Journal of Inflammation Research

Dove

ORIGINAL RESEARCH

Peripheral Lymphocyte Subsets Absolute Counts
as Feasible Clinical Markers for Predicting Surgical
Outcome in Gastric Cancer Patients After
Laparoscopic D2 Gastrectomy: A Prospective

Cohort Study

Ci Dian Dan Zeng
Yi Xin Tong

Ai Tang Xiao
Chun Gao

Sheng Zhang

Department of Gastrointestinal Surgery,
Tongji Hospital, Tongji Medical College,
Huazhong University of Science and
Technology, Wuhan, People’s Republic of
China

Correspondence: Chun Gao; Sheng Zhang
Email gaochun75@hotmail.com;
aloof3737@126.com

Background: Immune function influenced patients’ recovery from major abdominal sur-
gery. The aim of this study is to explore the clinical feasibility of peripheral lymphocyte
absolute counts for predicting short-term surgical outcomes in gastric cancer patients after
laparoscopic D2 gastrectomy.

Methods: This is a prospective cohort study from a single tertiary referral hospital. Patients
diagnosed with gastric cancer who met the inclusion criteria were included in this study. We
collected the demographic and clinicopathological characteristics of included patients. We
monitored perioperative dynamics of absolute counts of peripheral lymphocyte subsets.
Predictive factors for length of postoperative hospital stay and complications were investi-
gated in univariate and multivariate analyses.

Results: A total of 137 gastric cancer patients were included. Decreased preoperative
absolute counts of peripheral lymphocyte subsets were correlated with advanced clinical
stage. In multivariate analysis, independent predictive factors for prolonged hospital stay
were age (p=0.04), decreased preoperative B cell counts (p=0.05), decreased preoperative
NK cell counts (p=0.05) and complications (p<0.01). For postoperative complication, inde-
pendent predictive factors were age (p=0.02), operation time (p=0.05), lymphocyte to
C-reactive protein ratio (p=0.01) and decreased preoperative B cell counts (p=0.01).
Conclusion: Our findings for the first time revealed that absolute counts of peripheral
lymphocyte subsets are independent predictive factors for surgical outcomes in gastric cancer
patients after D2 gastrectomy. We suggested that patients with impaired immune state should
receive both preoperative immune modulator and nutritional support.

Keywords: gastric cancer, absolute counts of peripheral lymphocyte subsets, immune
function, surgical outcome, inflammatory cytokines

Introduction

Gastric cancer (GC) is the second most common cancer and a leading cause of cancer
death in China, with the incidence rate of 40.3 cases per 100,000 people per year and
the death rate of 29.1 cases per 100,000 people per year in 2015." Surgery and
perioperative chemotherapy were the standard treatment for advanced gastric cancer

patients.”* Postoperative complications after gastrectomy with lymphadenectomy
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was associated with heavy morbidity and mortality in gastric
cancer patients. A recent large-scale investigation revealed
that the incidence of overall complications was 29.8% in
gastric cancer patients who underwent gastrectomy.’
Postoperative complications directly result in prolonged hos-
pital stay, increased costs, and may be related to worse
overall survival.

Recent advances in surgical technique as the minimal
invasive operation and perioperative management as
enhanced recovery after surgery (ERAS) have a profound
contribution to improved recovery after gastrectomy.®’
Risk factors such as old age, comorbidities, poor nutrition
status,
response may be related to postoperative complications

advanced stage, and systemic inflammatory
and prolonged hospital stay.® '® Surgeons were investigat-
ing more markers to precisely predict the postoperative
outcome and improve prognosis.

Systemic inflammatory response (SIR) has a close rela-
tionship with postoperative complications and short-term
outcomes following surgery for cancer patients. Studies
showed that pro-inflammatory markers such as C-reactive
protein (CRP), Interleukin-6 (IL-6), lymphocyte to CRP ratio
(LCR), neutrophil-to-lymphocyte ratio (NLR), etc were pre-
dictive factors for postoperative complications and unfavor-
able short-term outcome after surgery.'''® Recent studies
have reported that the immunological conditions of patients
may be associated with surgical and oncological outcomes in
various malignancies.'®'*!> Peripheral lymphocytes includ-
ing CD4+ T cells, CD8+ T cells, B cells, and natural killer
(NK) cells are important mediators of the immune system.
They are the key players in innate and adaptive immune
response.'® Lymphocyte subsets are correlated with immune
surveillance and may be involved in tumorigenesis and pre-
dict outcomes in various malignancies.'” In addition, tem-
porary inhibition of lymphocyte subsets after major surgery
were reported and this may result in an unfavorable short-
term outcome.'® The homeostasis of the immune system was
modulated by pro-inflammatory and anti-inflammatory
responses mediated by immune cells.'” Therefore, we aim
to study the relationship between preoperative peripheral
lymphocyte absolute counts and the short-term outcomes in
gastric cancer patients.

