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Impact of metabolic and nutritional disorders
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Abstract

Background Patient conditions including metabolic and nutritional status were reported to be prognostic or
predictive biomarkers of anti-cancer treatment, while little attention has been paid to its association with the
synergistic effect of radiotherapy (RT) and immune checkpoint inhibitors (ICls).

Methods Metastatic non-small-cell lung cancer (MNSCLC) patients who received concurrent RT and ICls between
2018 and 2023 were included in this study. In addition, mNSCLC patients treated with ICls alone were enrolled to
confirm the synergetic effect of RT and ICls. Clinicopathological, metabolic and nutritional factors were collected to
analyze their influence on progression-free survival (PFS), overall survival and abscopal control time. Abdominal CT
was used to obtain body composition data including abdominal obesity and muscle mass.

Results A total of 96 mMNSCLC patients who received RT concurrent with ICls were included, and a synergistic effect
of significantly improved PFS was observed when compared with patients treated with ICls alone. Among patients
undergoing concurrent RT and ICls, both total adipose area(HR=2.81,P=0.029) and prognosis nutritional index
(HR=0.24, P<0.001) were confirmed as independent positive prognostic markers for PFS. Later-line of immunotherapy
(HR=3.67, P=0.006), low visceral-to-subcutaneous ratio (VSR, HR=5.53, P=0.002), high total adipose area (HR=5.21,
P=0.0016) and high prognostic nutritional index (HR=0.24, P=0.002) were independent risk factors for abscopal
progression. Then, we established a scoring system consisting of metabolic and nutritional factors to stratify patients
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prognosis.

disorders

into three groups. Patients with non-visceral obesity and good nutrition status have the longest PFS and abscopal
control survival, while patients with poor nutritional status regardless of body composition represent the worst

Conclusion Metabolic and nutritional status, particularly the combined assessment of body composition and
nutritional index, serves as a valuable predictor for the synergistic efficacy of concurrent RT and ICls.

Keywords Non-small-cell lung cancer, Radiotherapy, Immune checkpoint inhibitors, Metabolic disorders, Nutritional

Introduction

For patients with metastatic non-small-cell lung cancer
(mNSCLC), immune checkpoint inhibitors (ICIs) have
been approved either in first-line or second-line treat-
ment, achieving unprecedented success of prolonged sur-
vival [1]. However, not all patients respond to ICIs, and
the response rate to ICIs remains unsatisfactory, varying
from 14 to 46%. The issue of primary and acquired resis-
tance is still critical [2]. Radiation-induced activation of
the immune system and remodeling of the tumor micro-
environment have been increasingly recognized, and
the combination of radiotherapy (RT) with ICIs, often
known as immunoradiotherapy (iRT), can help to over-
come immunotherapy resistance [3]. The utilization of
iRT not only triggers regression of irradiated tumors, but
also induces systemic anti-tumor immune response and
kills non-irradiated metastases, known as abscopal effect
[4]. But there are still a lot of unanswered problems, and
one of the issues right now is how to explore a reliable
biomarker to select patients who can potentially benefit
from iRT.

Tumor-intrinsic and -extrinsic features, such as tumor
mutational burden, microsatellite instability, PD-L1
expression, gene expression profiles, T cell repertoire,
tumor-infiltrating immune cells, liquid biopsy, etc., have
been widely identified to predict response and resis-
tance to ICIs treatment and some of them have guided
clinical use of ICIs, but far from satisfactory [5, 6]. Apart
from tumor markers, clinical parameters have been dis-
covered as potential prognostic or predictive biomark-
ers, including age [7, 8], sex [9], performance status [10]
and smoking history [11], by affecting the host’s innate
and adaptive immunity. Metabolic and nutritional disor-
ders are prevalent among cancer patients [12], especially
those in advanced stages. Preclinical and translational
data strongly suggest a connection between meta-
bolic and nutritional status and immune function [13,
14]. For example, a meta-analysis [15] recently enrolled
4602 NSCLC patients treated with ICIs and found that
overweight and obese patients achieved prolonged pro-
gression-free survival (PFS) (hazard ratio (HR)=0.862,
P=0.021) and overall survival (OS) (HR=0.818, P<0.001)
compared with normal-weight patients. Another study
[16] with 513 NSCLC patients found that abdominal

visceral fat was related to inflammatory transcriptomic
signature and impacted PFS and OS.

Besides, metabolic and nutritional disorders also affect
RT efficacy. Nutritional status was identified as a poten-
tial indicator for OS in small-cell lung cancer patients
receiving radiotherapy [17]. Ma et al. [18] found that
overweight (Adjusted odds ratio(OR)=0.86, P<0.001)
and obese body mass index (BMI) (Adjusted OR=0.89,
P=0.005) were associated with complete metabolic
response after chemoradiotherapy in patients with head
and neck cancer. Malnutrition was associated with
poorer OS in cervical cancer patients receiving RT [19].
However, to date, few studies have investigated the asso-
ciation between metabolic and nutritional disorders and
the efficacy of iRT.

Therefore, in this study, we investigated the impact
of metabolic and nutritional disorders on the syn-
ergy between RT and ICIs in NSCLC. According to the
National Heart, Lung and Blood Institute [20], metabolic
factors include abdominal obesity, high blood pressure,
impaired glucose, high triglyceride(TG) levels, and low
high-density lipoprotein (HDL) cholesterol levels. Nutri-
tional disorders, defined by GLIM criterion [21], involve
BMI, muscle mass, and inflammation. Overall, we aimed
to explore the associations between these factors and the
prognosis of mNSCLC patients receiving iRT.

Materials and methods

Patients

Our retrospective database was queried for mNSCLC
patients receiving iRT at the Second Affiliated Hospital of
Zhejiang University between January 1, 2018 and January
1, 2023. The inclusion criteria were as follows: (1) patients
were pathologically diagnosed as NSCLC with distant
metastasis; (2) patients received concurrent RT and ICIs,
with ICIs administered within 6 months before or after
RT; (3) enrolled patients presented measurable abscopal
lesions;4) individuals underwent active follow up pro-
cedures. They were excluded if (1) without histological
diagnosis of mNSCLC, (2) without routine surveillance
and follow-up of measurable lesions, (3) without detailed
treatment information (including RT or ICIs dose, time
and therapeutic schedule) (Fig. 1A). Besides, mNSCLC
patients treated with ICIs alone (Without RT within 6
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Fig. 1 Patients screened and data extraction process of the study. From left to right displayed the study cohort with key exclusion criteria(A), biomarkers
related to metabolic and nutritional disorders(B), and observation endpoint(C)

months before or after ICIs) and active follow-up during
January 1, 2018 and January 1, 2023 were also enrolled.

This project was approved by the Independent Ethics
Committee of the Second Affiliated Hospital of Zhejiang
University (No. 12023409).

Basic clinicopathological data collection

Patient demographic characteristics, including age, sex,
smoking history, histology type, combined treatment
regimen, radiated lesions, metastasis lesions without RT,
detailed RT (including irradiation sites, technique, total
dose, and single dose) and ICIs (including cycles, type
and line) information were collected on the Electronic
Medical Record System.

Metabolic data collection

In accordance with National Heart, Lung and Blood
Institute criteria as mentioned above [20], biomark-
ers reflecting metabolic status were collected, includ-
ing hypertension, hyperglycemia history, and usage of
statin. TG and HDL are reflected by serum blood counts.

The normal scope of blood biochemistry biomarkers
is listed according to 95% of population mean in China
(TG<1.70mmol/L, HDL>0.90mmol/L). Abdominal CT
was used to obtain body composition data including
abdominal obesity and muscle mass [22], with detailed
methods provided below.

