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Abstract 

Background  Obesity is a well-known risk factor for developing malignant tumors and promoting tumor cell growth 
and spread. However, recent studies have shown that obese cancer patients, who typically have a worse progno-
sis than nonobese cancer patients, show a significant improvement in survival after receiving immune checkpoint 
inhibitor (ICI) therapy. This phenomenon is known as the “obesity paradox”. However, this phenomenon is influenced 
by tumor type and sex. Therefore, this study aimed to explore the impact of obesity on immunotherapy efficacy 
from multiple perspectives, aiming to verify this paradox and provide new scientific evidence on the effect of obesity 
on ICI efficacy.

Methods  This retrospective study evaluated the data of patients who received ICI therapy between June 2019 
and August 2023. Automatic segmentation of skeletal muscle, subcutaneous fat, and visceral fat was performed using 
Slice-O-Matic software, and the corresponding skeletal muscle index (SMI), subcutaneous fat index (SFI) and visceral 
fat index (VFI) were calculated. The neutrophil-to-lymphocyte ratio (NLR) was determined by dividing the neutrophil 
count by the lymphocyte count. Univariate and multivariate Cox regression analyses were used to evaluate the corre-
lation between body mass index (BMI), body composition parameters, and the NLR with overall survival (OS) and pro-
gression-free survival (PFS) in obese patients receiving ICI therapy.

Results  We analyzed 219 patients with a median age of 60 years (IQR 53–69 years; 155 men and 64 women). Obese 
patients, particularly those with visceral fat accumulation, exhibited extended OS after ICI therapy (logrank P = 0.027). 
Cox multivariate analysis revealed that the NLR (HR = 1.036; 95% CI: 0.996 to 1.078; P = 0.002) was independently asso-
ciated with OS. Patients with a high NLR had worse OS than those with a low NLR.

Conclusions  This study corroborates the veracity of the "obesity paradox" under specific conditions and identifies 
NLR as an independent prognostic factor, with elevated NLR indicative of a poor prognosis.
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Introduction
In recent years, immune checkpoint inhibitor (ICI) 
have shown great potential for cancer treatment [1–3]. 
However, only a small percentage of patients exhibit 
a favorable response [4], and ICI therapy can lead to 
immune-related side effects. Therefore, there is a need 
to better identify those who can benefit from ICI ther-
apy. Compared to traditional chemotherapy, ICI therapy 
induces a complex systemic response that is influenced 
by various factors, such as patient sex, age, and obesity 
[5–7]. Exploring the mechanisms by which these factors 
influence the ICI response can enhance our understand-
ing of the immune microenvironment in tumors and 
identify more effective clinical or pathological features to 
guide ICI therapy.

Obesity is a recognized risk factor for several cancer 
types [8–10]. It can lead to metabolic dysfunction, insulin 
resistance and adipose tissue remodeling, including local-
ized fibrosis and angiogenic disruption. These changes 
can promote the occurance and progression of cancer 
[11]. Furthermore, obesity triggers lipid metabolism 
reprogramming in tumor cells, causing metabolic com-
petition between tumor cells and T cells and hindering 
immune cell function and promoting tumor growth [12]. 
However, recent studies have shown that obese patients 
with tumors may have a significantly improved progno-
sis after receiving ICI therapy [13–15]. This phenomenon 
is referred to as the “obesity paradox”. Currently, relevant 
clinical studies have focused on malignant melanoma 
[13], non-small cell lung cancer [16] and renal clear cell 
carcinoma [14]; it is not clear whether the “obesity para-
dox” exists in other cancer types. Moreover, there is no 
consensus on the difference in the impact of obesity on 
ICI therapy in patients of different sexes. Furthermore, as 
patients may experience significant weight fluctuations 
during antitumor therapy, does the predictive value of 
ICI therapy efficacy change over time? To answer these 
questions and verify the validity of the “obesity paradox”, 
this retrospective study aimed to investigate the impact 
of obesity on immunotherapy from a multidimensional 
perspective and to further analyze the influence of differ-
ent factors on this paradox.

