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Background/Aims: Lymphocytes are an important component of the cell-mediat-
ed immune system. As lymphopenia is reportedly associated with poor prognoses 
in patients with various cancers, we investigated this notion in patients who un-
derwent curative gastrectomy. 
Methods: We retrospectively analyzed the association between absolute lympho-
cyte count (ALC) and prognosis in patients with stage I–III gastric cancer who 
underwent curative surgical resection. Ever lymphopenic patients were defined 
as those with ALCs < 1,000/μL at any time post-diagnosis except within 30 days 
post-surgery. Adjusted multivariable regression models were used to evaluate the 
associations between lymphopenia and overall mortality, gastric cancer-specific 
mortality, and disease-free survival.
Results: We investigated 1,222 patients diagnosed between January 2011 and De-
cember 2015. Fifty-six patients (4.6%) were lymphopenic at diagnosis and nearly 
one-quarter (24.8%) were ever lymphopenic with a mean minimum ALC of 640/
μL. Older age (odds ratio [OR], 1.02) and higher stage (stage III vs. I; OR, 3.01) were 
positively associated with ever lymphopenia. On multivariable analysis, ever 
lymphopenia predicted higher overall mortality (hazard ratio [HR], 1.83; p = 0.008), 
higher gastric cancer-specific mortality (HR, 1.58; p = 0.048), and shorter dis-
ease-free survival (HR, 1.83; p = 0.006). The 5-year gastric cancer-specific mortality 
rates for ever- and never lymphopenic patients were 10.9% and 3.7%, respectively; 
their 5-year cumulative recurrence rates were 15.1% and 4.6%, respectively. 
Conclusions: This study demonstrate that ever lymphopenia is independent 
prognostic factor for overall mortality and recurrence in patients with potentially 
curable gastric cancer; hence, ALCs may be a biomarker for predicting the prog-
noses of patients with stage I–III gastric cancer who had curative gastrectomy.
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Association between absolute lymphocyte count 
and overall mortality in patients with surgically 
resected gastric cancer
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Cho Hyun Park3, Kyo Young Song3, Han Hong Lee3, and In-Ho Kim1

INTRODUCTION

Gastric cancer is the fifth most frequently diagnosed 
cancer and the third leading cause of cancer-related 

death worldwide [1]. This disease is one of the most 
common cancers in East Asia, particularly in Korea and 
Japan. Surgery is the primary treatment option for pa-
tients with localized gastric cancer; however, the 5-year 
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overall survival rate of patients with stage II–III surgical-
ly resected gastric cancer is less than 50% [2].

Numerous factors, such as tumor stage, resection 
margin, lymph node metastasis, and tumor grade, influ-
ence the risks of recurrence and death in patients with 
gastric cancer [3]. Previous studies have shown that pre-
treatment- or treatment-related lymphopenia may be 
associated with poor survival outcomes in patients with 
various carcinomas, sarcomas, and lymphomas [4-8]. In 
addition to poor survival, pretreatment lymphopenia 
has been associated with poor response to chemother-
apy in various metastatic solid tumors [9]. Bruckner et 
al. [10] reported that the pretreatment absolute neu-
trophil count (ANC), absolute lymphocyte count (ALC), 
and absolute monocyte count are prognostic indicators 
for patients with metastatic gastric cancer. Since then, 
additional studies have demonstrated that the neutro-
phil-to-lymphocyte ratio (NLR) or monocyte-to-lym-
phocyte ratio are associated with overall survival and can 
be used as prognostic predictors in patients with gastric 
cancer [11-13]. Moreover, an increased NLR during adju-
vant chemotherapy may be used as a prognostic indica-
tor in patients with stage II–III gastric cancer [14]. 

Although several studies have concluded that the NLR 
is a prognostic indicator, there is limited data available 
on whether the ALC has prognostic value in potentially 
curable gastric cancer. Recent studies have shown that 
ALC is significantly associated with tumor-infiltrating 
lymphocytes (TILs) and mortality [15-17]. In patients 
with stage I–III triple-negative breast cancer, higher 
post-diagnosis peripheral ALCs predicted prolonged 
survival [15]. Furthermore, there was a direct positive 
correlation between TILs and ALCs during neoadjuvant 
chemotherapy or chemoradiotherapy [15,16]. In patients 
with relatively early-stage gastric cancer after gastrecto-
my, preoperative peripheral ALCs predicted postopera-
tive survival [18]. Based on these data, we postulated that 
the ALC might influence cancer outcomes through the 
host’s immune response to cancer.