Body composition data collection

To gather information on abdominal adipose area and
muscle mass, baseline abdominal CT images at the level
of the third lumbar vertebra (mid-L3) were obtained.
These pretreatment scans were analyzed using sli-
ceOmatic (Tomovision V.5.0) according to previously
established methods (Fig. 1B) [22]. We measured the sub-
cutaneous adipose tissue area (SAT) and visceral adipose
tissue area (VAT). Total abdominal adipose tissue (TAT)
was determined as the sum of VAT and SAT. Visceral-
to-subcutaneous ratio (VSR) was applied to reflect the
individual fat distribution. Muscle tissue areas were nor-
malized for height in meters squared (m2) and reported
as the lumbar skeletal muscle index (SMI) (cm2/m2).
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Adipose and muscle tissue were distinguished based on
predefined Hounsfield units (HU) ranges: -190 to -30 HU
for SAT, -150 to -50 HU for VAT, and -29 to +150 HU
for SMI. According to the criteria typically employed in
Asian patients with cancer based on CT, sarcopenia was
defined as SMI<40.8 cm2 /m2 in men and <34.9 cm2/
m2 in women [23]. R software was used to obtain the
best cut-off value for SAT, TAT and VSR. We identified
three risk groups (low, intermediate, and high) for SAT,
and two risk groups (high and low) for TAT and VSR.

Nutritional data collection
Baseline BMI before the initiation of ICIs was extracted.
According to the GLIM criterion, we also collected
immuno-nutritional scores, which were calculated based
on extracted laboratory markers. Furthermore, we used
Prognostic Nutritional Index (PNI) and Glasgow Prog-
nostic Score (GPS) to evaluate nutritional status, which
were also widely adopted nutritional assessment tools
[24, 25]. PNI was calculated using the following for-
mula: Albumin + 5*lymphocyte count. We utilized a well-
established cutoff score of 45, commonly used for Asian
patients, to categorize patients into two groups: low
PNI (<45) versus normal PNI (>=45) [26, 27]. The GPS
was based on a combination of CRP and albumin level.
Patients with both an elevated CRP (>10.0 mg/dl) and
hypoalbuminemia (< 3.5 g/dl) were assigned a score of 2,
patients with CRP > 10 mg/dL and albumin > 3.5 g/dL got
a score of 1, patients with CRP <10 mg/dL was scored as
0 [28, 29]. Neutrophil/lymphocyte ratio (NLR) was used
to describe systemic inflammation.

It is important to note that all these blood biomarkers
reflecting metabolic or nutritional status are obtained
within 14 days before the initiation of ICIs therapy.

Endpoints

We first compared the PFS and OS between the RT +IClIs
group and the ICIs alone group. PFES refers to the interval
from the initiation of immunotherapy to tumor progres-
sion or death, while OS is the time from immunotherapy
initiation to death from any cause. Then, we investigate
the impact of nutritional and metabolic disorders on PFS,
OS and abscopal control survival in patients receiving
RT +IClIs, with all endpoints starting from the initiation
of RT. Specially, abscopal control time is defined as the
time from radiotherapy initiated to the progression of
arbitrary non-irradiated lesions or new distant metas-
tases. As efficacy outcomes, complete response (CR),
partial response (PR), stable disease (SD), progression
disease (PD) were assessed according to the RECIST 1.1
criteria. Disease control rate (DCR) is defined as the per-
centage of patients who have achieved CR, PR or SD to
a therapeutic intervention, and objective response rate
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(ORR) Is defined as the proportion of patients who have a
CR or PR to therapy.

Statistical analysis

We first investigate the synergistic effect between RT and
ICIs. To control the effect of potential clinicopathological
and treatment-related characteristics on selection bias,
propensity score matching (PSM) was applied using the
covariates: age, sex, smoking history, histology type of
tumor, line of ICIs, combined treatment regimen, with or
without hypertension/hyperglycemia, previous usage of
statin, with or without liver/brain metastasis. PSM was
performed 1:1 using the nearest neighbor matching in
RStudio.

Then we use the univariate cox regression model to
identify biomarkers with predictive value to local and
abscopal control time. Those with p<0.1 on univariate
analysis were finally included in multivariate cox pro-
portional hazards models [30, 31]. Kaplan-Meier analysis
was applied to study the prognostic impact of nutritional
and metabolic disorders on our primary endpoint and
OS. We use restricted cubic spine (RCS) models fit for
Cox proportional hazards models with 5 knots at the
5th, 35th, 50th, 65th, and 95th centiles of VSR. Results
were adjusted for line of immunotherapy (first or later).
To visualize the continuous relationship of the CAR or
PNI with the risk of local progression, RCS model with
5 knots was also applied with adjustments of the iRT
sequence as reference.

Above analyses were all performed using R software,
version 4.2.2 (R Foundation for Statistical Computing). A
two-sided p<0.05 was considered statistically significant
for the analyses.

Results

Synergistic effect between RT and ICls

A total of 96 mNSCLC patients who received iRT
(RT +ICIs) were included in our study, and the clinico-
pathological characteristics of these patients are pre-
sented in Table 1. To investigate the synergistic effect
between RT and ICls, 203 patients treated with ICIs
alone were also enrolled to compare PFS and OS between
these two groups. The results showed that patients who
underwent iRT exhibited significantly improved PES
(15.04 months vs. 10.33 months, P=0.0013) and compa-
rable OS (33.33 months vs. 29.40 months, P=0.2) com-
pared to those who received ICIs alone (Fig. 2A and B).
After PSM, we extracted 61 baseline-matched pairs
(Table 1). Radiotherapy details before and after PSM
are presented in Supplementary Table 1. In the matched
cohort, significantly prolonged PFS (13.91 months vs.
5.94 months, P<0.001) and OS (34.14 months vs. 23.19
months, P=0.012) were observed in the iRT group, indi-
cating a synergistic effect of combining RT and ICIs.
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Table 1 Baseline characteristics of mNSCLC patients receiving RT concurrent with ICls or ICls alone

Before PSM After PSM

ICl (N=203, percentage)

RT +ICls (%) ICls alone (%) P RT +ICls (%) ICls alone (%) P
Age 0.06 0.58
<60 33(34.4%) 93(45.8%) 23(37.8%) 26(42.6%)
>60 63(65.6%) 110(54.2%) 38(62.2%) 35(57.4%)
Sex 035 0.85
male 71(74.0%) 160(78.8%) 41(67.2%) 42(68.9%)
female 25(26.0%) 43(21.2%) 20(32.8%) 19(31.1%)
Smoking history 0.73 0.27
ever smoker 60(62.5%) 131(64.5%) 37(60.7%) 31(50.8%)
non-smoker 36(37.5%) 72(35.5%) 24(39.3%) 30(49.2%)
Histology type 0.10 0.70
squamous cell carcinoma carcinomacarciom 38(39.6%) 67(33.0%) 20(32.8%) 18(29.5%)
adenocarcinoma 58(60.4%) 128(63.1%) 41(67.2%) 43(70.5%)
others 0(0.0%) 8(3.9%) 0(0.0%) 0(0.0%)
Line of ICIs 0.14 0.12
first 72(75.0%) 168(82.8%) 48(78.7%) 42(68.9%)
second 13(13.5%) 24(11.8%) 5(8.2%) 13(21.3%)
Three or more 11(11.5%) 11(5.4%) 8(13.1%) 6(9.8%)
Combined treatment regimen 0.03 0.87
Chemotherapy 65(67.7%) 145(71.4%) 44(72.1%) 47(77.0%)
Antiangiogenic therapy 9(9.4%) 9(4.4%) 5(8.2%) 3(4.9%)
Antiangiogenic +chemotherapy 9(9.4%) 35(17.2%) 5(8.2%) 4(6.6%)
none 13(13.5%) 14(6.9%) 7(11.5%) 7(11.5%)
Hypertension 0.07 0.31
with 36(37.5%) 55(27.1%) 19(31.1%) 14(23.0%)
Without 60(62.5%) 148(72.9%) 42(68.9%) 47(77.0%)
Hyperglycemia 0.18 0.38
with 14(14.6%) 19(9.4%) 8(13.1%) 5(8.2%)
Without 82(85.4%) 184(90.6%) 53(86.9%) 56(91.8%)
Statin use 0.001 0.34
with 15(15.6%) 10(4.9%) 7(11.5%) 4(6.6%)
Without 81(84.4%) 193(95.1%) 54(88.5%) 57(93.4%)
Liver metastasis 0.01 0.75
with 6(6.3%) 34(16.7%) 5(8.2%) 6(9.8%)
Without 90(93.8%) 169(83.3%) 56(91.8%) 55(90.2%)
Brain metastasis 0.01 0.36
with 40(41.7%) 56(27.6%) 26(42.6%) 31(50.8%)
Without 56(58.3%) 147(72.4%) 35(57.4%) 30(49.2%)

Body composition and PNI are predictors for PFS and OS in
patients receiving iRT

Among the 96 patients undergoing iRT therapies,
28(29.2%) received RT to lung, 31(32.3%) received treat-
ment to bone, 33(34.4%) underwent RT to brain and
the other four patients (4.2%) received RT to liver or
abdominal lymph node. The most commonly adminis-
tered ICIs were Camrelizumab (32/96,33.3%), Tisleli-
zumab (18/96,18.8%), Pembrolizumab (18/96,18.8%)
and Sintilimab (18/96,18.8%). The median local control
time and abscopal control time were 19.62 and 10.28
months, respectively. Radiated lesions exhibited sig-
nificantly longer control time compared with abscopal

lesions (P=0.0062) (Fig. 2C). Seventeen (17.71%) patients
achieved CR or PR for abscopal lesions, and 26 patients
(27.08%) achieved CR or PR for local lesions (Fig. 2D).