Body mass index (BMI) is often used to measure 
whether a person is obese, but BMI does not distinguish 
between skeletal muscle and adipose tissue. A reduction 
in skeletal muscle mass can serve as a predictive factor 
for adverse patient outcomes [17]. Furthermore, distinct 
structural and functional variations exist within differ-
ent areas of adipose tissue [18]. This means that using 
BMI alone as a criterion for judging whether a patient 
is obese is insufficient. A more precise assessment of 
body composition parameters, such as visceral fat, sub-
cutaneous fat, and skeletal muscle content, through CT 

cross-sectional images may provide clues to explain the 
“obesity paradox” by comparing structural and functional 
differences between different components.

Obesity, which is defined as the excessive accumulation 
of fat, also causes systemic metabolic disorders, in which 
inflammatory cell aggregation is closely related to tumor 
progression. Obesity causes chronic low-grade inflam-
mation throughout the body, and adipose tissue may be 
a source of proinflammatory factors [19]. Does the sys-
temic inflammatory state correlate with ICI therapy effi-
cacy? Can inflammatory cell numbers in the blood reflect 
the obesity-induced systemic inflammatory state and 
predict the efficacy of ICI therapy? The neutrophil-to-
lymphocyte ratio (NLR), based on the counts of neutro-
phils and lymphocytes, is proposed as a novel systemic 
inflammatory index that reflects the balance between 
host inflammation and the immune response in cancer 
patients [20]. This chronic inflammatory state associated 
with obesity has a certain impact on the development of 
tumors and may affect the efficacy of ICI therapy. There-
fore, this study aimed to investigate the potential impact 
of BMI, body composition parameters, and the NLR on 
overall survival (OS) and progression-free survival (PFS) 
in patients receiving ICI therapy. This analysis serves as 
a foundation for further exploration into the underlying 
mechanisms behind the “obesity paradox” phenomenon.

Methods
Patients
We retrospectively enrolled 224 patients treated with ICI 
therapy at the Department of Oncology, Guangdong Pro-
vincial People’s Hospital between June 2019 and August 
2023 (Fig. 1). All patients received at least 1 cycle of ICI 
therapy. The ICI therapies included nivolumab, pem-
brolizumab, camrelizumab, tislelizumab, toripalimab and 
sintilimab. Five patients with incomplete blood counts or 
height or weight records were excluded. Patients’ base-
line demographic, biological, and clinical data, including 
age, sex, body weight, height, diagnosis, tumor stage, ICI 
therapy regimen and serum blood counts, including neu-
trophils and lymphocytes, were extracted from medical 
records.

Imaging analysis
Computed tomography (CT) images of patients 
were obtained from Vue-RIS-GC, version 3.2.0202.0. 
Abdominal cross-sectional images of patients within 
1 month before and after the first cycle of ICI therapy 
were included. Imaging was excluded if the CT scan 
failed to show the abdominal wall or if the CT scan 
had excessive artifacts. Axial CT Digital Imaging and 
Communications in Medicine (DICOM) images were 
obtained. The CT scans obtained during the evaluation 
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of the patients were analyzed by an experienced radi-
ology researcher. Slice-O-Matic, version 5.0 (Tomovi-
sion, Montreal, Quebec, Canada) was used for analysis. 
Abdominal CT images were examined at the level of 
the L3 vertebra for the assessment of body mass com-
position, which has been proven to accurately quantify 
a person’s body composition [22, 23]. The cross-sec-
tional area of the tissue was calculated in square cen-
timeters using the 3rd lumbar vertebra as a reference 
point. In addition, CT scans were used to identify and 

quantify skeletal muscle (SM), visceral adipose tissue 
(VAT) and subcutaneous adipose tissue (SAT). The SM 
value corresponds to the area of the abdominal muscle. 
The SAT is defined as the area outside the abdominal 
muscular wall, while the VAT is defined as the area 
inside the abdominal muscular wall (Fig.  2). Predeter-
mined Hounsfield units (SM: (-29)-(+ 150) HU, VAT: 
(-150)-(-50) HU, SAT: (-190)-(-30) HU) were used [23, 
24]. The skeletal muscle index (SMI), subcutaneous fat 

Fig. 1  Flow diagram describing the selection of patients for this study. ICIs, immune checkpoint inhibitors; CT, computed tomography

Fig. 2  Computed tomography image of an axial section of the 3rd lumbar vertebra (A); Automatic segmentation of visceral fat (yellow), 
subcutaneous fat (green) and skeletal muscle (red) was performed using Slice-O-Matic software (B)
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index (SFI) and visceral fat index (VFI) were calculated 
as the area in square centimeters per square meter [24].

