
Abstract. Background/Aim: We hypothesised that the
prognostic nutrition index (PNI) is useful for evaluating host
immunity and response to immune checkpoint inhibitors. We
investigated the effect of PNI on nivolumab monotherapy
efficacy in advanced or recurrent gastric cancer (GC) or
gastro-oesophageal junction cancer (GOC) patients. Patients
and Methods: We retrospectively examined 110 patients,
divided them into a high-PNI group and a low-PNI group,
and compared treatment efficacy, adverse events (AEs), and
survival between the groups. Results: Median overall
survival (OS) was significantly longer in the high-PNI group
than in the low-PNI group (205 vs. 109 days; p<0.001).
Multivariate analysis revealed that low PNI was an
independent risk factor for OS (hazard ratio=2.398; 95%
confidence interval=1.384-4.154; p=0.002). The overall
response rate and frequency of AEs were not significantly
different between the groups. Conclusion: PNI could be a
useful prognostic factor in GC or GOC patients undergoing
nivolumab monotherapy. 

Gastric cancer (GC) and gastroesophageal junction cancer
(GOC) are the world’s fifth most frequently diagnosed
cancer and the third leading cause of cancer-related deaths
annually, respectively (1). For advanced or recurrent GC and
GOC patients, systemic chemotherapy is crucial to achieve
palliation of symptoms and improve survival outcomes. The
first-line standard chemotherapy for unresectable advanced
or recurrent GC patients includes fluoropyrimidine plus a
platinum agent (2-4). For patients who are refractory or
intolerant to these first-line therapies, paclitaxel plus
ramucirumab is recommended as the second-line standard
chemotherapy (5, 6).

Nivolumab is an immune checkpoint inhibitor (ICI) and
anticancer agent that increases the lymphocyte activity of
cancer cells by inhibiting programmed death-1 (7). In 2017,
the results of the ATTRACTION-2 study demonstrated the
efficacy of nivolumab monotherapy in advanced or recurrent
GC or GOC patients after second-line chemotherapy (8), and
nivolumab monotherapy became one of the third-line
standard chemotherapeutic drugs (2).

There was variation in the response to nivolumab in
advanced or recurrent GC and GOC patients in the
ATTRACTION-2 study. Nivolumab monotherapy is
extremely effective in some patients, wherein the overall
response rate and disease control rate were 11.2% and
40.3%, respectively. However, some patients show poor
response to nivolumab monotherapy (8, 9), which warrants
the importance of identifying predictors of response to
nivolumab monotherapy. Thus far, programmed death ligand-
1 expression and cluster of differentiation 8+ T-cell
infiltration (10, 11), tumour mutational burden (12), high
microsatellite instability frequency (13, 14), and Epstein-Bar
virus infection (15, 16) have been reported as useful
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biomarkers that predict the effects of ICIs, including
nivolumab. However, the evaluation of host immunity may
be useful for predicting the response to nivolumab in
advanced or recurrent GC and GOC patients.

Prognostic nutrition index (PNI), determined based on
serum albumin levels and peripheral blood lymphocyte
counts, was developed for predicting the risk of
postoperative complications mainly in surgical patients by
assessing the preoperative nutritional status (17). PNI
reflected the nutritional and immunological status of cancer
patients and was useful as a predictor of prognosis in patients
with various cancers (18-21). Cancer progression deteriorates
the nutritional status, affecting serum albumin levels and
leading to a compromised host immune status (22).
Furthermore, lymphocytes, which are ICI targets, suppress
tumours and play a role in tumour immunity. Hence,
lymphocyte counts are widely used as an index of
immunocompetence (23, 24). Therefore, we hypothesised
that PNI, determined based on serum albumin levels and
peripheral blood lymphocyte counts, might be useful as an
index for evaluating host immunity and as a predictor of
response to ICIs. This study aimed to investigate the effect
of pre-treatment PNI on the efficacy of nivolumab
monotherapy in advanced or recurrent GC or GOC patients.

Patients and Methods
Ethical approval. This study was approved by the Institutional
Review Board of Kanagawa Cancer Center before the study was
initiated (approval number: epidemiological study-69).