Sixty of 96(62.5%) patients had baseline abdominal
CT and were extracted for adipose and skeletal area. To
identify the association between the different body com-
position features and nutritional factors, we performed
correlations between variables (Supplementary Fig. 1).
We observed a negative correlation between inflamma-
tion index (as indicated by NLR) and better nutritional
status (PNI, R=-0.49, P<0.001). We also observed a posi-
tive correlation between muscle mass and adipose tissue
deposits (SMI vs. VSR: r=0.32; P=0.014).
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Then, we sought to explore the prognostic value of
nutritional and metabolic factors. Multivariate Cox
analysis identified TAT (HR=2.81, 95% CI=1.11-7.11,
P=0.029) and PNI (HR=0.24, 95% CI=0.11-0.54,
P<0.001) as independent prognostic markers for PFS

(Table 2). Specifically, patients with TAT <138.7 cm2
have shorter PFS than those with TAT >138.7 cm2(4.23
months vs. 11.48 months, P=0.019) (Fig. 3A). Patients
with normal PNI obtained longer PFS compared with the
low PNI group (Fig. 3B). Patients with low VSR also have
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Table 2 Univariate and multivariate COX analysis for PFS in patients receiving iRT
Univariate regression

Multivariate regression

Variables* HR P HR P
Baseline characteristics

Line of ICIs

Second or further Line vs. first Line 1.5 (0.85-2.66) 0.164
Histology type

Adenocarcinoma vs. squamous cell carcinoma 0.88 (0.52-1.5) 0.64
Sex

Female vs. male 0.72 (04-1.28) 0.26
Age

>65 vs. <65 1(0.59-1.7) 0.994
Smoking history

Ever smoker vs. non-smoker 1.24 (0.74-2.08) 0417
Combined treatment regimen

Antiangiogenic + chemotherapy vs. chemotherapy 1.18(0.5-2.79) 0.71
Antiangiogenic therapy vs. chemotherapy 0.73(0.29-1.86) 0.514
None vs. chemotherapy 0.63(0.27-1.49) 0.295
Type of immunotherapy

PD-L1 vs. PD-1 0.96 (0.8-1.16) 0.698
PS Score

2-4 vs. 0-1 1.12(0.48-2.61) 0.7966
Factors reflective of metabolic status

Hypertension

With vs. without 0.85(0.5-1.45) 0.554
Hyperglycemia

With vs. without 0.99(0.5-1.92) 0.979
Statin use

With vs. without 0.63(0.32-1.26) 0.193
HDL

High baseline HDL vs. normal 1.83(0.84-4) 0.129
Triglyceride

High baseline triglyceride vs. normal 1.05(0.56-1.98) 0.872
SAT

80.2<SAT<110.9 vs. SAT<80.2 0.74 (0.29-1.87) 0.519
SAT>110.9 0.54 (0.24-1.23) 0.142
VSR

VSR>1.3 vs.VSR<1.3 1.69 (0.79-3.58) 0.175
TAT

TAT<138.7 vs. TAT>138.7 2.63(1.14-6.06) 0.023 2.81(1.11-7.11) 0.0293
Factors reflective of nutritional status

BMI

Obese or overweight vs. normal or malnutrition 1.12 (0.66-1.9) 0.676
Sarcopenia

With sarcopenia vs. without sarcopenia 1.88 (0.85-4.18) 0.121
PNI

PNI>45 vs. PNI<45 0.45 (0.27-0.75) 0.002 0.24(0.11-0.54) <0.001
GPS

GPS=1 or 2 vs. GPS=0 1.18 (0.81-1.73) 0.385
NLR

NLR>2.1 vs. NLR<2.1 1.14(0.77-1.68) 0.525
Radiotherapy details

Radiotherapy technique

IMRT vs. SBRT 0.61(0.26-1.42) 0.254

Total Dose
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Table 2 (continued)
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Univariate regression

Multivariate regression

Variables* HR P HR P
>median total dose(42.79 Gy) vs. < median total dose 0.74 (0.38-1.43) 0.366

BED

>median BED(56.20 Gy) vs. < median BED 0.68 (0.35-1.33) 0.26

Single dose of radiotherapy

>3 Gy vs. <3 Gy 1.56 (0.92-2.63) 0.098 1.62(0.80-3.29) 0.183
Irradiated lesions

Bone vs. Lung 0.83(0.4-1.63) 0.589

Brain vs. Lung 0.98(0.54-1.79) 0.957

Others (Liver, renicapsule et al.) vs. Lung 0.48(0.11-2.07) 0.327

*The latter variable was established as a reference
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Fig. 3 Body composition and PNI are predictors for PFS and abscopal control survival in patients receiving iRT. Kaplan-Meier curves of TAT(A), PNI(B),
VSR(C) for PFS, and TAT(D), VSR(E), PNI(F) for abscopal control survival. Increasing abscopal control risk with increasing VSR by RCS line (G) and time-to-

event table (H)

longer PES but the difference is not significant (13.24
months vs. 6.93 months, P=0.066) (Fig. 3C). In terms of
OS, multivariate Cox regression analysis identified sarco-
penia emerged as the only significant factor of worse sur-
vival (HR =4.22, 95% CI=1.31-13.65, P=0.016) (Table 3).

Given the distinct nature of RT for brain metasta-
ses, we conducted a subgroup analysis of these patients
(Supplementary Table 2). Multivariate Cox regression

identified single-dose radiotherapy (PFS: HR=0.18, 95%
CI=0.04-0.81, P=0.0256; OS: HR=0.15, 95% CI=0.02—
0.94, P=0.042) and HDL level (PFS: HR=2.78, 95%
CI=0.85-9.11, P=0.090; OS: HR=19.82, 95% CI=1.97-
199.49, P=0.011) as significant factors for both PFS and
OS (Supplementary Table 3).
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Table 3 Univariate and multivariate COX analysis for OS in patients receiving iRT

Univariate regression Multivariate regression
Variables* HR P HR P
Baseline characteristics
Line of ICIs
Second or further Line vs. first Line 1.85(1-3.41) 0.049 1.29 (0.44-3.77) 0.637
Histology type
Adenocarcinoma vs. squamous cell carcinoma 0.52 (0.28-0.95) 0.033 0.39(0.13-1.16) 0.092
Sex
Female vs. male 0.37 (0.16-0.83) 0.016 0.46(0.11-1.93) 0.287
0.046 (0.11-1.93)
Age
>65 vs. <65 1.63(0.9-2.93) 0.104
Smoking history
Ever smoker vs. non-smoker 141 (0.64-3.13) 0.397
Combined treatment regimen
Antiangiogenic + chemotherapy vs. chemotherapy 1.05(0.37-2.98) 0.928
Antiangiogenic therapy vs. chemotherapy 0.91(0.32-2.58) 0.857
None vs. chemotherapy 0.68(0.26-1.75) 0422
Type of immunotherapy
PD-L1 vs. PD-1 0.95(0.76-1.17) 0.603
PS Score
2-4vs. 0-1 1.2(0.42-3.4) 0.737