Evaluation index
BMI was calculated as weight divided by height squared 
(kg/m2) and categorized according to the Asia–Pacific 
classification criteria of underweight (< 18.5 kg/m2), nor-
mal weight (18.5–22.9 kg/m2), overweight weight (23.0–
24.9 kg/m2), or obese weight (≥ 25 kg/m2) [21]. The SFI 
and VFI were employed primarily for the assessment of 
obesity characteristics in patients, whereas the SMI was 
utilized for the measurement of skeletal muscle content. 
The NLR is calculated by dividing the neutrophil count 
by the lymphocyte count. The baseline BMI and NLR 
were obtained at diagnosis and at the first cycle of ICI 
therapy. Other data were also extracted from medical 
records.

Response to treatment was assessed using the Response 
Evaluation Criteria in Solid Tumors V.1.1 (RECIST V.1.1). 
Regular follow-up was performed every 3  months and 
was terminated on 31st August 2023. PFS was defined 
as the time interval from the date of the first cycle of ICI 
therapy to progression or death due to any cause. OS 
was defined as the time interval from the date of the first 
cycle of ICI therapy to the date of death due to any cause.

Statistical analysis
The baseline characteristics of all patients were described 
and summarized using frequencies and percentages for 
categorical variables and medians and ranges for con-
tinuous variables. Differences were considered statisti-
cally significant at P < 0.05. Kaplan–Meier analysis and 
logrank tests were used to compare the differences in 
survival curves between groups. The cutoff values were 
determined based on the time to death to best separate 
the two groups. Pearson’s correlation analysis was used 
to determine relationship between body composition 
parameters and clinical variables. Univariate and mul-
tivariate Cox regression analyses were used to identify 
potential risk factors for OS and PFS. Statistical analysis 
was performed using GraphPad Prism v9.5.1 (Graph-
Pad Software, Inc.) and R software V.4.2.1. Two-tailed 
p values < 0.05 were considered to indicate statistical 
significance.

Results
Baseline characteristics
A total of 219 patients with a median age of 60  years 
(IQR 53–69  years; 155 men and 64 women) were ulti-
mately included in the analysis. The median follow-up 
period was 16 months (IQR 12–25). In accordance with 
the Asian BMI classification criteria [21], there were 25 
(11.4%) low weight patients, 133 (60.7%) normal weight 

patients, 47 (21.5%) overweight and 9 (4.1%) obese 
patients at diagnosis. Additionally at the first cycle of 
ICI therapy, there were 40 (18.3%) patients with low 
weight, 122 (55.7%) with normal weight, 47 (21.5%) with 
overweight, and 8 (3.7%) with obesity. Colorectal can-
cer (CRC) was the most prevalent type of cancer, with 
49 patients (22.4%), followed by gastric cancer (GC) 
with 47 patients (21.5%), esophageal cancer (EC) with 
34 patients (15.5%), hepatocellular carcinoma (HCC) 
with 20 patients, and other types of cancer including 
malignant melanoma, nasopharyngeal carcinoma, and 
renal carcinoma, with 69 patients (31.5%). Most patients 
were already in stage IV (146 patients, 66.7%) when 
they received ICI therapy, 55 were in stage III (25.1%), 
and only 10 were in stage II (4.6%). Sixty-nine patients 
received nivolumab (31.5%), 60 received pembrolizumab 
(27.4%), 45 received camrelizumab (20.5%), and the 
remaining 45 received tislelizumab, toripalimab and sin-
tilimab (20.5%).

