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Background: Immune checkpoint blockade is effective against many cancer types, but few patients 
achieve a complete response (OR). Therefore, effective prognostic biomarkers are needed for metastatic 
gastric cancer (GC) patients after immune treatment. The present study assessed the value of hematological 
parameters as markers of the effectiveness of immune checkpoint blockade among metastatic GC patients.
Methods: This retrospective study included patients with metastatic GC who underwent multiline 
chemotherapy including at least two courses of immunotherapy between September 2018 and December 
2020. Patient and tumor characteristics were tested for prognostic significance by analysis of variance or chi-
square test. Kaplan-Meier and Cox analyses were performed to identify factors associated with progression-
free survival (PFS). 
Results: Sixty-one GC patients (mean age 55.61±11.97 years, range 23–80 years, 24 females, and  
37 males) were included, and 27, 9 and 25 cases had organ only, peritoneum only, and simultaneous organ 
and peritoneum metastasis, respectively. Gastrectomy was performed in 24 cases, and there was no operative 
treatment in the other 37 cases, while all patients received two or more lines of chemotherapy. After immune 
treatment, 13 patients achieved a partial response (PR), 16 stable disease (SD), and 32 progressive disease 
(PD). The median PFS was 4.93±3.47 months. An alkaline phosphatase (ALP) level >225 U/L, a lactate 
dehydrogenase level (LDH) >299 U/L, and a body mass index (BMI) >24 kg/m2 were associated with a short 
PFS (P=0.01, P=0.008, and P=0.039, respectively). A Cox multivariate proportional hazard model indicated 
that higher ALP level was a significant prognostic indicator for adverse PFS. 
Conclusions: Our data show an ALP cutoff of 225 U/L offered good prognostic sensitivity for HER2-
negative metastatic GC. ALP measurement represents a convenient, cost-effective, and relatively sensitive 
screening tool, and prospective studies involving its evaluation in addition to other biomarkers in metastatic 
GC patients are indicated.
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Introduction

China has one of the highest incidence rates of gastric 
cancer (GC) worldwide, and GC is the second most 
common cause of cancer-related death in our country 

(1,2). While surgical treatment is the only curative 

therapy for GC, it can only be performed in selected 

patients in the early stages of the disease, and treatment 

for advanced GC usually includes a combination of 
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chemotherapy, radiotherapy, molecular-targeted therapy, 
and immunotherapy (3). Unfortunately, many patients 
develop local or distant metastasis after gastrectomy, and 
for recurrent or metastatic gastric cancer (mGC), first-
line chemotherapy is based on platinum, fluoropyrimidine, 
and trastuzumab if the tumor is human epidermal growth 
factor 2 (HER2)-positive (4). Second-line drugs include 
docetaxel, irinotecan, and the vascular endothelial growth 
factor monoclonal antibody, which have a limited effect 
on the PFS and overall survival (OS) of patients (5). 
However, the role of systemic chemotherapy in HER2-
negative GC patients is limited. Current clinical guidelines 
do not recommend a standard maintenance chemotherapy 
for advanced or metastatic HER2-negative GC, because 
most reported clinical trials could not reach their primary 
endpoints.

In recent years, immune checkpoint inhibitors (ICIs), 
represented by programmed death-1 (PD-1) receptor or 
ligand (PD-L1) inhibitors, have changed the treatment 
approach for various cancers (6,7). ICIs may be effective 
in GC because of a relatively high mutational load (8), and 
clinical trials with pembrolizumab or nivolumab showed a 
wide range of response (10–26%) in mGC in the salvage 
setting (9-11). Currently, pembrolizumab and nivolumab 
have been approved for the treatment of recurrent locally 
advanced GC or mGC with PD-L1 positivity in the United 
States and Japan, respectively (12,13). 