The aim of this study was to investigate the impact of
preoperative lymphocyte subsets on the recovery of gastric
cancer patients who underwent laparoscopic gastrectomy
with D2 lymphadenectomy. Further, we attempt to explore
the perioperative dynamics of peripheral lymphocyte
subsets.

Methods
Study Design and Participants

We performed a prospective cohort study in a single insti-
tution from April 2020 to April 2021. In total, 137 gastric
cancer patients who underwent laparoscopic gastrectomy
with D2 lymphadenectomy according to the Japanese
Gastric Cancer Treatment Guidelines?® were included in
our study. The inclusion criteria were: (1) patients aged
from 18 to 75 years old; (2) patients with histopathological
confirmed diagnosis of gastric cancer and underwent
operation as laparoscopic gastrectomy with D2 lymph
node dissection; (3) no previous history of malignancies;
(4) no history of neoadjuvant or intraoperative chemother-
apy. Exclusion criteria included: (1) Patients only received
exploratory laparoscopy; (2) patients with poor general
(Karnofsky
Oncology Group (ECOG) >1 and American Society of
Anesthesiologists (ASA) score >2); (3) patients with
recent history of severe heart, lung, kidney, or liver failure.

status score <80, Eastern Cooperative

This study was approved by the Institutional Medical
Ethics Committee (TJH20210109) and registered at
Chinese Clinic Trial Registry (ChiCTR-IOR-17014139)
with all aspects in this study complying with the 1964
Declaration of Helsinki and later versions. All participants
provided written informed consent. This study was con-
ducted and presented in compliance with the strengthening
the reporting of cohort studies in surgery (STROCSS)
guideline. (Supplemental Table 1).?!

Surgical Procedure and Perioperative

Management

We performed a comprehensive evaluation in demo-
graphic, clinical and nutritional profiles of gastric cancer
patients after admission. The standard procedure of laparo-
scopic gastrectomy with D2 lymph node dissection in our
institution was summarized and published previously.?>*
In brief, left gastroepiploic vessels (LGEVs), right gastro-
epiploic vessels (RGEVs), left gastric vein and artery, right
gastric vessels (RGVs) were dissected, exposed, and
ligated. D2 dissection of lymph node stations were per-
formed according to Japanese Gastric Cancer Treatment
Guidelines.?® Gastric mesenteries were dissected and sepa-
rated from mesocolon. Omentectomy was performed in
each patient and dissection of No. 14v lymph node was
optional. Reconstruction of digestive tract was done by
extracorporeal anastomosis as Billroth II or Roux-en-Y
fashion, determined by surgeon’s experience.
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In postoperative management, gastrointestinal function
including digestive symptoms, time to first flatus and
defecation was evaluated twice per day. The gastric tube
was removed after first flatus. The patients started to intake
a liquid diet and gradually transited into soft diet. Other
details of perioperative ERAS program in this study were
listed in Supplemental Table 2.

Data Collection and Flow Cytometry for
Lymphocyte Subsets

Peripheral blood samples were collected immediately after
admission and on postoperative day three and day seven.
Peripheral blood mononuclear cells (PBMS) were isolated
as previously report.”* Flow cytometry were performed to
analyze the lymphocyte subpopulation. In brief, CD3
+/CD4+/CD8+ T cell, CD19+ B cell, and CD16+CD56
+NK cell counts (cells/uL) were measured by multiple-
color flow cytometry with monoclonal anti-CD3-FITC,
anti-CD4-APC, anti-CD8-PE, anti-CD19-APC, anti-
CD16-PE, and anti-CD56-PE antibodies (BD Multitest)
according to the manufacturer’s instructions. Flow cyto-
metry (BD Biosciences) was used to detect the labeled
cells and analyze the results.

