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Abstract
Objectives  ICIs have become the standard treatment for advanced NSCLC patients. Currently, PD-L1 is the most 
widely useful biomarker to predict ICI efficacy, but the sensitivity and specificity are limited. Therefore, the useful 
predictive biomarkers of ICI efficacy is urgently needed. BMI is an internationally used measure of body health. 
Obesity may affect ICI efficacy by changing T cell functions. This meta-analysis aimed to clarify the relationship 
between BMI and survival outcomes of NSCLC patients treated with ICIs.

Methods  A systematic review was conducted to identify studies that assessed the association between BMI and 
survival outcomes in patients treated with ICIs. OS was the primary endpoint, and PFS was the secondary endpoint. 
Random-effect models or fixed-effect models were utilized to combine study effects according to the Cochran Q and 
I2 tests.

Results  Nine studies, including 4602 NSCLC patients treated with ICIs, that met the inclusion criteria were selected 
for this meta-analysis. There was no significant difference in PFS (HR 0.885; 95% CI 0.777–1.009, p = 0.068) or OS (HR 
0.947; 95% CI 0.789–1.137, p = 0.560) between the low BMI group and the high BMI group. However, in the subgroup 
analysis, compared with normal-weight patients, overweight and obese patients achieved prolonged PFS (HR 0.862; 
95% CI 0.760–0.978, p = 0.021) and OS (HR 0.818; 95% CI 0.741–0.902, p<0.0001).

Conclusion  Overweight and obese NSCLC patients tend to achieve prolonged survival time with ICI regimens. 
Further prospective studies are needed to strengthen the association between ICI outcomes and BMI levels.

Keywords  BMI, ICIs, NSCLC
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Introduction
Lung cancer is the leading cause of tumor-related death 
worldwide, and non-small cell lung cancer (NSCLC) is 
the most common type, accounting for approximately 
80–85% of cases [1, 2]. Over the past two decades, 
chemotherapy has been the critical cornerstone for 
advanced NSCLC patients without driver oncogenes. 
These patients’ median overall survival (OS) was only 
8–12 months [3]. The advent of immune checkpoint 
inhibitors (ICIs) has restructured the clinical treatment 
paradigm of advanced NSCLC and become the stan-
dard regimen. Several studies have shown that ICIs can 
significantly prolong the survival of NSCLC patients [4, 
5]. Durable efficacy is an essential advantage of ICIs, but 
its suboptimal efficacy. Therefore, the identification of 
useful predictive biomarkers of ICIs is urgently needed. 
The most widely applied predictor is programmed death 
ligand-1 (PD-L1). Other predictors include tumor muta-
tional load (TMB), microsatellite instability (MSI), and 
tumor-infiltrating immune cells in the tumor microenvi-
ronment. The sensitivity and specificity of these predic-
tors are limited [6]. There are still no precise biomarkers 
that can accurately predict the efficacy of ICIs.

Body Mass Index (BMI) is an internationally used mea-
sure of body fatness and health. Obesity (BMI>30 kg/m2) 
is associated with many diseases such as diabetes, heart 
disease, and cancer [7–9]. A recent study showed that 
obesity may be related to immunotherapy efficacy [10]. 
Researchers first examined the functional differences in 
T cells between obese and nonobese mice. The function 
of T cells was weaker in obese mice than in nonobese 
mice, in which more PD-1 proteins were expressed. In 
this study, a similar phenomenon was also observed in 
macaques and human volunteers. Several clinical studies 
investigated the correlation between BMI and the efficacy 
of ICIs, but their findings were inconsistent. Therefore, 
the authors of this meta-analysis aimed to clarify the rela-
tionship between BMI and survival outcomes of NSCLC 
patients treated with ICIs.

Methods
Data sources and search strategy
This study was performed following the meta-analysis 
protocol for observational studies [11]. The protocol was 
registered with the PROSPERO International Prospec-
tive Register of Systematic Reviews (https://www.crd.
york.ac.uk/prospero/) under the registration number 
CRD42022330046. After developing the clinical ques-
tion, we manually searched medical databases, includ-
ing PubMed, EMBASE, and the Cochrane Library, for 
studies published in English from inception until March 
2022. The investigation was conducted using the PICOS 
format: P: NSCLC patients; I: ICI treatment; C: differ-
ent BMIs; O: progression-free survival (PFS) or overall 

survival (OS); and S: observational studies. We used the 
following keywords: “non-small cell lung cancer” AND 
“body mass index” AND “immune checkpoint inhibi-
tors”. We also searched the references of the included 
articles to identify any additional studies. We contacted 
the authors for the full reports of relevant unpublished 
studies.

