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Background: Overweight and obese patients with cancer present with chronic inflamma
tion, dysfunctional antitumor immunity and malnutrition risk. Prognostic nutritional index 
(PNI) is a promising indicator for predicting inflammatory, immunological and nutritional 
states; however, its prognostic value in overweight and obese patients with cancer has not 
been explored. Therefore, the aim of the current study was to explore the prognostic value of 
PNI levels in overweight and obese patients with cancer.
Methods: The current large-scale retrospective cohort multicenter study included 3532 
patients. Time-dependent receiver operating characteristic (ROC) curve analysis was used 
to determine the prediction accuracy of PNI levels for mortality of overweight and obese 
patients with cancer. Restricted cubic splines were used to model the association between 
PNI levels and mortality. Association between low PNI and overall survival rate was 
analyzed using the Kaplan–Meier method and Cox regression model.
Results: Area under the curve (AUC) of the PNI for all-cause mortality was higher 
compared with that of the neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte 
ratio (PLR) in overweight and obese patients with cancer. There was a significant inverse 
relationship between PNI levels and all-cause mortality (per SD increment-HR: 0.79; 95% 
CI: 0.74, 0.85; P<0.001). Subgroup analysis showed that the risk for mortality significantly 
decreased with increase in PNI levels in patients at risk of malnutrition (per SD increment- 
HR: 0.67; 95% CI: 0.57, 0.78; P<0.001) and elderly patients (per SD increment-HR: 0.74; 
95% CI: 0.64, 0.84; P<0.001). In addition, PNI levels showed an inverse association with 
mortality in patients without malnutrition risk (per SD increment-HR: 0.81; 95% CI: 0.75, 
0.88; P<0.001). Subgroup analysis based on tumor type showed that low PNI was an 
independent predictor of poor prognosis for patients with lung cancer, gastric cancer and 
hepatobiliary and pancreatic cancer.
Conclusion: Low PNI levels are associated with an increased risk for all-cause mortality. 
PNI level is a potential effective inflammation-based prognostic tool for overweight and 
obese patients with cancer.
Keywords: PNI, mortality, overweight or obese, prognosis, cancer patients

Introduction
Obesity and excessive weight are major public health concerns worldwide. The rate 
of affected individuals among adults in China is approximately 46% and 15% in 
children.1,2 Studies report that excess body weight, commonly expressed as 
increased body mass index (BMI), is associated with high risk for several types 
of cancer. Therefore, a significant percentage of cancer patients are present with 
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overweight or obesity at diagnosis.3,4 Obesity affects 
inflammatory and immune systems, leading to dysregu
lated immune responses and impaired antitumor 
immunity.5,6 Previous studies report that obesity is asso
ciated with improved treatment response and survival in 
cancer patients treated with immunotherapy.7–9 In addi
tion, overweight or obese cancer patients might be at risk 
of malnutrition. A recent study using Patient-Generated 
Subjective Global Assessment Short Form reported that 
the prevalence of malnutrition risk in overweight/obese 
cancer patients was 64%.10 These findings show that prog
nostic nutritional index (PNI), which indicates an interplay 
among inflammation, immunological status and 
nutrition,11 may be a promising biomarker with predictive 
and prognostic value for overweight and obese patients 
with cancer. PNI is a multiparametric indicator based on 
serum albumin concentration and total lymphocyte count 
in peripheral blood. Studies report that PNI is an accurate 
prognostic predictor in various types of human cancers.12– 

15 In addition, PNI is correlated with the tumor-infiltrating 
lymphocyte (TIL) score15 and is a useful biomarker for 
predicting efficacy of immunotherapy.16 Similarly, neutro
phil to lymphocyte ratio (NLR) and platelet to lymphocyte 
ratio (PLR) are commonly used as conventional indicator 
of systemic inflammation and immunological status and 
are emerging as prognostic biomarkers in many cancer 
types.17,18 Although these three markers can be easily 
evaluated by blood tests, it is still unclear as to which of 
these biomarkers is the most reliable prognostic predictor 
for overweight and obese patients with cancer. Therefore, 
the aims of this large-scale retrospective cohort study were 
(i) to compare the prognostic ability of the PNI with NLR 
and PLR, (ii) to comprehensively explore the relationship 
between PNI levels and all-cause mortality of overweight 
and obese patients with cancer.