In this study, we investigated factors associated with 
lymphopenia and evaluated whether ALC was associated 
with recurrence and mortality in patients with gastric 
cancer who underwent potentially curative surgical re-
section.

METHODS

Patients
We reviewed the record of patients with histologically 
confirmed adenocarcinoma or poorly cohesive carcino-
ma of the stomach or gastroesophageal junction who 
underwent curative gastric resection at the Catholic 
University of Korea, Seoul St. Mary’s Hospital between 
January 2011 and December 2015. All patients had un-
dergone potentially curative resection with D2 lymph 
node dissection and had no macroscopic or microscopic 
evidence of remnant tumors. D2 lymph node dissection 
was defined according to the guidelines of the Japanese 
Research Society for the Study of Gastric Cancer [19]. 
Patients with available electronic medical records were 
eligible if they met the following criteria: (1) 19 years of 
age or older; (2) histologically confirmed gastric or gas-
troesophageal junction adenocarcinoma or poorly co-
hesive carcinoma; (3) pathological stage I–III according 
to the American Joint Committee of Cancer, 7th edition 
[2]; (4) Eastern Cooperative Oncology Group (ECOG) 
performance status score 0–2; (5) completely recovered 
from their operation without any complication by 30 
days post-surgery; and (6) adequate bone marrow and 
organ function (hemoglobin > 9.0 g/dL; platelet count 
> 100,000/mm3; total bilirubin < 1.5-fold higher than the 
upper normal limit; serum transaminase < 3-fold higher 
than the upper normal limit; and creatinine < 1.5-fold 
higher than the upper normal limit). Patients with the 
following conditions were excluded (1) received neoad-
juvant chemotherapy; (2) history of another cancer with-
in the past 5 years (except adequately treated in situ or 
non-melanoma skin cancers); (3) newly diagnosed with 
secondary malignancies after surgery for gastric cancer; 
and (4) history of human immunodeficiency virus infec-
tion, autoimmune disease that required treatment with 
immunosuppressive agents, and/or receipt of systemic 
corticosteroids 2 weeks prior to surgery.

Surveillance
For surveillance against tumor recurrence, all patients 
were evaluated every 3 months during the first year, 
every 6 months for the following 5 years, and annually 
thereafter. Imaging evaluations were performed using 
computed tomography and magnetic resonance imag-
ing according to the aforementioned schedule and were 
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analyzed by radiologists at our institution. Levels of car-
cinoembryonic antigen and carbohydrate antigen 19-9 
were also checked at every visit. If evidence suggested the 
possibility of recurrence, additional imaging or biopsy 
studies were undertaken to investigate the presence of 
gastric cancer; any recurrent disease was confirmed by 
radiology and histology.

Variable definitions
Baseline lymphopenia was defined as having an ALC < 
1,000/μL within 2 weeks before surgery. If several preop-
erative ALC values were obtained, the count on the date 
closest to the surgery was considered. Ever lymphopenic 
and ever neutropenic were defined as having an ALC < 
1,000/μL and an ANC < 1,000/μL, respectively, any time 
after the gastric cancer diagnosis. However, the follow-
ing readings were excluded (1) those taken between the 
day of surgery and 30 days thereafter; (2) those acquired 
after the confirmation of gastric cancer recurrence; (3) 
those taken from patients during their last hospital-
ization if their admittance and death were for reasons 
other than gastric cancer; and (4) those taken during 
hospitalization for major surgery for reasons other than 
gastric cancer.

Overall mortality (OM) was defined as the percentage 
of patients who died of any cause during the study peri-
od. Gastric cancer-specific mortality (GCM) was defined 
as the percentage of patients who died due to gastric can-
cer during the study period. Disease-free survival (DFS) 
was defined as the interval between curative surgery and 
recurrence, death, or the date of the last follow-up. 

