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Objective: To perform a narrative review of the prognostic value of prognostic nutritional index (PNI) in 
cancers.
Background: Prognostic estimation greatly determines the treatment approach in various cancers. The 
PNI, calculated using the serum albumin level and total lymphocyte count, is a useful indicator to assess 
nutritional and immunological conditions. The PNI represents a low-cost, easy-to-perform, noninvasive, 
rapid, and standardized tool for estimating the prognosis of cancer. Many studies have aimed to clarify the 
prognostic value of PNI for various types of cancer. 
Methods: We summarize the studies, particularly the systematic reviews and meta-analyses, that have 
examined the prognostic value of PNI in common cancers.
Conclusions: The relevant studies indicate that low PNI is an independent prognostic factor for 
decreasing overall survival in many types of cancers. Disease-free survival and progression-free survival were 
also associated with PNI in some types of cancer including lung cancer and renal cell carcinoma. Therefore, 
we suggest that the measurement of PNI is a useful method to identify cancer patients that have a worse 
prognosis and that the treatment strategy for these patients be adjusted accordingly. We hypothesize that 
maintaining good nutritional status during treatment may improve outcomes of various cancers. 
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Introduction

Prognostic estimation is crucial for cancer management 
because it can significantly inform the selection of the 
treatment approach. The conventional prognostic 
estimation tools include medical imaging, pathological 
methods, demographic factors, and laboratory testing. 
However, none of these tools can accurately predict the 

prognosis of cancer patients when used alone. They each 
have distinct limitations, including invasiveness, high cost, 
requirement of special training, and subjectivity. The ideal 
prognostic estimation tool should be noninvasive, easy to 
use, low cost, and standardized. Some tools can meet these 
requirements, such as the prognostic nutritional index  
(PNI) (1) and controlling nutritional status (CONUT)  
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score (2). In this narrative review, we focus on the 
prognostic value of PNI in cancer.

PNI was first proposed by Buzby in 1980 (1). The 
formula for calculating the PNI was based on 4 factors: 
albumin, triceps skinfold, transferrin, and skin test reactivity. 
Partly due to the subjectivity involved in triceps skinfold 
and skin test reactivity, the clinical application of PNI was 
limited. In 1984, Onodera modified the formula to the 
following: PNI=albumin (g/L)+ 5 × absolute lymphocyte 
count (109/L) (3). Compared to the initial formula, the 
modified formula has some advantages, such as being low 
cost and easy to perform, and having a short turnaround 
time and standardized design. Because albumin and absolute 
lymphocyte count are greatly affected by the nutritional 
status of individuals and because cancer patients are often 
malnourished, PNI is usually used to estimate the prognosis 
of cancer patients.  

In 2014, a systematic review and meta-analysis 
investigated the prognostic value of PNI in various types 
of cancers (4). This meta-analysis included 14 studies with 
3,413 cancer patients and revealed that the pooled hazard 
ratio (HR) of low PNI for overall survival (OS) and cancer-
specific survival (CSS) was 1.80 [95% confidence interval 
(CI): 1.59–2.04] and 2.45 (95% CI: 1.31–4.58), respectively. 
These results indicate that low PNI is a risk factor for 
a worse prognosis in cancer patients. Furthermore, a 
subgroup analysis indicated that the type of cancer, 
region, surgery type, cutoff value, and sample size did not 
significantly affect the pooled HR. In addition, low PNI was 
associated with postoperative complications with a pooled 
odds ratio (OR) of 2.45 (95% CI: 1.31–4.58). Subsequently, 
mounting studies have been performed to investigate the 
prognostic value of PNI in various types of cancer. For 
some types of cancer, systematic reviews and meta-analyses 
have been performed to determine the prognostic value  
of PNI. 

Because the results from individual cohort studies are 
heterogeneous, meta-analyses are needed to pool available 
studies. It is generally accepted that the meta-analysis 
is more convincing than the individual study. In this 
narrative review, we summarize the studies, particularly the 
systematic reviews and meta-analyses, that have examined 
the prognostic value of PNI in common cancers.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-4528).