Patients. We retrospectively examined consecutive advanced or
recurrent GC or GOC patients who underwent nivolumab
monotherapy at Kanagawa Cancer Center. Patients were selected
from our institutional database between October 2015 and
December 2019. Inclusion criteria were defined as patients with 1)
histologically proven GC or GOC (adenocarcinoma), 2) advanced
or recurrent cancer, and 3) history of nivolumab monotherapy. The
exclusion criterion was a history of any other cancers.

Assessment of response and adverse events after nivolumab
monotherapy. GC or GOC patients with Eastern Cooperative
Oncology Group performance status (ECOG PS) 0/1 received a
standard nivolumab dose (3 mg/kg or 240 mg) intravenously every
2 weeks in one cycle until disease progression, including clinical
deterioration, unacceptable toxicity, or patient’s refusal. The
response was assessed using the Response Evaluation Criteria in
Solid Tumours (RECIST) ver. 1.1 (25). Adverse events (AEs) were
assessed according to the National Cancer Institute Common
Terminology Criteria for Adverse Events ver. 5.0.

Definition of PNI. PNI was calculated as 10 × serum albumin level
(g/dl) + 0.005× total lymphocyte count (per mm3) using data
collected from blood investigations performed before initiating the
first nivolumab cycle (17). In line with previous studies, patients
with a PNI of <40 and ≥40 were classified into the low-PNI and
high-PNI groups, respectively (18-22).

Statistical analyses. We compared patients’ characteristics using
Fisher’s exact test and chi-square test. We defined overall survival
(OS) as the time from initiating nivolumab therapy to death from
any cause, and progression-free survival (PFS) as the time from
initiating nivolumab therapy to disease progression. The survival
rate was analysed using Kaplan–Meier curves, and differences in
survival rates were assessed using the log-rank test. A Cox
proportional-hazards regression model was used for univariate and
multivariate analyses. All statistical analyses were performed using
EZR ver. 1.37 (Jichi University, Tochigi, Japan). Two-sided p-values
were calculated, and a p-value <0.05 was considered statistically
significant.

Results
Patients. This study included 110 patients. Sixty-five and 45
patients were classified into the high-PNI and low-PNI
groups, respectively. 

Association between PNI and clinicopathological features.
There was a significant association between PNI and ECOG
PS, rate of peritoneal metastasis, number of courses of
nivolumab monotherapy, and number of patients undergoing
post-nivolumab chemotherapy. No significant differences were
observed in terms of age, sex, histologic type, human
epidermal growth factor receptor 2 status, primary tumour site,
disease status, rate of haematogenous metastasis and
lymphatic metastasis, and number of metastatic sites (Table I). 

OS and PFS in the high-PNI and low-PNI groups. The
median OS rates in the high-PNI and low-PNI groups were
205 and 109 days, respectively. OS was significantly better
in the high-PNI group than in the low-PNI group (p<0.001
using the log-rank test, Figure 1A). The median PFS rates in
the PNI and low-PNI groups were 91 and 52 days,
respectively. PFS was significantly better in the high-PNI
group than in the low-PNI group (p=0.018 using the log-
rank test, Figure 1B). 

Univariate and multivariate analyses for OS in GC or GOC
patients who received nivolumab monotherapy. Univariate
analyses revealed OS, ECOG PS, PNI, macroscopic
classification, and presence of metastatic lesions as significant
factors for OS. Multivariate analysis revealed ECOG PS, PNI,
macroscopic classification, and the presence of metastatic
lesions as independent predictive factors for OS (Table II). 

Univariate and multivariate analyses for PFS in GC or GOC
patients who received nivolumab monotherapy. Univariate
analyses revealed PFS, PNI, macroscopic classification, and
the presence of metastatic lesions as significant factors for
PFS. Multivariate analysis revealed ECOG PS, macroscopic
classification, and the presence of metastatic lesions as
independent risk factors for PFS. However, PNI was not a
significant factor for PFS (p=0.080, Table III).
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Association between PNI and response to nivolumab
monotherapy. The overall response rates (ORRs) were 7%
(3/45) and 14% (9/65) in the high-PNI and low-PNI groups,
respectively, showing an insignificant difference (p=0.353,
Table II). The disease control rates (DCRs) were 29%
(13/45) and 38% (25/65) in the low-PNI and high-PNI
groups, respectively, showing an insignificant difference
(p=0.317, Table IV).
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Table I. Association between PNI and clinicopathological features.