Two reviewers (ZTT and LSL) independently carried 
out the literature search and research selection using 
titles and abstracts. If a potentially available article was 
found, the full text of the article was found and read to 
identify whether the study met the inclusion criteria. A 
team discussion was conducted to resolve discrepancies 
if there was any disagreement.

Eligibility criteria
The inclusion criteria were as follows: (1) studies that 
involved humans; (2) studies including participants 
aged ≥ 18 years; (3) studies of NSCLC patients treated 
with ICIs (CTLA-4 or PD-1/PD-L1); and (4) studies 
reporting OS/PFS.

The exclusion criteria were as follows: (1) nonhuman 
studies (cell culture studies, animal models); (2) case 
reports, editorials, comments, letters, reviews, meta-
analyses, or interventional studies; (3) duplicate studies; 
and (4) studies for which the data on clinical outcome 
statistical measures (hazard ratios, 95% CIs) were incom-
plete or for which the outcome measures could not be 
calculated with the available data.

Outcome measures
The primary objective of this meta-analysis was to spec-
ify and quantify the association between BMI and the 
efficacy of ICIs in NSCLC patients. BMI was calculated 
using the formula of weight/ height2 (kilograms per 
square meter).

Data extraction and study quality assessment
We collected the following data from eligible studies: 
author, publication year, country/region, age, sex, his-
tology, smoking status, Eastern Cooperative Oncology 
Group performance status (ECOG PS), treatment regi-
men, median PFS and OS, and HRs for PFS and OS. We 
recorded these data in a standard data extraction spread-
sheet for analysis. We only selected the most extensive 
and latest study to avoid duplicate patient populations. 
When a study reported both univariate and multivariate 
analyses, we selected the multivariate analysis data. We 
assessed the quality of observational studies by using the 
Newcastle–Ottawa quality assessment scale (NOS) to 
evaluate the following items: patient selection, the com-
parability of study groups, and outcome assessments. 
The scoring criteria were as follows: 7–9 points indicated 
high quality, 4–6 points indicated moderate quality, and 

https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/


Page 3 of 14Zhang et al. BMC Cancer         (2023) 23:1023 

≤ 3 points indicated low quality. Two authors (ZTT and 
LSL) evaluated the bias risks independently.

Statistical analysis
The extracted data were used in the meta-analysis using 
STATA 14.0 analysis software (StataCorp, College Sta-
tion, TX, USA). The estimates of HR and 95% CI values 
were weighted and pooled. Cochran Q and I2 tests were 
used to evaluate heterogeneity between studies. When 
the Cochran Q p value was ≥ 0.10 and the I2 value was 
≤ 50%, the fixed-effect model was used to combine the 
study effects. The random-effect model was used to 
combine the study effects when the Cochran Q p value 
was < 0.10 and the I2 value was > 50%. We conducted 
subgroup analyses for OS and PFS based on sex, histol-
ogy, ECOG PS, smoking history, and PD-L1. A sensitiv-
ity analysis of the investigated outcomes was conducted 
sequentially, excluding each included study [12]. Funnel 
plot and Egger’s tests were conducted to assess publica-
tion bias of research products with more than ten studies 
[13]. All p values were two-sided, and p values < 0.05 were 
considered statistically significant.

Results
Literature search
Figure  1 shows the study selection process. During 
the initial search, we discovered 226 articles. A total of 
33 studies were excluded due to duplication or irrel-
evance. In total, 193 potentially available articles were 
selected. After detailed evaluations, 170 studies were 
excluded because they were irrelevant according to the 
inclusion criteria. Moreover, we excluded another 14 
studies because of cut-off values or lack of sample size. 
Ultimately, nine studies, including 4602 NSCLC patients 
treated with ICIs, were selected for this meta-analysis 
[14–22].