Statistical analysis
A logistic regression model was used to determine 
whether baseline lymphopenia or ever lymphopenia 
was associated with age at diagnosis, cancer stage, hu-
man epidermal growth factor receptor 2 overexpression 
or amplification status, adjuvant chemotherapy admin-
istration, and ever neutropenia. Odds ratios (ORs) and 
95% confidence intervals (CIs) were estimated. Variables 
with a p < 0.05 on the univariate analysis were subjected 
to multivariate analysis. 

OM, GCM, and DFS for ever lymphopenic and nev-
er lymphopenic patients were calculated using Ka-
plan-Meier curves; differences between survival curves 
were tested for statistical significance using a two-tailed 

log-rank test. A multivariate Cox proportional hazards 
regression model was used to identify the effects of ever 
lymphopenia on survival. Data from patients who were 
alive on the last follow-up date were censored. Hazard 
ratios (HRs) and 95% CIs were calculated. All tests were 
two-sided and p < 0.05 were considered statistically sig-
nificant. Statistical analyses were performed using IBM 
version 24.0 (IBM Co., Armonk, NY, USA) and GraphPad 
Prism version 8.0 (GraphPad Software Inc., San Diego, 
CA, USA).

Ethics
This study was approved by the Institutional Review 
Board of the Catholic University of Korea, Seoul St. 
Mary’s Hospital (IRB No: KC19RESI0292), and was per-
formed in accordance with Korean regulations and the 
Declaration of Helsinki. The Institutional Review Board 
waived informed consent for this study due to the retro-
spective nature of the analysis. 

RESULTS

Patient characteristics
In total, 1,222 patients with stage I–III gastric cancer 
were eligible for inclusion in this study. The baseline 
characteristics of these patients are shown in Table 1. 
The mean age at diagnosis was 59 years, and two-thirds 
of the patients (63.7%) were male. Most patients (95.8%) 
had good performance status (0–1), and 74.1%, 13.8%, 
and 12.1% of the patients had stage I, II, and III disease, 
respectively. Most patients had tubular adenocarcino-
ma (82.6%), and the most common tumor location was 
the lower third of the stomach (62.8%). One-quarter of 
the patients (25.0%) received adjuvant chemotherapy; 
most (93.9%) were never neutropenic, although nearly 
one-quarter (24.8%) were ever lymphopenic, with a min-
imum ALC of 640/μL (Table 1). Over a median follow-up 
time of 4.9 years, 82 patients (6.7%) died, 65 (5.3%) of gas-
tric cancer.

Factors associated with lymphopenia
ECOG performance status and cancer stage were asso-
ciated with baseline lymphopenia after univariate anal-
ysis. After multivariate analysis, a higher cancer stage 
(stage III vs. I: OR, 3.81; 95% CI, 2.05 to 7.09; p < 0.001) 
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was found to be independently associated with baseline 
lymphopenia (Supplementary Table 1). Age at diagnosis, 
ECOG performance status, adjuvant chemotherapy ad-
ministration, cancer stage, and ever neutropenia were 
associated with ever lymphopenia by univariate analy-
sis; however, multivariate analysis revealed that only an 
older age at diagnosis (OR, 1.02; 95% CI, 1.01 to 1.04; p = 
0.001), higher stage (stage III vs. I: OR, 3.01; 95% CI, 1.87 
to 4.84; p < 0.001), and ever neutropenia (OR, 3.51; 95% 
CI, 2.08 to 5.93; p < 0.001) were independently associated 
with ever lymphopenia (Table 2). The incidence of ever 
lymphopenia in stage I, stage II, and stage III patients 
with gastric cancer was 19.0%, 34.3%, and 49.3%, respec-
tively (Supplementary Table 2). Only higher cancer stage 
was positively associated with both baseline and ever 
lymphopenia.

Lymphopenia, OM, and GCM
On multivariable analysis, patients with ever lymph-
openia had significantly higher OM than that of never 
lymphopenic patients (HR, 1.83; 95% CI, 1.17 to2.85; p = 
0.008) (Table 3 and Fig. 1A). Other predictors of increased 
OM were higher stage (stage III vs. I: HR, 33.8; 95% CI, 
17.1 to 66.7; p < 0.001) and older age at diagnosis (HR, 1.05; 
95% CI, 1.02 to 1.07; p < 0.001). Receiving adjuvant chemo-
therapy was associated with lower OM (HR, 0.50; 95% CI, 
0.29 to 0.88; p = 0.017). The 5-year OM rate among ever 
lymphopenic patients was 13.4%, whereas that among 
never lymphopenic patients was 4.4% (Fig. 1A).