                                                             PNI low       PNI high       p-Value
                                                                (%)              n (%)

Age (years)                                                                                      0.156
   <65                                                    12 (27)         27 (42)               
   ≥65                                                    33 (73)         38 (58)               
Gender                                                                                              0.999
   Female                                               13 (29)         18 (28)               
   Male                                                  32 (71)         47 (72)               
ECOG PS                                                                                         0.011
   0                                                         25 (56)         52 (80)               
   1                                                         14 (31)         12 (18)               
   2                                                          5 (11)             1 (2)                 
   3                                                           1 (2)              0 (0)                 
Histologic type                                                                                0.694
   Intestinal type                                   17 (38)         28 (43)               
   Diffuse type                                      28 (62)         37 (57)               
HER2 status                                                                                     0.065
   Positive                                               6 (13)           19 (29)               
   Negative                                            39 (87)         46 (71)               
Macroscopic classification                                                              0.069
   Non-type 4                                        34 (76)         58 (89)               
   Type 4                                                11 (24)           7 (11)                
Primary tumour site                                                                         0.809
   GC                                                     37 (82)         51 (78)               
   GOC                                                   8 (18)           14 (22)               
Disease status                                                                                   0.170
   Unresectable                                     31 (69)         36 (55)               
   Recurrence                                        14 (31)         29 (45)               
Site of metastasis                                                                                 
Peritoneal metastasis                                                                      0.020
   Present                                               29 (64)         26 (40)               
   Absent                                               16 (36)         39 (60)               
Haematogenous metastasis                                                             0.439
   Present                                               21 (47)         36 (55)               
   Absent                                               24 (53)         29 (45)               
Lymphatic metastasis                                                                      0.237
   Present                                               15 (33)         30 (46)               
   Absent                                               30 (67)         35 (54)               
Number of metastatic sites                                                              0.840
   1                                                         29 (64)         43 (66)               
   ≥2                                                      16 (36)         22 (34)               
Number of previous regimens                                                        0.551
   2                                                         26 (58)         44 (68)               
   3                                                         13 (29)         13 (20)               
   ≥4                                                        6 (13)            8 (12)                
Median no. of nivolumab                   4 (1-30)        6 (1-34)          0.026
therapy cycles 
(month, range)

Post-nivolumab therapy                                                                  0.003
   Present                                                7 (16)           27 (42)               
   Absent                                               36 (80)         32 (49)               
   Nivolumab ongoing                            2 (4)              6 (9)                 

PNI: Prognostic nutrition index; ECOG PS: Eastern Cooperative
Oncology Group (ECOG) performance status; HER2: human epidermal
growth factor receptor 2; GC: gastric cancer; GOC: gastro-oesophageal
junction cancer. Statistically significant values are indicated in bold.

Figure 1. Kaplan–Meier curves for overall survival (OS) and progression-
free survival (PFS). A) Kaplan–Meier curves for OS. The median OS of
patients in the PNI≥40 group was 205 days, and that of patients in the
PNI<40 group was 109 days. OS was significantly better in the PNI≥40
group than in the PNI<40 group (p<0.001). B) Kaplan–Meier curves for
PFS. The median PFS of patients in the PNI≥40 group was 91 days, and
that of patients in the PNI<40 group was 52 days. PFS was significantly
better in the PNI≥40 group than in the PNI<40 group (p=0.018).



AEs by nivolumab monotherapy in the high-PNI and low-
PNI groups. No difference was observed in all immune-
related AEs between the two groups (Table V). There were
no treatment-related deaths during the study.

Discussion

We investigated the effects of PNI on survival outcomes in
advanced or recurrent GC or GOC patients who underwent
nivolumab monotherapy. The ORR, DCR, and rate of AEs
were not significantly different between the high-PNI and
low-PNI groups. PNI was an independent predictive factor
of OS in these patients. 