The primary endpoint of this study was postoperative
hospital stay and complication. To optimally separate
patients into normal group and delayed recovery group,
we applied 75% percentile (11 days) as a reference for
definition of prolonged hospital stay. We prospectively
collected the following demographic and clinical data for
analysis: (1) demographic characteristics such as age, gen-
der, body mass index (BMI), smoking, alcohol, comorbid-
ities; (2) laboratory characteristics such as absolute
lymphocyte count (ALC), hemoglobin, albumin, prealbu-
min, serum tumor markers as carcinoembryonic antigen
(CEA); (3) clinical characteristics such as invasion depth
(T), presence of lymph node metastases (N), tumor node
metastasis stage (TNM); (4) postoperative outcomes such
as first flatus, first defecation, length of hospital stay, post-
operative in-hospital complication (according to Clavien—
Dindo criteria).*>.

Statistical Analyses

We present continuous variables as mean (standard devia-
tion, SD)/medians (range) and analyzed with Student’s
t-test or Mann—Whitney U-test. We present categorical
variables were reported as whole numbers and percentages
and compared using chi-squared test or Fisher’s exact test.

The cutoff value for T, B and NK lymphocytes were
determined by receiver operating characteristic (ROC)
curve. The univariate logistic regression was used to eval-
uate potential predictive factors for prolonged hospital stay
and postoperative complications. Only factors with
p-value <0.1 in univariate analysis were included in the
final multivariate analysis model. Multivariate logistic
regression was employed to identify independent predic-
tive factors for prolonged hospital stay and postoperative
complications. All p-values were reported as two-sided
with a significance level of 0.05. All statistical tests were
performed in SPSS version 24.0 (IBM Corporation,
Armonk, NY, USA) and graphing were performed by
GraphPad Prism version 8.00 software.

Results
Demographic and Clinical Characteristics

of Included Patients

Between June 2020 and June 2021, 155 gastric cancer
patients who underwent laparoscopic gastrectomy with
D2 lymph node dissection were initially selected for this
study. After screening based on inclusion and exclusion
criteria, 137 gastric cancer patients were included in final
study. The flow chart of patients’ inclusion and exclusion
was shown in Supplemental Figure 1. Demographic and

clinical parameters were summarized in Table 1. In gen-
eral, the mean age of included patients was 58.0+11.5
comprising 86 (62.8%) men and 51 (37.2%) women. 23
(16.8%), 41 (29.9%), 63 (46.0%) and 10 (7.3%) patients
were with stage I, II, III, and IV diseases respectively.
Ten stage IV gastric cancer patients were all diagnosed
with a single resectable liver metastatic lesion. They
received combined gastrectomy and curative resection
of liver lesion. On hundred and two (74.5%) patients
and 25
(18.2%) patients underwent laparoscopic total gastrect-

underwent laparoscopic distal gastrectomy,

omy. The median time to first flatus and defecation after
surgery were 60 hours (48, 72 h) and 72 hours (48, 84 h)
respectively. The median duration of postoperative hos-
pital stay was nine days (IQR: 8-11). The details of
postoperative length of hospital stay were list in

Supplemental Table 3. Twenty (14.6%) patients suffered

from Grade 1 and 2 postoperative complications and one
(0.7%) patient suffered from Grade 3 postoperative com-
plication. The details of postoperative complications
were listed in Supplemental Table 4. We noted that

patients with complications had decreased in peripheral
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Table | The Demographic and Laboratory Characteristics of All
Patients (n=137)

Variables All Patients
(n=137)
Demographic
Age, mean (SD), years 58.0+11.5
Gender
Male 86 (62.8%)
Female 51 (37.2%)
Body mass index mean (SD), kg/m? 22.8+3.4
Smoking
No 108 (78.8%)
Yes 29 (21.2%)
Alcohol
No 112 (81.8%)
Yes 25 (18.2%)
Hypertension
No 109 (79.6%)
Yes 28 (20.4%)
Diabetes
No 132 (96.4%)
Yes 5 (3.6%)
Laboratory
Albumin (g/L), mean (SD) 39.8+4.4
Prealbumin (mg/L), mean (SD) 211.1+63.8
Absolute lymphocyte count (% 10°/L), mean (SD) | 1.6+0.6
Hemoglobin (g/L), mean (SD) 116.9£25.6

Preoperative serum CEA
Normal (<5 ng/mL)
Elevated (25 ng/mL)

103 (75.2%)
34 (24.8%)

Clinicopathological

Lymph node metastasis

No 82 (59.9%)

Yes 55 (40.1%)
TNM stage

| 23 (16.8%)

I 41 (29.9%)

1] 63 (46.0%)

v 10 (7.3%)

Lauren classification

Table | (Continued).

