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| Houbao Liu! | Yueqi Wang?

Tumor-infiltrating neutrophils (TIN) carry out quite significant but opposite functions
in different cancers, and their function in biliary cancer has not been fully character-
ized. To investigate the prognostic significance of TIN in biliary cancer, a training set
(n = 118) and a validation set (n = 127) were involved in this study. TIN were evalu-
ated by immunohistochemical staining of CDé6b, and then defined as low (neu-
trophils <18/high-power field [HPF]) vs high (neutrophils >18/HPF). Kaplan-Meier
curve, Cox proportional hazards models and receiver operating characteristic curve
were used to assess the prognostic significance. TIN was identified as an indepen-
dent prognostic factor for overall survival in the training set (HR: 4.720; 95% CI:
2.623-8.493; P < .001) which was confirmed in the validation set (HR: 4.993; 95%
Cl: 2.626-9.492; P < .001). Notably, among patients with stage lll and IV disease,
those with low TIN could benefit from adjuvant chemotherapy, with a reduced risk
of compromised survival compared with those with high TIN (HR: 0.294; 95% ClI:
0.099-0.873; P =.047 in the training set; and HR: 0.100; 95% Cl: 0.022-0.462;
P = .006 in the validation set). In addition, TIN were negatively related to biological
pathways as regulation of activated T-cell proliferation and lymphocyte-mediated
immunity, and showed a negative correlation with CD8 + T cells (r = —.324,
P < .001). Taken together, our results implicate TIN as an independent marker of
prognosis and indicator of patients who would benefit from adjuvant chemotherapy

in biliary cancer.

KEYWORDS
adjuvant chemotherapy, biliary cancer, immunosuppression, prognosis, tumor infiltrating
neutrophil

1 | INTRODUCTION

Biliary cancer, including gallbladder cancer and cholangiocarcinoma,*
is a relatively uncommon and aggressive malignancy, making up
about 4% of all malignant digestive system tumors.?2 However, the
incidence of this disease has gradually risen in the past years.> Com-

plete surgical resection is the only curative treatment for biliary
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cancer, but prognosis of patients receiving radical operation is still
unsatisfactory with a 5-year survival rate of 24% to 53%.* Local
recurrence is regarded as a main limitation for postoperative patients
with biliary cancer, making ACT extremely critical. Nevertheless, a
substantial body of literature provided conflicting evidence regarding
the role of ACT for biliary cancer.>® Precise risk stratification for bil-
iary cancer patients that can be used to predict ACT response is
urgently needed.

As 1 of the 10 hallmarks of cancer, inflammation is described as
a “wound that does not heal”, and is the most prevalent risk factor
for biliary cancer, which mainly manifests as cholelithiasis and calcifi-
cation for gallbladder cancer, and primary sclerosing cholangitis and
choledochal cysts for cholangiocarcinoma.”® As indispensable antag-
onists of microbial infection and facilitators of wound healing, neu-
trophils play an important role in inflammation. In recent years, the
profound influence of TIN throughout each step of carcinogenesis
has been seen: from tumor initiation to primary tumor growth to
metastasis.” It was reported that TIN have a protumor role through

10,11 2

induction of angiogenesis, immunosuppression,*

senescence,13

counteracting
stimulating cancer cell migration, and guiding cancer
cells into tissue.2*!> However, some other intriguing literature has
reported the antitumor function of TIN through their cytotoxic
effects mediated by H,0, or antibody-dependent cellular cytotoxi-
city.r” These completely opposite roles of TIN promoted the distinc-
tion of antitumor (N1) and protumor (N2) neutrophils.”*®

Similarly, the prognostic effect of TIN is also multifarious. Posi-
tive correlations with patient survival were observed in gastric can-

cer,'? whereas negative correlations were observed in hepatoma,?®

1 renal cancer?® and lung cancer.?® As in biliary cancer,

melanoma,?
the role of TIN has not been investigated extensively.

With regard to the critical value of TIN in the TME, in the pre-
sent study, we evaluated the level of TIN in biliary cancer, assessed
its relationship with clinical outcome, especially with ACT, and
explored the effect of TIN on other TME components. These results
might illustrate the importance of TIN, develop a promising prognos-
tic system to predict the outcome of patients receiving ACT, and

help improve the understanding of TME in biliary cancer.