Patients with ever lymphopenia also had significantly 
higher GCM (HR, 1.58; 95% CI, 0.96 to 2.60; p = 0.048) (Ta-
ble 3 and Fig. 1B) compared to that of never lymphopenic 
patients. Higher stage (stage III vs. I: HR, 158.7; 95% CI, 
55.5 to 471; p < 0.001) and older age at diagnosis (HR, 1.03: 
95% CI, 1.00 to 1.05; p = 0.030) were also associated with 
higher GCM, whereas receiving adjuvant chemotherapy 
was associated with lower GCM (HR, 0.37; 95% CI, 0.20 to 
0.66; p = 0.001). The 5-year GCM rate among ever lymph-
openic patients was 10.9%, whereas that among never 
lymphopenic patients was 3.7% (Fig. 1B).

Lymphopenia and recurrence
Univariate analysis showed that age at diagnosis, ECOG 
performance status, cancer stage, adjuvant chemothera-
py administration, and ever lymphopenia were risk fac-
tors for gastric cancer recurrence. However, only high-

Table 1. Patient demographics and reported ALCs at any 
time after gastric cancer diagnosis (n = 1,222)

Variable Value
Age in year 59.0 ± 12
Sex

Male 778 (63.7)
Female 444 (36.3)

ECOG performance status
0–1 1,171 (95.8)
2 51 (4.2)

American Joint Committee on Cancer Stagea

I 905 (74.1)
II 169 (13.8)
III 148 (12.1)

Pathological type
Tubular adenocarcinoma 1,009 (82.6)

Poorly cohesive carcinoma 213 (17.4)
Primary tumor location

EG junction 20 (1.6)
Upper 1/3 154 (12.6)
Mid 1/3 269 (22.0)
Lower 1/3 767 (62.8)
Diffuse 12 (0.9)

HER2 amplification status
Amplified 73 (6.0)

Negative 919 (75.2)
Untested 230 (18.8)

Received adjuvant chemotherapy
Yes 305 (25.0)
No 917 (75.0)

Baseline lymphopenia
Yes 56 (4.6)
No 1,166 (95.4) 

Ever lymphopenia
Yes 303 (24.8)
No 919 (75.2)

Minimum ALC after diagnosisb, K/μL 0.64 ± 0.24 
Baseline neutropenia

Yes 2 (0.2)
No 1,220 (99.8)

Ever neutropenia
Yes 74 (6.1)
No 1,148 (93.9)

Values are presented as mean ± standard deviation or num-
ber (%).
ALC, absolute lymphocyte count; ECOG, Eastern Coopera-
tive Oncology Group; EG, esophagogastric; HER2, epidermal 
growth factor receptor 2.
aAccording to American Joint Committee on Cancer 7th edi-
tion.
bDefinition of lymphopenia: ALC < 1,000/μL. 
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er stage (stage III vs. I: HR, 70.3; 95% CI, 33.7 to 146; p < 
0.001) and ever lymphopenia (HR, 1.83; 95% CI, 1.18 to 
2.81; p = 0.006) were associated with shorter DFS after 
multivariate analysis (Table 4 and Fig. 2A). In contrast to 
the univariate analysis, patients who received adjuvant 
chemotherapy achieved longer DFS (HR, 0.36; 95% CI, 
0.21 to 0.63; p < 0.001) (Table 4) compared to those who 
did not. Analysis of the association between ever lymph-
openia and DFS in patients stratified by cancer stage 
revealed that ever lymphopenia was associated with re-
currence not only in those with stage I gastric cancer 
(stage I: HR, 3.26; 95% CI, 1.04 to 10.18; p = 0.042) (Fig. 2B), 
but also in those with stage II–III (HR, 1.84; 95% CI, 1.16 

to 2.92; p = 0.009) (Fig. 2C). The 5-year cumulative recur-
rence rates were 15.1% and 4.6% for ever lymphopenic 
and never lymphopenic patients, respectively (Fig. 2A).