To understand the reason why PNI was an important
factor for OS in advanced or recurrent GC or GOC patients
who underwent nivolumab monotherapy, several factors
were considered. First, the nutritional status is reflected by
PNI. It includes the serum albumin level, which is a well-
known indicator of the nutritional status (26). Metabolic
abnormalities caused by malnutrition reduce the therapeutic
effect of ICIs (27-32). Second, lymphocyte function is also
an important factor. The peripheral blood lymphocyte count,

which plays an important role in tumour immune response,
reflects the immunological status of hosts (33, 34).

Only a single study besides the present one examined the
association between PNI and survival in GC patients
undergoing nivolumab monotherapy. PNI after administering
nivolumab, and not PNI before nivolumab therapy, was a
risk factor for prognosis (35). In this study, we investigated
whether PNI administered before nivolumab therapy could
be a biomarker for treatment response and demonstrated that
the high-PNI group had worse outcomes than the low-PNI
group. 

Regarding PFS, Kaplan–Meier curves were clearly
separated, and PFS was significantly better in the high-PNI
group compared to the low-PNI group. However, PNI was
not an independent predictive factor for PFS. Regarding the
reasons, first, the number of AEs may have been inadequate
to detect a significant difference in PFS. Second, the accurate
determination of progression and pseudo-progression of the
disease in patients treated with nivolumab could be difficult,
and there could be some bias in clinician’s decisions
regarding disease progression and post-nivolumab treatment
indication (36).
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Table II. Results of univariate and multivariate analyses for overall survival.

                                                                                                                Univariate analysis                                              Multivariate analysis

                                                             No. of patients            HR                   95%CI                 p-Value               HR                  95%CI               p-Value

Age (years)                                                                                                                                      0.513                                                                    0.053
  ≥65                                                               71                     1                                                                               1                                                        
  <65                                                              39                     1.168             0.733-1.860                                       1.709            0.993-2.942                 
Gender                                                                                                                                             0.295                                                                    0.689
  Male                                                             79                     1                                                                               1                                                        
  Female                                                         31                     1.29               0.801-2.076                                       1.119            0.646-1.940                 
PNI                                                                                                                                                <0.001                                                                     0.002
  ≥40                                                               65                     1                                                                               1                                                        
  <40                                                              45                     2.148             1.374-3.358                                       2.398            1.384-4.154                 
HER2 status                                                                                                                                    0.691                                                                    0.303
  Negative                                                      85                     1                                                                               1                                                        
  Positive                                                        25                     0.9                 0.536-1.511                                       1.364            0.756-2.460                 
Macroscopic classification                                                                                                             0.041                                                                     0.013
  Non-type 4                                                  92                     1                                                                               1                                                        
  Type 4                                                          18                     1.813             1.023-3.215                                       2.464            1.207-5.028                 
Disease status                                                                                                                                  0.002                                                                     0.003
  Recurrence                                                  43                     1                                                                               1                                                        
  Unresectable                                                67                     2.144             1.313-5.500                                       2.224            1.320-3.746                 
No. of metastatic sites                                                                                                                    0.142                                                                    0.075
  1                                                                   72                     1                                                                               1                                                        
  ≥2                                                                 38                     1.429             0.887-2.302                                       1.613            0.953-2.731                 
No. of previous regimens                                                                                                               0.805                                                                    0.942
  2                                                                   70                     1                                                                               1                                                        
  ≥3                                                                 40                     1.059             0.671-1.672                                       0.982            0.596-1.617                 

CI: Confidence interval; HR: hazard ratio; ECOG PS: Eastern Cooperative Oncology Group (ECOG) performance status; HER2: human epidermal
growth factor receptor 2; PNI: prognostic nutrition index. Statistically significant values are indicated in bold.



This study had some limitations. First, this was a
retrospective study performed in a single institution. To
generalise this result, a multicentre study is necessary.
Second, the number of patients and number of AEs were
small. Thus, we could not include some possible factors,
including postoperative therapy and peritoneal metastasis,
in the multivariate analysis. Third, optimal cut-off values

for PNI in the truest sense remain unknown. In this study,
we defined PNI for clinically significant malnutrition at
below 40 based on an original investigation and previous
reports (17-21).
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Table III. Results of univariate and multivariate analyses for progression-free survival.