2 | PATIENTS AND METHODS

2.1 | Study design

Two independent sets comprising 245 consecutive patients with bil-
iary cancer undergoing surgical resection with the aim of cure were
enrolled into the present study from Shanghai Zhongshan Hospital in
China. The training set that comprised 118 consecutive patients was
obtained between 2004 and 2007 and the validation set that com-
prised 127 consecutive patients was obtained between 2008 and
2011 with the same enrolment criteria. This study was approved by
the Research Medical Ethics Committee of Fudan University and
informed consent was obtained from each patient. Inclusion criteria
included confirmed postoperative histopathology diagnosis, accurate
tumor stage classification according to 2010 American Joint
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Committee on Cancer (AJCC) TNM classification, and complete avail-
able follow-up data. Patients who were lost to follow up or who
died within the first month after surgery were excluded. The follow-
ing clinicopathological variables were collected: age at surgery, gen-
der, serum data related to obstructive inflammation (including total
bilirubin, alanine aminotransferase [ALT] and aspartate aminotrans-
ferase [AST]), tumor location, TNM stage, tumor differentiation, sur-
gical margin and microvascular invasion. Patients were evaluated
with physical examination, laboratory studies, chest imaging, and
abdominal ultrasound or computed tomography (CT) scan every
6 months in the first 2 years and every 12 months in the subse-
quent 3 years. OS was calculated from the date of surgery to the

day of death or the last follow up.

2.2 | Immunohistochemistry and evaluation of
immunostaining

Tissue microarray and normal sections were constructed with forma-
lin-fixed paraffin-embedded surgical specimens. Tissue blocks were
sectioned at 2.0 mm and mounted on glass slides for tissue microar-
ray, whereas normal sections were mounted on glass slides at origi-
nal tumor size. IHC study was then carried out as described
previously?* with appropriate antibodies (anti-CD66b polyclonal anti-
body; BD Biosciences, Franklin Lakes, NJ, USA; Clone G10F5,
diluted 1:200; anti-CD8; IR623, ready-to-use; DAKO, Glostrup, Den-
mark). CD6é6b is known as carcinoembryonic antigen (CEA)-related
cell adhesion molecule 8 (CEACAMS8) and is a highly glycosylated
CEA family protein encoded by the CGMé gene, which can be found
on both neutrophils and eosinophils. As a marker mainly expressed
by neutrophils in TME,?> CD66b can be used to identify neutrophils
using high-throughput screening flow cytometry with a purity of
99%,2° and has been used to identify TIN in many tumors, including
renal cell carcinoma,?? hepatocellular carcinoma,?’ melanoma,?* gas-
tric cancer?® and cervical cancer.?? Positive stainings were calculated
under HPF (400x) using Image Pro plus 6.0 (Media Cybernetics Inc.,
Bethesda, MD, USA). Intensity of neutrophils or CD8 + T cells in
tissue microarray was recorded as the mean number of CDé6b or
CD8-positive cells/HPF from 3 randomized fields, whereas it was
recorded from 4 randomized fields in tumor core or stroma in the
normal section, respectively. Two independent pathologists were
blinded to the clinicopathological data and evaluated the staining
intensity of CD66b and CD8, and the results were averaged. Median
value of tissue microarray was defined as the cutoff value for low
and high neutrophil infiltration.

2.3 | Gene set enrichment analysis

Gene Set Enrichment Analysis is a robust method for evaluating
microarray data at the level of gene sets (defined based on prior bio-
logical knowledge, such as published information about biochemical
pathways or coexpression in previous experiments) and determining
whether the members of the gene set are randomly distributed or
primarily found at the top or bottom. Sets related to the phenotypic
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distinction will tend to show the latter distribution. Herein, a total of
36 random sample permutations of cholangiocarcinoma in The Can-
cer Genome Atlas (TCGA) database were divided into a low TIN
group and a high TIN group by CIBERSORT, and then GSEA was
carried out to determine the pathways that showed statistically sig-
nificant and concordant differences between a low-TIN state and a
high-TIN state by MSigDB. If the majority of genes included in a
gene set are primarily found at the top or the bottom, there will be
a positive enrichment score (ES) and a normalized enrichment score
(NES), indicating the different expression patterns between the pre-

defined low-TIN group and the high-TIN group.

