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Abstract 
Gastric cancer (GC) is the remaining concern of cancer-associated health burden. Valuable predictive and prognostic indicators 
support the early diagnosis and improve outcome. Immune escape and inflammation are important cancer hallmarks. The 
prognostic and diagnostic value of platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) was reported 
in some cancers. But these cheap and convenient indexes are far from clinical use. Thus, investigation the alteration of those 
index on GC is needed to impose the use of those indexes in clinic. The study recruited seventy-seven hospitalized patients 
newly diagnosed with GC and 90 healthy individuals. The clinical and preclinical data of participants were collected from Hospital 
Information Management system. This study were approved by the Ethical Committee, Vietnam Military Medical University. The 
data were analyzed on STATA version 14.0 and GraphPad Prism 8.0. The alteration of immunological system was reported 
by significantly higher white blood cell count, neutrophils, platelets, PLR, and NLR as well as decreased lymphocytes on GC, 
compared to healthy individuals. Those indexes were elevated on advanced stage GC, compared to early stage GC. Our receiver 
operating characteristic curve analysis showed the significant specificity and sensitivity of PLR (cutoff 135.0) and NLR (cutoff 2.0) 
on GC diagnosis with respective area under receiver operating characteristic curve of 84.74% and 85.17%, P < .0001. Besides, 
our results reported the tendency of increased PLR and NLR and short time from clinical signs to being diagnosed. PLR and NLR 
have significant specificity and sensitivity in diagnosis and prognosis of GC.

Abbreviations: AUR = area under ROC curve, C-to-D = the duration of clinical manifestation prior to firstly diagnosed, GC = 
gastric cancer, HC = healthy individuals, LY = lymphocytes, NE = neutrophils, NLR = neutrophil-lymphocyte ratio, PLR = platelet-
lymphocyte ratio, PLT = platelets, ROC = receiver operating characteristic, WBC = white blood cell count.
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1. Introduction
Being at the fifth and fourth position in ranking list regard-
ing morbidity and mortality according to Globocan 2020, 
gastric cancer (GC) rings the warning bell of preventive and 
protective need.[1] It is estimating of 1.1 million new cases and 
770,000 deaths due to GC in 2020.[1] Meanwhile, the inci-
dence and mortality of GC ranks at sixth and second position 

according to Globocan 2018.[2] The climbed rank of incidence 
and dropped rank of mortality suggests the need of develop-
ment of early diagnosis of GC. By contrast, overall epidemic of 
GC was steadily reduced in United State, and 5-year survival 
rate gradually rises from 38.3% in 2007 to 2011 to 42.9% in 
2017 to 2021.[3] However, GC with distal metastasis results in 
only 10% of 5-year survival rate.[3] Noticeably, GC is estimated 
to increase to 1.8 million new cases and 1.3 million deaths by 
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2040.[4] Overall survival and 5-year survival rate depending on 
the stages at diagnosed point. Thus, it is urgent need to pro-
mote early diagnosis, reliable prognosis, and effective treatment 
option to improve benefit for GC patients.

Inflammation is a significant hallmark in tumorigenesis.[5] 
The association between inflammatory burden and cancer has 
been reported.[6] Neutrophilia reflects cancer-associated chronic 
inflammation. Neutrophils (NE) induce carcinogenesis via 
secreting cancer-promoting cytokines, suppressing cytotoxic T 
cell activity and thus promoted metastasis.[5] Lymphocytes (LY) 
dictate malignancy-against immunity, by inducing cytotoxic cell 
death and preventing the proliferation and migration of malig-
nant cells.[7,8] The concomitance of neutrophilia and lympho-
cytopenia, resulting in elevated neutrophil-to-lymphocyte ratio 
(NLR) was reported in many diseases.[5] NLR reflects the immu-
nology balance between inflammation (both acute and chronic) 
and adaptive immunity.[9] Capturing the detrimental effects of 
neutrophilia and the beneficial effects of lymphocyte-mediated 
adaptive immunity, NLR indicated a significant decline in the 
cell-mediated adaptive immune response.[10] In addition, NLR is 
increased in various inflammation related diseases such as gas-
trointestinal diseases, thyroiditis, and infections.[11–15] Besides, 
NLR can be considered as a robust predictor of cancer severity 
and mortality, but the normalcy range and age- and disease-ad-
justed category are needed.[9] The NE and LY count mirror the 
innate (acute and chronic inflammation) and adaptive immu-
nity, respectively.[16] The significant association between NLR 
and overall mortality and mortality was reported in cardiovas-
cular disease, but not in cancers.[16] Simultaneous neutrophilia 
and lymphopenia are associated with poor cancer prognosis.[5] 
Strong associations between NLR and overall survival was 
reported in pancreatic cancer, renal cell carcinoma, and meso-
thelioma.[17] High NLR strongly associated with depth of inva-
sive tumor, older age, male gender, lower 5-year overall survival 
rate.[18]