The optimal cutoff values for the NLR at diagnosis 
and after the first cycle of ICI treatment were 4.51 and 
4.01, respectively. The optimal threshold values for the 
SFI and VFI were divided according to sex. Based on this 
method, SFI ≤ 19.84 cm2/m2 for men and ≤ 45.94 cm2/
m2 for women were defined as low SFI, and patients 
with VFI ≤ 17.03 cm2/m2 for men and ≤ 14.20 cm2/m2 for 
women were defined as low VFI. Sarcopenia was defined 
as an SMI of ≤ 44.77 cm2/m2 in men and ≤ 32.50 cm2/
m2 in women [25]. When the mortality rate was < 50%, 
the median OS was undefined, and the mean OS was 
45.0 months (95% CI 40.7 to 49.3 months). The median 
PFS was 10.0  months (95% CI 4.9 to 15.1  months). The 
baseline patient characteristics are shown in Table 1.

Obese patients, particularly males, exhibit favorable 
survival outcomes after ICI therapy
First, BMI was categorized into four subgroups: under-
weight, normal, overweight, and obese. We calculated 
BMI at two different time points, one at diagnosis and the 
other at the first cycle of ICI therapy. We found that at the 
first cycle of ICI treatment, obese patients had a longer 
OS (mean OS 43.1 months; 95% CI 32.4 to 53.9 months), 
while underweight patients had the shortest OS (mean 
OS 24.5 months; 95% CI 18.2 to 30.9 months) compared 
to other patients (logrank P = 0.027) (Fig.  3C-D). How-
ever, there was no significant difference in OS or PFS 
among the four different BMI subgroups, which were 
calculated at diagnosis (Fig.  3A-B). Because both obese 
and overweight patients demonstrated a survival benefit 
at the first cycle of ICI therapy, we combined obese and 
overweight patients into one group. When we reanalyzed 
the differences among the three BMI groups at the first 
cycle of ICI therapy, the results were similar to those 
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described above. Obese patients had a longer OS, while 
underweight patients had the shortest OS (Fig. 3E-F).

Additionally, there are variations in the development 
and function of the immune system between males and 
females [26]. Therefore, the influence of sex on the effec-
tiveness of ICI therapy cannot be disregarded [27]. In 
this study, we separated the males and females with vary-
ing BMIs to investigate the impact of sex on patient OS. 
Similar outcomes were observed for men; obese patients 
receiving ICI therapy experienced prolonged OS, while 
underweight individuals had the shortest survival (mean 
OS 22.73  months; 95% CI 14.22 to 31.24 months) (log
rank P = 0.013), but not for women (Fig. 4A-B).

Fat distribution and skeletal muscle content may also 
be important prognostic indicators for patients [28, 29]. 
However, BMI does not precisely represent skeletal mus-
cle content and fat content and distribution. In this study, 
we grouped patients into different groups according to 
their VFI, SFI, and SMI and analyzed their survival after 
receiving ICI therapy. We found that OS was significantly 
longer in patients with a high VFI (mean OS 48.9 months; 
95% CI 43.5 to 54.2 months) than in patients with a low 
VFI (mean OS 32.0 months; 95% CI 24.1 to 39.8 months) 
(logrank P = 0.033) (Fig.  5A). However, OS did not sig-
nificantly differ between patients with a high SFI and 
patients with a low SFI (log-rank P = 0.848) (Fig.  5C). 
There was also no significant difference in PFS between 
the VFI and SFI groups (Fig. 5B, D). Moreover, we found 
no significant association between the SMI and survival 
(log-rank P = 0.854) (Fig.  5E, F). These results indicate 
that obese people, especially men, are more likely to ben-
efit from ICI therapy, and that VFI may also be an impor-
tant prognostic indicator in addition to BMI.

Patients with a lower NLR are more likely to benefit 
from ICI therapy
The NLR reflects the systemic inflammatory status and 
may predict the efficacy of ICI therapy. However, this 
predictive role may be influenced by the time point, sex, 
and the immunological drug used. Kaplan–Meier analysis 
revealed that patients with a high NLR had a significantly 
worse prognosis than those with a low NLR (mean OS: 
31.0 months vs. 48.7 months, log-rank P = 0.001) after the 
first cycle of ICI treatment (Fig. 6C). However, when we 
analyzed the NLR at diagnosis, there was no significant 
correlation between prognosis and the NLR (Fig. 6A, B). 

