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Abstract

Background The role of the interaction between tumor
cells and inflammatory cells in gallbladder carcinoma
(GBC) is unclear. Inflammatory cells exist in both the
tumor immune microenvironment and the host peripheral
blood circulatory system. In the current study, we exam-
ined the prognostic value of inflammatory cells in the
tumor microenvironment and peripheral blood in patients
with GBC.

Methods 98 patients with GBC were recruited in this ret-
rospective study. Using immunohistochemistry, we exam-
ined tumor-infiltrating CD3+ generic T-cells, CD8+
cytotoxic T-cells, CD45RO+ memory T-cells, and CD15+
neutrophils. Peripheral venous blood samples were also
collected, and absolute neutrophil count (ANC), absolute
lymphocyte count (ALC) and neutrophil/lymphocyte ratio
(NLR) were measured. The relationships between these
variables and patient outcome were evaluated.

Results Survival analysis revealed that the density of
CD3+ cell infiltrates in the tumor microenvironment was
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positively correlated with overall survival (OS) and the
density of CD15+ cell infiltrates was negatively correlated
with the OS. The combined analysis showed that a high
density of CD3+ cell infiltrates combined with a low
density of CDI154 cell infiltrates was an independent
prognostic factor for GBC. In peripheral blood, survival
analysis suggested that ANC and NLR were negatively
correlated, while ALC was positively correlated with OS.
Multivariate survival analysis showed that NLR was an
independent prognostic factor for gallbladder cancer
prognosis.

Conclusions The results indicate that the combination of
high density of CD3+ cell infiltrates combined with a low
density of CDI15+ cell infiltrates in tumor samples and
pretreatment peripheral blood NLR were independent
prognostic factors in patients with GBC.

Keywords Gallbladder carcinoma - Tumor-infiltrating
lymphocytes - Immunohistochemistry - Tumor
microenvironment - Neutrophil/lymphocyte ratio

Introduction

Gallbladder carcinoma (GBC) is the most common cancer
of the biliary tract and the sixth most common gastroin-
testinal cancer [1]. It has characteristics of local invasion,
lymph node metastasis, vascular invasion and distant
metastasis [2]. Tumor progression is now thought to be
controlled by the balance between tumor invasion and a
defence system whose major component is the host
immune response. The host immune reaction, as observed
by the presence of tumor-infiltrating lymphocytes (TILs), is
one of the leading factors influencing the tumor microen-
vironment [3].
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Multiple immunohistochemical studies have described
the relationship between TILs and tumor progression or
prognosis in several malignant tumor types, including
esophageal and renal cell carcinoma, as well as pancreatic,
cervical and colorectal cancer [4-8]. However, the rela-
tionship between immune cell infiltration and prognosis in
GBC has not been clarified. Inflammation plays a role in
tumorigenesis and progression in various cancers by pro-
moting cancer cell proliferation and angiogenesis and
metastasis, as well as affecting tumor response to systemic
therapies. Also, changes in systemic inflammation and
immune status are closely related to the occurrence and
development of tumors, thereby affecting patient prognosis
[9]. Changes in peripheral blood cell counts are considered
as immune response-related indicators [10]. As commonly
used clinical parameters for inflammation, peripheral blood
immune cell counts have been regarded to be associated
with the prognosis of various tumors [11]. However, it is
not known whether peripheral blood inflammatory cell
counts are related to GBC prognosis.

In the current study, we investigated the role of tumor-
infiltrating inflammatory cells and peripheral blood
inflammatory cell counts in prognosis of patients with
GBC. Furthermore, we evaluated the independent prog-
nostic factors for GBC. This indicated a close relationship
between immune cell status and prognosis in GBC.

Materials and methods

Initial screening identified 145 GBC patients who had
undergone surgical treatment at the Qingdao Municipal
Hospital from 2001 to 2013. Among these 145 patients, 98
were available with complete clinical and follow-up data
and were enrolled in the current study. All data were
obtained with the written informed consent of the patients
prior to their inclusion in the study, according to the
principles of the Declaration of Helsinki and approved by
the Qingdao Municipal Hospital Ethics Commission.

