuade 2018 ‘ 0.80(0.43,1.50) 16/120 17/102 23.71
| ]
Overall (I-squared = 88.4%, p = 0.000) < i 1.36 (0.85,2.17)  301/735 317/1247  100.00
"
"
L]
L]
L]
L]
NOTE: Weights are from random effects analysis :
| ]
41 1 2.44
Fig. 6 a Pooled analysis showing incidence difference of immune-related adverse effects between overweight cancer patients and normal patients
receiving immune checkpoint inhibitors treatment; b Pooled analysis showing incidence difference of immune-related adverse effects between
obese cancer patients and normal patients receiving immune checkpoint inhibitors treatment

As revealed in our study and others, BMI values is
positively associated with improved survival outcomes
for cancer patients receiving ICIs therapy. As BMI is
calculated through the whole-body weight, there is still
some limitation by using BMI as a surrogate of adipos-
ity. BMI may not be sufficient enough to reflect the com-
plex body composition. Some other measures such as
cross-sectional imaging or Dual-energy X-ray absorp-
tiometry (DEXA) showed advantages on directly dis-
criminating and measuring the body compositions like
fat tissue, muscle tissue, bone mineral density. A recent

meta-analysis [36] evaluated the association between
computerized tomography (CT) based quantification of
subcutaneous, visceral, skeletal muscle tissues and cancer
patient outcomes, demonstrating that high visceral adi-
pose tissue and reduced skeletal muscle correlated with
poorer survival. Chambard et al. [37] reported sarcopenia
measured via DEXA was associated with poorer survival
in lung cancer patients with bone metastasis. Further
studies are required the evaluated the detailed body
composition changes during receiving IClIs treatment
and the association between body composition changes
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and survival outcomes among cancer patients with ICIs
treatment.

We observed that the association between high BMI
and improved survival in cancer patients with ICIs ther-
apy. Our results may help encourage the emergence of
prospective interventional trials which randomly strat-
ify the patients into groups according to BMI value and
treat patients with ICIs. Through such prospective inter-
ventional trials, researchers could better understand
the influence of BMI on ICIs efficacy. Meanwhile, when
carrying out randomized control trials to evaluate the
efficacy of ICIs in cancer patients, investigators can also
stratify the invention and control group into subgroups
by BMI values and comparing the efficacy difference
based on subgroup analysis. Apart from the influence on
ICIs efficacy, higher BMI also showed association within
other treatment types. For cancer patients receiving
operation therapy, studies reported that high BMI was
positively associated with a higher risk of postoperative
complications, but it does not influence the prognosis
of cancer patients [38, 39]. One of our included studies
also investigated the relationship between BMI and out-
comes for patients treated with docetaxel, and they found
no significant association between BMI and survival
outcome [14]. In the future, more studies are needed to
explore the effect of BMI on chemotherapy efficacy for
cancer patients.

The association between BMI and IRAEs in patients
receiving ICIs treatment has been variably reported [14,
26, 29]. In our current study, the pooled analysis showed
that patients with obesity had no difference in the inci-
dence of any grade of IRAEs compared with normal
patients. In our current meta-analysis, only 3 of our
included studies reported the association between BMI
and incidence of IRAEs. Future research using large data-
sets from IClIs-related trials were required to evaluate the
association between obesity and incidence of IRAEs.

In our included studies, one study reported the asso-
ciation between BMI and the ICIs efficacy respectively
in male and female patients. The findings in this study
suggested that the relationship between BMI and out-
comes in cancer patients might vary by gender, with a
survival advantage observed in obese men treated with
ICIs, but not in obese women. This difference can be
partially explained by different response of male and
female patients receiving ICIs. A recent meta-analysis
[10] showed male patients treated with ICIs had a sig-
nificantly reduced risk of death compared with men
treated in control groups and the benefit obtained
with ICIs treatment compared with control groups was
smaller in female patients, suggesting men showed a
significant advantage from ICls treatment compared

Page 11 of 13

with female patients. However, another gender-based
analysis demonstrated that overweight female patients
possessed obvious clinical benefit from immunotherapy
compared with the male patients [26]. This inconsistent
conclusion suggested that future large-scale studies are
required to evaluate association between ICIs efficacy
and BMI in patients with different sex.

Although we found relationship between high BMI
values and improved prognosis for cancer patients with
ICIs therapy, absence of a homogeneous cut off value
stratifying the BMI values might have affected the
results. In the set of a single cut-off value, it might not
be enough to avoid the prognostic negative role of can-
cer cachexia which may occur among patients with low
BMI even under normal level. Meanwhile, some stud-
ies evaluated the survival difference between Obese
patients (BMI greater than 30) and normal-weight
ones, while some studies evaluated survival outcomes
between overweight (BMI greater than the cutoff value)
and non-overweight patients (BMI under the cutoff
value). These non-overweight patients may also include
underweight patients whose BMI value was under 18.5.
This also may had influenced the results. In the future,
studies focusing on BMI and ICIs efficacy could set
more cutoff values and more comparisons to elimi-
nate the influence some profound factors like cancer
cachexia etc.

Some limitations still existed in current study: (1) The
results of this meta-analysis were based on data from
published studies and the detailed individual data was
not obtained for analysis. (2) Although the association
between BMI and IRAEs was assessed in our analysis,
the included studies were fewer and significant het-
erogeneity was observed among these studies. Future
studies were required to clearly investigate the relation-
ship between BMI and the incidence of IRAEs. (3) our
study could not evaluate the association between BMI
and tumor response to ICIs because of fewer included
data. Therefore, future studies are needed to assess this
potential association. (4) Some studies included in this
meta-analysis used BMI cutoff value to stratify high
BMI and low BMI groups. However, some difference
between the BMI cutoff value may increase the hetero-
geneity between studies. In the future, a more standard
cutoff value definition is required to stratify BMI and
reduce the heterogeneity between studies. (5) Different
ICI classes was used in the included studies. For exam-
ple, some studies used the anti-CLTA4 immunotherapy,
some used anti PD1/PD-L1 drugs, and part of studies
used both kinds. These differences may increase the
heterogeneity between studies.
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Conclusions

In summary, current meta-analysis showed that there
is significant association between BMI and survival
outcomes for patients receiving ICIs treatment. An
improved OS and PFS were observed in patients with
high BMI after receiving ICIs treatment compared with
patients with low BMI, also in obese and overweight
patients compared with normal patients after ICIs ther-
apy. However, no significant association between BMI
and incidence of IRAEs was found in cancer patients
after ICIs treatment.
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