Methods
Study Design and Population
A total of 3532 overweight or obese patients with cancer 
from multiple centers including Daping Hospital of the 
Third Military Medical University, Fujian Cancer 
Hospital and the First Hospital of Jilin University were 
included in the current retrospective study between 
April 2013 and February 2019. All patients were under
going antitumor treatments including surgery, chemother
apy, radiotherapy and other anti-cancer therapies. Data for 
the first admission were analyzed for patients with 

multiple hospitalizations. The study inclusion criteria 
included: (1) age >18 years old; (2) length of hospital 
stay longer than 48 hours; (3) diagnosis of solid tumors 
at any stage; (4) patients that presented with a BMI 
≥24 kg/m2. Patients with incomplete clinical data or lost 
to follow-ups at the beginning and subsequent follow-ups 
were excluded. This study was carried out following the 
ethical standards of the Helsinki Declaration and was 
approved by the Medical Ethics Committee of First 
Affiliated Hospital of Sun yat-sen University. The study 
was registered under the Chinese Clinical Trial Registry 
(Registration number: ChiCTR1800020329). Informed 
consent was waived due to this study’s retrospective nature 
and the anonymized processing of patient data. All 
patients were regularly followed up by telephone inter
views or outpatient visits.

Patient Characteristics
Pretreatment clinicopathological characteristics including 
age, gender, medical comorbidity, alcohol consumption, 
smoking status, previous treatments (surgery, chemother
apy and radiotherapy), primary tumor site, TNM stage, 
Karnofsky Performance Status (KPS), and European 
Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) sum
mary score were recorded. Nutritional and inflammatory 
assessments were performed using several parameters 
including hemoglobin, total protein, weight loss, BMI, 
PNI, NLR and PLR. PNI was calculated using the formula 
PNI = (10× Alb g/dL) + (0.005 × total lymphocyte counts/ 
mm3).11 BMI was classified as overweight (24.0–27.9 kg/ 
m2) and obese (≥28.0 kg/m2) based on reclassification of 
BMI for Chinese adults provided by the Ministry of Health 
of the People’s Republic of China.19 The nutritional status 
of all patients was evaluated using the Nutritional Risk 
Screening-2002 (NRS-2002), and a total score of≥3 points 
was considered at risk of malnutrition. The following 
categories were used to convert KPS data to the Eastern 
Cooperative Oncology Group performance status (ECOG 
PS): KPS 100 (ECOG PS 0), KPS 90 to 80 (ECOG PS 1), 
KPS 70 to 60 (ECOG PS 2), KPS 50 to 40 (ECOG PS 3), 
and KPS 30 to 0 (ECOG PS 4).20 QLQ-C30 summary 
score was calculated as the mean of the combined 13 
QLQ-C30 scale and item scores (excluding global QoL 
and financial impact), with a higher score indicating 
a better QoL.21,22 T, N and M categories were not included 
in this analysis since each tumor type had distinct T/N/M 
categories. Stages of these patients were classified 
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following the guidelines by the eighth AJCC TNM staging 
system.

Anthropometric Measurements
BMI was calculated as body weight in kilograms divided 
by height in meters squared. Body weight change was 
determined by taking the body weight of patients six 
months prior to admission, then comparing with the 
weight determined at the time of admission. Mid-arm 
circumference (MAC) and calf circumference (CC) were 
determined using a standard tape with a 0.1-cm increment. 
Tricep skinfold was determined using a skinfold caliper 
with 1 mm increments. Mid-arm muscle circumference 
(MAMC) was calculated using the following formula: 
MAMC (mm) = mid-arm circumference (mm) - (3.14 × 
triceps skinfold (mm)).23 Hand grip strength (HGS) was 
determined using a hand dynamometer from the patient’s 
dominant hand.