Factors reflective of metabolic status
Hypertension

With vs. without 1.34(0.74-2.43) 0.342

Hyperglycemia

With vs. without 1.06 (0.45-2.52) 0.891

Statin use

With vs. without 0.56 (0.22-1.43) 0.227

HDL

High baseline HDL vs. normal 1.26 (0.52-3.1) 0.609

Triglyceride

High baseline triglyceride vs. normal 1.05(0.52-2.12) 0.897

SAT

80.2<SAT<110.9 vs. SAT<80.2 1.16 (0.46-2.96) 0.748

SAT>110.9 1.14 (0.51-2.56) 0.752

VSR

VSR>1.3 vs.VSR<1.3 0.97 (041-2.29) 0.947

TAT

TAT<138.7 vs. TAT>138.7 2.08 (0.91-4.73) 0.082 0.93 (0.29-2.97) 0.903
Factors reflective of nutritional status

BMI

Obese or overweight vs. normal or malnutrition 0.57 (0.25-1.29) 0.176

Sarcopenia

With sarcopenia vs. without sarcopenia 3.14 (1.46-6.75) 0.003 4.22 (1.31-13.65) 0.016
PNI

PNI>45 vs. PNI<45 0.59 (0.33-1.07) 0.084 0.64 (0.23-1.75) 0.382
GPS

GPS=1 or 2 vs. GPS=0 1.46 (0.98-2.16) 0.06 1.1(0.56-2.19) 0.782
NLR

NLR>2.1 vs. NLR<2.1 1(0.65-1.53) 0.989

Radiotherapy details
Radiotherapy technique
IMRT vs. SBRT 0.36(0.09-1.51) 0.162
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Table 3 (continued)
Univariate regression Multivariate regression
Variables* HR P HR P
Total Dose
>median total dose(42.79 Gy) vs. < median total dose 1.14 (0.69-1.9) 0.604
BED
>median BED(56.20 Gy) vs. < median BED 1.17 (0.71-1.95) 0.536
Single dose of radiotherapy
>3 Gy vs. <3 Gy 1.01 (0.55-1.86) 0.97
Irradiated lesions
Bone vs. Lung 1.09(0.53-2.26) 0.816
Brain vs. Lung 0.95(0.46-1.98) 0.888
Others (Liver, renicapsule et al.) vs. Lung 042(0.05-3.17) 0.398

*The latter variable was established as a reference

Body composition and PNI are predictors for abscopal
control in patients receiving iRT

After univariate cox regression, biomarkers including
lines of immunotherapy, single dose of radiotherapy,
statin usage, body composition, PNI and NLR were
brought into multivariate cox regression (Table 4). Multi-
variate regression analysis found that later-line of immu-
notherapy (HR=3.67, 95% CI: 1.45-9.3, P=0.006), low
VSR (HR=5.53, 95% CIL: 1.91-16, P=0.002), high TAT
(HR=5.21, 95% CI: 1.2-22.71, P=0.0016) and high PNI
(HR=0.24, 95% CI: 0.11-0.56, P=0.002) are independent
risk factors for abscopal progression. Specifically, patients
with high TAT (Figs. 3D and 13.15 months vs. 5.20
months), low VSR (Figs. 3E and 16.63 months vs. 6.30
months), and normal PNI (Figs. 3F and 12.35 months vs.
7.86 months) obtained a significant longer abscopal sur-
vival. No significant factors were identified for abscopal
control in patients who received RT for brain metastases
(Supplementary Table 4).

Furthermore, we studied the change in abscopal lesion
progression risk with the increase of VSR. As is dis-
played in Fig. 3G, lower abscopal progression risk was
observed along with increasing VSR using the RCS curve
(P=0.037). Time-To-Event table detailed the specific risk
data (Fig. 3H). This indicates that subcutaneous and vis-
ceral adipose exert distinct effects on abscopal control
time, with increased subcutaneous adipose area as a pro-
tective factor while increased visceral adipose area as a
risk one.

The impact of combining body composition and PNI on
tumor control in patients receiving iRT

It appears that biomarkers reflecting body composition
(VSR and TAT) along with PNI hold particular predic-
tive value in the abscopal control of iRT. Tumor regres-
sion rates for abscopal and local lesions vary in patients
with different nutritional status or with different body
compositions. As revealed in Table 5, patients with high
PNI have significantly better ORR of both abscopal

lesions (27.1% vs. 10.6%, P=0.04) and local lesions
(37.5% vs. 17.0%, P=0.03), trends towards higher DCR
of abscopal and local lesions were observed in patients
with high TAT(67.3% vs. 36.4%, P=0.06 for abscopal
lesions, 75.5% vs. 45.5%, P=0.05 for local lesions) and
low VSR(69.0% vs. 44.4%, P=0.07 for abscopal lesions,
72.2% vs. 47.6%, P=0.08 for local lesions).We established
a scoring system consisting of metabolic and nutritional
scores to stratify patients into three groups, as detailed
in Fig. 4. With respect to metabolic score, thin patients
with TAT <138.7 cm® received one point, while obese
patients with TAT >138.7 cm?® were assigned two points
(if VSR >1.3) or three points (if VSR < 1.3) based on their
VSR values. Additionally, patients with a PNI exceeding
45 garnered three points in the nutritional score, while
those with a PNI below 45 received a score of zero. The
overall score was calculated as the sum of the metabolic
and nutritional scores.

Based on the total score, patients were stratified into
groups A, B, and C, with total scores ranging between
1 and 2, 3-5, and 6, respectively. Group C means non-
visceral obesity patients with good nutrition status. These
patients have significantly longer PFS (19.01 months,
95% CI=14.96-23.06mo) and abscopal control survival
of 17.29 months (95% CI=12.83-21.75mo) compared
with other groups. Group A refers to low PNI groups
regardless of body composition, and the median PFS
(3.81months, 95% CI=2.40-5.21mo) and abscopal control
survival (3.70months, 95% CI=2.10-5.30mo) is signifi-
cantly shorter compared with other groups. In summary,
the combined assessment of body composition and nutri-
tional index serves as a valuable predictor for abscopal
control in patients receiving iRT.

Discussion

In this study, we investigated the prognostic values of
nutritional and metabolic factors. While retrospective
series have explored the value of body composition, and
PNI on the efficacy of ICIs or RT, none have reported the
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Table 4 Univariate and multivariate Cox regression for abscopal control in patients receiving iRT
Univariate regression

Multivariate regression

Variables* HR P HR P
Baseline characteristics

Line of ICIs

Second or further Line vs. first Line 2.06(1.18-3.59) 0.011 3.67 (1.45-9.3) 0.006
Histology type

Adenocarcinoma vs. squamous cell carcinoma 1.28 (0.74-2.21) 0.378

Sex

Female vs. male 0.57 (0.31-1.05) 0.07 0.83(0.3-2.27) 0.71
Age

>65 vs. <65 0.93(0.46-1.87) 0.832

Smoking history

Ever smoker vs. non-smoker 1.36(0.81-2.28) 0.248

Combined treatment regimen

Antiangiogenic + chemotherapy vs. chemotherapy 2.32(0.86-6.24) 0.1

Antiangiogenic therapy vs. chemotherapy 1.37 (0.46-4.01) 0.571

None vs. chemotherapy 0.91(0.31-2.67) 0.865

Type of immunotherapy

PD-L1 vs. PD-1 1.08 (0.9-1.29) 0.41

PS Score

2-4vs. 0-1 1.17(0.5-2.72) 0.717

Factors reflective of metabolic status

Hypertension

With vs. without 1.21 (0.72-2.04) 0474

Hyperglycemia

With vs. without 145 (0.77-2.73) 0.255

Statin use

With vs. without 0.47 (0.22-0.99) 0.048 1.2(031-4.67) 0.791
HDL

High baseline HDL vs. normal 1.53(0.67-3.5) 0313

Triglyceride

High baseline triglyceride vs. normal 1.33(0.71-2.47) 037

SAT

80.2<SAT<110.9 vs. SAT<80.2 0.7 (0.28-1.76) 0451

SAT>110.9 0.44 (0.19-0.98) 0.046

VSR

VSR>1.3vs.VSR<1.3 2.59(1.25-5.37) 0.011 553(1.91-16) 0.002
TAT

TAT<138.7 vs. TAT=138.7 2.72(1.18-6.28) 0.019 5.21(1.2-22.71) 0.0016
Factors reflective of nutritional status

BMI

Obese or overweight vs. normal or malnutrition 1.14 (0.66-1.96) 0.635

Sarcopenia

With sarcopenia vs. without sarcopenia 1.97 (0.88-4.43) 0.1 0.73(0.21-2.55) 0.627
PNI