2.4 | Statistical analyses

Continuous variables were analyzed by the Student’s t test or Wil-
coxon rank-sum test, and categorical variables were calculated by
chi-squared test. ICC was carried out to describe how strongly units
in the same group resemble each other. ICC higher than 0.75 means
that values from the same group tend to be similar, whereas ICC
lower than 0.40 means that there is no tendency for values from the
same group to be similar. Survival curves were constructed using
Kaplan-Meier method and log-rank test. Univariate and multivariate
Cox proportional hazards models were carried out to calculate HR
and 95% CI, and those parameters significantly associated with OS
in the univariate analysis were included in the following multivariate
analysis. Prognostic accuracy of the prognostic models was evalu-
ated by receiver operating characteristic (ROC) analysis. Two-sided
P-value <.05 was considered to be statistically significant. Statistical
analysis was done by SPSS 22.0 (IBM Corp, Armonk, NY, USA) and
MedCalc 15.2.2 (MedCalc Software bvba, Ostend, Belgium).

3 | RESULTS

3.1 | Immunohistochemical findings

Tumor-infiltrating neutrophils were evaluated by immunohistochemi-
cal staining of CDé6b. Neutrophils infiltrating tumor tissues varied
greatly in different specimens of biliary cancer (Figure 1A) and ranged
from O to 226 cells/HPF. The median value (18/HPF) was set as the
cutoff value which determined high and low TIN in the training set,
and was then applied to the validation set. To estimate the hetero-
geneity of TME, we explored the distribution of CDé6-positive cells
using 20 cases of normal sections. As shown in Figure S1, ICC is
0.849, which means that the intensity of CDé6-positive cells in a ran-
domized field could be an ideal representation of that in the normal
section. In other words, the intensity of CD6é6-positive cells in TMA
could also be an ideal representation of that in the normal section.

3.2 | Patient characteristics

Baseline characteristics of patients are described in Tables 1, S1, and
S2. In total, 118 patients (56 men [47.5%] and 62 women [52.5%)])
were included in the training set, and 127 patients (47 men [37.0%]

and 80 women [63.0%]) were included in the validation set. Consid-
ering the limitation of patient number, we united the training and
the validation sets to the combined set. No clinicopathological char-
acteristic was significantly associated with TIN except for TNM
stage. In addition, we explored the association between TIN and
obstructive inflammation in the bile duct, and results showed
insignificant association between TIN and serum data, including total
bilirubin, ALT and AST (Table S2).

3.3 | Correlations between TIN and OS

To identify the prognostic value of TIN, we compared the OS
between different groups according to TIN level by Kaplan-Meier
survival analysis. Sixty and 56 patients died before the last follow up
in the training set and validation set, respectively. As shown in Fig-
ure 1B,C and D, patients with high-TIN disease showed compro-
mised OS compared to those with low-TIN disease in the training
(P < .001), validation (P < .001) and combined sets (P < .001).

3.4 | Univariate and multivariate regression
analyses

Univariate analysis was carried out for OS to further identify the
clinical significance of TIN. As shown in Table 2, a high level of TIN
proved to be a significant negative prognostic indicator (HR: 4.720;
95% Cl: 2.623-8.493; P < .001 in the training set; HR: 4.993; 95%
Cl: 2.626-9.492; P < .001 in the validation set; and HR: 4.688; 95%
Cl: 3.050-7.206; P < .001 in the combined set; Table 2, respectively).
In addition, TNM stage was also identified to be significantly associ-
ated with OS in all 3 sets (P <.001). Moreover, tumor location
(P =.028) was identified to be significantly associated with OS in
the training set, as was differentiation in the validation set (P = .029)
and surgical margin and microvascular invasion in the combined set
(P=.038 and P =.011, respectively). These factors were then
entered into the multivariate Cox proportional hazards model, and
we found that only TIN (HR: 4.213; 95% CI: 2.320-7.650; P < .001;
HR: 4.010; 95% Cl: 2.217-7.253; P < .001; and HR: 4.133; 95% Cl:
2.660-6.423; P <.001; Table 2, respectively) and TNM stage

(P < .001) were independent prognostic indicators for OS.