Variables All Patients
(n=137)
Tumor location
Upper 25 (18.2%)
Middle 33 (24.1%)
Lower 79 (57.7%)

Operation type

Distal gastrectomy 102 (74.5%)

Total gastrectomy 25 (18.2%)
Distal gastrectomy and liver resection 10 (7.3%)
First flatus, h, (IQR) 60 (48, 72)
First defecation, h, (IQR) 72 (48, 84)
Postoperative duration of hospital stay, 98, II)
median, days
Postoperative complications
No 116 (84.7%)
Grade | and 2 20 (14.6%)
Grade 3 I (0.7%)
Adjuvant chemotherapy
No 46 (33.6%)
Yes 91 (66.4%)

Abbreviations: SD, standard deviation; CEA, carcinoembryonic antigen. IQR,
interquartile range.

T, B and NK cell absolute counts. However, the differ-
ences did not reach statistical significance (p >0.05).

Correlation Between Peripheral
Lymphocyte Subsets and

Clinicopathological Features

We explored the correlation between lymphocyte subsets
and clinicopathological features. We discovered that per-
ipheral lymphocyte subsets were correlated with age and
nutritional status. The preoperative T cell, CD3+CD4+,
CD3+CD8+, B cell count were significantly decreased in
patients >60 years. Decreased T cell, CD3+CD4+, CD3
+CD8+, B cell count were also significantly correlated
with decreased serum albumin (<35 g/L) and decreased
serum prealbumin (<200 mg/L) (Figure 1). Compared
with patients with advanced stage (stage II, III, and
IV), stage I gastric cancer had significant higher preo-

Intestinal 69 (50.4%) perative T cell, CD3+CD4+, CD3+CD8+, B cell and NK
Diffuse 45 (32.8%) cell count (p <0.05) (Figure 2). We also found that T,
Mixed 23 (16.8%) B and NK cell counts have a positive correlation to
(Continued) serum interleukin-1 (IL-1) level. T cells absolute counts
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*Represents significant differences.

had a weak negative correlation between systemic cyto-
IL-6, IL-8, TNF-A,
C-reactive protein (CRP) and T cells. (Supplemental
Figure 2).

kines such as serum IL-2R,

Perioperative Dynamic Change of
Peripheral Lymphocyte Subsets

We monitored the perioperative dynamic change of per-
ipheral lymphocyte subsets in 137 included gastric cancer
patients. We showed that absolute count of peripheral
T cell, CD3+CD4+, CD3+CD8+, B cell and NK cell
declined after surgery on postoperative day three (POD3)
and showed a slow growing trend on POD6 (Figure 3). We
further divided the patients according to postoperative
duration of hospital stay (>11 days, prolonged or <11
days, non-prolonged) and complications (with or without).
On admission, absolute count of peripheral T cell, B cell
and NK cell were significantly lower in prolonged hospital
stay group compared to normal group. Patients in the
prolonged hospital stay group showed a significantly
lower T cell and B cell count on POD3 and NK cell
on POD6 compared to group
(Figure 4). Significant decreased T cell and B cell count

count the normal

were found in patients with postoperative complications
on POD6 compared to patients without complications.
However, we did not find significant difference in NK
cell count between patients with/without complications
(Figure 4).

Absolute Count of Peripheral
Lymphocyte Subsets and Postoperative

Recovery

The rate of postoperative complication the average dura-
tion of hospital stay was correlated to preoperative periph-
eral T cell, B cell and NK cell count. The average duration
of hospital stay and complication rate in patients with
normal peripheral T, B and NK cell count were eight
days and 7.9% respectively. The duration of hospital stay
was significantly longer in patients with decreased T, B or
NK cell count (Figure 5). We divided patients into pro-
longed (postoperative hospital stay >11 days) and non-
prolonged (postoperative hospital stay <11 days) groups.
Patients in the prolonged hospital stay group were signifi-
cantly older (»p=0.092) and with higher rate of complica-
tion (p <0.001). NLR was also significantly higher in
prolonged group. In addition, patients in the prolonged
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Figure 2 The comparison of T cell absolute count (A), B cell absolute count (B), CD4+ T cell count (C) and CD8+ T cell absolute count (D) in patients with different

clinical stages. *Represents significant differences.

group also demonstrated significant decreased peripheral
T (p=0.06), B (»=0.001), and NK (p=0.027) cell count
(Table 2). The complication rate was 12.2%, 22.2%, and
50.0% in patients with one, two, and three (both T, B, and
NK cell) decreased (Figure 5). Details of postoperative
complications were listed in Supplemental Table 4. We

noted that patients with complications had decreased in
peripheral T, B, and NK cell absolute counts. However, the
differences did not reach statistical significance (p >0.05).