Study characteristics
Table 1 shows the general characteristics of the included 
studies. All studies were retrospective studies. These 
articles were published from 2019 to 2022. The coun-
tries/regions of the patients included in the meta-anal-
ysis included China, the USA, Japan, Canada, Australia, 
and other European countries. All nine studies enrolled 
advanced NSCLC patients with ICI treatment. The 
quality of the included studies was assessed using the 
NOS score. Four studies scored 8 points, two stud-
ies scored 7 points, and three scored 6 points. All stud-
ies are regarded as having moderate or high quality. 
The definition of underweight, normal, overweight and 
obesity are as follows: underweight is BMI < 18.5  kg/ 
m2, normal is 18.5 ≤ BMI ≤ 24.9  kg/m2, overweight is 
25 ≤ BMI ≤ 29.9 kg/m2 and obese is BMI ≥ 30 kg/m2.

Progression-free survival for all studies
All nine studies reported the association between BMI 
and PFS [14–22]. The low BMI group included under-
weight patients (BMI < 18.5 kg/ m2) and normal patients 
(18.5 ≤ BMI ≤ 24.9 kg/m2). The high BMI group included 
overweight patients (25 ≤ BMI ≤ 29.9  kg/m2) and obese 
patients (BMI ≥ 30  kg/m2). The studies including results 
for overweight vs. normal-weight patients and obese vs. 
normal-weight patients were named Study 1 and Study 
2, respectively. Pooled analysis showed no significant dif-
ference between the low BMI group and the high BMI 
group in PFS (HR 0.885; 95% CI 0.777–1.009, p = 0.068; 
Fig. 2) using a random-effect model (I2 = 63.2%; p = 0.002). 
The high BMI group tended to have long PFS. The sensi-
tivity analyses revealed that excluding any specific study 
did not influence the results (Fig. 3).

Overall survival for all studies
HRs for OS were reported in six studies [14–22]. The 
studies including results for overweight vs. normal-
weight patients and obese vs. normal-weight patients 
were named Study 1 and Study 2, respectively. No signifi-
cant difference between the low BMI group and the high 
BMI group was found in the analysis of OS (HR 0.947; 
95% CI 0.789–1.137, p = 0.560; Fig.  4) by using the ran-
dom-effect model (I2 = 74.5%; p < 0.001).

Subgroup analysis
According to the various BMI cut-off values in each 
study, the nine studies were divided into two groups:

Group 1: Five studies chose 25  kg/m2 as the cut-off 
value. These studies did not provide more detailed BMI 
criteria.

Group 2: Four studies categorized BMI accord-
ing to the World Health Organization (WHO) 
classification: underweight (BMI < 18.5  kg/ m2); 
normal (18.5 ≤ BMI ≤ 24.9  kg/m2); overweight 
(25 ≤ BMI ≤ 29.9 kg/m2); and obesity (BMI ≥ 30 kg/m2).

Part 1: PFS and OS analysis (BMI: <25  kg/m2 vs. 
≥25 kg/m2).

In PFS analysis [14–17, 19], no statistical difference 
was observed between the BMI < 25  kg/m2 group and 
the BMI ≥ 25  kg/m2 group (HR 0.958; 95% CI 0.671–
1.366, p = 0.811; Fig. 5) by using the random-effect model 
(I2 = 73.9%; p = 0.004). For OS analysis [14–17, 19], the 
random-effect model yielded a pooled HR of 1.373 with a 
95% CI of 1.015–1.856 (p = 0.040, Fig. 5). This result sug-
gests a significantly prolonged OS in the BMI ≥ 25 kg/m2 
group.

Part 2: PFS and OS analysis (overweight + obese vs. nor-
mal-weight patients).

The studies including results for overweight vs. normal-
weight patients and obese vs. normal-weight patients 
were named Study 1 and Study 2, respectively.
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In part 2, patients were divided into three or four 
groups: underweight, normal, overweight, and obese by 
WHO standards. All four studies reported the correla-
tion between BMI and PFS [18, 20–22]. The summary 
HRs represented a prolonged PFS in the overweight or 
obese group compared with that in the normal-weight 
group (HR 0.862; 95% CI 0.760–0.978, p = 0.021; Fig.  6) 
using a random-effect model (I2 = 54.9%; p = 0.039). In 
part 2, the HRs for OS were given in all four studies [18, 

20–22]. The fixed-effects model yielded a pooled HR of 
0.818 with a 95% CI of 0.741–0.902, suggesting a signifi-
cantly prolonged OS in overweight and obese patients 
(p<0.0001, Fig. 6) (I2 = 24.5%; p = 0.250).