Table 1  Summary of Patient Demographic, Clinicopathological, 
Inflammatory Mediator, and Body Composition Profile Data

Characteristic Patients, No. 
(%) (N = 219)

Age, median (IQR), y 60 (53–69)

Sex

 Male 155 (70.8)

 Female 64 (29.2)

BMI, mean ± SD, kg·m−2 * 22.04 ± 3.25

BMI, categories*

 Underweight 25 (11.4)

 Normal weight 133 (60.7)

 Overweight 47 (21.5)

 Obese 9 (4.1)

 Unclear 5 (2.3)

BMI, mean ± SD, kg·m−2 ♰ 21.56 ± 3.47

BMI, categories♰
 Underweight 40 (18.3)

 Normal weight 122 (55.7)

 Overweight 47 (21.5)

 Obese 8 (3.7)

 Unclear 2 (0.9)

VFI, mean ± SD, (cm2/m2) 23.37 ± 9.70

SFI, mean ± SD, (cm2/m2) 32.64 ± 13.21

SMI, mean ± SD, (cm2/m2) 40.43 ± 7.35

VAT for men, mean ± SD, cm2 61.37 ± 21.22

VAT for women, mean ± SD, cm2 59.67 ± 26.70

SAT for men, mean ± SD, cm2 85.32 ± 33.37

SAT for women, mean ± SD, cm2 95.10 ± 36.52

NLR, mean ± SD * 3.95 ± 4.22

NLR, mean ± SD ♰ 4.84 ± 4.39

Diagnosis

 CRC​ 49 (22.4)

 EC 34 (15.5)

 GC 47 (21.5)

 HCC 20 (9.1)

 Others 69 (31.5)

Clinical stage

 II 10 (4.6)

 III 55 (25.1)

 IV 146 (66.7)

 Unclear 8 (3.7)

Treatment

 Nivolumab 69 (31.5)

 Pembrolizumab 60 (27.4)

 Camrelizumab 45 (20.5)

 Others 45 (20.5)

PD-L1

 Negative 41 (18.7)

 Positive (CPS) 52 (23.7)

 Unclear 93 (42.5)

Table 1  (continued)
CRC, colorectal cancer; EC, esophageal cancer; GC, gastric cancer; HCC, 
hepatocellular carcinoma; BMI, body mass index; NLR, neutrophil-to-lymphocyte 
ratio; SMI, skeletal muscle index; SFI, subcutaneous fat index; VFI, visceral fat 
index. SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue
* : at diagnosis; ♰: at the first cycle of ICI therapy
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Fig. 3  Kaplan–Meier analysis of overall survival (A, C, E) and progression-free survival (B, D, F) according to BMI. Obesity and overweight were 
group together into the obese group. The patients were divided into three groups (E, F): underweight (18.5 kg/m2), normal weight (18.5–22.9 kg/
m2), and obese (≥ 23 kg/m2); OS, overall survival; PFS, progression-free survival
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In terms of sex, males with a high NLR had a significantly 
worse prognosis (log-rank P = 0.001) (Fig.  6E), while 
there was no significant correlation between sex and the 
NLR for females (log-rank P = 0.309) (Fig. 6F).

Patients in our cohort mostly received nivolumab, 
pembrolizumab, and camrelizumab, so we evaluated the 
prognostic value of the NLR in patients receiving each 
of these treatments. Subgroup analysis revealed that 
patients with a low NLR receiving camrelizumab (mean 
OS 46.6 months; 95% CI 37.4 to 55.8 months) had longer 
OS than those with a high NLR (mean OS 26.6 months; 
95% CI 18.0 to 35.3 months) (log-rank P = 0.036) (Fig. 7A, 
B). Similarly, the benefit of a low NLR at diagnosis was 
more pronounced in patients treated with pembroli-
zumab (mean OS: 29.7 months vs. 19.1 months, log-rank 
P = 0.006), but no significant difference was observed 
at the first cycle of ICI therapy (Fig. 7C, D). For people 
treated with nivolumab, there were no significant differ-
ences in OS (Fig. 7E, F).