Predictive Factors Associated with

Postoperative Recovery

Predictive factors for postoperative prolonged hospital
stay and complication were identified from univariate
analysis (Table 3). The results revealed that age (=60
years vs <60 years, hazard ratio, HR=3.47, p=0.02),
decreased serum prealbumin (<190 mg/L, HR=2.51,
p=0.05), peripheral lymphocyte count (p=0.03), NLR
(»=0.01), operation time (>240 min vs <240 min,
HR=2.60, p=0.05), decreased peripheral T cell count
(<720/uL, HR=3.37, p=0.01), decreased peripheral B cell

count (<90/uL, HR=7.19, p<0.01), decreased peripheral
NK cell count (<160/uL, HR=4.56, p<0.01) and compli-
cation (no vs yes, HR=38.9, p<0.01) were related to pro-
longed hospital stay. Age (=60 years vs <60 years,
HR=2.46, p=0.07), decreased serum prealbumin
(<190 mg/L, HR=2.26, p=0.09), decreased hemoglobin
(»=0.10), NLR (p=0.02), LCR (p=0.04), operation time
(>240 min vs <240 min, HR=3.08, p=0.03), decreased
peripheral T cell count (<720/uL, HR=3.75, p<0.01),
decreased peripheral B cell count (<90/uL, HR=4.67,
p<0.01), decreased peripheral NK cell count (<160/uL,
HR=2.48, p=0.05) were significantly related to postopera-
tive complication. (Table 3).

Moreover, multivariate logistic regression analysis
showed that age (=60 years), peripheral B cell count
(90/uL), peripheral NK cell count (<160/pL) and
postoperative complication were identified as indepen-
dent predictive factors associated with prolonged hos-
pital stay, with the HR of 4.34 (p=0.04, 95%CI 1.04-
18.20), 3.61 (p=0.05, 95%CI 1.01-13.08), 4.28
(»=0.05, 95%CI 1.0-18.41), 29.0 (p<0.01, 95%CI

7.06-119.1) respectively. Age (=60 years), LCR,
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operation time (>240 min) and peripheral B cell count
(<90/uL) were identified as independent predictive fac-
tors associated with postoperative complication, with
the HR of 4.24 (p=0.02, 95%CI 1.26-14.3),

tively. The
1.24

(»=0.01, 95%CI 1.08-1.43), 3.23 (p=0.05, 95%CI
1.0-10.5) and 7.05 (p=0.01, 95%CI 2.05-24.2), respec-
details of wunivariate and multivariate
analyses were listed in Table 3.
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Discussion

Immune function influenced the short-term and long-term
outcome in patients with gastric cancer. In this prospective
cohort study from a single institution, we investigated the
correlation between absolute counts of peripheral lympho-
cyte subsets and postoperative recovery and complica-
tions. We found that age, decreased peripheral B cell and
NK cell count, and postoperative complications were inde-
pendent risk factors of delayed recovery after laparoscopic
gastrectomy in gastric cancer patients (Table 3).

Curative surgery was the standard treatment for
advanced gastric cancer. However, gastrectomy is gener-
ally considered to be high risk with a relatively high rate
of postoperative complications varying from 5% to
30%.>2%7 Efforts, such as minimal invasive surgical tech-
nique and multimodal ERAS program, have been made to
improve short-term outcome in gastric cancer patient
underwent operation. Compared to open gastrectomy,
laparoscopic gastrectomy had an advantage in decreased
complications and enhanced postoperative recovery.”’* In
addition, preoperative malnutrition was associated with
prolonged postoperative length of stay and postoperative
complication after gastrectomy. Perioperative nutritional
support may have a positive impact on postoperative
recovery.”* Besides, the present study for the first time
showed that preoperative decreased peripheral T, B or NK
cell counts may associate with postoperative recovery and
complication after laparoscopic gastrectomy. Immune

function may be further impaired postoperatively in
patients with delayed recovery and postoperative compli-
cations (Figure 4). Given the above findings, an immune
modulator such as thymosin alpha 1 (Tal) may be
a potential treatment for gastric cancer patients with
immune suppression and enhance postoperative
recovery.’!