Moreover, platelets (PLT) protect tumor cells from immune 
surveillance, enhance angiogenesis and facilitate tumor metasta-
sis.[19,20] NE and PLT support the immunological escape of met-
astatic cancer cells.[21] The depletion of PLT resulted in impaired 
metastasis, while reconstitution of PLT recovered metastasis.[19,20] 
The elevated number of PLT reflected an increased risk of sev-
eral cancers.[22] An elevated platelet-to-lymphocyte ratio (PLR) 
resulting from the increased PLT and/or deceased LY becomes a 
reliable predictor of several diseases such as thyroiditis, gastro-
intestinal diseases, type 2 diabetes mellitus, irritable bowel dis-
ease, infectious diseases and cancers.[12,23–28] This study aims to 
investigate the alteration NLR and PLR as a potential predictors 
of diagnosis and prognosis GC in Vietnamese patients.

2. Materials and methods

2.1. Patient consent and ethical approval

All participants were informed and agreed with the collection 
and reporting their clinical data in this study. The recruitment 
and execution of this study were approved by the Ethical 
Committee, Vietnam Military Medical University. All partici-
pants signed the consent agreement form.

2.2. Data collection and study design

This is a cross-sectional descriptive study. Seventy-seven hospi-
talized patients newly diagnosed with GC (at Military Hospital 
103 from June 2020 to September 2022) were recruited for this 
study. Patient eligibility criteria included confirmation of GC 
diagnosis, hospitalized patients and agree to participate in the 
study. Healthy control (HC) group included 90 people with-
out disease detection after examination. These people visited 
Military Hospital 103 for regular health check. HC eligibility 

criteria included common laboratory tests in normal range, no 
disease detection after examination and agree to participate 
in the study. All participants were explained clearly about the 
purpose of study and participated voluntarily. The clinical and 
preclinical data of participants were collected from Hospital 
Information Management system.

2.3. Statistical analysis

GraphPad Prism version 8.0 (GraphPad Software, Boston, 
MA) and Stata 14.0 (Stata Software, College Station, TX) 
were exploited to analyze the data. The difference between 
more-than-two groups was analyzed by one-way of variance 
ANOVA if the variance follows the normal distribution or 
Krukal Wallis, followed by Dunn multiple comparison test if 
the variance does not follow the normal distribution. The dif-
ference between 2 groups was analyzed by unpair t-test. The 
chi-square (Fisher exact) test was applied to reveal the asso-
ciation between 2 categorical variables. The difference was 
referred significance *, **, *** if P < .05, P < .01, P < .001, 
respectively.

3. Results

3.1. The age and gender distribution of study population

The study cohort included 167 participants, 90 HC and 77 GC 
patients. Among GC group, stage I, II, III, and IV accounted for 
15, 12, 27, and 23 patients, respectively. Noticeably, male was 
prominent in all stage groups with the proportion of 73% in 
stage I, 91.7% in stage II, 63.0% in stage III and 52.5% in stage 
IV. The gender distribution is equivalent between GC (66.2%) 
and HC (61%). HC and GC groups showed male dominance 
(Table 1).

3.2. The comparison of some immunological and 
hematological indices between GC patients and HC

To determine the immunological change on GC, we compared 
some immunological indices among study cohort. The high-
est NE was observed in GC stage III to IV, followed by stage 
I to II and HC. Similar pattern occurred with white blood cell 
count (WBC). The increase of NE and WBC implied the pos-
sible undergoing inflammation and infection during GC prog-
ress. The similar pattern was observed with PLT indices that 
the increased trend from HC to stage I, II to stage III, IV GC 

Table 1

Age, gender, and stage distribution.