PNI>45 vs. PNI<45 0.55(0.33-0.93) 0.025 0.24(0.11-0.56) <0.001
GPS

GPS=1or 2 vs. GPS=0 1.02 (0.71-1.45) 0.928

NLR

NLR=>2.1 vs. NLR<2.1 1.47 (1-2.16) 0.052 0.68 (0.34-1.38) 0.285
Radiotherapy details

Radiotherapy technique

IMRT vs. SBRT 0.69(0.29-1.62) 0.396

Total Dose
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Table 4 (continued)
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Univariate regression

Multivariate regression

Variables* HR P HR P
>median total dose(42.79 Gy) vs. < median total dose 0.74 (0.38-1.43) 0.366

BED

>median BED(56.20 Gy) vs. < median BED 0.68 (0.35-1.33) 0.26

Single dose of radiotherapy

>3 Gy vs. <3 Gy 1.3(0.77-2.19) 0323

Irradiation lesions

Bone vs. Lung 1.09(0.53-2.26) 03816

Brain vs. Lung 0.97 (0.46-2.03) 0.939

Others (Liver, renicapsule et al.) vs. Lung 0 (0-Inf) 0.997

*The latter variable was established as a reference

Table 5 Tumor regression of abscopal and local lesions stratified by TAT, VSR and PNI

Variables Low TAT High TAT P Low VSR High VSR P Low PNI High PNI P

N (%) 11(100%) 49(100%) 42(100%) 18(100%) 47(100%) 48(100%)

Tumor regression of abscopal lesions after 2-3 cycles of ICls

CR 0(0%) 3(6.1%) - 2(4.8%) 1(5.6%) - 2(4.3%) 3(6.3%) -

PR 1(9.1%) 8(16.3%) - 7(16.7%) 2(11.1%) - 3(6.4%) 10(20.8%) -

SD 3(27.3%) 22(44.9%) - 20(47.6%) 5(27.8%) - 21(44.7%) 19(39.6%) -

PD 4(36.4%) 7(14.3%) - 6(14.3%) 5(27.8%) - 11(23.4%) 7(14.6%) -
Not assessed 3(27.3%) 9(18.4%) - 7(16.7%) 5(27.8%) - 10(21.3%) 9(18.8%) -
ORR of abscopal lesions 1(9.1%) 11(22.4%) 032 9(21.4%) 3(16.7%) 0.67 5(10.6%) 13(27.1%) 0.04
DCR of abscopal lesions 4(36.4%) 33(67.3%) 0.06 29(69.0%) 8(44.4%) 0.07 26(55.3%) 32(66.7%) 0.26
Tumor regression of local lesions after 2-3 cycles of ICls

CR 0(0%) 3(6.1%) - 1(2.4%) 3(16.7%) - 1(2.3%) 3(6.3%) -

PR 3(27.3%) 11(22.4%) - 9(21.4%) 2(11.1%) - 7(14.9%) 15(31.3%) -

SD 2(18.2%) 23(46.9%) - 10(23.8%) 8(44.4%) - 20(42.6%) 18(37.5%) -

PD 3(27.35) 4(8.2%) - 2(4.8%) 0(0%) - 6(12.8%) 7(14.6%) -
Not assessed 3(27.3%) 8(16.3%) - 2(4.8%) 5(27.8%) - 13(27.7%) 5(10.4%) -
ORR of local lesions 3(27.3%) 14(28.6%) 0.93 10(23.8%) 5(27.8%) 0.74 8(17.0%) 18(37.5%) 0.03
DCR of local lesions 5(45.5%) 37(75.5%) 0.05 20(47.6%) 13(72.2%) 0.08 28(59.6%) 36(75%) 0.11

combined efficacy with regard to these factors. This study
provides several interesting findings. First, RT enhanced
the efficacy of ICIs, as patients in the iRT group exhib-
ited significantly longer PFS and OS compared with those
receiving ICIs alone. Second, we discovered that low
PNI and TAT were independent predictors for PFS and
abscopal control survival for mNSCLC patients under-
going iRT. Besides, lower abscopal progression risk was
observed along with increasing VSR. Third, we establish
a scoring system that integrates body composition and
nutritional index to predict the abscopal control in iRT.
The benefit of iRT is maximized in non-visceral obesity
patients with high PNI, whereas patients with poor nutri-
tional disorders have the worst iRT efficacy.

Usage of BMI to predict immunotherapy efficacy con-
fronted with confusing results. Some reported that over-
weight or obese patients have better PFS or OS [32-34],
while others found no significant association between
baseline BMI and clinical outcomes, regardless of PD-L1
tumor expression, in advanced NSCLC patients [35].
Importantly, BMI is a vague measure of obesity and has

been criticized for its inability to distinguish between
fat and lean body mass. Previous studies have identified
body composition as an independent prognostic factor
in patients with various solid tumors receiving immu-
notherapy [16, 23, 36]. In our study, we also identified
an association between VSR and abscopal control in iRT.
Visceral or central obesity is increasingly recognized
as the primary driver of health outcomes associated
with high body fat. Studies have explored the relation-
ship between lung cancer outcomes and central obesity
using waist circumference, waist-hip ratio, or imaging,
and revealed that central obesity patients obtain worse
survival outcomes. For example, Barberio’s study [37]
included 26,607 participants from Alberta’s Tomorrow
Project cohort and found that central adiposity appears
to be a stronger predictor of overall cancer risk than body
size. Yu's pooled analysis [38] of 23,732 incident lung
cancer cases revealed that waist circumference and waist-
hip ratio were associated with increased risk after con-
trolling for BMI. Similarly, the measurement of visceral
adipose tissue has also been associated with poor lung
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cancer prognosis in patients undergoing chemotherapy
[39] and immunotherapy [16, 40]. These findings suggest
the importance of accurate measures of central obesity in
studies of lung cancer.

Why is VSR associated with the efficacy of iRT? Sub-
cutaneous and visceral fat exert distinct effects on the
degree of metaflammation and obesity-associated dis-
ease. In obese individuals, visceral adipose tissue is linked
to the severity of cytokine release syndrome [41]. One
side-by-side evaluation [16] of human and murine lung
tumors indicated that central obesity in mice reduced
transcripts encoding elements of Th1l immunity. Specifi-
cally, Thl chemokines such as CXCL10, CXCL11, and
CXCL9, along with Thl transcription factors STAT1
and Tbx21/Tbet, were underrepresented in samples
affected by central obesity. Another study [42] observed
significantly higher expression of insulin-like growth fac-
tor receptor (IGF-IR) in tumor samples from patients
with visceral obesity compared to non-obese patients.
Activation of the IGF-IR signaling pathway was impli-
cated in promoting tumor metastasis and proliferation.
While subcutaneous adiposity has beneficial effects on
metabolic homeostasis and inflammation repression,
preclinical experiments [43] have demonstrated that
transplantation of subcutaneous adipose tissue into vis-
ceral depots can effectively reduce circulating inflamma-
tory cytokine levels and lead to metabolically beneficial
outcomes. These findings help explain the observed asso-
ciation between VSR and iRT efficacy.

Besides, we found that PNI was an independent predic-
tor of abscopal control in patients receiving iRT. PNI is
an easily obtained inflammation-based prognostic algo-
rithm. A firm relationship between PNI and outcome
for immunotherapy was confounded in solid tumors
[26, 44, 45]. For NSCLC patients at an advanced stage,
a meta-analysis [46] included 1119 stage III-IV NSCLC
patients receiving immunotherapy, and found that low
PNI was an independent risk factor for worse survival
outcomes including both OS (HR=2.68; P<0.0001) and
PFS (HR =1.84; P<0.0001). A similar positive correlation
between PNI and RT efficacy was revealed. A retrospec-
tive study [47] enrolled 97 stage I-III NSCLC patients
receiving post-operation RT, and found that those with
both low pre-RT and low post-RT PNI experienced
the worst five-year OS rate of 31.1%. Post-RT PNI was
identified as an independent risk factor for mortality
(HR 0.92, P=0.003). Another study [48] with 358 Stage
IIIB NSCLC patients treated with chemoradiotherapy
found that OS (P<0.001), local-progression-free survival
(P<0.001) and PFS (P<0.001) were significantly better in
high PNI group compared to low PNI group. Our study is
the first to demonstrate that the PNI, which is easy to cal-
culate and achievable, holds significant prognostic value
for mNSCLC patients undergoing iRT. Furthermore, a
randomized controlled clinical trial showed that nutri-
tion therapy can improve OS in a mixed cancer popula-
tion [49]. This finding suggests that interventions, such as
nutritional support aimed at maintaining a normal PNI,
could potentially improve survival for these patients.