DISCUSSION

We found that the post-diagnosis peripheral ALC was 
associated with OM, GCM, and DFS in patients with 
stage I–III gastric cancer. Notably, the association be-
tween ever lymphopenia and mortality persisted over 
time. The increasing divergence of the survival curves 
over time was consistent with the results of previous 

Table 2. Univariate and multivariate analyses of predictors of ever lymphopenia (ALC < 1,000/µL; n = 1,222)

Variable

Ever lymphopenia

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age at diagnosis, /yr 1.02 (1.01−1.03)a < 0.001a 1.02 (1.01−1.04)a 0.001a

ECOG 2 (vs. ECOG 0−1) 2.84 (1.61−5.01) < 0.001 1.80 (0.95−3.38) 0.070

Received adjuvant chemotherapy (vs. none) 2.25 (1.70−2.99) < 0.001 1.11 (0.73−1.70) 0.632

Stage II (vs. stage I) 2.23 (1.56−3.19)a < 0.001a 1.86 (1.17−2.95)a 0.009a

Stage III (vs. stage I) 4.15 (2.89−5.96)a < 0.001a 3.01 (1.87−4.84)a < 0.001a

HER2 amplification (vs. negative) 1.04 (0.60-1.78) 0.899

Ever neutropeniab (vs. never neutropenia) 4.74 (2.93−7.67)a < 0.001a 3.51 (2.08−5.93)a < 0.001a

ALC, absolute lymphocyte count; OR, odds ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HER2, 
epidermal growth factor receptor 2.
aStatistically significant variables. 
bDefinition of ever neutropenia: absolute neutrophil count < 1,000/μL.

Table 3. Multivariable analysis of the clinical characteristics and ever lymphopenia for OM or GCM in patients with gastric 
cancer (n = 1,222)

Variable
OM GCM

HR (95% CI) p value HR (95% CI) p value

Age at diagnosis, /yr 1.05 (1.02−1.07)a < 0.001a 1.03 (1.00−1.05)a 0.030a

ECOG 2 (vs. ECOG 0−1) 1.61 (0.81−3.22) 0.177 1.18 (0.51−2.72) 0.700

Received adjuvant chemotherapy (vs. none) 0.50 (0.29−0.88)a 0.017a 0.37 (0.20−0.66)a 0.001a

Stage II (vs. stage I) 5.57 (2.49−12.5)a < 0.001a 18.8 (5.55−63.8)a < 0.001a

Stage III (vs. stage I) 33.8 (17.1−66.7)a < 0.001a 158.7 (53.5−471)a < 0.001a

Ever lymphopenia (vs. never lymphopenia) 1.83 (1.17−2.85)a 0.008a 1.58 (0.96−2.60)a 0.048a

OM, overall mortality; GCM, gastric cancer-specific mortality; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Co-
operative Oncology Group.
aStatistically significant variables.  
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studies that showed the progressive separation of the 
survival curves of patients with surgically resected tri-
ple-negative breast cancer or pancreatic cancer grouped 
by their lymphopenic status [15,20]. These results sug-
gest that lymphopenic status, as a surrogate for host 
immunity, plays an important role in the prognosis of 
patients with surgically resected gastric cancer.

The prognostic effect of the ALC in patients with 
gastric cancer has not been adequately investigated, as 
most previous studies focused on the prognostic value 
of the NLR instead [21]. Several studies have demon-
strated the association between systemic inflammation 
and cancer progression, and the NLR reflects systemic 
inflammatory status [22]. However, the NLR has some 
limitations as a prognostic factor. The NLR is composed 

of two potentially independent biological factors, neu-
trophils and lymphocytes. Neutrophils are associated 
with inflammation, whereas lymphocytes are involved 
in host immunity, and it is difficult to identify which 
is more strongly associated with prognosis. In addition 
to the NLR, other biological markers related to systemic 
inflammation, such as C-reactive protein level [23], the 
platelet-to-lymphocyte ratio [24], and albumin level [25], 
have been associated with prognosis in gastric cancer. 
The ALC is a surrogate marker of host immunity and we 
chose to investigate the relationship between prognosis 
and host immunity, represented by the ALC, rather than 
a marker of systemic inflammation, such as the NLR. 