Stages Age 

Gender

P Total Male Female 

HC Mean ± SD 51.1 ± 4 52.9 ± 6.8 0.042 51.8 ± 5.3
n (%) 55 (61%) 35 (39%) 90 (100%)

I Mean ± SD 63.7 ± 9.5 65.5 ± 12.3 0.107 64.2 ± 9.9
n (%) 11 (73%) 4 (27%) 15 (100%)

II Mean ± SD 67.1 ± 5.1 52 0.026 65.8 ± 6.6
n (%) 11 (91.7%) 1 (8.3%) 12 (100%)

III Mean ± SD 66.5 ± 6.2 65.6 ± 7.9 0.191 66.1 ± 6.7
n (%) 17 (63.0%) 10 (37.0%) 27 (100%)

IV Mean ± SD 62.2 ± 9.7 62 ± 11.6 0.833 62.1 ± 10.4
n (%) 12 (52.2%) 11 (47.8%) 23 (100%)

GC Mean ± SD 65 ± 7.8 63.5 ± 10.2 0.007 64.5 ± 8.6
n (%) 51 (66.2%) 26 (33.8%) 77 (100%)

Total Mean ± SD 57.8 ± 9.2 57.4 ± 9.8  57.7 ± 9.4
n (%) 106 (63.5%) 61 (36.5%)  167 (100%)

GC = gastric cancer, HC = healthy individuals.
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(P < .01). By contrast, the LY value was decreased among GC 
patients, compared to HC (Fig. 1A–D).

Besides, we also compared the percentage change of some 
hematological indexes forwarding cancer-supporting tendency. 
Our results showed significantly higher proportion of increased 
NE, WBC, and PLT which were 37.66%, 20.88% and 2.6%, 
compared to 3.33%, 0% and 0% among HC. In addition, rate 
of decreased LY was 32.47% in GC group versus 1.11% in HC 
group (Fig. 1E–H).

To obtain the association between the duration of clinical 
manifestation prior to firstly diagnosed (C-to-D) with GC and 
some interest indexes, we determine the C-to-D via survey of 

medical history. Among 77 GC patients recruited in this study, 
C-to-D of 11 GC is missing. Among 66 remaining GC, 35/66 
(53%), 22/66 (33.3%) and 9/66 (13.6%) realized clinical 
abnormality within 1 to 3 months, 3 to 6 months and over 6 
months before being diagnosed with GC, respectively. In addi-
tion, we compared the alteration of LY, NE, PLR, WBC, PLR, 
and NLR between 3 groups based on C-to-D. In subpopulation 
with decreased LY, increased WBC, increased PLT and increased 
NE, most of patients have C-to-D falling in 1 to 3 months, fol-
lowed by 3 to 6 months. Rarely, patients having C-to-D above 
6 months presented decreased LY, increased WBC, increased 
PLT, and increased NE. Thus, most patients with hematological 

Figure 1.  The level distribution of some interesting hematological indices. (A and E) The comparison of NE on HC and GC cohort. (B and F) The comparison 
of LY on HC and GC cohort. (C and G) The comparison of WBC on HC and GC cohort. (D and H) The comparison of PLT on HC and GC cohort. GC = gastric 
cancer, HC = healthy individuals, LY = lymphocytes, NE = neutrophils, WBC = white blood cell count.
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alteration forwarding cancer promotion appears clinical signs 
shortly before diagnosed. Besides, our results reported the ten-
dency of highest PLR and NLR in 1 to 3-month C-to-D, fol-
lowed by 3-6 months and above 6 months (Table 2). The higher 
PLR and NLR corresponded to shorter C-to-D suggested the 
prognostic value of PLR and NLR with fast progression of GC.