The mean age of the patients was 63 years (range
39-88). The female/male ratio was 51/47. Each tumor
sample was assigned a histological grade based on the
World Health Organization (WHO) classification criteria.
All patients were staged using the seventh edition of the
International Union against Cancer (UICC) tumor—node—
metastasis (TNM) staging system. Seven tumors were
UICC stage I, 6 were stage II, 52 were stage III and 33
were stage IV. Information on post-resection adjuvant
therapy was available for all patients: 8 received
chemotherapy and radiotherapy, 4 received chemotherapy
alone, 2 received radiotherapy alone and 84 did not receive
any post-resection therapy. OS was measured from the date
of surgery to the date of death or last follow-up for
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surviving patients. Clinical characteristics of patients,
including age, gender, pathological types, degree of dif-
ferentiation, TNM stage, incisal margin and operation
modes were evaluated. Peripheral venous blood samples of
98 patients with GBC were collected within one week
before surgery to detect absolute neutrophil count (ANC),
absolute lymphocyte count (ALC), and the neu-
trophil/lymphocyte ratio (NLR).

Immunohistochemistry

Formalin-fixed paraffin-embedded surgical specimens were
used for the immunohistochemical analysis. The presence
of sufficient tumor tissue for immunohistochemical analy-
sis was confirmed by haematoxylin and eosin staining.
From each tissue block, we obtained four sections for
immunohistochemical analysis (Supplementary Table 1).
Sections were deparaffinized and rehydrated using graded
ethanol. For antigen retrieval, the slides were immersed in
EDTA (1 mmol/L, pH 8.0) and boiled for 3 min in a
pressure cooker. After rinsing with PBS, endogenous per-
oxidase was blocked with 3 % hydrogen peroxide for
15 min at room temperature. The slides were incubated
with the diluted primary monoclonal antibody (Zhongshan
Golden Bridge Biotech, Beijing, China) in a moist chamber
at 4 °C overnight. After primary antibody incubation, the
slides were washed three times with PBS. The sections
were then incubated with horseradish peroxidase-conju-
gated secondary antibody (Zhongshan Golden Bridge
Biotech) for 30 min at room temperature. Following this
incubation, the slides were washed three times in PBS.
Finally, DAB was used to visualize the signal, and the
sections were counterstained with 20 % haematoxylin.
Each sample was incubated using the same isotype anti-
body dilution under the same experimental conditions for
the negative control. For the positive controls, normal
tonsil tissues and Hodgkin’s lymphoma tissues were
stained for CD3, CD8, CD45RO and CD15.

Quantitative evaluation of tumor-infiltrating
immune cells

After immunohistochemistry, the microscope images were
imported as digital photo files using an inverted micro-
scope (Olympus IX81, Japan), and we selected three areas
that contained the most positively stained cells in each
tissue section under 400x magnification. Areas that were
confirmed under high magnification to contain invasive
proliferating cancer cells were selected for further analysis.
At 400x magnification, immunolabelled lymphocytes and
neutrophils (except intravascular neutrophils) were counted
by two independent investigators [9]. These observers were
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blinded to each other as well as to the clinical information
regarding the outcome of the patients. The averages of the
counts obtained for the three areas by the two observers
were compared, and when the difference between their
counts was <20 %, the average of the two was used as the
final count. If the difference exceeded 20 %, the observers
discussed the reasons for this difference and performed
recounts until the difference became <20 %.

Statistical analysis

Quantitative values are expressed as mean = SD or the
median (range). The median values for all immunohisto-
chemical variables and peripheral immune cell counts were
used as the cutoff values for those variables. The Chi-
squared test and nonparametric Wilcoxon matched-pairs
test were used to assess the relationship between tumor-
infiltrating immune cells, systemic inflammatory response
and clinicopathological features. For the univariate analy-
sis, survival curves were obtained using the Kaplan—-Meier
method and were compared by the log-rank test. The Cox
proportional hazards regression model was used to identify
independent prognostic factors, and P value <0.05 indi-
cated significant differences.