Statistical Analysis
Categorical variables were presented as numbers and per
centages. Differences among groups were compared using 
χ2 test or Fisher’s exact test. Comparison of continuous 
variables was performed using Student’s independent t test 
or Mann-Whitney test for data that did not show normal 
distribution. Maximally selected rank statistics were used 
to calculate the optimal cutoff value of the PNI.24 Cut-off 
value for PNI associated with overall survival was <46.05 
based on our calculation. Then the calculated cut-off point 
was used to classify patients as low PNI and high PNI 
group. Hazard ratios (HRs) of PNI for all-cause mortality 
were determined as a continuous variable using restricted 
cubic splines with three knots at the 5th, 50th, and 95th 
centiles. Survival curves were plotted using the Kaplan– 
Meier method and the Log rank test. Cox proportional 
hazards model was used for univariate and multivariate 
survival analyses. Two sensitivity analyses were per
formed as follows: one analysis excluded patients who 
died within 3 months to reduce the potential impact of 
reverse causation as a result of severe disease. In addition, 
propensity score-matching analysis was used to minimize 
the confounding prognostic factors affecting the prognos
tic significance of PNI. Propensity scores were estimated 
using a logistic regression model according to the follow
ing 9 factors: age, gender, smoking, drinking, ECOG PS, 
TNM stage, weight loss, tumor types and hemoglobin 
level. After amending these confounding factors, the prog
nostic significance of PNI was reevaluated in overweight 

or obese patients with cancer. P < 0.05 was considered 
statistically significant. All analyses were performed using 
R software, version 3.6.1.

Results
Patient Characteristics
A total of 3532 patients were included in the study after 
excluding 627 patients lost to follow-ups at the beginning 
and subsequent follow-ups or who had missing data 
(Figure S1). Baseline demographic and clinical data of 
all patients including age, gender, smoking and alcohol 
consumption status, primary tumor site, TNM stage, 
M category, previous treatments, comorbidity, ECOG PS, 
BMI category, weight loss, albumin, hemoglobin, NLR, 
PLR, QoL and information on anthropometric measures 
are presented in Table 1. A total of 912 events (deaths) 
were observed over a median follow-up time of 30 
months.

Relationship Between PNI Levels and 
Clinicopathologic Variables
Time-dependent ROC curves of the inflammation-based 
prognostic score (NLR, PLR and PNI) for the overall 
survival (OS) rate are shown in Figure 1. The AUCs of 
PNI, NLR and PLR for the 1-year mortality rate were 
0.692, 0.666 and 0.615, respectively. The AUCs of PNI, 
NLR and PLR for the 3-year mortality rate were 0.659, 
0.639 and 0.600, respectively. The area under the curve 
(AUC) of PNI was higher compared with that of NLR and 
PLR, indicating that PNI was a better prognostic biomar
ker for predicting the overall survival rate of overweight 
and obese patients with cancer. The mean PNI value was 
lower in patients ≥65 years of age compared with those 
patients less than 65 years of age except for patients with 
breast cancer. HPPC group (mean 45.43) showed the low
est mean PNI value, whereas the NPC group (mean 51.51) 
had the highest PNI for patients <65 years of age. Patients 
with gastric cancer (mean 44.72) had the lowest mean 
PNI, and patients with breast cancer (mean 48.18) showed 
the highest PNI for patients ≥65 years of age (Figure S2). 
Analysis using the maximally selected rank statistics 
method showed that the optimal threshold of the PNI 
was 46.05 (Figure S3), and the prevalence of low PNI 
was 1099 (31.1%) in overweight or obese patients with 
cancer. Low PNI was highly correlated with old age, male 
gender, history of smoking and alcohol consumption, poor 
ECOG performance, advanced TNM stage, high 
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Table 1 Detailed Baseline Characteristics of the Study Population

Characteristics PNI Levels P-value

High PNI 
(n=2433)

Low PNI 
(n=1099)

Age, years, n (%) <0.001
<65 1893 (77.8%) 722 (65.7%)

≥65 540 (22.2%) 377 (34.3%)

Gender, n (%) <0.001

Male 1112 (45.7%) 579 (52.7%)

Female 1321 (54.3%) 520 (47.3%)

ECOG performance 

status, n (%)

<0.001

≤1 2301 (94.6%) 918 (83.5%)

>1 132 (5.4%) 181 (16.5%)

Smoking, n (%) 0.036

Absent 1585 (65.1%) 675 (61.4%)