These results indicate that the ability of the NLR to 
predict ICI efficacy may be more pronounced in male 
patients and in patients treated with camrelizumab or 
pembrolizumab.

Peripheral blood cell counts cannot reflect obesity‑related 
inflammation
To determine if neutrophil counts, lymphocyte counts, 
and other markers in the peripheral blood can accurately 
reflect the chronic systemic low-grade inflammation 
caused by obesity, the relationships between BMI and 
body composition parameters with neutrophil counts 
and lymphocyte counts were analyzed. Pearson’s cor-
relation analysis revealed that there was no significant 

correlation between BMI, SM, SAT, or VAT and neutro-
phil or lymphocyte counts (Fig. 8). This finding suggests 
that obesity-mediated inflammation may not be domi-
nated by neutrophil aggregation or that the inflammatory 
state cannot be determined by testing peripheral blood 
alone.

The NLR at the first cycle of ICI therapy is an independent 
prognostic factor for OS
Univariate Cox regression analysis revealed that a high 
BMI (HR = 0.904, 95% CI 0.833–0.981, P = 0.016) and a 
high VFI (HR = 0.436, 95% CI 0.198–0.963, P = 0.040) at 
the first cycle of ICI therapy were protective factors for 
OS, while a high NLR (HR = 1.036, 95% CI 0.996–1.078, 
P = 0.002) was a risk factor. According to the multivari-
ate Cox regression analysis, the NLR at the first cycle of 
ICI therapy was the only independent prognostic fac-
tor for OS (HR = 1.075, 95% CI: 1.005–1.150; P = 0.035) 
(Table 2).

Discussion
Currently, there is still a great deal of controversy about 
whether obese patients can benefit from ICI therapy. One 
study revealed that diet-induced obese mice had a lower 
tumor load and improved survival after treatment with 
PD-1 inhibitors [30]. This therapeutic effect has also been 
demonstrated in oncology patients. Compared with non-
obese patients (BMI < 30 kg/m2), obese patients (BMI ≥ 30 
kg/m2) showed significant improvements in both PFS 
and OS after treatment with PD-1 inhibitors [30]. How-
ever, some studies have reached the opposite conclusion. 
For instance, Boi et  al. reported that obesity diminishes 
the therapeutic effectiveness of PD-1 inhibitors in mice 

Fig. 4  Stratified analysis by sex: Male (A), Female (B); OS, overall survival; PFS, progression-free survival
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Fig. 5  Kaplan–Meier analysis of overall survival and progression-free survival according to VFI (A, B), SFI (C, D) and SMI (E, F); OS, overall survival; PFS, 
progression-free survival; SMI, skeletal muscle index; SFI, subcutaneous fat index; VFI, visceral fat index
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Fig. 6  Kaplan–Meier analysis of overall survival (A, C) and progression-free survival (B, D) according to the NLR; stratified analysis by sex: male (E), 
female (F); OS, overall survival; PFS, progression-free survival
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Fig. 7  Stratified analysis according to treatment regimen: camrelizumab (A, B), pembrolizumab (C, D), and nivolumab (E, F); OS, overall survival
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with renal cancer and patients with metastatic renal can-
cer [31]. In obese patients with renal cancer, the median 
PFS and OS after treatment with PD-1 inhibitors were 
reduced by 6.5 months and 12 months, respectively, com-
pared to those in patients with normal weight [31]. These 
findings indicate that obesity may have a complex impact 
on ICI therapy for various types of cancer. Clinical studies 
on the “obesity paradox” have focused mainly on tumor 
types such as malignant melanoma [13], non-small cell 
lung cancer [16] and renal clear cell carcinoma [14], with 
relatively few reports on gastrointestinal tumors. In this 
study, which mainly included patients with gastrointesti-
nal tumors, it was found that obese patients had a more 
pronounced survival benefit after receiving ICI therapy, 
providing new evidence to support the potential advan-
tages of obesity in ICI therapy.