3.3. The difference of NLR and PLR between GC patients 
and HC

To determine the alteration of NLR and PLR during GC prog-
ress, we compared the different data set of HC, GC, and stages 
of GC. We firstly found that, the value of NLR was signifi-
cant higher in GC group in comparison with HC (P < .0001, 
Fig.  2A). The pattern was similar in the PLR value between 
HC and GC patients (P < .0001, Fig.  2B). Next, we analyzed 
the value of NLR and PLR in subgroups in different stages of 

GC. We found the increased tendency of these values from HC 
cohort to the early stage (I and II) and the late stage (III and 
IV) of GC patients. These indexes were significantly elevated in 
early and late stages, compared to HC, (P < .001, Fig. 2C and 
D). However, we have not found the significant difference of 
these values between the early stage and the late stage of GC 
patients. Additionally, we compared NLR and PLR indexes 
between HC and 4 GC stages. Our results showed the highest 
average value of NLR and PLR on stage IV GC, followed by 
stage III, II, I GC and HC (P < .0001, Fig. 2E and F). The PLR 
value of HC was significantly lower, compared to all 4 stages of 
GC, but not NLR.

3.4. The distribution of NLR and PLR with age and gender

By age, the participants were categorized into 3 groups: under 
50 years old, from 50 to 60 years old and over 60 years old. To 

Table 2

The association between some hematological indexes and duration from appearance of first clinical symptoms to diagnosis point.

 Months n Decreased LY (n) Increased WBC (n) Increased NE (n) Increased PLT (n) PLR NLR 

Pre-diagnosed clinical symptoms 1–<3 35 11 11 15 1 238 ± 1.8 7.3 ± 10.8
3–≤6 22 7 2 9 1 221.6 ± 101.66 5.2 ± 6.4
>6 9 3 0 2 0 196.4 ± 119.8 3.9 ± 4.1

P   .70 .166 .889 .938 .608 .83

LY = lymphocytes, NE = neutrophils, NLR = neutrophil-lymphocyte ratio, PLR = platelet-lymphocyte ratio, PLT = platelets, WBC = white blood cell count.

HC I,II III,IV
0

2

4

6

8
20
40
60

Groups

NL
R

****
****

HC I,II III,IV
0

100

200

300
400
600
800

Groups

PL
R

****
****

HC GC
0

2

4

6

8
20
40
60

Groups

N
LR

****

HC GC
0

100

200

300
400
600
800

Groups

PL
R

****

A

B

C

D

E

F

HC I II III IV
0

100

200

300

400

600
800

Stage

PL
R

**
**

****
****

HC I II III IV
0

5

10
20

60

Stage

N
LR

****
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of NLR, PLR on early and advanced stages of GC patients. (E and F) The comparison of NLR, PLR on different stages of GC patients. GC = gastric cancer, HC 
= healthy individuals, NLR = neutrophil-lymphocyte ratio, PLR = platelet-lymphocyte ratio.
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determine the interference of age with interest rate, we com-
pared NLR and PLR value between age groups. We have found 
that, the NLR and PLR value were comparable between differ-
ent age categories, on both HC and GC population (Fig. 3A–D). 
In addition, we investigated the association between PLR and 
gender. The results showed similar value of PLR between male 
and female both on HC and GC groups (Fig. 3E and F). Thus, 
our results indicated the independence of NLR and PLR on 
gender and age. Next, the NLR and PLR value were compared 
between HC, early and late GC stages according to sub-gender 
male and female. Among male, NLR and PLR were lowest in 
HC, followed by stage I, II and stage III, IV GC (Fig. 3G and 
H). Similarly, among female, NLR and PLR were highest on late 
stage of GC, followed by early stage of GC and HC (Fig. 3I and 
K).

3.5. The tumor marker level on different stages of GC 
patients

To compare the concentration of some common gastrointesti-
nal tumor markers, such as AFP, CA72-4, CA19-9, and CEA 
regarding cancer stage, we collected and interpreted the data. 
The results showed the increased tendency of CA72-4, CA19-
9, and CEA in GC patients with late stages, compared to GC 
patients with early stages, but the difference was not statisti-
cally significant (Fig. 4A–C). The AFP concentration was equal 
between early and late stages of GC patients.

3.6. Receiver operating characteristic (ROC) curve of NLR 
and PLR value on GC patients

To determine the value of NLR in diagnosis of GC, we executed 
ROC curve analysis. In our study, area under ROC curve (AUR) 

of NLR was 85.17, P < .0001. In addition, the cutoff value of 
1.95 showed 79.22% sensitivity, (CI 95%: 68.88–86.78%) and 
72.2% (CI 95%, 62.20–80.42%) of specificity, the ratio = 2.85. 
The cutoff value of 2.15 showed 74.03% sensitivity, (CI 95%: 
63.26–82.51%) and 82.22% (CI 95%, 73.06–88.75%) of spec-
ificity, the ratio = 4.16 (Table  3 and Fig.  5A–C). Thus, NLR 
index is a significant indicator to diagnose GC with high sensi-
tivity and specificity.