Results

The relationship between tumor-infiltrating lymphocytes
and clinicopathological factors in GBC.
Immunohistochemical stains were available for CD3,
CD8, CD45RO in all 98 cases and for CD15 in 95 cases.
The main clinical and histopathologic parameters of the
study patients are summarized in Table 1. The following
rates of immune marker expression were observed: CD3,
81.6 % (79 of 98); CD8, 52 % (51 of 98); CD45RO,
93.9 % (92 of 98); and CD15, 83.1 % (79 of 95). The
median densities of CD3+, CD8+, CD45RO+ and
CD15+ cells were 22.75, 1.17, 31.33 and 3.20 cells/HPF,
respectively (Fig. 1). The median densities were used to
separate the patients into high- and low-staining density
groups. The infiltrating density of CD3+ cells was 49 cells/
HPF in the clinical stage I + II groups and 20 cells/HPF in
the clinical stage III + IV groups, and the CD3+ staining
density significantly correlated with TNM stage (P < 0.05,
Fig. 2a). GBC can be classified as moderately and poorly
differentiated. Of the 83 invasive carcinomas, the density
of CD3+ cells progressively decreased with the loss of
histological differentiation (11 cells/HPF in the poorly
differentiated group and 33 cells/HPF in the moderate to
well differentiated group), and this difference was signifi-
cant (P < 0.05, Fig. 2b). The levels of the other immune
markers examined in tumor-infiltrating immune cells did

not correlate with tumor grade. Among all the 98 gall-
bladder cancer patients, 78 were diagnosed as adenocar-
cinoma, 15 were malignant adenoma, 3 were squamous
carcinoma, and 2 were adenosquamous carcinoma. The
relationship between prognosis and infiltration density of
inflammatory cells was analyzed between adenocarcinoma
and malignant adenoma. The densities of CD3+ and
CD45RO+ inflammatory cells in adenocarcinoma were
lower than in adenoma, but the difference was not signif-
icant (P > 0.05, Fig. 2c¢).

The effect of inflammatory cell infiltrates on GBC
patient survival

Kaplan—Meier survival analysis showed a correlation
between higher infiltration levels and OS for CD3+ and
CDI154+ inflammatory cells but not for CD84 and
CD45RO+ inflammatory cells (Fig. 3). OS significantly
differed between patients with high and low CD3+ den-
sities (median: 18 vs 12 months, P < 0.05) and between
patients with high and low CD15+ densities (median: 6 vs
22 months, P < 0.05). To more precisely determine the
effects of tumor-infiltrating inflammatory cells on OS, we
combined CD3+ and CD154 densities to generate new
potential prognostic indicators. When examining tumor-
infiltrating cells that expressed both CD3+4 and CD15+,
the combined CD3+ high-density and CD15+ low-density
group survived longer than the CD3+ low-density and
CD15+ high-density group (median: 18 vs 5 months,
P < 0.05).

The clinicopathological factors significantly associated
with OS were pathological type, histological grade, tumor
stage, lymph node metastasis, advanced pTNM stage,
incision margin and operation mode (Table 2). A multi-
variate analysis of the variables found to be significant by
univariate analysis revealed that the combination of CD3+
low density and CD15+ high density was an independent
prognostic factor for OS (Table 3).

The relationship between peripheral blood
inflammatory cells and clinicopathological factors

In patient peripheral blood, the median pretreatment absolute
neutrophil counts (ANC), absolute lymphocyte counts
(ALC) and the neutrophil/lymphocyte ratio (NLR) were
4.03, 2.06, and 2.04/nL, respectively. The cutoff points are
shown as the median. The main clinical and histopathologic
parameters of the study patients are also summarized in
Table 1. ANC were 3.02/nL in the clinical stage I + II group
and 4.23/nL in the clinical stage III 4 IV group and the ANC
significantly correlated with TNM stage (P < 0.05). ALC
were 2.34/nL in the clinical stage I 4- I group and 1.94/nL in
the clinical stage III + IV group and the ALC significantly

@ Springer



Clin Transl Oncol (2017) 19:477-488

480

6 e ! 4! Cl IC 91 Ll 4! L1 91 L1 61 4! Al

6¢ € LT S¢ 8¢C €4 8¢ e 4 9C 8¢ e 4 L 111

14 C € € 14 C C ¥ 4 C 4 14 C 4 1I

L9070 L 0 S€00 0 L LTI'0 S ¢ 00T0 ¥ € L90°0 C g SE00 ¥ € LTI0 C S I
a3e1s INNLd

0 € C ! 0 € € 0 C 1 1 4 € 0 N

SLTO 6¥ 9% T9L0 Ly 8% <010 6% 9% 91¢€0 IL ¥C SLTO 143 8¢ T9L0 or ¢¢  <S01°0 0s St O
sIsesejow
JuelIsIq

S cl 8 6 L 01 Sl [4 0L L 11 9 91 I <N

L 6 I S 8 8 el € S 11 8 8 01 9 IN

SIT0 LE 8C SS00 0¢ ge 0000 123 1€ 8LTO 9 6l SITO 0c oSSO0 (44 ey 0000 LT 8¢ ON
sisejsejowr opou ydwA