Chen et al. BMC Cancer (2025) 25:948

In addition to the common limitation that our research
is a retrospective, single-center study with limited sam-
ple size, there are some drawbacks in the study. First, we
innovatively use abscopal control time as the progression
of abscopal lesions, based on the consideration that the
abscopal effect is so rare and difficult to reproduce [50].
Despite the fact that abscopal effect leads to the preven-
tion of cancer recurrence and metastasis [51], no study
have verified directly the correlation between complete
remission of abscopal lesions with time to progression.
Second, subtypes of T cells are reported to be biomarkers
with predictive value for iRT efficacy [52]. In our study
these biomarkers are not included in because of the ret-
rospective characteristics. Third, the scoring system we
developed lacks validation from larger sample sizes and
external cohorts.

In conclusion, our study highlights that PNI and body
composition assessed through baseline CT are crucial
prognostic factors for patients with mNSCLC. Our find-
ings underscore the potential benefits of multimodal
clinical management strategies aimed at addressing the
loss of subcutaneous adiposity, which could enhance
both quality of life and prognosis in advanced NSCLC
patients. Further investigation into these strategies is
warranted.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512885-025-14278-7.

Supplementary Material 1: A heat map displaying the correlation between
body composition parameters, immuno-nutritional scores, and inflamma-

tion indexes(A). Correlation between TAT(B) and VSR(C) with the amount of
skeletal muscle measured by SMI

Supplementary Material 2

Acknowledgements
Not applicable.

Author contributions

QCW and HJ designed the study. YEY collected patient data, SQZ, JZ, YM,

ZFH analyzed and conducted the statistical analysis. HYC and YEY drafted the

manuscript, and QCW assisting in the modification. All authors reviewed and

approved the final manuscript. YEY and HYC contributed equally to this study.

Funding

This study was supported by Zhejiang Provincial Natural Science
Foundation of China (LMS25H160015) and CSCO-Roche research funding
(Y-Roche2019/2-0088).

Data availability

The raw data supporting the conclusions of this article will be made available
by the authors, with undue reservation. HYC or YEY could be contacted to
access the data.

Declarations

Ethics approval and consent to participate
The studies were reviewed and approved by Ethics Committee of Second
Affiliated Hospital of Zhejiang University School of Medicine in accordance

Page 14 of 16

with the Declaration of Helsinki. All patients have signed an informed consent
form upon admission, allowing for the collection of medical information in an
anonymous and aggregated manner, which may be used for educational and
other related activities.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Radiation Oncology Key Laboratory of Cancer Prevention
and Intervention, China National Ministry of Education, Key Laboratory
of Molecular Biology in Medical Sciences, Hangzhou, Zhejiang Province,
China

“The Second Affiliated Hospital, Zhejiang University School of Medicine,
Hangzhou, Zhejiang 310000, China

3Cancer Institute Key Laboratory of Cancer Prevention and Intervention,
China National Ministry of Education, Key Laboratory of Molecular Biology
in Medical Sciences, Hangzhou, Zhejiang Province, China

“#Zhejiang Provincial Clinical Research Center for CANCER Cancer Center
of Zhejiang University, Hangzhou, China

°Anhui Campus of the Second Affiliated Hospital, Zhejiang University
School of Medicine, Bengbu 233000, China

Department of Radiation Oncology, The First Affiliated Hospital of
Bengbu Medical University, Bengbu 233000, China

Received: 21 September 2024 / Accepted: 6 May 2025
Published online: 27 May 2025

References

1. Reck M, Remon J, Hellmann MD. First-Line immunotherapy for Non-Small-
Cell lung Cancer. JCO. 2022;40(6):586-97. https://doi.org/10.1200/JCO.21.014
97.

2. YuY,ChenH,Tian Z, et al. Improved survival outcome with not-delayed
radiotherapy and immediate PD-1/PD-L1 inhibitor for non-small-cell lung
cancer patients with brain metastases. J Neurooncol. 2023;165(1):127-37. htt
ps://doi.org/10.1007/511060-023-04459-4.

3. Hendriks LEL, Menis J, Ruysscher DKMD, Reck M. Combination of immuno-
therapy and Radiotherapy—The next magic step in the management of lung
cancer?? JThorac Oncol. 2020;15(2):166-9. https://doi.org/10.1016/jjtho.2019
.12.106.

4. Karapetyan L, lheagwara UK, Olson AC, Chmura SJ, Skinner HK, Luke JJ. Radia-
tion dose, schedule, and novel systemic targets for radio-immunotherapy
combinations. J Natl Cancer Inst. 2023;115(11):1278-93. https://doi.org/10.10
93/jnci/djad118.

5. Pilard C, Ancion M, Delvenne P, Jerusalem G, Hubert P Herfs M. Cancer
immunotherapy: it's time to better predict patients'response. Br J Cancer.
2021;125(7):927-38. https://doi.org/10.1038/541416-021-01413-x.

6. AnagnostouV, Landon BV, Medina JE, Forde P, Velculescu VE. Translating
the evolving molecular landscape of tumors to biomarkers of response for
cancer immunotherapy. Sci Transl Med. 2022;14(670):eab03958. https://doi.or
9/10.1126/scitransimed.abo3958.

7. Kasanen H, Hernberg M, Mékeld S, et al. Age-associated changes in the
immune system May influence the response to anti-PD1 therapy in meta-
static melanoma patients. Cancer Immunol Immunother. 2020,69(5):717-30.
https://doi.org/10.1007/500262-020-02497-9.

8. Kugel CH, Douglass SM, Webster MR, et al. Age correlates with response to
Anti-PD1, reflecting Age-Related differences in intratumoral effector and
regulatory T-Cell populations. Clin Cancer Res. 2018;24(21):5347-56. https://d
0i.0rg/10.1158/1078-0432.CCR-18-1116.

9. Conforti F, Pala L, BagnardiV, et al. Cancer immunotherapy efficacy
and patients'sex: a systematic review and meta-analysis. Lancet Oncol.
2018;19(6):737-46. https;//doi.org/10.1016/51470-2045(18)30261-4.

10.  Sehgal K, Gill RR, Widick P, et al. Association of performance status with
survival in patients with advanced Non-Small cell lung Cancer treated with
pembrolizumab monotherapy. JAMA Netw Open. 2021;4(2):e2037120. https:/
/doi.org/10.1001/jamanetworkopen.2020.37120.


https://doi.org/10.1186/s12885-025-14278-7
https://doi.org/10.1186/s12885-025-14278-7
https://doi.org/10.1200/JCO.21.01497
https://doi.org/10.1200/JCO.21.01497
https://doi.org/10.1007/s11060-023-04459-4
https://doi.org/10.1007/s11060-023-04459-4
https://doi.org/10.1016/j.jtho.2019.12.106
https://doi.org/10.1016/j.jtho.2019.12.106
https://doi.org/10.1093/jnci/djad118
https://doi.org/10.1093/jnci/djad118
https://doi.org/10.1038/s41416-021-01413-x
https://doi.org/10.1126/scitranslmed.abo3958
https://doi.org/10.1126/scitranslmed.abo3958
https://doi.org/10.1007/s00262-020-02497-9
https://doi.org/10.1007/s00262-020-02497-9
https://doi.org/10.1158/1078-0432.CCR-18-1116
https://doi.org/10.1158/1078-0432.CCR-18-1116
https://doi.org/10.1016/S1470-2045(18)30261-4
https://doi.org/10.1001/jamanetworkopen.2020.37120
https://doi.org/10.1001/jamanetworkopen.2020.37120

Chen et al. BMC Cancer

20.

22.

23.

24,

25.

26.

27.

28.

(2025) 25:948

Wang X, Ricciuti B, Alessi JV, et al. Smoking history as a potential predictor

of immune checkpoint inhibitor efficacy in metastatic Non-Small cell lung
Cancer. J Natl Cancer Inst. 2021;113(12):1761-9. https://doi.org/10.1093/jnci/
djab116.