However, ICIs are not effective in every patient with 
a particular type of cancer, and it is important to identify 
novel biological markers for predicting the response to their 
use (14,15). Significant associations have been reported 
between high tumor mutational burden and response to 
ICIs in a variety of tumors (16). Additionally, studies have 
been conducted to identify routinely available blood and 
clinical markers such as white blood cell count, neutrophil 
count, platelet count, and lactate dehydrogenase (LDH) 
level, which can be used to predict the response and toxicity 
to ICIs (17). While many of these parameters have been 
found to be associated with poor outcomes in various 
cancers (18,19), their ability to predict outcomes of patients 
with mGC receiving ICIs has not been reported. Compared 
with previous study, the present study was conducted to 
identify potential prognostic biomarkers for mGC patients 
after immunotherapy, which could help in planning 
individualized treatments for these patients. We present 
the following article in accordance with the REMARK 
reporting checklist (available at https://dx.doi.org/10.21037/
atm-21-3376).

Methods

Patient selection and data collection

This study was conducted at the Cancer Center, Union 
Hospital, Tongji Medical College, Huazhong University of 
Science and Technology, China. This was a retrospective 
analysis of the clinicopathological data of patients with 
metastatic/recurrent GC who received at least second-line 
chemotherapy between September 2018 and December 
2020 and experienced tumor progression. All included 
patients received at least one ICI including nivolumab, 
pembrolizumab, toripalimab, sintilimab, tislelizumab, or 
camrelizumab, and received immunotherapy regimens 
intravenously every 3 weeks. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). All patients or their legal representatives gave written 
informed consent for the treatment and inquiries related to 
this study, which was approved by the Ethics Committee of 
Tongji Medical College, Huazhong University of Science 
and Technology (No.:IORG0003571). 

The inclusion criteria were: (I) age more than 18 years; 
(II) pathologically confirmed gastric adenocarcinoma; 
(III) Eastern Cooperative Oncology Group (ECOG) 
performance status of 1 or less; (IV) measurable disease as 
defined by Response Evaluation Criteria in Solid Tumors 
1.1 (RECIST 1.1); and (V) good hepatic and renal function 
with normal hematological parameters. Patients with 
microsatellite instability high/deficient mismatch repair 
(MSI-H/dMMR), a history of autoimmune disorders, 
human immunodeficiency virus (HIV) infection, or hepatitis 
B or C virus infection were excluded.

Clinicopathological data and hematological parameters 
were retrieved from the medical records of patients 
before immunotherapy commenced. The staging of GC 
was according to the 8th edition of the American Joint 
Committee on Cancer (AJCC) TNM staging system. 

Follow-up evaluation

Patients were diagnosed and evaluated during follow-up by 
contrast enhanced computed tomography (CT) or magnetic 
resonance imaging (MRI) of the abdomen. The response to 
treatment was classified according to RECIST 1.1 criteria 
as complete response (OR), partial response (PR), stable 
disease (SD), or progressive disease (PD). Tumor response 
was evaluated every 6 weeks during the first 3 months and 
every 8 weeks thereafter using imaging studies. Adverse 
events were recorded as per the Common Terminology 
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Criteria for Adverse Events (CTCAE) system version 5.

Definitions

Progression-free survival (PFS) was defined as the time 
from the beginning of immunotherapy until the appearance 
of recurrence or death due to any cause. The last follow-up 
time was on February 20th, 2021. The objective response 
rate (ORR) included cases of CR and PR, and the disease 
control rate (DCR) considered the ORR plus cases of SD.

Statistical analysis

All statistical analyses were conducted using SPSS version 20. 

Continuous variables are presented as mean ± standard 
deviation. One-way analysis of variance (ANOVA) was 
used to identify significant differences between continuous 
variables, and categorical variables were compared by the 
chi-squared test. Kaplan-Meier survival curves were used 
to estimate PFS and OS, and univariate Cox regression 
analysis was used to determine the clinicopathological 
variables associated with survival. A P value <0.05 was 
considered statistically significant.

Results

Patient characteristics

A total of 61 patients were included in the study, and their 
main demographic, biochemical, and clinical details are 
presented in Table 1. There were 24 females and 37 males, 
and most (63.9%) patients had more than one site of 
metastatic involvement. All patients were HER2 negative, 
and all received two or more lines of chemotherapy. The 
numbers of patients receiving one line, two lines, and 
three or more lines of chemotherapy was 21, 21, and 19, 
respectively. Taxane-based chemotherapy was administered 
to 23 patients, nine received 5-FU-based chemotherapy, 
two received irinotecan-based chemotherapy, and five 
patients received a combination of antiangiogenic drugs.