To determine the value of PLR in diagnosis of GC, we exe-
cuted ROC curve analysis. Our analysis of ROC curve showed 
that, taking the cutoff value of 134.7, the sensitivity and speci-
ficity of PLR in diagnosis of GC were 79.22% (CI 95%: 68.88–
86.78%), and 75.56 (CI 95%: 65.75– 83.27%), ratio 3.34, 
respectively (Table 4 and Fig. 5D–F). Besides, at the cutoff value 
of 136.2, the sensitivity and specificity of PLR were 77.92% 
(CI 95%: 67.46–85.73), ratio 3.34 and 76.67 (CI 95%: 66.95–
84.20%), ratio 3.34, respectively. The AUR was 84.74% with 
P < .0001, indicating the significant value of PLR in diagnosis 
of GC.

4. Discussion
GC presents two-time higher incidence on male, compared to 
female.[4] We presented similar gender distribution of male dom-
inance with the male rate was approximately two-time higher 
than female on GC cohort. The gender distribution was compa-
rable between GC and HC groups. High rate of GC were firstly 
diagnosed at late stages, presented with stage IV 23/77 (30%), 
stage III 27/77 (35%), stage II 12/77 (15%) and stage I 15/77 
(20%). Meanwhile, advanced GC corresponds to poor progno-
sis of low 5-year survival rate and short overall survival.[3] Being 
diagnosed in late stages rules out the curable opportunity by 
tumor resection surgery. Therefore, development novel markers, 
indicators is urgent need to early diagnose GC. Follow-up of 
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PLR and NLR might indicate the risk of malignant transforma-
tion among patients with benign gastric diseases, such as gastri-
tis, stomach ulcers and polyp.

Inflammation and immune escape are important hallmarks of 
cancer. NE and PLT induced carcinogenesis while LY control the 
immunity against cancer.[5,7,8,19,20] Thus, increased NE, decreased 
LY and increased PLT promote cancer progress (terming can-
cer-promoting hematological alteration). Increased NE and 
decreased LY occurred frequently in GC (32.66% and 32.47%, 
respectively). Our results reported consistently that WBC, NE, 
and PLT were highest among stage III to IV GC, followed by 
stage I to II GC and HC. Meanwhile, LY was lower on GC, com-
pared to HC. As the results, the NLR and PLR value were signifi-
cantly increased on GC, compared to HC. NLR and PLR level 
on advanced-stage GC was higher than on early-stage GC. Thus, 
cancer-promoting hematological alteration were associated with 
GC stages. Moreover, most of GC patients with cancer-promot-
ing hematological alteration of decreased LY, increased NE and 
increased WBC, increased PLR and increased NLR have short 
duration from appearing clinical signs to being diagnosed with 

Figure 4.  The tumor marker level on different stages of GC patients. (A) CA72-4; (B) CA19-9; (C) CEA; (D) AFP. GC = gastric cancer.

Table 3

ROC analysis of NLR value in diagnosis of GC patients

Cutoff of NLR 

Sensitivity Specificity
Likelihood 

ratio Mean CI 95% Mean CI 95% 

1.95 79.22 68.88–86.78 72.22 62.20–80.42 2.85
2.05 76.62 66.05–84.67 75.56 65.75–83.27 3.1
2.15 74.03 63.26–82.51 82.22 73.06–88.75 4.16
Area under ROC 

curve (AUR)
85.17 P < .0001

GC = gastric cancer, NLR = neutrophil-lymphocyte ratio, ROC = receiver operating characteristic.
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GC. In details, short C-to-D period corresponded to the preva-
lence of cancer-promoting hematological alteration. Also, GC 
with C-to-D falling in 1 to 3 months showed the higher value of 
PLR and NLR, followed by 3 to 6 months and above 6 months. 
The short C-to-D might suggest the fast progress of GC. Thus, 
the shorter C-to-D duration, the higher PLR and NLR value sug-
gested that increased PLR and NLR are warning signs of quick 
progress of GC. The results also suggest the frequent occurrence 
of inflammation and immunology escape on GC, and these 
indexes are predictors of GC progression.