Previous studies suggested that peripheral lymphocyte
subpopulations may correlate with clinicopathological
characteristics and prognosis in various malignancies.
Reports revealed that peripheral T and B cell counts
were significantly reduced in advanced stage patients com-
pared to early stage or healthy individuals.**** The pre-
dictive value of peripheral NK cell count in cancer patients
was controversial. Studies of colorectal cancer and non-
small-cell lung cancer showed that decreased peripheral
NK cell count was an independent risk factor for poor
prognosis.>> > However, Gong et al found that high base-
line absolute count of peripheral NK cells was associated
with a shorter survival in pancreatic neuroendocrine tumor
(panNET) patients, indicating the potential multiply role of
NK cells in carcinogenesis and cancer development.*® In
the present study, we found that stage I gastric cancer had
significant higher T cells, B cell, CD4+ and CD8+ cell
counts than stage II, stage III, & IV patients. (Figure 2)
However, NK cells count has no significant difference
based on clinical stages (data not shown). Interestingly,

we also observed that total T cells, CD4+ cells, CD8+ cells
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Table 2 The Comparison Between Patients with Prolonged Hospital Stay and Control Group (n=137)

No
Grade | and 2
Grade 3

31.8% (7/22)
63.6% (14/22)
4.6% (1122)

94.8% (109/115)
5.2% (6/115)
0% (0/115)

Variables Prolonged Hospital Stay Normal Group (n=115) p-value
(n=22)
Age, mean (SD), years 62.4+12.8 57.9%11.1 0.092*
Gender 0.176
Male 50.0% (11/22) 65.2% (75/115)
Female 50.0% (11/22) 34.8% (40/115)
Body mass index mean (SD), kg/mZ 23.5+4.1 22.7+3.3 0.347
Smoking 0.845
No 77.3% (17/22) 79.1% (91/115)
Yes 18.2% (5/22) 20.9% (24/115)
Alcohol
No 81.8% (18/22) 81.7% (94/115) 0.993
Yes 18.2% (4/22) 18.3% (21/115)
Hypertension
No 68.2% (15/22) 81.7% (94/115) 0.149
Yes 31.8% (7/22) 18.3% (21/115)
Diabetes
No 100% (22/22) 95.7% (110/115) 0.319
Yes 0% (0/22) 4.3% (5/115)
Albumin (g/L), mean (SD) 38.5+4.8 40.1+4.3 0.113
Prealbumin (mg/L), mean (SD) 197.1+66.3 213.8463.3 0.263
Absolute lymphocyte count (¥10%/L), mean (SD) | 1.32£0.50 1.66+0.67 0.026
Hemoglobin (g/L), mean (SD) 114.1£24.0 117.4£26.0 0.578
TNM stage 0.426
1 68.2% (15/22) 59.1% (68/115)
nnv 31.8% (7/22) 40.9% (47/115)
Peripheral T cell count (/uL), mean (SD) 841.5+372.3 1036.2+401.1 0.060*
Peripheral B cell count (/uL), mean (SD) 103.6+£58.4 191.7x117.7 0.001*
Peripheral NK cell count (/uL), mean (SD) 168.9+73.3 265.1+96.8 0.027*
NLR, median (IQR) 2.0 (1.6, 3.0) 32 (1.6, 4.3) 0.002*
LMR, median (IQR) 3.6 (24, 4.9) 3.3 (2.0, 4.6) 0.612
PLR, median (IQR) 152.9 (117.1, 207.6) 168.4 (93.6, 300.7) 0.177
Lymphocyte to CRP ratio 0.82 (0.23, 2.78) 1.89 (0.4, 4.38) 0.504
CRP to albumin ratio 0.05 (0.01, 0.18) 0.02 (0.01, 0.10) 0.212
Complications <0.001%*

Notes: *Indicates significant difference.

Abbreviations: SD, standard deviation; TNM, tumor node metastasis; NK, natural killer; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; PLR,
platelet to lymphocyte ratio; CRP, C-reactive protein; IQR, interquartile range.

Journal of Inflammation Research 2021:14

https:

Dove!

5641


https://www.dovepress.com
https://www.dovepress.com

Dan Zeng et al

Dove

Table 3 Univariate and Multivariate Logistic Regression Analyses of Factors Associated with Prolonged Hospital Stay and

Complications After Operation (n=137)