Present 848 (34.9%) 424 (38.6%)

Drinking, n (%) 0.012

Absent 2036 (83.7%) 881 (80.2%)
Present 397 (16.3%) 218 (19.8%)

TNM stages, n (%) <0.001

I 411 (16.9%) 117 (10.6%)

II 705 (29.0%) 271 (24.7%)
III 656 (27.0%) 290 (26.4%)

IV 661 (27.2%) 421 (38.3%)

M category, n (%) <0.001

M0 1853 (76.2%) 707 (64.3%)

M1 580 (23.8%) 392 (35.7%)

BMI category, n (%) 0.001

Overweight 1922 (79.0%) 920 (83.7%)
Obese 511 (21.0%) 179 (16.3%)

NRS-score, n (%) <0.001
NRS ≥3 293 (12.0%) 331 (30.1%)

NRS <3 2140 (88.0%) 768 (69.9%)

Weight-loss, n (%) <0.001

Absent 2208 (90.8%) 882 (80.3%)

Present 225 (9.2%) 217 (19.7%)

Tumor types, n (%) <0.001

Lung cancer 522 (21.5%) 293 (26.7%)
GC 154 (6.3%) 139 (12.6%)

Esophagus cancer 71 (2.9%) 40 (3.6%)

CRC 350 (14.4%) 218 (19.8%)
NPC 328 (13.5%) 46 (4.2%)

Breast cancer 692 (28.4%) 156 (14.2%)

HPPC 49 (2.0%) 49 (4.5%)
Cervical cancer 103 (4.2%) 66 (6.0%)

Others 164 (6.7%) 92 (8.4%)

(Continued)

Table 1 (Continued). 

Characteristics PNI Levels P-value

High PNI 
(n=2433)

Low PNI 
(n=1099)

Comorbidity

Diabetes mellitus 237 (9.7%) 124 (11.3%) 0.161

Hypertension 561 (23.1%) 287 (26.1%) 0.049
Coronary heart disease 134 (5.5%) 74 (6.7%) 0.152

Previous treatments, n (%)
Radical surgery 1021 (42.0%) 477 (43.4%) 0.423

Chemotherapy 1204 (49.4%) 545 (49.6%) 0.954

Radiotherapy 251 (10.3%) 162 (14.7%) <0.001

Summary score of QLQ- 
C30, median (median 

[IQR])

93.59 [87.18, 
97.44]

90.09 
[81.99, 

95.45]

<0.001

MAMC, cm, (median 

[IQR])

22.46 [20.59, 

24.46]

22.35 

[20.43, 

24.37]

0.275

MAC, cm, (median [IQR]) 29.00 [27.10, 

30.70]

28.50 

[27.00, 
30.30]

0.005

TSF, mm, (median [IQR]) 20.00 [15.20, 
26.00]

20.00 
[15.00, 

25.00]

0.031

HGS, kg, (median [IQR]) 25.20 [19.00, 

32.90]

24.40 

[17.80, 

32.10]

0.002

CC, cm, (median [IQR]) 36.00 [34.00, 

38.00]

35.00 

[33.00, 
37.00]

<0.001

Hemoglobin, g/L, (median 
[IQR])

134.00 
[124.00, 

145.00]

120.00 
[106.00, 

131.00]

<0.001

Total protein, g/L, (median 

[IQR])

71.40 [67.80, 

75.00]

63.80 

[59.70, 

68.00]

<0.001

NLR (median [IQR]) 2.09 [1.55, 

2.85]

3.34 [2.19, 

5.16]

<0.001

PLR (median [IQR]) 126.14 

[97.75, 
165.35]

182.12 

[133.99, 
257.99]

<0.001

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GC, gastric 
cancer; CRC, colorectal cancer; HPPC, hepatobiliary and pancreatic cancer; 
NPC, nasopharyngeal carcinoma; M, metastasis; BMI, body mass index; NRS- 
2002, Nutritional Risk Screening-2002; TSF, triceps skinfold; MAC, Mid-arm 
circumference; MAMC, Mid-arm muscular circumference; CC, calf- 
circumference; HGS, hand grip strength; NLR, neutrophil-to-lymphocyte ratio; 
PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; IQR, inter
quartile range.
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malnutrition risk, lower total protein and hemoglobin, high 
NLR and PLR levels and treatment using radiotherapy. In 
addition, patients with low PNI showed weight loss, low 
MAC, low CC, low TSF, low HGS and a low QLQ-C30 
summary score (Table 1).