Previous studies have shown that the ALC or absolute 
monocyte count at the time of diagnosis correlates with 

Figure 1. Kaplan-Meier curves showing (A) overall survival and (B) gastric cancer-specific survival according to the ever lymph-
openia (lymphopenia defined as absolute lymphocyte count < 1,000/μL). HR, hazard ratio; CI, confidence interval.
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Table 4. Multivariable analysis of the clinical characteristics and ever lymphopenia for DFS in patients with gastric cancer (n = 1,222)

Variable

DFS

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Age at diagnosis, /yr 1.03 (1.02−1.05) 0.001 1.02 (1.00−1.04) 0.105

ECOG 2 (vs. ECOG 0−1) 2.85 (1.38−5.89) 0.005 0.73 (0.32−1.66) 0.446

Received adjuvant chemotherapy (vs. none) 3.69 (2.42−5.63)a < 0.001a 0.36 (0.21−0.63)a < 0.001a

Stage II (vs. stage I) 6.21 (2.87−13.4)a < 0.001a 10.4 (4.54−23.8)a < 0.001a

Stage III (vs. stage I) 40.4 (21.7−75.2)a < 0.001a 70.3 (33.7−146)a < 0.001a

Ever lymphopenia (vs. never lymphopenia) 3.67 (2.41−5.60)a < 0.001a 1.83 (1.18−2.81)a 0.006a

DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group.
aStatistically significant variables. 
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prognosis [11,18,26]; however, to our knowledge, ours 
is the first study to show a significant association be-
tween ever lymphopenia and cancer-specific mortality 
in patients with potentially curable gastric cancer. Addi-
tionally, ever lymphopenia was significantly associated 
with recurrence. Our data suggest that the presence of 
lymphopenia not only at the time of diagnosis, but also 
before, during, and after therapy is associated with the 
prognosis of patients with gastric cancer. 

Several factors, including higher cancer stage, older 
age at diagnosis, and ever neutropenia, were positively 
associated with ever lymphopenia. Higher cancer stage 
was associated with baseline lymphopenia as well as ever 
lymphopenia. These results are consistent with those of 
previous studies that found that larger tumor burdens 
were correlated with lower lymphocyte counts [27]. No-
tably, tumor cells induce the synthesis of immunosup-
pressive molecules, which may lead to lymphopenia 
and immune evasion [28]. Taken together, the evidence 

suggests that the occurrence of tumor-induced immune 
suppression promotes lymphopenia, which in turn 
complicates cancer therapy.

According to our multivariate analyses that incor-
porated known risk factors for poor prognosis, ever 
lymphopenia was independently correlated with higher 
cancer-specific mortality and shorter DFS in patients 
with surgically resected gastric cancer. Although the 
mechanism for the association between ever lympho-
penia and prognosis is not clear, possible explanations 
include (1) ever lymphopenia may be associated with a 
pre-existing immunosuppression-associated condition 
in the host, resulting in an inadequate immunologic 
response to malignancy; and (2) ever lymphopenia may 
be a consequence of lympholytic cytokines produced by 
the tumor cells [29,30]. Lymphopenia caused by tumor 
cells may weaken the host’s immune response to cancer; 
moreover, the tumor cells can alter the homeostasis of 
lymphocyte pools in patients with cancer [31]. 
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A recent study showed that the specific nature of infil-
trating immune cells could affect the prognoses of pa-
tients with various cancers [32]. A number of potentially 
promising immune biomarkers have been discovered, 
including TILs [33], circulating tumor-specific T cells 
[34], differentiated CD8+ T cells [35], and regulatory T 
cell accumulation [36]; however, most of these are yet to 
be validated. Moreover, a meta-analysis found that high 
expression of TILs, particularly CD8+ T cells, could be 
a potential indicator of improved prognosis [37]. High 
expression of TILs was also reported to significantly im-
prove the prognoses of patients with gastric cancer who 
had high microsatellite instability or were positive for 
Epstein-Barr virus infection, as these features increased 
the tumors’ sensitivity to immune checkpoint inhibi-
tors [38].

In a previous study, an increased number of TILs in 
patients with triple-negative breast cancer was found 
to be directly correlated with increased peripheral lym-
phocyte counts during neoadjuvant chemotherapy [15]. 
Additionally, elevated peripheral lymphocyte counts in 
patients with rectal cancer were significantly correlated 
with high tissue levels of CD4+ and, CD8+ T cells [16]. 
As such, peripheral lymphocyte counts may also be as-
sociated with TILs in patients with gastric cancer, and 
may also predict immunological responses to cancer. 
Immune response measures, such as peripheral lym-
phocyte counts, could serve as predictors of prognosis 
or as surrogate endpoints of clinical responses to im-
munotherapy. 