Hospital Stay

Complication

Variable Univariate HR Multivariate HR Univariate HR Multivariate HR
(95%Cl) p-value (95%Cl) p-value (95%Cl) p-value (95%Cl) p-value
Age
<60 years I (Ref) I (Ref) I (Ref) I (Ref)
260 years 3.47 (1.27-9.50) 0.02* 4.34 (1.04-18.20) 0.04* 2.46 (0.93-6.55) 0.07* 4.24 (1.26-14.3) 0.02*
Gender
Male I (Ref) N/A I (Ref) N/A
Female 1.88 (0.75—4.70) 0.18 1.32 (0.51-3.40) 0.56
Body mass index 1.06 (0.93-1.22) 0.35 N/A 0.95 (0.83—1.10) 0.51 N/A
Smoking
No I (Ref) N/A I (Ref) N/A
Yes 1.12 (0.37-3.33) 0.85 1.62 (0.57-4.63) 0.37
Alcohol
No I (Ref) N/A I (Ref) N/A
Yes 1.00 (0.31-3.24) 1.00 1.50 (0.49-4.57) 0.48
Albumin 0.92 (0.83-1.02) 0.1 N/A 0.92 (0.83-1.02) 0.12 N/A
Prealbumin
2190 mg/L I (Ref) NS I (Ref) NS
<190 mg/L 2.51 (0.99-6.37) 0.05* 2.26 (0.88-5.81) 0.09*
Peripheral lymphocyte count 0.35 (0.14-0.89) 0.03* NS 0.69 (0.31-1.52) 0.35 N/A
Hemoglobin 1.00 (0.98-1.01) 0.58 N/A 0.99 (0.97-1.00) 0.10* N/A
NLR
<28 I (Ref) NS I (Ref) NS
228 4.28 (1.66—11.06) 0.01%* 3.02 (1.17-7.80) 0.02*
LMR 0.92 (0.68-1.25) 0.61 N/A 1.12 (0.83-1.51) 0.46 N/A
PLR 1.00 (1.00-1.01) 0.18 N/A 1.00 (1.00-1.01) 0.55 N/A
Lymphocyte to CRP ratio 1.04 (0.92-1.18) 0.50 N/A 1.13 (1.01-1.27) 0.04* 1.24 (1.08-1.43) 0.01*
CRP to albumin ratio 1.75 (0.70-4.40) 0.24 N/A 1.26 (0.46-3.45) 0.66 N/A
TNM stage
I I (Ref) N/A I (Ref) N/A
n 0.68 (0.26—1.78) 0.43 1.49 (0.58-3.79) 0.41
Operation time
<240 min I (Ref) NS I (Ref) I (Ref)
>240 min 2.60 (0.99-6.84) 0.05* 3.08 (1.12-8.49) 0.03* 3.23 (1.0-10.5) 0.05*
Peripheral T cell count
>720/uL I (Ref) NS I (Ref) NS
<720/pL 3.37 (1.28-8.87) 0.01* 3.75 (1.40-10.1) <0.01%*
Peripheral B cell count
>90/uL I (Ref) I (Ref) I (Ref) I (Ref)

<90/uL 7.19 (2.61-19.8) <0.01* 3.61 (1.01-13.08) 0.05* 4.67 (1.68-12.9) <0.01* | 7.05 (2.0524.2) 0.01*
(Continued)
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Table 3 (Continued).

Hospital Stay

Complication

Univariate HR
(95%Cl) p-value

Variable

Multivariate HR
(95%Cl) p-value

Multivariate HR
(95%ClI) p-value

Univariate HR
(95%Cl) p-value

Peripheral NK cell count
>160/uL
<160/uL

I (Ref)
456 (1.64-12.7) <0.01*

I (Ref)
428 (1.0-18.41) 0.05*%

| (Ref) NS
2.48 (0.94-6.54) 0.05*

Complication
No I (Ref)
Grade 1-3 38.9 (11.5-131.4) <0.01*

I (Ref)
29.0 (7.06-119.1) <0.01%*

N/A N/A

Notes: *Indicates significant difference.

Abbreviations: HR, hazard ratio; TNM, tumor node metastasis; NK, natural killer; N/A, not applicable; NS, no significant difference; NLR, neutrophil to lymphocyte ratio;
LMR, lymphocyte to monocyte ratio; PLR, platelet to lymphocyte ratio; CRP, C-reactive protein; IQR, interquartile range.

and B cell counts were negatively correlated with age,
serum albumin and prealbumin level, suggesting immune
function may closely relate to nutritional condition
(Figure 1).