Relationship Between PNI Levels and 
All-Cause Mortality
Analysis showed a significant inverse relationship between 
PNI levels and all-cause mortality (per SD increment-HR: 
0.79; 95% CI: 0.74, 0.85, P < 0.001) (Figure 2). The risk 
of all-cause mortality was significantly lower in patients 
with high PNI compared with individuals with low PNI 

(defined by cutoff values: PNI <46.05), with an adjusted 
HR of 0.73 (95% CI: 0.63,0.84, P < 0.001). Analysis after 
grouping of PNI levels into quartiles showed significantly 
lower mortality in participants in quartile 3 (HR; 0.81, 
95% CI: 0.67, 0.98, P=0.027) and quartile 4 (HR; 0.56, 
95% CI: 0.44, 0.70, P < 0.001) compared with that of 
participants in quartile 1 (Table 2). Low PNI was asso
ciated with worse OS rates in cancer patients who were 
overweight or obese. After multivariate Cox regression 
analysis, low PNI was demonstrated to be an independent 
prognostic factor for OS rates (HR; 1.45, 95% CI: 1.26, 
1.68, P < 0.001) (Table S1) in overweight and obese 
patients with cancer.

Figure 1 Time-dependent changes in the area under the curve (AUC) for overall survival of prognostic nutritional index (PNI), neutrophil-to-lymphocyte ratio (NLR) and 
platelet-to-lymphocyte ratio (PLR). (A) Temporal changes of the AUC, (B) ROC curves for 1-year mortality, (C) ROC curves for 3-year mortality.

Figure 2 Association of PNI levels with mortality (A) and Kaplan-Meier survival analysis of OS (B) in overweight or obese patients with cancer. Hazard ratios are indicated 
by solid lines and 95% confidence intervals (CIs) by shaded area. Reference point was calculated cut-off value (PNI=46.05). The model was adjusted for cofounders including 
age, gender, TNM stage, Eastern Cooperative Oncology Group performance status, tumor type, previous treatment, smoking and drinking status, weight loss, NRS score, 
hemoglobin levels, hand grip strength, calf-circumference, triceps skinfold, mid-arm circumference, calf circumference, diabetes mellitus, hypertension and coronary heart 
disease. 
Abbreviations: OS, overall survival; PNI, prognostic nutritional index.
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Effect of PNI Levels on All-Cause 
Mortality Stratified by Age, Nutrition 
Status and Tumor Type
The spline of the HRs for PNI showed a strong L-shaped 
relationship in patients ≥65 years of age (per SD increment- 
HR: 0.74; 95% CI: 0.64, 0.84, P < 0.001) and a linear 
decrease in patients <65 years old (per SD increment-HR: 
0.82; 95% CI: 0.75, 0.89, P < 0.001). In addition, mortality 

decreased with increase in PNI in patients with no malnutri
tion risk (per SD increment-HR: 0.81; 95% CI: 0.75, 0.88, 
P < 0.001), but showed a more pronounced decreasing ten
dency in patients at risk of malnutrition (per SD increment- 
HR: 0.67; 95% CI: 0.57, 0.78, P < 0.001) (Table 3) (Figure 
S4). Findings from multivariate analysis indicated that low 
PNI was an independent predictor of worse prognosis across 
age groups (<65 years or ≥65 years) and nutrition status 

Table 2 The Association Between PNI Level and All-Cause Mortality in Overweight or Obese Patients with Cancer

Groups Total Patients Crude Model Adjusted Model* Adjusted Model**

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

PNI in all patients n=3532

By cut-off values 0.42 (0.37,0.48) <0.001 0.46 (0.40,0.52) <0.001 0.73 (0.63,0.84) <0.001

By per SD 0.64 (0.60,0.68) <0.001 0.66 (0.62,0.70) <0.001 0.79 (0.74, 0.85) <0.001