There were several limitations to our study. First, it 
was a retrospective analysis conducted at a single insti-
tution; therefore, multi-center, randomized studies are 
required to verify the prognostic significance of ever 
lymphopenia. Second, we used a threshold level of 1,000 
lymphocytes per microliter as a cut-off value for prog-
nosis; however, various cut-off values have previously 
been used when evaluating the prognostic significance 
of ALCs, and additional studies are required to establish 
the optimal threshold. Third, the HR of higher cancer 
stage was overestimated compared to those of previous 
studies because our cohort had a relatively larger number 
of stage IA patients (stage IA vs. IB: 772 vs. 133). Fourth, we 
cannot rule out the possibility that patients with poorer 
prognoses had their blood counts measured more often. 
Finally, we did not evaluate any differences in prognosis 

regarding the timing of lymphopenia after surgery.
This study can serve as a pilot study for future pro-

spective studies investigating the association between 
ever lymphopenia within a specific timeframe and prog-
nosis for gastric cancer. According to a previous study, 
60% to 70% of gastric cancer recurs within 2 years after 
surgery [39]; therefore, the prognostic effect of lymph-
openia within 2 years after surgery should be evaluat-
ed in these patients. Understanding the mechanisms 
involved in lymphopenia, as well as the consequences 
thereof on patient outcomes, may facilitate the develop-
ment of strategies to improve patient survival. Further 
studies should be conducted to evaluate whether pe-
ripheral lymphocytes are correlated with TILs in gastric 
cancer, as well as to identify which changes in specific 
subsets of peripheral lymphocytes affect the prognosis 
of gastric cancer. 

In conclusion, we found a persistent association be-
tween peripheral lymphocyte counts and cancer-specif-
ic mortality and OM in patients with potentially curable 
gastric cancer. These results suggest that immune func-
tions may play a key role in the prognosis of this disease. 
In the future, we plan to evaluate the roles of peripheral 
lymphocyte counts and TILs as potential prognostic fac-
tors in patients with gastric cancer. 
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KEY MESSAGE

1. On multivariate analysis, older age at diagno-
sis, higher cancer stage, and ever neutropenia 
were significantly associated with ever lymph-
openia.

2. The post-diagnosis peripheral absolute lym-
phocyte counts were found to be independent 
prognostic indicators for gastric cancer-spe-
cific mortality and disease-free survival in pa-
tients with stage I–III gastric cancer who had 
curative gastrectomy. 

3. Notably, the divergence of the survival curves 
depending on lymphopenic status appeared to 
strengthen over time. 
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Supplementary Table 1. Univariate and multivariate analyses of predictors of baseline lymphopenia (ALC < 1,000/µL, n = 1,222)

Variable

Baseline lymphopenia

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age at diagnosis, /yr 1.02 (1.00−1.04) 0.118

ECOG 2 (vs. ECOG 0−1) 2.99 (1.22−7.34) 0.017 1.96 (0.70−5.44) 0.199

Stage II (vs. stage I) 1.45 (0.65−3.22) 0.362 1.43 (0.64−3.17) 0.386

Stage III (vs. stage I) 4.04 (2.19−7.45)a < 0.001a 3.81 (2.05−7.09)a < 0.001a

HER2 amplification (vs. negative) 0.85 (0.26−2.81) 0.793

ALC, absolute lymphocyte count; OR, odds ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HER2, 
epidermal growth factor receptor 2.
aStatistically significant variables. 
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Supplementary Table 2. Incidence of ever lymphopenia 
(ALC < 1,000/µL, n = 1,222) according to cancer stage and 
neutropenia 

Variable Ever lymphopenia (%)

Stage I 172/905 (19.0)

Stage II 58/169 (34.3)

Stage III 73/148 (49.3)

Ever neutropeniaa 43/74 (58.1)

Never neutropenia 260/1,148 (22.6)

ALC, absolute lymphocyte count.
aDefinition of ever neutropenia: absolute neutrophil count < 
1,000/μL.
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