3.5 | Extension of prognostic models with TIN

In view of the distinctly prognostic value, we integrated TIN into the
TNM staging system to explore the practical application of TIN. ROC
analysis was carried out to assess the prognostic accuracy. As shown
in Figure 1E, the area under the curve (AUC) of TNM stage alone
was 0.755 (95% Cl: 0.694-0.816), and was elevated to 0.834 (95%
Cl: 0.784-0.884) when TIN were added.

3.6 | Correlations between TIN and ACT

According to patient characteristics, we evaluated the association
between ACT and OS. In patients with stage Il and IV disease, those
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with high TIN could not benefit from ACT in training, validation and
combined sets (P = .415, P = .735, P = .556, Figure 2A,C,E, respec-
tively). However, those patients with low TIN could benefit greatly
from ACT (P = .047, P = .006, P = .002, Figure 2B,D,F, respectively).
Treatment with ACT was correlated with reduced risk of compro-
mised survival in the low-TIN patient subgroup in all sets (HR:
0.294; 95% Cl: 0.099-0.873; P = .047 in the training set; HR: 0.100;
95% Cl: 0.022-0.462; P = .006 in the validation set; and HR: 0.216;
95% Cl: 0.090-0.520; P = .002 in the combined set; Table 3, respec-
tively), whereas such risk reduction was not observed in patients
with high TIN (Table 3) and in patients with stage Il disease (Fig-
ure S2).

3.7 | Interaction between TIN and other TME
components

Given the interaction above and the ability of TIN to influence

CD8 + T cells suggested previously,3® we evaluated the relationship

between TINs and CD8 + T cells in biliary tumor tissue (Figure 3A-
D) and found that TIN were negatively correlated with CD8 + T
cells (r = —.324, P < .001) (Figure 3E). We then carried out GSEA to
determine and verify the pertinent biological pathway and found
that regulation of activated T-cell proliferation and lymphocyte-
mediated immunity were enriched in the low-TIN group (Figure 3F,
G), which indicated that gene expression related to T-cell prolifera-
tion and lymphocyte-mediated immunity was more activated in
patients with low TIN. This result implied the inhibiting effect of TIN
to effector T cells and the potential mechanism as to why patients
with low TIN had longer OS and much more ACT benefit. In addi-
tion, there are other enriched immune-related pathways, such as
lymphocyte differentiation, regulation of T-cell cytokine production
and so on (Table S3). Moreover, infiltration of CD8 + T cells was
related to favorable OS (Figure 3H), and the combination of TIN and
CD8 + T cells indicated that patients with high-TIN and low-CD8 +
T-cell disease experienced the shortest OS compared with any other
subgroup (Figure 3I). These results indicated that high TIN was
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TABLE 1 Demographics and clinicopathological characteristics of
patients with biliary cancer

Training set Validation set  Combined set

Characteristic Number % Number % Number %
All patients 118 100 127 100 245 100
Age at surgery, years®

Mean + SD 62.5 + 10.5 61.7 + 10.5 62.1 + 10.5
Gender

Female 62 525 80 63.0 142 58.0

Male 56 47.5 47 370 103 42.0
Tumor location

Gallbladder 66 55.9 108 850 174 71.0

Bile duct 52 441 19 150 71 29.0
TNM stage

| 9 76 16 126 25 10.2

Il 34 288 63 49.6 97 39.6

1] 41 348 33 260 74 30.2

\% 34 288 15 11.8 49 20.0
pT stage

T1 6 51 19 150 25 10.2

T2 39 331 61 48.0 100 40.8

T3 47 398 31 244 78 31.8

T4 26 220 16 126 42 171
pN stage

NO 76 644 96 75.6 172 70.2

N1 + N2 42 356 31 244 73 29.8
Tumor differentiation

Well-moderate 74 62.7 59 46.5 133 54.3

Poor 44 373 68 535 112 45.7
Surgical margin

Negative 106 89.8 115 90.6 221 90.2

Positive 12 102 12 94 24 9.8
Microvascular invasion

Absent 66 559 83 654 149 60.8

Present 52 441 44 346 96 39.2
Adjuvant chemotherapy

Absent 84 712 67 528 151 61.6

Present 34 288 60 472 94 38.4

?Results of continuous variables are presented as mean + SD.
Combined set was generated by combing the training and validation set
together.

correlated with the state of immunosuppression in the TME of bil-

iary cancer.