Respiratory system neoplasms

Lung cancer 

The most common respiratory system neoplasm is lung 
cancer (LC). In 2018, 2 meta-analyses investigated the 
prognostic value of PNI in LC (5,6). In 1 study, low PNI 
was associated with lower OS with an HR of 1.72 (95% CI: 
1.43–2.06) (5). A subgroup analysis revealed that low PNI 
remained a risk factor for low OS across some subgroups 
(i.e., region, sample size, tumor stage, histology, and study 
quality) (5). These findings were validated by subsequent 
updated meta-analyses, which searched additional databases 
and included more studies for both small cell lung cancer 
(SCLC) and non-small cell lung cancer (NSCLC) (6-8). 

In addition to OS, the associations between PNI and 
disease-free survival (DFS) or recurrence-free survival (RFS) 
and progression-free survival (PFS) were also investigated 
in both SCLC and NSCLC (6-8). In 2 meta-analyses, 
although the number of included studies was small, a 
significant association between low PNI and worse RFS 
and PFS in SCLC (8) and NSCLC (6,7) was observed. In 
addition, a study with 80 late-stage lung cancer patients 
(stage III and IV) revealed the low PNI associated with 
low quality of life, which is measured by the FACT-L 
questionnaire (9). Notably, most of the available studies in 
these meta-analyses were from East Asia, particularly China 
and Japan (5-8). Therefore, more evidence from Europe 
and America is needed to validate the findings of these 
meta-analyses. 

Other respiratory system neoplasms

Only 2 studies have investigated the prognostic value of 
PNI in malignant pleural mesothelioma (MPM) (10,11), 
with both concluding that low PNI is a risk factor for worse 
OS. PNI was found to be associated with age, smoking, and 
weight loss (11). 

Head and neck tumors

Nasopharyngeal carcinoma

Thus far, 3 meta-analyses have investigated the prognostic 
value of PNI in nasopharyngeal carcinoma (12-14). Each 
of these meta-analyses included approximately 10 studies 
and revealed that low PNI was a risk factor for worse OS, 
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PFS, and distant metastasis-free survival (DMFS) (12-14). 
However, the results regarding locoregional failure-free 
survival (LRFFS) were inconsistent. In 1 meta-analysis, low 
PNI was associated with worse LRFSS (12), while another 
meta-analysis failed to find an association between low 
PNI and worse LRFSS (13). The possible reasons for the 
inconsistency remain unclear. Moreover, a subgroup analysis 
reported that the HR of PNI for OS and DMFS remained 
statistically significant across all treatment regimens (12).

The correlations between PNI and clinical characteristics 
of nasopharyngeal carcinoma have also been investigated. 
Low PNI has been associated with female sex (13,14), 
older age (13,14), advanced stage (13,14), high alanine 
transaminase (ALT), and high white blood cell (WBC) 
count (13).

Head and neck squamous cell carcinoma (HNSCC)

HNSCC includes some types of cancer that originate from 
different regions, such as the oropharynx, hypopharynx, oral 
cavity, and larynx. A retrospective study published in 2018 
indicated that PNI is an independent risk factor for OS in 
patients with HNSCC (n=145) (15). Patients with PNI <45 
have approximately 3 times higher of risk for death than 
patients with PNI >45. Another retrospective study (n=101) 
revealed that low PNI (<40) is associated with high risk 
of severe adverse events in HNSCC patients treated with 
radiotherapy (16).

A retrospective study enrolled 103 patients with oral 
squamous cell carcinoma (OSCC) to analyze the association 
between PNI and disease-specific survival (DSS) (17). Low 
PNI was associated with decreased DSS with an HR of 0.86 
(95% CI: 0.76–0.97) (17). Thus far, no systematic reviews 
or meta-analyses have been performed to investigate the 
prognostic value of PNI in HNSCC.

Digestive tract cancer 

The first meta-analysis regarding PNI and digestive system 
carcinomas was published in 2016 (18). A total of 23 studies, 
covering various types of digestive system carcinomas 
(e.g., gastric cancer, esophageal carcinoma, and colorectal 
carcinoma), were included. The PNI’s pooled HR was 1.83 
(95% CI: 1.62–2.07) for OS and 1.85 (95% CI: 1.19–2.89) 
for DFS. The authors failed to find a significant association 
between PNI and CSS perhaps because only 2 studies 
investigated the association between PNI and CSS and 
the sample size is small. A subgroup analysis revealed that 

the region, sample size, cutoff value, and cancer type did 
not significantly affect the prognostic value of PNI. In 
addition, they also found that low PNI was associated with 
high postoperative complications (HR =2.31; 95% CI: 
1.63–3.28). Subsequently, several studies have investigated 
the prognostic value of PNI in specific digestive system 
carcinomas. The following sections summarize the findings 
of the meta-analyses investigating the prognostic value of 
PNI in various digestive tract cancers.