Youssef MN, Beal T, Mandel J. Chapter 12 - Metabolic and nutritional nervous
system dysfunction in cancer patientss. In: Newton HB, Malkin MG, eds. Neu-
rological Complications of Systemic Cancer and Antineoplastic Therapy (Second
Edition). Academic Press; 2022:179-194. https://doi.org/10.1016/B978-0-12-8
21976-8.00012-8

Venter C, Eyerich S, Sarin T, Klatt KC. Nutrition and the immune system: A
complicated Tango. Nutrients. 2020;12(3):818. https://doi.org/10.3390/nu120
30818.

Alwarawrah Y, Kiernan K, Maclver NJ. Changes in nutritional status impact
immune cell metabolism and function. Front Immunol. 2018;9:1055. https://d
0i.0rg/10.3389/fimmu.2018.01055.

ZhangT, Li S, Chang J,Qin Y, i C. Impact of BMI on the survival outcomes of
non-small cell lung cancer patients treated with immune checkpoint inhibi-
tors: a meta-analysis. BMC Cancer. 2023;23:1023. https://doi.org/10.1186/5128
85-023-11512-y.

Barbi J, Patnaik SK, Pabla S, et al. Visceral obesity promotes lung Cancer Pro-
gression—Toward resolution of the obesity paradox in lung Cancer. J Thorac
Oncol. 2021;16(8):1333-48. https://doi.org/10.1016/j.jth0.2021.04.020.

Li L, Wang, Yang P, et al. Correlation of the controlling nutritional status
score and the prognostic nutritional index with the prognosis of patients
treated with radiotherapy for small-cell lung cancer. Annals Palliat Med.
2021;10(11):116351642-116311642. https://doi.org/10.21037/apm-21-2740.
Ma SJ, Khan M, Chatterjee U et al. Association of body mass index with
outcomes among patients with head and neck Cancer treated with
chemoradiotherapy.

Grigsby P, Elhammali A, Ruiz F, et al. Clinical outcomes and differential effects
of PI3K pathway mutation in obese versus non-obese patients with cervical
cancer. Oncotarget. 2017;9(3):4061-73. https://doi.org/10.18632/oncotarget.
23664.

Alberti KGMM, Eckel RH, Grundy SM, et al. Harmonizing the metabolic
syndrome: A joint interim statement of the international diabetes federation
task force on epidemiology and prevention; National heart, lung, and blood
institute; American heart association; world heart federation; international
atherosclerosis society; and international association for the study of obesity.
Circulation. 2009;120(16):1640-5. https://doi.org/10.1161/CIRCULATIONAHA.
109.192644.

Cederholm T, Jensen GL, Correia MITD, et al. GLIM criteria for the diagnosis
of malnutrition— A consensus report from the global clinical nutrition com-
munity. J Cachexia Sarcopenia Muscle. 2019;10(1):207-17. https://doi.org/10.
1002/jcsm.12383.

Lieffers JR, Mourtzakis M, Hall KD, McCargar LJ, Prado CM, Baracos VE. A viscer-
ally driven cachexia syndrome in patients with advanced colorectal cancer:
contributions of organ and tumor mass to whole-body energy demands. Am
J Clin Nutr. 2009;89(4):1173-9. https://doi.org/10.3945/ajcn.2008.27273.

He M, Chen ZF, Zhang L, et al. Associations of subcutaneous fat area and sys-
temic Immune-inflammation index with survival in patients with advanced
gastric cancer receiving dual PD-1 and HER2 Blockade. J Immunother Cancer.
2023;11(6):007054. https://doi.org/10.1136/jitc-2023-007054.

Hsueh SW, Liu KH, Hung CY, et al. Predicting postoperative events in patients
with gastric cancer: A comparison of five nutrition assessment tools. Vivo.
2020;34(5):2803-9. https://doi.org/10.21873/invivo.12106.

Minami S, OgataY, Ihara S, Yamamoto S, Komuta K. Pretreatment Glasgow
prognostic score and prognostic nutritional index predict overall survival of
patients with advanced small cell lung cancer. Lung Cancer: Targets Therapy.
2017,8:249-57. https://doi.org/10.2147/LCTT.5142880.

Johannet P, Sawyers A, Qian Y, et al. Baseline prognostic nutritional index
and changes in pretreatment body mass index associate with immuno-
therapy response in patients with advanced cancer. J Immunother Cancer.
2020;8(2):e001674. https://doi.org/10.1136/jitc-2020-001674.

Hong X, Cui B, Wang M, Yang Z, Wang L, Xu Q. Systemic Immune-inflamma-
tion index, based on platelet counts and Neutrophil-Lymphocyte ratio, is
useful for predicting prognosis in small cell lung Cancer. Tohoku J Exp Med.
2015;236(4):297-304. https://doi.org/10.1620/tjem.236.297.

Akcam Tl, Tekneci AK, Kavurmaci O, et al. The significance of immunonutri-
tion nutritional support in patients undergoing postoperative adjuvant
chemotherapy for lung cancer: case—control study. World J Surg Onc.
2023;21(1):183. https://doi.org/10.1186/512957-023-03073-y.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 15 of 16

Rejeski K, Cordas Dos Santos DM, Parker NH, et al. Influence of adipose tissue
distribution, sarcopenia, and nutritional status on clinical outcomes after
CD19 CART-cell therapy. Cancer Immunol Res. 2023;11(6):707-19. https://doi.
0rg/10.1158/2326-6066.CIR-22-0487.

Austin GL, Sasaki AW, Zaman A, et al. Comparative analysis of outcome fol-
lowing liver transplantation in US veterans. Am J Transpl. 2004;4(5):788-95. ht
tps://doi.org/10.1111/j.1600-6143.2004.00388.x.

Ryerson LM, Guerra GG, Joffe AR, et al. Survival and neurocognitive outcomes
after cardiac extracorporeal life support in children less than 5 years of age: a
ten-year cohort. Circ Heart Fail. 2015;8(2):312-21. https://doi.org/10.1161/CIR
CHEARTFAILURE.114.001503.

Cortellini A, Bersanelli M, Buti S, et al. A multicenter study of body mass

index in cancer patients treated with anti-PD-1/PD-LT immune checkpoint
inhibitors: when overweight becomes favorable. J Immunother Cancer.
2019;7(1):57. https://doi.org/10.1186/540425-019-0527-y.

Maslov D, Tawagi K, Simenson V, et al. Impact of body mass index on

survival rates in patients receiving immune checkpoint inhibitors. JCO.
2020;38(15suppl):e15108-15108. https://doi.org/10.1200/JC0.2020.38.15_su
ppl.e15108.

Kichenadasse G, Miners JO, Mangoni AA, Rowland A, Hopkins AM, Sorich

MJ. Association between body mass index and overall survival with immune
checkpoint inhibitor therapy for advanced Non-Small cell lung Cancer. JAMA
Oncol. 2020;6(4):512-8. https://doi.org/10.1001/jamaoncol.2019.5241.
Cortellini A, Ricciuti B, Vaz VR, et al. Prognostic effect of body mass index in
patients with advanced NSCLC treated with chemoimmunotherapy combi-
nations. J Immunother Cancer. 2022;10(2):e004374. https://doi.org/10.1136/ji
tc-2021-004374.

Lee JH, Hyung S, Lee J, Choi SH. Visceral adiposity and systemic inflammation
in the obesity paradox in patients with unresectable or metastatic melanoma
undergoing immune checkpoint inhibitor therapy: a retrospective cohort
study. J Immunother Cancer. 2022;10(8):005226. https://doi.org/10.1136/jit
€-2022-005226.

Barberio AM, Alareeki A, Viner B, et al. Central body fatness is a stronger
predictor of cancer risk than overall body size. Nat Commun. 2019;10(1):383.
https://doi.org/10.1038/541467-018-08159-w.

Yu D, Zheng W, Johansson M, et al. Overall and central obesity and risk of
lung cancer: A pooled analysis. J Natl Cancer Inst. 2018;110(8):831-42. https./
/doi.org/10.1093/jnci/djx286.