                                                                                                                Univariate analysis                                              Multivariate analysis

                                                             No. of patients            HR                   95%CI                 p-Value               HR                  95%CI               p-Value

Age (years)                                                                                                                                      0.409                                                                    0.083
  ≥65                                                               71                     1                                                                               1                                                        
  <65                                                              39                     1.187             0.790-1.783                                       1.536            0.945-2.495                 
Gender                                                                                                                                             0.559                                                                    0.999
  Male                                                             79                     1                                                                               1                                                        
  Female                                                         31                     1.136             0.740-1.743                                       1                   0.626-1.598                 
PNI                                                                                                                                                  0.014                                                                      0.08
  ≥40                                                               65                     1                                                                               1                                                        
  <40                                                              45                     1.639             1.103-2.436                                       1.557            0.948-2.557                 
HER2 status                                                                                                                                    0.258                                                                    0.813
  Negative                                                      85                     1                                                                               1                                                        
  Positive                                                        25                     0.756             0.466-1.227                                       1.071            0.607-1.892                 
Macroscopic classification                                                                                                             0.011                                                                     0.032
  Non-type 4                                                  92                     1                                                                               1                                                        
  Type 4                                                          18                     1.983             1.171-3.358                                       1.945            1.059-3.571                 
Disease status                                                                                                                               <0.001                                                                     0.002
  Recurrence                                                  43                     1                                                                               1                                                        
  Unresectable                                                67                     2.054             1.352-3.120                                       2.064            1.316-3.327                 
No. of metastatic sites                                                                                                                    0.529                                                                    0.511
  1                                                                   72                     1                                                                               1                                                        
  ≥2                                                                 38                     1.092             0.725-1.646                                       1.161            0.744-1.813                 
No. of previous regimens                                                                                                               0.732                                                                    0.747
  2                                                                   70                     1                                                                               1                                                        
  ≥3                                                                 40                     0.932             0.622-1.397                                       0.93              0.600-1.443                 

CI: Confidence interval; HR: hazard ratio; ECOG PS: Eastern Cooperative Oncology Group (ECOG) performance status; HER2: human epidermal
growth factor receptor 2; PNI: prognostic nutrition index. Statistically significant values are indicated in bold.

Table IV. Association between PNI and treatment response.

Tumour response data                                PNI low    PNI high   p-Value
                                                                      n (%)         n (%)

Best response                                                                                   0.663
Complete response (CR)                              0 (0)          1 (2)              
Partial response (PR)                                   3 (7)          8 (12)            
Stable disease (SD) or non-CR/non-PD      10 (22)      16 (25)            
Progressive disease (PD)                           32 (71)      40 (62)            

Overall response rate (ORR)*                      3 (7)          9 (14)       0.353
Disease control rate (DCR)*                      13 (29)      25 (38)       0.317

PNI: Prognostic nutrition index; DCR: CR+PR, ORR: CR+PR+SD. 

Table V. Comparison of any grade of adverse events between the two
groups.

                                                    PNI low           PNI high           p-Value
                                                      n (%)                n (%)                     

Adverse events                             8 (18)              16 (25)               0.809
Pruritus                                          3 (7)                  5 (8)                 0.999
Interstitial pneumonia                  3 (7)                  1 (2)                 0.303
Eruption                                        1 (2)                  3 (5)                 0.643
Hypoglycaemia                             1 (2)                  0 (0)                 0.409
Liver dysfunction                         0 (0)                  2 (3)                 0.512
Hypothyroidism                            0 (0)                  2 (3)                 0.512
Myositis                                        0 (0)                  1 (2)                 0.999
Diarrhoea/colitis                           0 (0)                  1 (2)                 0.999
Adrenal insufficiency                   0 (0)                  1 (2)                 0.999

PNI: Prognostic nutrition index.



In conclusion, PNI might be a useful independent
prognostic factor in advanced or recurrent GC or GOC
patients undergoing nivolumab monotherapy. 
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