In further analysis, the OS of overweight and obese 
patients was significantly increased, with a HR = 0.842 
(95% CI 0.745–0.952, p = 0.006) and a HR = 0.781 (95% 
CI 0.617–0.989, p = 0.040), respectively, by using a fixed-
effect model (Fig. 7).

Fig. 1  Study selection process

 



Page 5 of 14Zhang et al. BMC Cancer         (2023) 23:1023 

Ta
bl

e 
1 

Ba
se

lin
e 

ch
ar

ac
te

ris
tic

s 
an

d 
N

O
S 

sc
or

e 
of

 th
e 

st
ud

ie
s 

in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

St
ud

y
Pu

bl
ic

a-
tio

n
ye

ar

Co
un

tr
y/

Re
gi

on
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
IC

Is
BM

I c
at

eg
or

y
H

R 
fo

r P
FS

H
R 

fo
r O

S
D

at
a 

de
ri

ve
d 

fr
om

 m
ul

tiv
ar

i-
ab

le
 a

na
ly

se
s

N
O

S

J. 
Zh

ou
 e

t a
l.

20
20

C
hi

na
Re

tr
os

pe
ct

iv
e

Si
ng

le
 c

en
te

r
22

3
N

.A
.

<
25

 k
g/

m
2

≥
 2

5 
kg

/m
2

0.
65

3[
0.

45
5–

0.
93

8]
N

.A
.

PF
S

7

S.
 Z

ha
ng

 e
t a

l.
20

21
U

SA
Re

tr
os

pe
ct

iv
e

Si
ng

le
 c

en
te

r
22

0
at

ez
ol

iz
um

ab
, 

ni
vo

lu
m

ab
, 

pe
m

br
ol

iz
um

ab

<
25

 k
g/

m
2

≥
 2

5 
kg

/m
2

1.
32

[0
.9

62
–1

.8
18

]
1.

61
[1

.1
39

–2
.2

73
]

PF
S,

 O
S

8

A
. T

at
ei

sh
i e

t a
l.

20
22

Ja
pa

n
Re

tr
os

pe
ct

iv
e

Si
ng

le
 c

en
te

r
32

4
pe

m
br

ol
iz

um
ab

, 
ni

vo
lu

m
ab

<
25

 k
g/

m
2

≥
 2

5 
kg

/m
2

1.
00

[0
.4

1–
2.

50
]

0.
97

[0
.6

5–
1.

47
]

PF
S

8

C
. R

ic
ha

rd
 e

t a
l.

20
19

Ca
na

da
Re

tr
os

pe
ct

iv
e

M
ul

tic
en

te
r

38
1

A
nt

i-P
D

1
<

25
 k

g/
m

2

≥
 2

5 
kg

/m
2

0.
68

[0
.4

7–
0.

99
]

N
.A

.
N

.A
.

6

R.
 R

ho
ne

 e
t a

l.
20

21
U

SA
Re

tr
os

pe
ct

iv
e

M
ul

tic
en

te
r

61
N

.A
.

N
or

m
al

 w
ei

gh
t

O
ve

r w
ei

gh
t

O
ve

rw
ei

gh
t v

s. 
N

or
m

al
0.

54
[0

.4
7–

0.
99

]

N
.A

.
N

.A
.

6

 A
. K

ul
ka

rn
i e

t a
l.

20
19

U
SA

Re
tr

os
pe

ct
iv

e
Si

ng
le

 c
en

te
r

14
8

A
nt

i-P
D

1,
A

nt
i-P

D
-L

1
<

25
 k

g/
m

2

≥
 2

5 
kg

/m
2

1.
37

[0
.9

7–
1.

96
]

1.
56

[1
.1

1–
2.

22
]

N
.A

.
6

G
. K

ic
he

na
da

ss
e 

et
 a

l.
20

20
A

us
tr

al
ia

Re
tr

os
pe

ct
iv

e
M

ul
tic

en
te

r
14

34
at

ez
ol

iz
um

ab
N

or
m

al
 w

ei
gh

t
O

ve
rw

ei
gh

t
O

be
se

O
ve

rw
ei

gh
t v

s. 
N

or
m

al
0.