In addition, there are significant differences in the 
immune systems of patients of different sexes [32], so 
does the advantage of ICI therapy for obese patients also 
change according to sex? Therefore, our study conducted 
a further stratified analysis based on sex and revealed 

that obese men benefited more from ICI therapy. Simi-
lar phenomena have been observed in other studies. 
Among the 331 patients treated with anti-PD1/PD-L1, 
obese male patients had a median PFS of 7.6  months 
(95% CI 4.1–23.5 months), compared with a median PFS 
of only 2.7 months (95% CI 2.7–6.8 months) for normal-
weight patients [33]. Moreover, male patients who were 
obese had a 30–40% lower risk of tumor progression 
and death, while this difference was not significant for 
female patients [33]. These results validate the idea that 
obese men have a more pronounced survival benefit after 
receiving ICI therapy, emphasizing the importance of sex 
in the response to ICI therapy. This phenomenon may be 
closely related to the effect of estrogen on the immune 
system. Estrogen has been found to induce the polariza-
tion macrophage to an immunosuppressive phenotype, 
which promotes tumor growth. Inhibition of the estro-
gen receptor was shown to increase the efficacy of ICI 
therapy [34]. Moreover, tumor progression may trigger a 
more robust immune editing process in female patients, 
resulting in stronger immune escape mechanisms in 
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tumor cells [6, 27]. Second, differences in sex hormone 
levels between men and women result in differences in 
fat distribution. Visceral fat tends to accumulate more 
in men, while in premenopausal women, excess fat tends 
to accumulate under the skin [35]. Inflammatory factors 
and immune cells also accumulate more in visceral fat, 
which contributes to sex differences in tumor immunity 
[18]. Studying differences in ICI therapy efficacy between 
sexes could provide insight into potential therapeutic tar-
gets. However, there are no generalized models of how 
adiposity and sex hormones affect cancer at the molecu-
lar level, and mechanistic pathways may differ between 
cancers.

Obesity-related systemic inflammation is crucial to the 
connection between obesity and the immune system. 
Some studies have suggested that the development of the 
“obesity paradox” may be linked to inflammatory cells, 
such as neutrophils and lymphocytes [13]. However, our 
study did not find a significant correlation between body 
composition parameters and these cells. The lack of cor-
relation may be because macrophages are the primary 
inflammatory cells that accumulate in adipose tissue and 
play a crucial role in obesity-mediated chronic inflamma-
tion [36, 37]. They exhibit high plasticity and can display 
heterogeneity from antitumor to protumor phenotypes 
in response to various environments and stimuli [38, 39]. 
Lumeng et al. discovered that diet-induced obesity alters 

the activation state of macrophages from an M2-type 
immunosuppressive state to an M1-type antitumor 
state [40]. Furthermore, anti-PD-1 treatment increased 
the number of antitumor M1-type macrophages while 
decreasing the number of M2-type macrophages with 
immunosuppressive functions, thus promoting immune 
efficacy [41].

Although neutrophils are not a large subpopulation 
in adipose tissue, they do have an impact on ICI ther-
apy. Current research indicates that neutrophils are the 
most abundant leukocytes in human circulation. They 
accumulate in various tumor types, and different sub-
types of neutrophils have distinct functions in tumors 
[42–44]. Jitka et  al. discovered that as tumors progress, 
mature high-density neutrophils (HDNs) in the periph-
eral circulation are transformed into immature low-den-
sity neutrophils (LDNs) with protumor effects [45]. This 
may explain why a higher NLR is associated with a worse 
prognosis. However, Jeremy et  al. reported a significant 
increase in the number of tumor-associated neutrophils 
in a mouse model that responded positively to ICI ther-
apy [42]. This conclusion is contrary to our findings, and 
we hypothesized that circulating and tumor-infiltrating 
neutrophils were also heterogeneous. A recent study by 
Zilionis et  al. verified our hypothesis and revealed that 
gene expression differed significantly between circulat-
ing and tumor-infiltrating neutrophils [46]. The role 

Table 2  Univariable and multivariable Cox regression for overall survival

BMI, body mass index; VFI, visceral fat index; SMI, skeletal muscle index; SFI, subcutaneous fat index; NLR, the neutrophil-to-lymphocyte ratio