Esophageal cancer (EC)

Three systematic reviews and meta-analyses have 
examined the prognostic value of PNI in EC, irrespective 
of histological type and treatment (19-21). Most of the 
included studies were identical, and thus the findings are 
similar. Each of these meta-analyses found that low PNI 
was a risk factor for worse OS and CSS. One of the meta-
analyses investigated the association between PNI and 
RFS and did not find a significant association between PNI 
and RFS (HR =1.63; 95% CI: 0.90–2.95) (20). Two meta-
analyses investigated the correlation between PNI and the 
clinicopathological features of EC (19,20). The authors 
found that low PNI was correlated with male sex (19,20), 
old age (19), positive lymph node status (20), advanced 
T stage (19,20), and body mass index (BMI) (20), but not 
metastasis (19) or the differentiation grade (19,20) of EC. 
Meanwhile, another study found that patients with low 
PNI were at high risk of postoperative complications (21). 
In a subgroup analysis, the pooled HR was found to be 
statistically significant across different groups (e.g., country, 
year of publication, sample size, cutoff value, and quality 
scores) (19,20). Notably, 1 meta-analysis (20) performed a 
sensitivity analysis and revealed that the results of the meta-
analysis were greatly affected by the study performed by 
Matsumoto et al. (22). In addition, most of the included 
studies in these 3 meta-analyses were from China and Japan 
and used a retrospective design. Therefore, prospective 
studies with European, Africa, and American patients are 
needed to validate the findings of these 2 meta-analyses.

Pathologically, EC is categorized into squamous cell 
carcinoma (ESCC) and adenocarcinoma (EADC). The 
above-mentioned meta-analyses did not perform subgroup 
analysis to investigate the prognostic value of PNI in ESCC 
or EADC. In 2020, a systematic review included 9 studies 
in its investigation into the association between ESCC 
prognosis and PNI (23). The pooled HRs of low PNI for 
OS and PFS were 1.42 (95% CI: 1.20–1.68) and 1.88 (95% 
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CI: 1.21–2.93), respectively, but low PNI was not associated 
with CSS (HR =1.95; 95% CI: 0.54–6.98; P=0.31). This 
negative finding may be attributed to the fact that only 2 
studies concerning CSS were included and had considerable 
heterogeneity (24,25). PNI in ESCC patients was not 
associated with age, gender, depth of tumor, differential 
grade, tumor–node–metastasis (TNM) stage, or lymph node 
metastasis.

Gastric cancer 

In 2016, 2 meta-analyses investigated the prognostic value 
of PNI in gastric cancer (GC) (26,27). Both meta-analyses 
found that low PNI was associated with OS (26,27). 
Subgroup analysis revealed that the association between 
PNI and prognosis of GC was not affected by treatment or 
the cutoff used (26). These findings were validated by an 
updated meta-analysis published in 2019 (28). By including 
studies investigating the prognostic value of PNI in GC 
patients following gastrectomy, the authors found that the 
pooled HR (95% CI) was 1.81 (1.56–2.09) for OS, 1.61 
(1.24–2.10) for CSS, and 1.82 (1.20–2.77) for RFS. In 
addition, they found that low PNI was a risk factor for the 
occurrence of postoperative complications and increased 
mortality (27,28). Meanwhile, low PNI was associated 
with the clinical and pathological characteristics of GS, 
such as older age (27,28), bigger tumor size (27,28), tumor 
stage (27,28), lower BMI (28), deep tumor depth (28), and 
positive vessel invasion (27,28). Because all the included 
studies were from East Asia, caution should be taken in 
extending the findings of this study to areas other than  
East Asia.

Colorectal cancer (CRC)

In 2016, Yang et al. performed a retrospective study and 
meta-analysis to investigate the association between PNI 
and the outcome of CRC (29). In the meta-analysis, 10 
studies with 3,582 CRC patients were included. The pooled 
HR was 1.97 (95% CI: 1.54–2.53) for OS and 1.48 (95% 
CI: 1.19–1.85) for CSS. In a subsequent subgroup analysis, 
region, surgery, TNM stage, cutoff value, sample size, and 
study quality did not affect the association between PNI 
and CRC outcome. The findings of this meta-analysis 
were validated by an updated meta-analysis published in  
2019 (30). The updated meta-analysis included 10 studies 

to investigate the prognostic value of PNI in CRC patients 
treated with surgery. In addition to observing that low 
PNI was associated with worse OS, DFS, and CSS in all 
groups and subgroups, the study also found low PNI to be 
associated with postoperative complications (30). 