4 | DISCUSSION

As the most common prognostic model for patients with biliary can-

cer, the TNM staging system focuses only on cancer-cell-centered

biological phenotypes and ignores the enormous effects of TME,
which lead to obvious reduction of prognostic accuracy. That is the
reason why so many early-stage patients progress rapidly, whereas
some advanced-stage patients maintain a relatively stable state for
years. In the present study, we proved the prognostic significance of
TIN, identified it as an independent prognostic marker for OS in
patients with biliary cancer and integrated it into the TNM staging
system to elevate its prognostic value. Furthermore, TIN might be a
potential predictive marker for the response of ACT in biliary cancer.

It was reported that neutrophils can survive longer in tumor tis-

3132 \which means TIN

sue than in spleen even for several days,
might have more far-reaching effects on TME than we have previ-
ously realized. TIN can be attracted by granulocyte colony-stimulat-
ing factor (G-CSF), granulocyte-macrophage colony-stimulating factor
(GM-CSF), chemokine (C-X-C motif) ligand (CXCL)1, CXCL2, CXCL5
and CXCL8 secreted by cancer cells, endothelial cells or fibrob-
lasts.334! Simultaneously, G-CSF and transforming growth factor
beta (TGF-B) can control the immunosuppressive function of N2 by
regulating transcription factors inhibitor of DNA binding 1 (ID1),
retinoblastoma 1 (RB1) and interferon regulatory factor 8 (IRF8),
whereas IFN-B can regulate the antitumor phenotype of N1.72842 |
our study, low TIN predict a favorable survival for biliary cancer.
Interestingly, neutrophil to lymphocyte ratios (NLR), another attrac-
tive biomarker for risk stratification of cancer patients related to
neutrophils, is generally considered a negative factor and taken as
evidence of protumor function of neutrophils. However, the differ-
ent functional roles of neutrophils in solid tumor tissue and in
peripheral blood, and the precise roles and corresponding mecha-
nisms of TIN continue to be obscure.

Adjuvant chemotherapy-induced neutropenia involved the out-
comes of patients with non-small-cell lung, breast, gastric or colorectal
cancer, and lack of neutropenia may indicate insufficient dosing and
inadequate killing.”***> However, in the present study, low neutrophil
infiltration indicated better ACT efficacy. In biliary cancer patients with
stage lll and IV disease, patients with low TIN might benefit from ACT;
that is, ACT for patients with high TIN should be carefully reconsid-
ered. This result will be helpful for better selection of patients receiv-
ing ACT and prevention of excessive toxicities and unnecessary
resource consumption. In addition, the unfavorable role played by neu-
trophils in biliary cancer suggest possibilities for new cancer
immunotherapies directed at TIN depletion to enhance the sensitivity
and response to ACT. This method may improve survival of biliary can-
cer patients with high TIN, which is in line with findings that neutrophil
depletion by C-X-C chemokine receptor type 2 (CXCR2) blockage can
improve tumor inhibition of chemotherapy.*34¢#”

As reported previously, neutrophils can suppress CD8 + T cell-
mediated antitumor immune response by inducible nitric oxide syn-
thase (iNOS) and arginase 1 (ARG1).23° In the present study, we
found that TIN in biliary cancer were negatively correlated with
CD8 + T cells which is an important preserver of antitumor
response®® and has already proven to be a favorable marker as men-
tioned earlier. Also, we verified that high TIN was related to inhibi-
tion of antitumor immune effector through GSEA. These results
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TABLE 2 Univariate and multivariate Cox regression analyses of overall survival

Characteristic

Univariate
Age at surgery, years: >60 vs <60
Gender: male vs female
Tumor location: bile duct vs gallbladder
TNM stage: lll + IV vs | + 1l
Differentiation: poor vs well-moderate
Surgical margin: positive vs negative
Microvascular invasion: present vs absent
CD66b expression: high vs low