Nattenmdller J, Wochner R, Muley T, et al. Prognostic impact of CT-Quantified
muscle and fat distribution before and after First-Line-Chemotherapy in lung
Cancer patients. PLoS ONE. 2017;12(1):e0169136. https://doi.org/10.1371/jour
nal.pone.0169136.

Tao J,Fang J, Chen L et al. Increased adipose tissue is associated with
improved overall survival, independent of skeletal muscle mass in non-small
cell lung cancer. Journal of Cachexia, Sarcopenia and Muscle. n/a(n/a). https.//
doi.org/10.1002/jcsm. 13333

Dos Santos DMC, Rejeski K, Winkelmann M, et al. Increased visceral fat
distribution and body composition impact cytokine release syndrome onset
and severity after CD19 chimeric antigen receptor T-cell therapy in advanced
B-cell malignancies. Haematol. 2022;107(9):2096-107. https://doi.org/10.3324
/Haematol.2021.280189.

Alemén JO, Eusebi LH, Ricciardiello L, Patidar K, Sanyal AJ, Holt PR. Mecha-
nisms of Obesity-induced Gastrointestinal neoplasia. Gastroenterology.
2014;146(2):357-73. https://doi.org/10.1053/j.gastro.2013.11.051.

Hwang 1, Jo K, Shin KC, et al. GABA-stimulated adipose-derived stem cells
suppress subcutaneous adipose inflammation in obesity. Proc Natl Acad Sci
USA. 2019;116(24):11936-45. https://doi.org/10.1073/pnas.1822067116.

Ni L, Huang J, Ding J, et al. Prognostic nutritional index predicts response and
prognosis in Cancer patients treated with immune checkpoint inhibitors: A
systematic review and Meta-Analysis. Front Nutr. 2022;9:823087. https://doi.or
9/10.3389/fnut.2022.823087.

Yan X, Wang J, Mao J, et al. Identification of prognostic nutritional index as

a reliable prognostic indicator for advanced lung cancer patients receiving
immune checkpoint inhibitors. Front Nutr. 2023;10:1213255. https://doi.org/1
0.3389/fnut.2023.1213255.

Xia H, Zhang W, Zheng Q et al. Predictive value of the prognostic nutritional
index in advanced non-small cell lung cancer patients treated with immune
checkpoint inhibitors: A systematic review and meta-analysis. Heliyon.
2023;9(8):e17400. https://doi.org/10.1016/j.heliyon.2023.e17400.

Ryu H, Song C, Kim J, et al. Role of prognostic nutritional index in post-
operative radiotherapy for non-small cell lung cancer. Thorac Cancer.
2023;14(28):2859-68. https://doi.org/10.1111/1759-7714.15074.


https://doi.org/10.1093/jnci/djab116
https://doi.org/10.1093/jnci/djab116
https://doi.org/10.1016/B978-0-12-821976-8.00012-8
https://doi.org/10.1016/B978-0-12-821976-8.00012-8
https://doi.org/10.3390/nu12030818
https://doi.org/10.3390/nu12030818
https://doi.org/10.3389/fimmu.2018.01055
https://doi.org/10.3389/fimmu.2018.01055
https://doi.org/10.1186/s12885-023-11512-y
https://doi.org/10.1186/s12885-023-11512-y
https://doi.org/10.1016/j.jtho.2021.04.020
https://doi.org/10.21037/apm-21-2740
https://doi.org/10.18632/oncotarget.23664
https://doi.org/10.18632/oncotarget.23664
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1002/jcsm.12383
https://doi.org/10.1002/jcsm.12383
https://doi.org/10.3945/ajcn.2008.27273
https://doi.org/10.1136/jitc-2023-007054
https://doi.org/10.21873/invivo.12106
https://doi.org/10.2147/LCTT.S142880
https://doi.org/10.1136/jitc-2020-001674
https://doi.org/10.1620/tjem.236.297
https://doi.org/10.1186/s12957-023-03073-y
https://doi.org/10.1158/2326-6066.CIR-22-0487
https://doi.org/10.1158/2326-6066.CIR-22-0487
https://doi.org/10.1111/j.1600-6143.2004.00388.x
https://doi.org/10.1111/j.1600-6143.2004.00388.x
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001503
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001503
https://doi.org/10.1186/s40425-019-0527-y
https://doi.org/10.1200/JCO.2020.38.15_suppl.e15108
https://doi.org/10.1200/JCO.2020.38.15_suppl.e15108
https://doi.org/10.1001/jamaoncol.2019.5241
https://doi.org/10.1136/jitc-2021-004374
https://doi.org/10.1136/jitc-2021-004374
https://doi.org/10.1136/jitc-2022-005226
https://doi.org/10.1136/jitc-2022-005226
https://doi.org/10.1038/s41467-018-08159-w
https://doi.org/10.1038/s41467-018-08159-w
https://doi.org/10.1093/jnci/djx286
https://doi.org/10.1093/jnci/djx286
https://doi.org/10.1371/journal.pone.0169136
https://doi.org/10.1371/journal.pone.0169136
https://doi.org/10.1002/jcsm.13333
https://doi.org/10.1002/jcsm.13333
https://doi.org/10.3324/Haematol.2021.280189
https://doi.org/10.3324/Haematol.2021.280189
https://doi.org/10.1053/j.gastro.2013.11.051
https://doi.org/10.1073/pnas.1822067116
https://doi.org/10.3389/fnut.2022.823087
https://doi.org/10.3389/fnut.2022.823087
https://doi.org/10.3389/fnut.2023.1213255
https://doi.org/10.3389/fnut.2023.1213255
https://doi.org/10.1016/j.heliyon.2023.e17400
https://doi.org/10.1111/1759-7714.15074

Chen et al. BMC Cancer

48.

49.

50.

(2025) 25:948

Ozdemir Y, Topkan E, Mertsoylu H, Selek U. Low prognostic nutritional index
predicts poor clinical outcomes in patients with stage IlIB Non-small-cell
lung carcinoma undergoing chemoradiotherapy. Cancer Manag Res.
2020;12:1959-67. https://doi.org/10.2147/CMAR.S248034.

De Waele E, Demol J, Huysentruyt K, et al. Nutrition therapy promotes overall
survival in cachectic Cancer patients through a new proposed Chemical-
Physical pathway: the TiCaCONCO trial (A randomized controlled Single-
Blinded trial). J. 2022;5(4):470-7. https://doi.org/10.3390/j5040032.

Link B, Torres Crigna A, Holzel M, Giordano FA, Golubnitschaja O. Abscopal
effects in metastatic cancer: is a predictive approach possible to improve
individual outcomes?? JCM. 2021;10(21):5124. https://doi.org/10.3390/jcm 10
215124,

51.

52.

Page 16 of 16

Khan SY, Melkus MW, Rasha F, et al. Tumor-Infiltrating lymphocytes (TILs) as a
biomarker of abscopal effect of cryoablation in breast cancer: A pilot study.
Ann Surg Oncol. 2022,29(5):2914-25. https://doi.org/10.1245/510434-021-11
157-w.

Nelson BE, Adashek JJ, Sheth AA, Subbiah V. Predicting the abscopal effect:
associated tumor histologic subtypes and biomarkers. Mol Cancer Ther.
2023;22(6):706-16. https://doi.org/10.1158/1535-7163.MCT-22-0516.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.2147/CMAR.S248034
https://doi.org/10.3390/j5040032
https://doi.org/10.3390/jcm10215124
https://doi.org/10.3390/jcm10215124
https://doi.org/10.1245/s10434-021-11157-w
https://doi.org/10.1245/s10434-021-11157-w
https://doi.org/10.1158/1535-7163.MCT-22-0516

	﻿Impact of metabolic and nutritional disorders on the synergy between radiotherapy and immunotherapy in non-small-cell lung cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients
	﻿Basic clinicopathological data collection
	﻿Metabolic data collection
	﻿Body composition data collection
	﻿Nutritional data collection
	﻿Endpoints
	﻿Statistical analysis

	﻿Results
	﻿Synergistic effect between RT and ICIs
	﻿Body composition and PNI are predictors for PFS and OS in patients receiving iRT
	﻿Body composition and PNI are predictors for abscopal control in patients receiving iRT
	﻿The impact of combining body composition and PNI on tumor control in patients receiving iRT

	﻿Discussion
	﻿References