 

Hepatobiliary and pancreatic cancers

Hepatocellular carcinoma (HCC)

Three meta-analyses have investigated the prognostic 
value of PNI in HCC (31-33). Each of these meta-analyses 
concluded that low PNI was associated with worse OS and 
DFS (31-33). The ORs of PNI for 1-, 3-, and 5-year OS 
were 2.91 (95% CI: 2.30–3.70), 4.05 (95% CI: 3.27–5.03), 
and 3.65 (95% CI: 2.96–4.50), respectively (31). In a 
subgroup analysis, region and gender did not affect the 
association between the PNI and OS of HCC (32). Notably, 
in patients treated with surgical resection or transcatheter 
arterial chemoembolization (TACE), the pooled HRs for 
OS remained statistically significant (32). This finding 
was validated by another meta-analysis in which only 
studies with curative hepatectomy–treated patients were  
included (33). In this meta-analysis, 7 studies were 
included, and the pooled HR for OS and RFS were 2.27 
(95% CI: 1.03–4.07) and 1.68 (95% CI: 1.45–1.94),  
respectively (33). In addition, PNI was associated with 
serum alpha-fetoprotein (AFP), tumor size, and TNM 
stage, but not with tumor number or liver cirrhosis (31).

Pancreatic cancer (PC)

Thus far, 2 meta-analyses have examined the prognostic 
value of PNI in PC (34,35). Although the literature search 
strategy and database differed between the 2 meta-analyses, 
the majority of included studies overlapped. Both meta-
analyses reported low PNI to be associated with worse OS, 
with an HR around 1.5 (34,35). Both performed subgroup 
analyses, which indicated low PNI to be associated with 
OS in the subgroups of treatment, stage, sample size, cutoff 
value, and study quality (34,35). Notably, in a sensitivity 
analysis, the pooled HR was greatly affected by the study 
performed by Yamada et al. (36). In addition, most available 
studies were retrospective in design and from East Asia, 
which suggests that the findings of these meta-analyses need 
to be validated by prospective studies from areas outside of 
East Asia. 
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Biliary tract cancer 

In 2020, a systematic review and meta-analysis included 
7 studies, which indicated low PNI to be associated 
with worse OS (HR =1.65; 95% CI: 1.42–1.93) (37). 
The pooled HR for OS remained statistically significant 
in all subgroup analyses (i.e., treatment, ethnicity, and 
tumor differentiation). The authors also investigated the 
correlation between PNI and clinical characteristics and 
found low PNI to be associated with poor differentiation 
and higher T stage, but not gender or N stage.

Urinary cancers

The first systematic review and meta-analysis concerning 
urinary cancers were published in 2018 (38). In this review, 
12 studies were deemed eligible for meta-analysis, including 
6 on renal cell cancer (RCC), 3 on bladder cancer (BC), 
2 on upper-tract urothelial carcinoma (UTUC), and 1 on 
prostate cancer. Low PNI was associated with worse OS, 
DFS/RFS/PFS, and CSS. Subgroup analyses revealed 
that the pooled HRs of PNI for OS, DFS/RFS/PFS, and 
CSS were not affected by the type of cancer or treatment 
approach (surgery or target therapy). The findings for 
RCC in this meta-analysis were validated by an updated 
meta-analysis published in 2021 (39). In the updated meta-
analysis, 12 studies with 7,391 subjects were included. The 
pooled HR for OS was 1.97 (95% CI: 1.60–2.43) while that 
for CSS and PFS was 1.78 (95% CI: 1.23–2.57) and 1.94 
(95% CI: 1.62–2.31), respectively. Low PNI was associated 
with older age, less proportion of clear cell histology, 
advanced T stage, and higher Fuhrman grade. Notably, all 
included studies were retrospective in design; therefore, 
studies with a prospective design are needed to validate 
these findings. 

In the meta-analysis published in 2018 (38), only 3 
studies on BC were included. We noted that many studies 
concerning PNI and BC prognosis have been published 
since 2018 (40-42); therefore, an updated meta-analysis is 
needed to assess the prognostic value of PNI in BC as well 
as in prostate cancer (40,43).