Multivariate
Tumor location: bile duct vs gallbladder
TNM stage: lll + IV vs | + 1l
Differentiation: poor vs well-moderate
Surgical margin: positive vs negative
Microvascular invasion: present vs absent

CD66b expression: high vs low

Validation set

Combined set

Cancer Science RUIT s

Training set

Hazard ratio (95% CI)  P-value
1.349(0.814-2.235) .248
0.638(0.381-1.070) .089
0.621(0.407-0.948) .028
4.232(2.148-8.336) <.001
0.892(0.683-1.165) 405
1.679(0.800-3.538) 173
1.571(0.948-2.605) .081
4.720(2.623-8.493) <.001
0.869(0.522-1.447) 591
3.253(1.537-6.885) <.001
4.213(2.320-7.650) <.001

P < .05 is considered statistically significant (bold).
Combined set was generated by combing the training and validation sets together (bold).

Hazard ratio (95% Cl)

1.118(0.660-1.895)
0.821(0.472-1.427)
0.917(0.550-1.528)
1.945(1.481-2.555)
1.352(1.032-1.770)
1.907(0.902-4.032)
1.646(0.968-2.800)
4.993(2.626-9.492)

1.588(1.193-2.113)
1.252(0.948-1.653)

4.010(2.217-7.253)
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FIGURE 2 Relationship between tumor-infiltrating neutrophils (TIN) and benefit from adjuvant chemotherapy (ACT) in patents with stage IlI
and |V disease. Patients with high TIN in the A, training set; C, validation set; and E, combined set. Patients with low TIN in the B, training set;

D, validation set; and F, combined set

indicate that high TIN was correlated with immunosuppression in

TME of biliary cancer and may be the reason for poor prognosis and

ACT efficacy.

Limitations of our study are the retrospective nature, relatively

small number of patients, as well as the unavailability of full

chemotherapy details for the entire cohorts. In addition, although
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TABLE 3 Hazard ratios for overall survival in stage Ill and IV biliary cancer patients receiving ACT or not according to TIN
Patients ACT (yes vs no)
Patient cohort Factor Number % Hazard ratio (95% Cl) P-value
Training set TIN 75 0.480(0.275-0.839) .016
Low TIN 33 44.0 0.294(0.099-0.873) .047
High TIN 42 56.0 0.749(0.383-1.466) 415
Validation set TIN 48 0.646(0.316-1.322) .205
Low TIN 15 31.3 0.100(0.022-0.462) .006
High TIN 88 68.8 1.148(0.519-2.536) 0.735
Combined set TIN 123 0.574(0.373-0.883) .012
Low TIN 48 39.0 0.216(0.090-0.520) .002
High TIN 75 61.0 0.863(0.527-1.415) .556

P < .05 is considered statistically significant (bold).
Combined set was generated by combing the training and validation sets together.
ACT, adjuvant chemotherapy; TIN, tumor infiltrating neutrophil.
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FIGURE 3 Association between tumor-infiltrating neutrophils (TIN) and CD8 + T cells. A-D, Continuous sections from biliary cancer
samples immunohistochemically stained for CD66b and CD8. Scale bars, 100 um; magnification 200x. E, Spearman’s correlation analysis for
TIN counts and CD8 + T-cell counts. F, Gene Set Enrichment Analysis (GSEA) of regulation of activated T-cell proliferation between the low-
TIN group and the high-TIN group. ES, enriched score; NES, normalized enriched score; NOM, P-value, normalized P-value. G, GSEA of
regulation of lymphocyte-mediated immunity between the low-TIN group and the high-TIN group. H, CD8 + T-cell infiltration in biliary cancer
is associated with favorable prognosis. Kaplan-Meier curves illustrating overall survival (OS) probability according to CD8 + T-cell density. |,

Combination of TIN and CD8 + T cells indicated that patients with high TIN and low CD8 + T cells experienced the shortest OS

CDé66b have a high purity to identify TIN in TME, it is not an extre-
mely specific marker for neutrophils. Therefore, these results need

to be validated by a future prospective, multicenter randomized trial

with a larger population.

In conclusion, TIN could be used as an independent prognostic
factor for prognosis and ACT benefit in biliary cancer patients, espe-

cially for patients with stage Ill and IV disease.
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