Clinical response and toxicity

After immunotherapy, PR, SD, and PD were observed in 13 
(21.3%), 16 (26.2%) and 32 (52.5%) patients, respectively. 
The ORR was 21.3%, DCR was 47.5%, and the median 
PFS was 4.93±3.46 months. Most patients experienced 
grade 1 or 2 side effects based on the CTCAE 5.0 criteria, 
and the most common were fatigue, headache, arthralgia, 
rash, pruritus, pneumonitis, diarrhea and/or colitis, 
hepatitis, and endocrinopathies. No patients developed 
grade ≥3 hepatitis.

Relationships between clinical parameters and survival 
outcomes

The analysis showed that patients with elevated ALP levels 
(ALP >225 g/L) and increased LDH levels (LDH >299 U/L)  
were more likely to have a short PFS compared with those 
with lower levels (P=0.017 and P=0.013, respectively; 
Figure 1). Similarly, a higher BMI (BMI >24 kg/m2) was 
also associated with a short PFS (P=0.014; Figure 1). 
The albumin/globulin (A/G) level, A/L, and r glutamyl 

Table 1 Demographic and clinicopathological characteristics of the 
included patients

Variable N=61 (%)

Median age, years [range] 55.61±11.97 [23–80]

Sex

Male 37 (60.7)

Female 24 (39.3)

Race

Asian 61 (100.0)

BMI, kg/m2

≤18 7 (11.5)

18–24 45 (73.8)

>24 9 (14.7)

Line of immunotherapy

First-line 21 (34.4)

Second-line 21 (34.3)

Third-line or more 19 (31.2)

Number of metastatic sites

1 22 (36.1)

≥2 39 (63.9)

Previous gastrectomy

Yes 24 (39.3)

No 37 (60.7)

Combined with chemotherapy or targeted treatment

Yes 45 (73.8)

No 16 (26.2)
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Figure 1 Cumulative progression-free survival of the included patients grouped according to various laboratory parameters. N/L, 
neutrophils/lymphocytes; r-GT, r glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; A/G, albumin/globulin; 
BMI, body mass index.

transpeptidase (r-GT) level individually had no significant 
impact on PFS (Figure 1).

Prognostic factors for PFS

Univariate analysis showed ALP level (P=0.019), LDH 
level (P=0.016), and BMI were risk factors for PFS, and 
the multivariate Cox proportional hazards model identified 

ALP [P=0.023, hazard ratio (HR) =2.901, 95% confidence 
interval (CI): 1.158–7.269] as an independent risk factor for 
PFS (Table 2).

Discussion

Early-phase clinical trials have demonstrated the potential 
benefits of PD-1 therapy in patients with MSI-H or positive 
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Table 2 Univariate and multivariate analyses of factors associated with PFS

Variables
Univariable Multivariable

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Age (>50 vs. ≤50 y) 0.836 0.503–1.389 0.490 – – –

Gender (male vs. female) 1.012 0.499–2.066 0.967 – – –

N/L (>2.5 vs. ≤2.5) 0.753 0.526–1.084 0.127 – – –

r-GT (>40 vs. ≤40 U/L) 1.858 0.851–4.062 0.120 – – –

ALP (>225 vs. ≤225 U/L) 2.957 1.191–7.340 0.019* 2.901 1.158–7.269 0.023*

LDH (>299 vs. ≤299 U/L) 2.590 1.184–0.906 0.016* 0.698 0.413–1.182 0.181

A/G (>1.5 vs. ≤1.5) 0.521 0.242–1.316 0.095 – – –

BMI (≤18 vs. 18–24 kg/m2) 0.034 0.259–3.061 0.854 – – –

BMI (≤18 vs. >24 kg/m2) 1.152 0.541–8.193 0.283 – – –

BMI (18–24 vs. >24 kg/m2) 3.633 0.976–5.832 0.057 – – –

*, P<0.05. N/L, neutrophils/lymphocytes; r-GT, r glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; A/G, 
albumin/globulin; BMI, body mass index.