Gynecological cancers

In 2019, a systematic review and meta-analysis investigated 
the prognostic value of PNI for gynecological cancer (44). 
The review included 9 studies with 2,373 patients, with 4 

focusing on ovarian cancer (OC), 1 on all gynecological 
cancers, and 4 on cervical cancer (CC). The meta-analysis 
revealed that low PNI was a risk factor for worse OS and 
PFS. For OC, the pooled HR for OS and PFS was 1.28 
(0.73–2.26) and 1.82 (1.41–2.36), respectively. These 
findings were validated by a recently published meta-
analysis (45). For CC, the pooled HR for OS and PFS was 
2.96 (1.87–4.70) and 2.54 (1.41–4.58), respectively. Residual 
disease, ascites, and chemosensitivity were correlated with 
PNI (44).

To date, only 1 retrospective study has investigated 
the prognostic value of PNI in stage IVB endometrial  
cancer (46). Although low PNI was associated with 
decreased OS in univariate analysis,  no statistical 
significance was found in the multivariable analysis. 
Considering that the sample size in this study was small 
(n=32), further studies with larger samples are needed to 
validate the findings of this study. Moreover, no studies have 
investigated the prognostic value of PNI in choriocarcinoma 
or fallopian tube neoplasms.

Central nervous system tumors 

In 2020, a systematic review and meta-analysis investigated 
the prognostic value of albumin, albumin-to-globulin ratio 
(AGR), and PNI for glioma (47). In this review, 9 of the 11 
included studies investigated the association between PNI 
and OS in patients with glioma. The pooled HR of PNI 
for OS was not statistically significant (HR =0.83; 95% CI: 
0.60–1.16); however, a subgroup analysis indicated PNI to 
be a protective factor for patients with high-grade gliomas 
(HR =0.56; 95% CI: 0.43–0.73). In addition, those studies 
with a small sample size (n<200), defined cutoff value, or 
which performed multivariate analysis, reported elevated 
PNI to be associated with better OS. To the best of our 
knowledge, no study has yet investigated the prognostic 
value of PNI in meningioma, hypophyseal, or angio-
reticulocytoma.

Breast cancer

Some retrospective studies have investigated the prognostic 
value of PNI in various types of breast cancer (48-52). 
The target population in these studies varied and included 
patients who underwent surgery (48), those with triple-
negative breast cancer (49), those with locally advanced 



Yan et al. PNI in cancers

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(21):1630 | https://dx.doi.org/10.21037/atm-21-4528

Page 6 of 10

breast cancer (50), those treated with eribulin (51),  
and those with T1–2N1 breast cancer treated with 
radiotherapy (52). The end point consisted of OS (48,49), 
PFS (51,52), DFS (49,50), and pathological complete 
response (pCR) (50). Each of these studies found that low 
PNI was associated with worse prognosis (48-52). The 
prognostic value of PNI was higher in premenopausal 
negative ER patients (50), while low PNI was associated 
with several clinical characteristics, including older age 
(48,49), menopausal status (49), advanced T stage (49), 
advanced N stage (49), human epidermal growth factor 
receptor 2 (HER2) status (52), neutrophil–lymphocyte ratio 
(NLR) (52), monocyte–lymphocyte ratio (MLR) (52), and 
Ki67 status (52). 

Changes in PNI after neoadjuvant chemotherapy were 
found also to be associated with worse prognosis. In a 
retrospective study with 191 patients, PNI before and after 
neoadjuvant chemotherapy was assessed (53). Although 
PNI before neoadjuvant chemotherapy was not associated 
with DFS, a high decrease of PNI during neoadjuvant 
chemotherapy was found to be a risk factor for decreased 
DFS. Subgroup analysis revealed that the prognostic value 
of changed PNI after neoadjuvant chemotherapy was 
significant in estrogen receptor (ER)-positive and HER2-
negative patients but not in ER-negative or HER2-positive 
patients. 

Thyroid cancer

Two retrospective studies with a small sample size 
investigated the prognostic value of PNI in medullary 
thyroid carcinoma (54) and low-risk differentiated 
thyroid carcinoma (55). One study found that low PNI 
was associated with decreased RFS in univariate analysis; 
however, the multivariate analysis indicated no significant 
association between PNI and RFS (54). Regarding low-risk 
differentiated thyroid carcinoma, one study found there to 
be no significant association between PNI and RFS, either 
in univariate or multivariate analysis (55). In a multicenter 
retrospective study with 1,873 papillary thyroid carcinoma 
patients, low PNI was shown to be an independent risk 
factor for low RFS in multivariate analysis (56). Thus far, no 
meta-analysis has investigated the prognostic value of PNI 
in both breast and thyroid cancer.