S €l €l S L 11 Ll 1 8 ol 11 L €l S L

6¢ [43 6C [43 0¢ I¢ St 91 (44 9¢ 6¢ [43 9¢ Y4 &L

8 4 S L 8 4 L S 4 L [ ! 4 8 (AR

6880 L 0 9080 C S V100 14 € 8010 ¥ € 6880 € ¥ 9080 € ¥ v100 0 L IL
o8e)s Jown,

cl S 4 el I 9 01 L 4 cl € 14! 4 €l LAY

81 (44 0c 0C 1c 61 1€ 6 L1 (44 4! 9C 0C 0C 9eISPON

LLTO 61 c  80¢€0 &4 91 ¥+0°0 Ll ¥C T0T0 €¢ 8 LLTO 4! 9C 80¢€0 ¥C LT $¥0°0 6C ! 1004
Suipein

(4 S S [4 14 € ¥ [ (4 € 4 € € C SO

el € € Cl (0] S 8 L 4 Il [4 el ! ¥1  BWIOUdPE JUBUSIEI

y€6°0 ge Iy L200 84 g€ 1900 ge Iy €10 9 91  ¥€6°0 6C 9%  L200 LE I 1900 8 0¢ BUIOUIDIEI0USPY
sad£) [eo13oroyreq

6 91 14! 11 91 6 L1 8 8 91 14! 11 91 6 09>

6950 6¢ 7€ 9600 LT 9% 6¥C0 LE 9¢  TIE0 LS 91 6950 LT Y7 9600 LT 9% 6vC0 LE 9¢ 09<
By

€l 123 0C LT ¥C € 53 ! Cl 143 0T LT ¥C €C S[eIN

L200 94 9¢ 0680 6C . S96°0 ¢ LT 8180 6¢ ¢l L2T00 € 9C 0680 1T 0 $96°0 6C C detog
Iopuen

d moT UYSIH d moT Y3IH d moT UY3IH d MOT USIiH d MoT ySiH d M0T YySiH d MoT ySIiH

86 = U J'IN 86 = U )TV 86 = U DNV 86 = U OYSYAD 6 =uG1dD 86 = 4 8dD 86 = U £dD sonsuLdeIeyD

pooiq [exoydirad pue s[jeo sunwwi padnoi3 sjusned ayy Jo sonsudoRIRY) | R

pringer

A's



Clin Transl Oncol (2017) 19:477-488

481

Table 1 continued

CD3 n =98 CD8 n =98 CD15n =95 CD45RO n = 98 ANC n =98 ALC n =98 NLR n =98

Characteristics

High Low P High Low P High Low P High Low p High Low p High Low p

High Low P

Incisal margin

0.188 50 37 0.696 54 30 0.524 24 63 0.045 40 47 0.188 45 42 0.696 40 47 0.524

45

42

Negative

11

Positive
Radical

0.005

27
15

0.000 26 0.198 21

0.000 20

15 0.005 16

31

0.000 29 19 0.198

21

27

11

14

10
32

15
14

13
15

15

Simple

25

20

12

25

17 18

29

Palliative

Low density groups

High density groups

CD45RO

CD15

Fig. 1 Representative images of immunohistochemical features of
tumor-infiltrating inflammatory cells in gallbladder carcinoma: CD3
for T cells, CD8 for cytotoxic T cells, CD 45RO for memory T cells,
CD15 for neutrophils (at x400 magnification)

correlated with TNM stage (P < 0.05). NLR increased in
parallel with the advancement of clinical stage (1.35/nL in
the stage I + II group and 2.19/nL in the stage III + IV
group, P = 0.017) (Fig. 4a). The levels of ALC correlated
with tumor grade (1.63/nL in high grade and 2.04/nL in low
grade, P = 0.033) (Fig. 4b). Compared with malignant
adenoma, NLR increased in adenocarcinoma (1.29 vs 2.09/
nL, P = 0.026), while the lymphocyte count decreased (2.47
vs 1.90/nL, P = 0.025) (Fig. 4c).