88
[0

.7
7–

1.
02

]
O

be
se

 v
s. 

N
or

m
al

0.
87

[0
.7

2–
1.

04
]

O
ve

rw
ei

gh
t v

s. 
N

or
m

al
0.

80
[0

.6
7–

0.
96

]
O

be
se

 v
s. 

N
or

m
al

0.
69

[0
.5

4–
0.

87
]

PF
S,

 O
S

7

A
. C

or
te

lli
ni

 
et

 a
l.

20
22

U
SA

,
Eu

ro
pe

Re
tr

os
pe

ct
iv

e
M

ul
tic

en
te

r
85

3
N

.A
.

U
nd

er
w

ei
gh

t
N

or
m

al
 w

ei
gh

t
O

ve
rw

ei
gh

t
O

be
se

O
ve

rw
ei

gh
t v

s. 
N

or
m

al
0.

83
[0

.6
8–

1.
01

]
O

be
se

 v
s. 

N
or

m
al

1.
04

[0
.8

1–
1.

33
]

O
ve

rw
ei

gh
t v

s. 
N

or
m

al
0.

79
[0

.6
2–

1.
01

]
O

be
se

 v
s. 

N
or

m
al

0.
99

[0
.7

4–
1.

32
]

PF
S,

 O
S

8

A
. C

or
te

lli
ni

 
et

 a
l.

20
20

U
SA

,
Eu

ro
pe

Re
tr

os
pe

ct
iv

e
M

ul
tic

en
te

r
95

8
pe

m
br

ol
iz

um
ab

U
nd

er
w

ei
gh

t
N

or
m

al
 w

ei
gh

t
O

ve
rw

ei
gh

t
O

be
se

O
ve

rw
ei

gh
t v

s. 
N

or
m

al
1.

04
[0

.8
5–

1.
26

]
O

be
se

 v
s. 

N
or

m
al

0.
61

[0
.4

5–
0.

82
]

O
ve

rw
ei

gh
t v

s. 
N

or
m

al
0.

97
[0

.7
7–

1.
22

]
O

be
se

 v
s. 

N
or

m
al

0.
70

[0
.4

9–
0.

99
]

PF
S,

 O
S

8

A
bb

re
vi

at
io

ns
: I

CI
s,

Im
m

un
e 

Ch
ec

kp
oi

nt
 C

nh
ib

ito
rs

; B
M

I,B
od

y 
M

as
s 

In
de

x;
 A

nt
i-P

D
1,

A
nt

i-P
ro

gr
am

m
ed

 P
ea

th
 1

 (
PD

1)
; A

nt
i-P

D
-L

1,
A

nt
i-P

ro
gr

am
m

ed
 D

ea
th

-li
ga

nd
 1

; H
R,

H
az

ar
d 

Ra
tio

; P
FS

, P
ro

gr
es

si
on

-F
re

e-
Su

rv
iv

al
; O

S,
 

O
ve

ra
ll-

Su
rv

iv
al

; N
.A

.,N
ot

 a
pp

lic
ab

le
; N

O
S,

 N
ew

ca
st

le
-O

tt
aw

a 
Sc

al
e



Page 6 of 14Zhang et al. BMC Cancer         (2023) 23:1023 

Other factors for survival outcomes
We also evaluated other factors, including survival out-
comes and sex, smoking history, ECOG PS, histology, 
and PD-L1 status (Table  2). The results revealed that 
smoking history, ECOG PS, and histology affected sur-
vival outcomes in NSCLC patients treated with ICIs.

Discussion
Currently, PD-L1 expression status is the most com-
monly used biomarker to predict the efficacy of ICIs in 
NSCLC patients, but it has limited sensitivity and speci-
ficity [23–27]. Several studies have shown that BMI may 
affect the survival outcomes of patients treated with ICIs 
and is expected to be a potential prognostic predictor. 
Most studies have reported that obese patients benefited 
more from ICI regimens than normal-weight patients. 
Experimental studies have reported that obesity could 
induce low-grade systemic meta-inflammation and harm 
the immune response. Moreover, obesity also influences 
the immune response by causing T cell dysfunction and 

increasing the exhausted PD-1-positive T cell pheno-
type [10, 28]. ICIs maybe affect the hazard response of 
fat tissue. However, there is no conclusion regarding the 
relationship between BMI and the survival outcomes of 
NSCLC patients treated with ICIs and no information 
regarding how to choose the BMI cut-off value.