The value of NLR above 3 and below 0.7 were reported 
abnormally, and 2.3 to 3 is warning sign of pathological state.[29] 
The wide range of NLR (0.78–3.92) were reported in general 
population with the higher levels belonging to male and elder.[9] 
Our results reported differently that NLR and PLR were inde-
pendent from age and gender. The NLR value of over 4 inde-
pendently predicted short survival, progression-free survival and 
disease-free survival.[17] Metastatic and primary brain patients 
with NLR over 4.7 presented short survival.[30] The value of 

5 is NLR cutoff threshold to predict progression free survival 
and metastatic-mortality of urothelial cancer.[9] On GC patients, 
significantly higher NLR was observed in undifferentiated ade-
nocarcinoma, compared to differentiated adenocarcinoma.[31] 
NLR < 4 was correlated and corresponded to significant high 
rate of successful conversion surgery among stage IV GC.[32] In 
addition, NLR is valuable marker for predicting the treatment 
response for oral squamous cell carcinoma.[33] Besides, an eleva-
tion of pretreatment PLR predicts poor prognosis of GC, reflect-
ing by short overall survival and disease-free survival, as well as 
high risk of serosal and lympho node invasion with advanced 
stages.[34] Referent range of PLR among male and female are 
36.63 to 149.13 and 43.36 to 172.68, respectively.[35] PLR is 
reliable prognostic indicator of pancreatic cancer and predict 
poor prognosis of colorectal cancer.[36] Moreover, recent study 
found that increased PLR could be a marker to differentiate 
between malignant and benign thyroid nodules.[37,38]

Our ROC curve analysis showed the significant specificity 
and sensitivity of PLR and NLR on GC diagnosis with respec-
tive AUR of 84.74% and 85.17%. The diagnostic specificity 
and sensitivity were 75-80% with the cutoff value of around 
2.0 and 135.0, respectively. Lacking referent value of PLR and 
NLR restricted further analysis their predictive and diagnos-
tic value. But PLR and NLR were significant increased on GC, 
compared to HC and associated with GC stages. Besides, our 
results proved the significant value of PLR and NLR in diag-
nostic GC. Taking the cutoff value of around 2 (NLR) and 135 
(PLR), the diagnostic specificity and sensitivity falls in 75-80%, 
and AUR were about 85%. Available evidence shows that NLR 
and PLR are valuable markers in diagnosis and prognosis of 
various diseases. These indices can be calculated from common 
hematological test. Therefore, NLR and PLR indices are recom-
mended for clinical practice.

Figure 5.  Receiver operating characteristic (ROC) curve of NLR and PLR value on GC patients. ROC analysis of NLR value on GC patients (A); on stage I and 
II of GC patients (B); on stage III and IV of GC patients (C). ROC analysis of PLR value on GC patients (D); on stage I and II of GC patients (E); on stage III and 
IV of GC patients (F). GC = gastric cancer, HC = healthy individuals, NLR = neutrophil-lymphocyte ratio, PLR = platelet-lymphocyte ratio.

Table 4

ROC analysis of PLR value in diagnosis of GC patients.

Cutoff of PLR 

Sensitivity Specificity
Likelihood 

ratio Mean CI 95% Mean CI 95% 

134.7 79.22 68.88–86.78 75.56 65.75–83.27 3.24
135.2 77.92 67.46–85.73 75.56 65.75–83.27 3.19
136.2 77.92 67.46–85.73 76.67 66.95–84.20 3.34
Area under ROC 

curve (AUR)
84.74 P < .0001

PLR = platelet-lymphocyte ratio, ROC = receiver operating characteristic.
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However, the study still had limitation such as small sample 
size and conducted in one hospital. This might affect final statis-
tical analysis and conclusions of the study. Therefore, analysis in 
bigger cohorts in different institutions will provide more valu-
able and reliable conclusions.

Taken together, PLR and NLR have significant specificity and 
sensitivity in diagnosis and prognosis of GC.
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