Effect of peripheral blood inflammatory cells
on GBC patient survival

Patients assigned to the high ALC group (ALC >2.06/nL)
were documented to have superior OS (15 vs 6 months,
P = 0.002) than those in the low ALC (<2.06/nL) group,
whereas worse OS (17 vs 6 months, P = 0.011) was found
in patients with increased ANC (>4.03/nL), compared to

@ Springer
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Fig. 2 a Distribution of tumor-infiltrating inflammatory cells in TNM
stagel + II and III 4 IV. P values are calculated by nonparametric
Wilcoxon matched-pairs test. Significance values were *P < 0.05.
b Densities of tumor-infiltrating inflammatory cells in poor differen-
tiated group (poor) and in moderate to well differentiated group
(good). The difference was significant, *P < 0.05. ¢ Densities of
tumor-infiltrating inflammatory cells in adenoma (type 1) and in
adenocarcinoma (type 2). The densities of CD3+ and CD45RO+
inflammatory cells in adenocarcinoma were lower than in adenoma,
but the difference was not significant (P > 0.05)

those with decreased ANC (<4.03/nL). In addition, in
contrast to patients in the elevated NLR group, patients
with reduced NLR tended to have superior OS (6 vs
22 months, P < 0.001) (Fig. 5). The univariate survival
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analysis showed that the pathological types, histological
grade, TNM stage, resection margin, operation mode and
NLR were significantly related to the median survival
period (Table 2). Furthermore, the multivariate prognosis
analysis showed that pathological type, TNM stage, oper-
ation mode, and NLR (P = 0.004) were independent
prognostic factors in GBC patients (Table 3).

Correlations between tumor-infiltrating
and peripheral blood inflammatory cells

Further analysis of the correlation between inflammatory
cells in the tumor microenvironment and inflammatory cells
in peripheral blood showed that the infiltration density of
CD3+, CD8+ and CD45RO+ T-cells does not correlate
with ALC in peripheral blood (r = 0.051, P = 0.619;
r=—0.067, P = 0.515; r = —0.031, P = 0.761). In addi-
tion, the infiltration density of CD15+ cells does not corre-
late with ANC in peripheral blood (r = 0.001, P = 0.992).

Discussion

The immune system is now commonly accepted to play a
dual role in cancer development and progression. It can
eradicate malignant cells via the regulated actions of its
innate and adaptive branches to prevent tumor growth.
Conversely, it can actively promote malignant cell growth,
invasive capacity and metastatic ability [12]. Lymphocytes
and neutrophils, which constitute the predominant pro-
portion of total circulating leukocytes, play a key role in
the host systemic immune response, but they mainly affect
tumor progression via activities in the tumor microenvi-
ronment [13]. In the present study, we investigated the
prognostic value of tumor-infiltrating inflammatory cells
and peripheral blood inflammatory cells in GBC. Our study
is the first to show that the densities of CD34 and CD15+
tumor-infiltrating inflammatory cells are predictors of OS;
furthermore, our multivariate analyses showed that the
combination of CD3+ and CD15+ intratumoral cell den-
sities were a significant and independent predictor of OS.
Also, we found that a high lymphocyte count and low
neutrophil count in peripheral blood were favorable prog-
nostic factors and NLR was an independent prognostic
factor in patients with GBC.

Tumor-infiltrating inflammatory cells

Tumor cells are often surrounded by infiltrating inflam-
matory cells, particularly lymphocytes and neutrophils. It is
well recognized that lymphocytes constitute one of the
most important effector mechanisms of anti-tumor immu-
nity. T lymphocytes, the hallmark of cell-mediated
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adaptive immunity, are considered essential in tumor
immunosurveillance [14]. We selected a panel of T-cell
markers that represents the most validated and studied
adaptive immune cells: CD3 (generic T-cell marker),
CD45RO (memory T cells) and CDS8 (cytotoxic T cells).
We found that a high density of CD3+ cell infiltration and
low density of CD15+4 cell infiltration was associated with
longer survival in GBC. In a previous study of a smaller
cohort of GBC patients (n = 45), a high density of intra-
tumoral infiltration of CD44-/CD8+ lymphocytes was
associated with good prognosis, independent of tumor
stage and nodal stage [15]. However, we did not find
CDS8+ lymphocyte infiltration to be a prognostic factor for
GBC. CD45RO0 is the most suitable single marker of the
memory T-cell population in humans and clearly indicates
the activation status of T cells. Recent studies have
reported that a high density of infiltrating CD45RO+ cells
correlated with good clinical outcomes in several human
cancers [16-18]. The current study examined the prog-
nostic influence of intratumoral CD45RO+ memory T

lymphocytes in primary resected GBC (n = 98). However,
the OS did not differ between patients with high and low
CD45RO+ density. Therefore, further research is needed
to determine whether CD45RO+- is a valuable prognostic
marker in GBC.