By quantile

Q1 (≤44.8) 886 Reference Reference
Q2 (44.8 to 49) 883 0.69 (0.58, 0.80) <0.001 0.73 (0.62, 0.86) <0.001 0.86 (0.73, 1.02) 0.088

Q3 (49 to 52.7) 892 0.46 (0.38, 0.55) <0.001 0.50 (0.42, 0.60) <0.001 0.81 (0.67, 0.98) 0.027

Q4 (>52.7) 871 0.26 (0.21, 0.33) <0.001 0.29 (0.23, 0.36) <0.001 0.56 (0.44, 0.70) <0.001
P value for trend <0.001 <0.001 <0.001

Notes: *Adjusted for age, gender; **adjusted for age, gender, TNM stage, Eastern Cooperative Oncology Group performance status, tumor type, previous treatment, 
smoking and drinking status, weight loss, NRS score, hemoglobin level, hand grip strength, calf-circumference, triceps skinfold, mid-arm circumference, calf circumference, 
diabetes mellitus, hypertension and coronary heart disease. 
Abbreviations: PNI, prognostic nutritional index; SD, standard deviation.

Table 3 The Association Between PNI and All-Cause Mortality Stratified by Age and Nutrition Status

Groups n=3532 Crude Model Adjusted Model* Adjusted Model**

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age

<65 years 2615
By cut-off value 0.42 (0.36, 0.50) <0.001 0.44 (0.37, 0.51) <0.001 0.74 (0.62, 0.89) 0.001

By per SD 0.64 (0.59, 0.69) <0.001 0.65 (0.60, 0.70) <0.001 0.82 (0.75, 0.89) <0.001

≥65 years 917
By cut-off value 0.48 (0.38, 0.60) <0.001 0.50 (0.40, 0.62) <0.001 0.71 (0.56, 0.91) 0.007

By per SD 0.66 (0.59, 0.74) <0.001 0.67 (0.60, 0.75) <0.001 0.74 (0.64, 0.84) <0.001

Nutrition status

NRS score <3 2908
By cut-off value 0.42 (0.36, 0.49) <0.001 0.45 (0.39, 0.53) <0.001 0.72 (0.61, 0.86) <0.001

By per SD 0.64 (0.60, 0.69) <0.001 0.66 (0.62, 0.71) <0.001 0.81 (0.75, 0.88) <0.001

NRS score ≥3 624
By cut-off value 0.53 (0.40, 0.69) <0.001 0.55 (0.42, 0.72) <0.001 0.67 (0.49, 0.91) 0.011

By per SD 0.66 (0.58, 0.76) <0.001 0.67 (0.59, 0.77) <0.001 0.67 (0.57, 0.78) <0.001

Notes: *Adjusted for age, gender; **adjusted for age, gender, TNM stage, Eastern Cooperative Oncology Group performance status, tumor type, previous treatment, 
smoking and drinking status, weight loss, NRS score, hemoglobin level, hand grip strength, calf-circumference, triceps skinfold, mid-arm circumference, calf circumference, 
diabetes mellitus, hypertension and coronary heart disease. 
Abbreviations: PNI, prognostic nutritional index; NRS, nutritional risk screening; SD, standard deviation.
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(NRS score <3 or NRS score ≥3). Stratification by tumor type 
showed that mortality risk significantly decreased with 
increase in PNI levels for patients with lung cancer, gastric 
cancer, colorectal cancer, cervical cancer, nasopharyngeal 
carcinoma, hepatobiliary cancer and pancreatic cancer 
(HPPC) and tended to be decreased for patients with cervical 
cancer and esophageal cancer, but was not 
significantly decreased for patients with breast cancer 
(Figure S5). Although low PNI was associated with poor 
OS rates in each of these tumor types (Figure 3), multivariate 
analysis showed that low PNI was an independent predictor 
of worse prognosis for patients with lung cancer, gastric 
cancer and HPPC and tended to be an independent predictor 
for esophageal cancer (Figure 4).