Univariable Multivariable

Variable HR 95%CI P HR 95%CI P

BMI(At diagnosis) 0.939 0.86–1.025 0.160

BMI(ICIs therapy) 0.904 0.833–0.98 1 0.016 0.896 0.784–1.024 0.107

 group-VFI 0.436 0.198–0.963 0.040 0.667 0.273–1.631 0.374

 group-SMI 1.064 0.489–2.317 0.876

 group-SFI 0.926 0.42–2.042 0.849

NLR(At diagnosis) 1.075 1.026–1.127 0.077

NLR(ICI therapy) 1.036 0.996–1.078 0.002 1.075 1.005–1.150 0.035

PD-L1 1.464 0.541–3.965 0.453

Sex 1.420 0.807–2.498 0.224

Stage (II)

 (III) 17,841.415 0–6.34 × 1088 0.921

 (IV) 26,755.278 0–9.5 × 1088 0.918

Treatment (Nivolumab)

 Pembrolizumab 2.263 1.023–5.008 0.044

 Camrelizumab 2.322 1.026–5.253 0.043

 Attilizumab 0.000 0.000 0.991

 Tirellizumab 1.350 0.415–4.386 0.618

 Triplimab 0.000 0.000 0.970

 Sindillimab 1.448 0.312–6.706 0.636
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of neutrophils in tumor immunity is multifaceted and 
influenced by various environmental stimuli. However, 
the intrinsic mechanisms and pathways of neutrophils 
remain unclear. Further exploration of these mechanisms 
may lead to the development of beneficial neutrophil 
subtypes for patients and improve the efficacy of antitu-
mor therapy.

In addition, cancer patients often undergo multiple 
courses of chemotherapy before receiving ICI therapy, 
which may result in more pronounced weight fluctua-
tions. Therefore, we compared the predictive value of 
the above indicators for ICI therapy efficacy at different 
time points. We found that the data from the first cycle 
of ICI therapy had a greater predictive value for prog-
nosis. The study indicated that the impact of obesity on 
the immune system is not fixed but rather changes over 
time. Furthermore, the effects of obesity on ICI efficacy 
are more closely linked to the patient’s current condition. 
Additionally, a recent study revealed that supplementing 
the diet with oleic acid improved the control of tumor 
growth in mice treated with PD-1 inhibitors, resulting in 
a significant increase in the survival rate [47]. This find-
ing demonstrates that by implementing a reasonable die-
tary intervention and adjusting the patient’s body state, 
it is possible to achieve better treatment outcomes for 
patients receiving ICI therapy. However, the effectiveness 
of ICI therapy can be influenced by various host factors, 
such as sex, tumor type, and therapeutic drugs. Weight 
management in cancer patients should be approached 
with caution, avoiding stereotypical demands that 
patients lose or gain weight. It is important to consider 
individual factors and promote tailored healthy lifestyle 
changes to address the complex relationship between 
obesity and cancer outcomes.

Our research indicated that BMI, VFI, and NRL were 
more effective predictors of OS rather than PFS. This 
could be because the association between early end-
points and OS was more consistent for these agents than 
for conventional cytotoxic agents. Moreover, the unique 
mechanism of action of ICI therapy and other therapies 
acts on tumor growth kinetics rather than directly kill-
ing tumor cells [48]. In addition, variations in deletions 
among the groups may have impacted PFS to a greater 
degree than OS, which might explain this discrepancy.

This study has limitations. First, it was a retrospec-
tive and single-center study, resulting in a small sample 
size and limited generalizability of some results. Second, 
the study mainly included gastrointestinal cancers, such 
as colorectal and esophageal cancers, with a majority of 
the patients being male. This resulted in an imbalance in 
the number of male and female patients, and a relatively 
small proportion of the included patients were obese. 
Therefore, the results may be biased, reducing their 

validity. Third, the study did not report any ICI therapy-
related adverse effects.

The studies above suggest a complex link between obe-
sity, sex, inflammatory status, and antitumor immune 
responses. Studying the differences could therein provide 
new biological insights and therapeutic targets to indi-
vidualize treatment and improve patient prognosis.
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