Neutrophils constitute a significant portion of the
inflammatory cell infiltrate found in a wide variety of
human cancers [19-21]. Several pieces of evidence have
shown that neutrophils promote cancer cell migration and
invasion as well as tumor-induced angiogenesis [22, 23].
The majority of clinical studies of tumor-infiltrating neu-
trophils (TIN) have demonstrated that their presence and
high density are associated with poor clinical outcomes,
including decreased survival [20, 24, 25] Because the role
of CD15+ TINs in GBC has not been previously described,
we herein evaluated the prognostic significance of CD15+
inflammatory cells by immunohistochemical analysis. We
found that a high density of CD15+4 TINs correlated with
poor clinical outcome in GBC patients (median: 6 vs
22 months, P < 0.05). However, the level of CD15+ TINs

@ Springer
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Table 2 Univariate analysis of clinicopathological and immunohistochemical parameters

Univariate analysis n oS P HR (95 % for CI)
Gender
Female 51 14 0.559 0.879 0.564 1.369
Male 47 22
Age
>60 73 17 0.898 1.091 0.698 1.708
<60 25 12
Pathological types
Adenocarcinoma 78 12 <0.001
Malignant adenoma 15 66 0.100 0.031 0.323
Histological grade
Poor 41 6 <0.001
Moderate 40 14 0.603 0.376 0.965
Well 17 86 0.099 0.038 0.259
Tumor stage
Tl 5 66 <0.001
T2 12 52 6.358 0.764 52.944
T3 62 17 28.195 3.453 230.193
T4 19 4 86.514 10.052 744.593
Lymph node metastasis
NO 65 23 <0.001
N1 16 6 2.225 1.225 4.041
N2 17 4 4.677 2.602 8.410
Distant metastasis
MO 95 17 <0.001 5.939 1.781 19.803
M1 3 3
pTNM stage
I 7 65 <0.001
I 6 52 4.448 0.485 40.780
I 52 18 29.396 3.215 268.813
v 33 5 87.627 9.457 811.931
Incisal margin
Negative 87 18 <0.001 2.823 1.454 5.485
Positive 11 5
Operation modes
Radical cholecystectomy 48 20 <0.001
Simple cholecystectomy 18 86 0.217 0.092 0.515
Palliative cholecystectomy 32 4 6.362 3.533 11.454
CD3+
High 48 18 0.024 5.747 3.401 9.615
Low 50 12
CD8+
High 47 15 0.113 0.928 0.595 1.449
Low 51 17
CDI15+
High 47 6 0.024 0.585 0.374 0.915
Low 48 22
CD3+/CD15+
High/high 23 14 0.002 21.564 0.000 45.305
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Table 2 continued
Univariate analysis n oS P HR (95 % for CI)
High/low 24 18 16.775 0.000 37.780
Low/high 26 5 4.794 0.934 9.066
Low/low 22 18 18.239 6.924 29.078
CD45RO+
High 48 12 0.856 2.571 1.412 4.673
Low 50 17
ANC
High 49 6 0.021 1.423 0.992 2.041
Low 49 22
ALC
High 49 15 0.092 0.717 0.487 1.055
Low 49 6
NLR
High 49 6 <0.001 2.935 1.976 4.359
Low 49 34
gi‘;‘i‘;tirsl‘;gf?vneﬂzﬁt v Variable Wald  Pvalue RR  95.0 % CI for RR
by multivariate analysis Pathological types 6.849  0.033
Malignant adenoma/adenocarcinoma 1.607  0.205 0.392  0.092 1.668
Others/adenocarcinoma 4961 0.026 2.780 1.131 6.838
Distant metastasis (yes/no) 8.071 0.004 6.857 1.817 25.882
LowCD3+/highCD15+ (yes/no) 11.307 0.014 5208 2.604 10.417
Tumor stage 20.035 0.000
T2/T1 0.015  0.903 1.177  0.087 15.936
T3/T1 2.036 0.154 6.813 0.488 95.026
T4/T1 3987 0.046 15983 1.052  242.739
Operation modes 12.384  0.002
Simple cholecystectomy/radical cholecystectomy 2.179  0.140 0.494  0.194 1.260
Palliative cholecystectomy/radical cholecystectomy 8.921 0.003 2716 1410 5.233
NLR (high/low) 8.327 0.011 2746 1971 3.419

alone was not found to be an independent prognostic factor
for OS.