Prognostic Significance of Low PNI 
Stratified by Potential Effect Modifiers
Subgroup analyses were performed to explore the 
prognostic effect of PNI on overweight or 
obese cancer patients. The association between low PNI 
and poor prognosis was not significantly modified by age 
(P for interaction=0.899), gender (P for interaction=0.879), 
primary tumor site (P for interaction=0.652), M category 
(P for interaction=0.477), ECOG performance status (P for 
interaction=0.537), weight loss (P for interaction=0.871), 
NRS score (P for interaction=0.709), and radical 
surgery (P for interaction=0.726), but tended to be modified 
by hemoglobin levels (P for interaction=0.123) (Figure 4). 
In addition, the relationship between low PNI level and 
worse survival outcome was also confirmed by excluding 

Figure 3 Kaplan-Meier survival analysis for overweight or obese patients with cancer according to PNI levels stratified by tumor type. (A) OS of lung cancer; (B) OS of 
gastric cancer; (C) OS of esophagus cancer; (D) OS of colorectal cancer; (E) OS of nasopharyngeal carcinoma (NPC); (F) OS of breast cancer; (G) OS of hepatobiliary and 
pancreatic cancer (HPPC); (H) OS of cervical cancer; (I) OS of other cancer. 
Abbreviation: OS, overall survival.
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patients who died within 3 months or the propensity score- 
matching analysis (Figure S6, Figure S7, Table S2, 
Table S3).

Discussion
The findings of the current study indicated that PNI level 
is inversely correlated with all-cause mortality of 

Figure 4 Subgroup analysis for evaluating the prognostic effect of PNI on overall survival. 
Abbreviations: ECOG, Eastern Cooperative Oncology Group; CRC, colorectal cancer; HPPC, hepatobiliary and pancreatic cancer; NPC, nasopharyngeal carcinoma; M, 
metastasis; NRS, Nutritional Risk Screening; PNI, prognostic nutritional index.
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overweight or obese patients with cancer. Notably, a 21% 
decrease in mortality risk was observed per SD increase in 
PNI level. Decrease in mortality risk was observed with 
increase in PNI level across age groups (<65 years and 
≥65 years) and nutrition status (NRS score <3 or NRS 
score ≥3). A strong L-shaped relationship was observed 
between PNI levels and mortality for patients at risk of 
malnutrition and elderly patients. Intriguingly, an inverse 
association was observed between PNI levels and all-cause 
mortality in patients without malnutrition risk. This finding 
indicated that PNI level may be an inflammation-based 
prognostic marker in overweight and obese patients with 
cancer. The optimal cut-off point for low PNI was 46.05. 
Analysis using this threshold showed that low PNI was 
independently correlated with worse prognosis in over
weight or obese cancer patients. Given the increased pre
valence of overweight or obese patients with cancer, our 
observations are likely to improve the prediction and stra
tification of prognosis for these patients.

Previous studies report that PNI is significantly corre
lated with poor prognosis in patients with adenocarcinoma 
of the esophagogastric junction (AEG) and upper gastric 
cancer (UGC) or patients with hepatocellular carcinoma 
compared with NLR and PLR.25–27 In the current study, 
the findings showed that PNI was a better predictor of OS 
rates in overweight and obese patients with cancer com
pared with the NLR and PLR which is consistent with 
previous findings. PNI was determined based on the serum 
albumin level and peripheral blood total lymphocyte count 
(TLC). Hypoalbuminemia has been reported to be asso
ciated with cancer progression and poor survival outcomes 
in several cancer types.28,29 Both systemic inflammatory 
reactions and malnutrition might result in decreased albu
min in overweight and obese patients with cancer. TLC is 
a component of PNI and plays an important role in the 
host immune response by inhibiting formation and pro
gression of tumors.30 High peripheral blood lymphocyte 
count is correlated with increased TILs; thus, it may 
improve patient prognosis through local antitumor 
immunity.15 Several studies report that tumors with abun
dant TILs are associated with a better prognosis compared 
with those with few TILs.31,32