Hematologic malignancies 

Some studies have investigated the prognostic value of PNI 

in lymphomas, including follicular lymphoma (FL) (57), 
extranodal natural killer/T cell lymphoma (ENKTL), nasal 
type (58,59), classic Hodgkin lymphoma (cHL) (60,61), 
and diffuse large B cell lymphoma (DLBCL) (62). PNI 
was found to be associated with worse OS and/or PFS in 
ENKTL (58,59) and FL (57). However, the results from 
studies concerning cHL varied. One study of 122 patients 
with classic cHL reported that low PNI was associated with 
worse OS and PFS in univariate analysis; however, low 
PNI lost its significance in the multivariate analysis (61). 
In another study with large sample size (n=1,012), low PNI 
was an independent risk factor for OS and PFS in cHL (60). 

A systematic review and meta-analysis published in 2020 
investigated the prognostic value of PNI for DLBCL and 
included 7 studies (63). The pooled HR (95% CI) was 2.14 
(1.66–2.75) for OS and 1.75 (1.36–2.25) for PFS. However, 
6 of the 7 included studies were from Asia, and thus more 
data from European and American patients are needed to 
validate the findings of PNI and the prognosis of DLBCL. 

Soft tissue sarcoma

One retrospective study investigated the prognostic value of 
PNI in 100 patients with soft tissue sarcoma (64). The PNI 
was significantly inversely associated with tumor size and 
grade. In the multivariate analysis, PNI was a significant 
prognostic marker for CSS and event-free survival.

Conclusions

A number of studies have investigated the prognostic 
value of PNI in various types of cancer, and the evidence 
of the related meta-analyses are summarized in Table 1. 
Generally, low PNI has been found to be associated with 
worse prognosis in various types of cancer, although 
there is no normal value established for PNI, and the 
molecular mechanisms underlying the prognostic effect 
of PNI on cancers remains unknown. Thus, maintaining 
a good nutritional status during treatment may improve 
outcomes in patients with cancer. PNI associates with 
some clinicopathological characteristics in many cancers; 
therefore, confounding factors should be adequately 
controlled or adjusted in future studies. In addition, most 
of the examined studies were performed in East Asia 
and had a retrospective design; therefore, prospective 
studies in African, American, and European populations 
are necessary to confirm the prognostic value of PNI in 
cancer. 
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Table 1 Prognostic value of the prognostic nutritional index in cancers: evidence from meta-analyses 

Cancer OS DFS PFS CSS POC

Lung cancer (5,6) Yes Yes Yes Unknown Unknown

Small cell lung cancer (8) Yes Yes Yes Unknown Unknown

Non-small cell lung cancer (6,7) Yes Yes Yes Unknown Unknown

Nasopharyngeal carcinoma (12-14) Yes Unknown Yes Unknown Unknown

Esophageal cancer (19-21) Yes No Unknown Yes Yes

Esophageal squamous cell carcinoma (23) Yes Unknown Yes No Unknown

Gastric cancer (26-28) Yes Unknown Unknown Yes Yes

Colorectal cancer (29,30) Yes Yes Unknown Yes Yes

Hepatocellular carcinoma (31-33) Yes Yes Unknown Unknown Unknown

Pancreatic cancer (34,35) Yes Unknown Unknown Unknown Unknown

Biliary tract cancer (37) Yes Unknown Unknown Unknown Unknown

Urinary cancers (38) Yes Yes Yes Yes Unknown

Bladder cancer (38) Yes Yes Yes Yes Unknown

Renal cell carcinoma (39) Yes Yes Yes Yes Unknown

Ovarian cancer (44,45) Yes Unknown Yes Unknown Unknown

Cervical cancer (44) Yes Unknown Yes Unknown Unknown

Glioma (47) Yes Unknown Unknown Unknown Unknown

Diffuse large B cell lymphoma (63) Yes Unknown Yes Unknown Unknown

OS, overall survival; PFS, progression-free survival; DFS, disease-free survival; CSS, cancer-specific survival; POC, postoperative 
complication.
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