The interaction of immunity and systemic inflammation
plays
development.*”*® Various markers according to inflammatory

a pivotal role in tumorigenesis and cancer
and immune status such as neutrophil to lymphocyte ratio
(NLR), CRP to albumin ratio, lymphocyte to C-reactive pro-
tein ratio (LCR) have been developed to predict short-term and
long-term outcome in patients with cancer.***' Recent studies
also showed that preoperative inflammatory markers can effec-
tively predict postoperative complications such as pneumonia
and anastomotic leakage in gastric cancer patients after
gastrectomy.**** Moreover, a scoring system combined multi-
factors including inflammatory and nutritional showed promis-
ing role in predicting prognosis in gastric cancer. Hirahara et al
found that the systemic immune-inflammation index (SII),
integrated by peripheral lymphocyte, neutrophil, and platelet
counts, was an independent prognostic factor for overall survi-
val in gastric cancer patients.** A recent study from Wang et al
constructed a novel inflammatory-nutritional prognostic score
(INPS) based on BMI, prealbumin, NLR, PLR, LMR, and
PNI. The authors proved that INPS score has a good predicting
performance for overall survival in stage III gastric cancer
with
chemotherapy.*> In our study, our results also showed that

patients radical surgery followed by adjuvant
NLR was significantly associated with prolonged hospital
stay and complication in univariate analysis. However, this
association did not reach statistical significance in multivariate
analysis. Moreover, we found that LCR (lymphocyte to CRP

ratio) was significantly associated with postoperative

complication (p=0.01). Absolute count of peripheral lympho-
cyte was an indicator of host immunity. Previous studies have
shown that preoperative absolute lymphocyte count was
a predictor for oncological outcome in various
malignancies.***” We explored the relationship between abso-
lute counts of peripheral lymphocyte subsets and serum
inflammatory cytokines. We found that T, B and NK cell
counts were positively correlated to serum interleukin-1 (IL-
1) level. This may be reasonable since IL-1 was a crucial
mediator for T, B and NK cell proliferation and activation.**
It has been substantially reported that T cells may expose to
persistent antigen signals in cancer. Higher level of serum
inflammatory cytokine may be an indicator for potential higher
tumor burden. This might be associated with a profound dete-
rioration of T cell function and an exhaustion of T cell
numbers.*>* Furthermore, in our study B cell and NK cell
count showed no significant correlation with inflammatory

cytokines.

Clinical Implication and Limitations
This study provided novel observations and clinical feasi-
bility of peripheral lymphocyte subset absolute counts in
gastric cancer patients after laparoscopic gastrectomy with
D2 lymphadenectomy. We discovered that preoperative
absolute counts of peripheral lymphocyte subsets were
predictive factors for postoperative recovery. Monitoring
of lymphocyte subset counts might help physicians to
identify patients with impaired immune function who
might require perioperative immune and nutritional
support.

We acknowledge that the present study has several lim-
itations. First, the primary endpoints of this study were

Journal of Inflammation Research 2021:14

5643

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dan Zeng et al

Dove

duration of hospital stay and postoperative complications.
Various factors may have impacts on traditional clinical out-
comes such as as hospital stay and complications. These
outcomes may not precisely reflect patients’ recovery from
surgery. In addition, varying from 10 to 17 days, there is no
standard definition of prolonged hospital stay in gastric can-
cer patients after gastrectomy.’' > We defined the prolonged
hospital stay as 75% percentile (>11 days). However, lack of
a common definition made it difficult to compare our findings
with other studies. In addition, the correlation between
counts of peripheral lymphocyte subsets and functional out-
comes or long-term prognosis in gastric cancer patients was
not clear. Second, the sample size of our study is relatively
small and from a single institution. Selection bias may affect
the credibility of this study. Third, the cutoff value for abso-
lute count of lymphocyte subsets may vary according to
different detection methods and included populations. To
overcome these hurdles, prospective trials with a larger sam-
ple size and more clinical-pathological measurements are
needed to validate the findings of our study. According to
clinical guidelines for the diagnosis and treatment of gastric
cancer from The Chinese Society of Clinical Oncology
(CSCO),>* stage 11 and III gastric cancer patients suitable
for surgery were recommended for D2 gastrectomy plus
adjuvant chemotherapy (Evidence 1A). However, preopera-
tive chemotherapy might affect the count of lymphocyte
subsets, but it would improve long-term outcome in locally
advanced gastric cancer.” Studies with longer observation
may also be valuable to explore the dynamic fluctuation and
prognostic role of lymphocyte subsets in gastric cancer
patients.

Conclusions

In summary, our study for the first time indicated that absolute
counts of peripheral lymphocyte subsets are significantly asso-
ciated with postoperative recovery in gastric cancer patients
who underwent laparoscopic D2 gastrectomy. Second, periph-
eral lymphocyte subset absolute counts can be easily measured
and assist physicians to identify patients with impaired
immune function for perioperative immune modulator and

nutritional support.
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