In the tumoral region of GBC, infiltrating neutrophils
may suppress the response of CD34 lymphocytes and
thereby allow tumor cells to escape immune surveillance.
However, in our study, the density of neutrophils was not
correlated with that of CD3+ lymphocytes, which suggests
that the recruitment of these two types of immune cells
may differ and not be directly related.

Peripheral blood inflammatory cells

In the last decade, pretreatment peripheral differential
leukocyte levels have been observed to be associated with

prognosis in various cancers. High neutrophil counts have
been proposed as a poor independent prognostic factor in
patients with metastatic melanoma [26]. A high preopera-
tive lymphocyte count was also reported as an independent
favorable prognostic factor in patients with pancreatic
ductal adenocarcinoma [27]. An elevated blood neutrophil
count and elevated blood neutrophil/lymphocyte ratio
(NLR) has been found to be related to an adverse outcome
in patients with renal cell carcinoma, colorectal cancer,
hepatocellular carcinoma, cholangiocarcinoma, glioblas-
toma, GIST, gastric, esophageal, lung, ovarian and head
and neck cancer [11]. In agreement, we found significantly
lower lymphocyte counts and higher neutrophil counts and
NLR associated with shorter OS in patients with GBC.
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Neutrophils are the main population of leukocytes in the
blood and are considered the first line of the immune
response to tissue injury. Besides a well-established func-
tion in host defence against bacterial infection, neutrophils
are the major mediators of cancer-related inflammation.
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<«Fig. 4 a Peripheral blood inflammatory cell counts in TNM stage-

I+ II and IIT + IV. ANC, ALC and NLR were different in TNM
stage I + II and III 4+ IV. *P < 0.05. b Peripheral blood inflamma-
tory cell counts in the different tumor grade groups. ALC was
significantly different, *P < 0.05. ¢ Peripheral blood inflammatory
cell counts in adenoma (type 1) and in adenocarcinoma (type 2). ALC
and NLR were different in type 1 and type 2, and the difference was
significant (P < 0.05)

Circulating neutrophils have been shown to produce
cytokines and vascular endothelial growth factor, which
contribute to cancer progression. Therefore, a high
peripheral neutrophil level may indicate a cancer-related
inflammation or tumor progression, and predict poor
prognosis.

Lymphocytes are crucial components of the adaptive
immune system which surveys the body for tumors and
also prevents maturation of tumor cells. A low peripheral
lymphocyte level may indicate a poorer lymphocyte-me-
diated anti-tumor response. NLR shows the relative
change between neutrophils and lymphocytes, and to
some extent reflects the balance between inflammatory
response at the site of a tumor and anti-tumor immunity.
Through a study on the impact of NLR on the prognosis
of 145 patients with GBC, we found that NLR was an
independent risk factor of patient prognosis after surgical
operation [28].

A previous study has shown the close relationship
between circulating inflammatory markers and GBC
[29]. This research further analyzed the influence of
neutrophils and lymphocytes on prognosis, and found
that though both could affect the GBC patient prognosis,
they were not independent prognostic risk factors
according to COX regression analysis. As an increase of
neutrophils in both the tumor microenvironment and
peripheral blood was considered as an adverse factor for
patient prognosis, we analyzed the correlation between
them, but this was not significant. Likewise, though an
increase of lymphocytes in both the tumor microenvi-
ronment and peripheral blood presented a positive
prognostic effect, we found no correlation between these
two measures. We, therefore, speculate that the small
sample might be responsible.

Conclusions

We have demonstrated that the presence of tumor-infil-
trating inflammatory cells with a low density of CD3+ and
high density of CD15+ markers correlated with shorter
survival in GBC patients. Moreover, this was an indepen-
dent prognostic factor for GBC. We found that high lym-
phocyte counts and low neutrophil counts were favorable
prognostic factors and NLR was an independent prognostic
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Fig. 5 Kaplan—-Meier plots of
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factor in patients with GBC. However, further studies are
still necessary to investigate the roles of tumor-infiltrating
inflammatory cells and peripheral blood immune cells
among patients with GBC in larger patient cohorts.
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