PNI levels are affected by systemic inflammatory reac
tions, and serum albumin levels are decreased by 
inflammation.33 The findings of the current study showed 
that low PNI was independently associated with increased all- 
cause mortality in overweight and obese patients without mal
nutrition risk. Thus, the PNI level is more likely to be modified 

by inflammation status and is an inflammation-based prognos
tic marker in such patients. In line with our results, Evans et al 
reported that serum albumin, a component of the PNI, should 
be recognized as an inflammatory marker rather than 
a malnutrition indicator.33 Moreover, for overweight and 
obese patients with malnutrition risk, the risk of mortality 
showed a more pronounced decreasing trend with increasing 
PNI levels. We speculate that patients with both malnutrition 
and inflammation burden experience a severe PNI reduction, 
resulting in increased all-cause mortality. Therefore, the PNI 
level might mainly characterize inflammation rather than nutri
tion status in overweight and obese patients with cancer. 
However, PNI level is more likely to reflect both inflammatory 
and nutritional conditions in patients with underweight. 
Okadome et al found low PNI was associated with the poor 
prognosis in underweight patients with esophageal cancer.15 

The underweight condition of patients could be related to 
malnutrition and inflammatory state resulting in lower serum 
albumin levels and lymphopenia.34–36 In addition, old age is 
associated with increased malnutrition risk and deterioration of 
T lymphocytes, which can be exacerbated by obesity.37,38 In 
the present study, low PNI levels were mainly observed in 
elderly patients with cancer and showed a significant associa
tion with all-cause mortality in elderly patients. Similarly, 
a recent study reported that low PNI score is an independent 
prognostic factor for predicting worse OS in elderly patients 
with gastric cancer.39

Several studies report that PNI is significantly asso
ciated with prognosis in various cancer types, such as 
lung, esophageal, renal cell and hepatocellular and biliary 
cancers.12–15,40,41 However, previous studies have not 
evaluated the relationship between PNI levels and mortal
ity in overweight and obese patients with cancer. Analysis 
using the calculated cut-off value showed that low PNI 
was an independent prognostic factor in overweight or 
obese patients with lung cancer, gastric cancer and 
HPCC and tended to be a significant prognostic factor in 
patients with esophageal cancer. One possible explanation 
for this finding might be that those with primary upper 
gastrointestinal tract and lung tumors and are more likely 
to experience chronic inflammation and malnutrition. In 
addition, intratumoral genomic alterations have been 
reported to be associated with BMI and PNI levels. 
A recent study found BMI and PNI are independent fac
tors for overall survival in patients with gastric cancer and 
those patients with higher BMI values had fewer copy 
number variation events and less tumor suppressor gene 
loss.42 For patients with HPPC, low PNI levels may be 
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caused by impaired liver function and sustained systemic 
inflammatory response.43 However, the correlation 
between PNI levels and increased mortality was not sig
nificant for overweight or obese patients with breast can
cer. This result could be partly explained by the suppressed 
local antitumor immune response in obese subjects with 
breast cancer. Floris et al reported that high sTIL levels 
were significantly correlated with high pathological com
plete response (pCR) rate and better survival outcomes in 
lean patients (≥18.5 and <25 kg/m2) but not in heavier 
patients (BMI ≥25 kg/m2) with triple-negative breast 
cancer.44

The current study used a large sample size to explore 
the relationship between PNI levels and all-cause mortality 
in obese and overweight patients with cancer. However, 
the current study has some limitations. First, this cohort 
was retrospective; therefore, the results of this study may 
have been subjected to selection bias. In addition, those 
patients who were lost to follow-ups at the beginning and 
subsequent follow-ups were excluded from the study, 
which may result in overestimation of the association 
between low PNI level and worse survival outcome. 
However, the completeness of clinicopathological data 
and a relatively large sample size may partially compen
sate for this limitation. Second, serum albumin levels are 
not a reliable tool for determining malnutrition, as sys
temic inflammatory cytokines may affect serum albumin 
levels. However, the PNI tended to be an inflammation- 
based prognostic marker but not a nutritional parameter in 
overweight and obese patients with cancer.

Conclusion
The findings of the current study showed that a low PNI 
was associated with increased risk for all-cause mortality 
in overweight or obese patients with cancer. Mortality was 
significantly higher in patients at risk of malnutrition or in 
elderly patients. As PNI can be evaluated easily by collect
ing blood from a peripheral vein, it might be a useful 
inflammation-based prognostic tool for overweight and 
obese patients with cancer.
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