PD-L1 advanced GC (20). In the present study, we found 
that nearly half of the patients with HER2-negative locally 
advanced, metastatic, or recurrent GC had PD or SD upon 
treatment with different PD-1 inhibitors, and all patients 
achieved nearly 5 months of PFS. These findings suggest 
that some patients with HER2-negative GC can benefit 
from PD-1 inhibitors in clinical practice. However, future 
studies with a longer follow-up are required to identify the 
potential benefits of ICIs in improving OS. 

S e v e r a l  g r o u p s  h a v e  e x p l o r e d  t h e  r o l e  o f 
clinicopathological factors in predicting GC prognosis, 
but these factors have been of limited value in clinical 
practice (21-24). Recently, blood biomarkers have 
become attractive and convenient prognostic markers for  
GC (25), and many researchers have focused on using 
these indicators to determine prognosis based on routine 
blood markers after gastrectomy (26,27). In the present 
study, we analyzed the role of various clinical characteristics 
and routine blood parameters in predicting the response 
to immunotherapy in terms of PFS. Several clinical 
studies have reported the neutrophil-to-lymphocyte ratio  
(N/L), platelet-to-lymphocyte ratio (P/L), and monocyte-
to-lymphocyte ratio (M/L) to be inversely correlated with 
the prognosis of GC (28,29). Nevertheless, the role of 
these biochemical parameters in predicting the response of 
ICIs in GC is not clear. ALP is a vital component of liver 
function tests and is elevated in patients with liver disease 
or bile duct obstruction. Recently, ALP has been found to 

be an independent prognostic biomarker in some types of 
cancers (30). In addition, LDH is another useful prognostic 
factor in cancer patients (24). LDH is generated during 
the glycolytic activity of the cells, and is greatly enhanced 
in tumor cells, especially in the presence of hypoxia and 
a high tumor burden. Clinical studies have reported that 
melanoma patients with elevated LDH levels have a poorer 
response to immunotherapy than those with normal LDH 
levels (30). In the present study, we found that higher ALP 
and LDH levels were associated with shorter PFS following 
immunotherapy in GC. 

Obesity is a risk factor for the development of many acute 
and chronic diseases including cancers (31-33). Moreover, 
studies have found that an elevated BMI is associated with 
reduced cancer survival (34). These observations are likely 
related to elevated levels of chronic inflammation and 
high adiposity (35-37). Contrastingly, some recent studies 
found that BMI is associated with improved survival in 
colorectal cancer (38,39). Due to the lack of consensus, we 
aimed to explore the impact of BMI on the survival of GC 
patients and their response to ICIs. While our data suggest 
a probable survival benefit of ICIs in GC patients with a 
lower BMI, due to the small sample size, future studies are 
required to establish the relationship between BMI and PFS 
in patients with HER2-negative mGC. 

In addition, Cox multivariate analysis identified ALP 
as an independent predictor of PFS, although we cannot 
explain the reason behind this association. As it has been 



Hu et al. ALP as a prognostic marker in metastatic gastric cancer

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1316 | https://dx.doi.org/10.21037/atm-21-3376

Page 6 of 8

reported that chronic liver disease and bone metastasis can 
increase ALP levels, future studies are needed to understand 
the underlying mechanisms responsible for the association 
between ALP and prognosis of GC. 

There are some limitations to the present study. First, 
the study was conducted in a single center with a small 
sample size, and was fundamentally retrospective. Second, 
the criteria used to include patients were very restrictive, 
as those with MSI-H/dMMR, incomplete medical records, 
or lack of follow-up data were excluded. Third, all possible 
factors may affect the PFS were not studied. Hence, future 
prospective, multicenter studies with a larger sample size 
are needed to improve the quality of evidence derived from 
the present study.

In conclusion, our data show that an ALP level >225 U/L  
was associated with a poor response to ICIs and a decreased 
PFS in patients with HER2-negative mGC. ALP can be 
used as a convenient, cost-effective and relatively sensitive 
screening tool for the selection of HER2-negative mGC 
patients for ICIs. Prospective studies involving ALP add 
with other biomarkers are required to determine their 
actual prognostic significance in mGC.
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