Our analysis isn’t the first meta-analysis about the 
relationship between BMI and ICIs, but the first meta-
analysis focused on NSCLC patients to evaluate the asso-
ciation between BMI and ICI therapy outcomes based on 
observational studies. This comprehensive quantitative 
study included 4602 NSCLC patients from 9 studies with 
various characteristics. There were no differences in PFS 
or OS between the low BMI group and high BMI group 
in the primary analysis including all studies; however, in 
the subgroup analysis, compared with normal-weight 
NSCLC patients, overweight and obese NSCLC patients 
had prolonged PFS and OS. According to the low risk 
of publication bias of sensitivity analysis, we concluded 
that BMI level might be a prognostic factor of NSCLC 

Fig. 2  Forest plot of PFS for all studies. The diamonds and horizontal lines indicate the corresponding HRs and 95% CIs. The size of the gray area reflects 
the study-specific statistical weight. The vertical solid line shows the HR of 1, and the vertical red dashed line represents the combined effect estimate. 
The suffix “1” or “2” after the studies indicates two separate outcomes stratified by different BMI in the same study
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patients treated with ICIs. Currently, the effect of BMI 
on survival is not clear. A study showed that high BMI 
was probably related to worse prognosis of breast cancer 
[29]. However, other studies have found that, compared 
to patients with normal BMI, patients who were under-
weight had a lower survival rate, while those who were 
obese had a higher survival rate [30, 31]. The poten-
tial mechanism of BMI in predicting drug efficacy is 
still unknown, however, it may be related to the tumor 
microenvironment, because the obese tumor microenvi-
ronment affects the drug treatment response by regulat-
ing adipose factors, angiogenesis, hypoxia, fibrosis, and 
immune factors. Therefore, although obesity is associated 
with T cell dysfunction and a worse prognosis of cancer, 
it also induces a better response to immunotherapy [32, 
33].

However, BMI is a formula based on weight and height, 
it does not reflect body fat and muscle content. Sarcope-
nia is defined as loss of skeletal muscle mass and func-
tion [34], and regarded to be associated with increased 
protein degradation and decreased protein synthesis in 
cancer patients with involvement of Akt-mTORC1 path-
way in the presence of disturbed metabolic homeostasis, 
malnutrition, or reduced activity [35, 36]. Several stud-
ies reported that sarcopenia is associated with treatment 

efficacy, quality of life and clinical outcomes in lung can-
cer patients [37–39]. Previous researches also showed 
that compared with normal patients, sarcopenia patients 
with ICIs had poor prognosis, revealing that sarcopenia 
may be a potential predictor for immunotherapy effi-
cacy [40]. Due to the potential mechanism of sarcope-
nia in ICIs efficacy is still unclear, multiple studies have 
proposed that sarcopenia is associated with chronic 
inflammation which might play a central role in adverse 
affecting immunotherapy [41–43]. In addition, IL-15 is 
as a myokine expressed in skeletal muscle cells and regu-
lates CD8 T-cell and promotes survival of T-cells [44, 45], 
which is important in maintaining body immune func-
tion. Previous study showed that IL-15 levels decrease in 
older people with sarcopenia, which suggested that sar-
copenia may lead to immune function impaired [46].

Furthermore, the relationship between adipose tissue 
composition and survival outcomes in cancer patients 
is ambiguity. Mauland et al. found that high visceral fat 
percentage has been associated with poor outcomes in 
patients with endometrial cancer [47], other researches 
observed that high subcutaneous fat density has been 
associated with favorable outcomes among patients with 
prostate, colorectal, and renal cancer [48, 49]. Above all, 

Fig. 3  Sensitivity analyses of PFS for all studies
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the mechanism of adipose tissue composition affecting 
ICIs efficacy still need to be explored.

Recently, several studies revealed that obese patients 
might benefit from immunotherapy [30, 31]. Ziming 
Wang et al. [10] analyzed the effect of obesity on can-
cer. They proposed a possible explanation for the “para-
dox” phenomenon: obesity weakens the immune system. 
Obesity promotes tumor growth by upregulating PD-1, a 
“braking molecule” on immune cells, cutting the immune 
system and promoting tumor growth. However, over-
expression of PD-1 stimulates an immune checkpoint 
inhibitor response. The researchers found that the obe-
sity-induced upregulation of PD-1 expression is related 
to leptin [10]. Leptin, a hormone secreted by fat cells, was 
expressed more in overweight people/animals. In this 
study, leptin was demonstrated as a factor that stimulated 
PD-1 expression. They speculated that leptin triggered 
a T cell signaling pathway by upregulating PD-1 protein 
expression. In particular, obesity was likely a biomarker 
for predicting the response of patients treated with ICIs.

The result of the analysis of all nine studies was 
inconsistent with that of the subgroup analysis. Dif-
ferent criteria may be the reason for this inconsis-
tency. Among all nine studies, five studies in Part 1 
only used 25  kg/m2 as the cut-off value; four stud-
ies in Part 2 divided patients into three detailed 
groups: normal (18.5 ≤ BMI ≤ 24.9  kg/m2); overweight 
(25 ≤ BMI ≤ 29.9  kg/m2); and obesity (BMI ≥ 30  kg/m2). 
Therefore, the Part 1 studies enrolled patients with a 
BMI < 18.5 kg/ m2 in the low BMI group. However, the Part 
2 studies did not include patients with a BMI < 18.5  kg/ 
m2. Most underweight patients have worse ECOG scores 
and are associated with shorter survival outcomes. This 
may explain the difference between the whole group and 
subgroup analysis results.

Limitations
This study has several limitations. First, a high BMI level 
was not equivalent to a high body fat content. Our analy-
sis only included BMI levels without further investigation 

Fig. 4  OS for all studies.The diamonds and horizontal lines indicate the corresponding HRs and 95% CIs. The size of the gray area reflects the study-
specific statistical weight. The vertical solid line shows the HR of 1, and the vertical red dashed line represents the combined effect estimate. The suffix 
“1” or “2” after the studies indicates two separate outcomes stratified by different BMI in the same study.1 stand for overweight patient and 2 stand for 
obese patients
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of body muscle and fat content, which cannot fully reflect 
nutritional status. Second, diet status is also a critical 
factor in influencing immunotherapy. Another study 
showed that a high-fiber diet might improve ICI out-
comes by affecting the gut microbiome in melanoma 
patients. Levels of free fatty acids, glucose, insulin, and 
other hormones also tend to be higher in patients with 
high BMI, which may be relevant factors affecting immu-
notherapy efficacy. Further research is needed to evaluate 
the role of the above factors in ICI treatment.

In conclusion, our meta-analysis showed a significant 
relationship between high BMI (overweight and obese) 
and increased OS of NSCLC patients treated with ICIs. 
Further prospective studies are needed to strengthen the 
association between ICI outcomes and BMI levels.

Fig. 5  Forest plot of PFS and OS for part 1 studies.The diamonds and horizontal lines indicate the corresponding HRs and 95% CIs. The size of the gray 
area reflects the study-specific statistical weight. The vertical solid line shows the HR of 1, and the vertical red dashed line represents the combined effect 
estimate. The suffix “1” or “2” after the studies indicates two separate outcomes stratified by different BMI in the same study. 1 stand for overweight patient 
and 2 stand for obese patients
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Fig. 6  Forest plot of PFS and OS for part 2 studies.The diamonds and horizontal lines indicate the corresponding HRs and 95% CIs. The size of the gray 
area reflects the study-specific statistical weight. The vertical solid line shows the HR of 1, and the vertical red dashed line represents the combined effect 
estimate. The suffix “1” or “2” after the studies indicates two separate outcomes stratified by different BMI in the same study.1 stand for overweight patient 
and 2 stand for obese patients
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Fig. 7  Forest plot of OS for overweight and obese patients for part 2 studies. The diamonds and horizontal lines indicate the corresponding HRs and 95% 
CIs. The size of the gray area reflects the study-specific statistical weight. The vertical solid line shows the HR of 1, and the vertical red dashed line repre-
sents the combined effect estimate. The suffix “1” or “2” after the studies indicates two separate outcomes stratified by different BMI in the same study.1 
stand for overweight patient and 2 stand for obese patients
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