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Abstract

Use of immune index is a new potential approach for cancer classification and predic-
tion. To investigate the status and clinical effect of immune index in gallbladder can-
cer (GBC), 238 GBC patients from Zhongshan Hospital affiliated to Fudan University
were involved in the present study, including 113 patients in a training set and 125
patients in a validation set. Five immune cells (macrophages, neutrophils, regulatory
T cells, cytotoxic T cells and mast cells) were selected based on a literature review
and the immune index for each patient was calculated using the LASSO regression. A
low immune index (<1) was defined as immunotype A and a high immune index (21)
was defined as immunotype B. The 5-year overall survival rate forimmunotype A was
higher than that for immunotype B in the training set and the validation set (70.0%
vs 37.0%, P < 0.001; 68.9% vs 47.5%, P = 0.002; respectively). Moreover, the immune
index showed higher prediction efficiency compared with all the single immune cells
which we selected. When combined with the immune index, the areas under the
curve (AUC) of the TNM staging system in both sets were elevated from 0.677 to
0.787 and from 0.631 to 0.694, respectively. Interestingly, gemcitabine-based chem-
otherapy only benefits stage Il patients of immunotype B and stage Il patients of
both immunotype A and immunotype B (P =0.015, P = 0.030, P = 0.011, respectively)
but does not work in stage Il patients of immunotype A (P = .307). Taken together, the
immune index could effectively predict prognosis and the benefits of gemcitabine-

based chemotherapy and might improve on the TNM staging system.
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1 | INTRODUCTION

Gallbladder cancer (GBC) is the sixth most common type of diges-
tive tract carcinoma and the most common type of biliary cancer
but is still a relatively infrequent malignancy, with a morbidity
rate of 1/100,000-23/100,000.%2 However, the incidence of GBC
has steadily risen at the rate of 4% in the past 10 years.3 GBC is
also a highly lethal disease, with a 5-year survival rate of 5%-10%.
Complete surgical resection is the only curative therapy for GBC?,
with only 10% of GBC patients (with early-stage disease) having
the opportunity to receive complete surgical resection.’® Therefore,
chemotherapy is critical for GBC patients. Gemcitabine-based che-
motherapy is the first-line treatment for advanced GBC patients in
the National Comprehensive Cancer Network (NCCN) Guidelines.®”’
Nevertheless, some studies report the negative impacts of gemcit-
abine-based chemotherapy and potential shorter survival of GBC
patients.® The precise mechanism is unknown at present, but a prac-
tical risk stratification model for GBC to predict the prognosis after
surgical resection and the benefit from gemcitabine-based chemo-
therapy is urgently needed.

The most widely used model for GBC is the TNM staging
system published by the American Joint Committee on Cancer
(AJCC). The TNM staging system classifies GBC patients by the
extent and size of the primary tumor (T), the involvement of re-
gional lymph nodes (N), and the absence or presence of distant
metastases (M).? Although the TNM staging system has been val-
idated and accepted worldwide, heterogeneous prognosis still ex-
ists for each stage. With the increasing knowledge of the tumor
microenvironment (TME) and the rapid development of tumor im-
munology, the crucial role of tumor-infiltrating immune cells in the
TME is becoming clearer, improving the predictive efficiency of
the TNM staging system.

As an essential hallmark of cancer, inflammation is the most
common risk factor of GBC, which primarily presents as a gallblad-
der stone.»?1%! |nflammation inside tumors is induced by tumor-in-
filtrating immune cells, which constitute the TME together with
tumor-associated fibroblasts (TAF) and vascular endothelial cells
(VEC).2?* The tumor-infiltrating immune cells in the TME mainly in-
clude lymphoid lineage cells such as T cells and B-cells, and myeloid
lineage cells such as macrophages, neutrophils and mast cells (MC).*%
4 These immune cells could communicate with each other and play a
promotive or contrary function on the initiation, growth and invasion
of tumor cells, directly or indirectly.ls'19 Furthermore, some research
suggests that the immune elements in TME could modulate chemo-
therapy response.2°'22

In consideration of the important value of tumor-infiltrating
immune cells, we evaluated the different kinds of immune cells,
constructed an immune index model using multiple linear regres-
sion and explored its prognostic value for clinical outcomes, espe-
cially for gemcitabine-based chemotherapy. Our work illustrates
the importance of tumor-infiltrating immune cells and develops a
promising system to predict prognosis and chemotherapy benefit
in GBC.

2 | PATIENTS AND METHODS
2.1 | Study design

The flow chart of the study is shown in Figure 1. This study
was approved by the Institutional Review Board (IRB) of Fudan
University Zhongshan Hospital and informed consent was ob-
tained from each patient. A total of 238 consecutive patients with
GBC undergoing radical resection or palliative surgery were en-
rolled in our study from Fudan University Zhongshan Hospital in
China between 2004 and 2013. Among them, 113 patients with
odd ID numbers were included in the training set and 125 patients
with even ID numbers were included in the validation set. All the
included patients met the following criteria: 8th AJCC TNM stage
with confirmed postoperative histopathology diagnosis, available
tumor specimens and complete follow-up data. The exclusion
criteria included: loss of follow up, or survival less than 1 month
after surgery. The following clinicopathological factors were col-
lected: age at surgery, gender, TNM stage, tumor differentiation,
surgical margin, microvascular invasion and chemotherapy status.
The follow up of postoperative patients included: medical history
(symptoms and physical examination), laboratory studies and im-
aging examination every 3 months in the first 2 years and every
6 months in the subsequent years. Overall survival (OS) was con-
firmed from the day of operation to the date of death or the lat-
est follow up. Baseline characteristics and 5-year OS according to
TNM stage and different sets are described in Table 1 and Figure
S1.

2.2 | Immunohistochemistry and evaluation of
immune cells

Tissue microarray (TMA) was established using paraffin-embedded
tumor specimens and mounted on glass slides with 2.0-mm tissue
core. We selected six kinds of immune cells which might influence
the prognosis of patients based on a literature review (ie, mac-
rophages, neutrophils, regulatory T cells [Tregs], cytotoxic T cells
[CTL], MC and natural killer cells [NK cells]) and marked them by
immunohistochemistry stain of specific molecule markers. No NK
cells were found after immunohistochemistry staining of two kinds
of anti-CD56 antibody (Dako, clone 123C3; Abcam, ab%9018) with
different concentrations. The process of immunohistochemistry
was described previously?® with single and specific antibodies (mac-
rophage: anti-CDé8 polyclonal antibody, Abcam, ab955, diluted
1:200; neutrophil: anti-CDé66b polyclonal antibody, BD Biosciences,
Clone G10F5, diluted 1:200; Treg: anti-Foxp3 polyclonal antibody,
Abcam, ab22510, diluted 1:100; CTL: anti-CD8, DAKO, IR623,
ready-to-use; mast cell: anti-tryptase polyclonal antibody, Abcam,
ab2378, diluted 1:1000, respectively). Intensity of immune cells
in TMA was defined as the mean number of positive markers per
HPF (200X) from three random fields. Two independent patholo-

gists (Dr Luo and Dr Chen) were blinded to the clinical information
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Six immune cells which were reported to
influence prognosis were selected to conduct
the immunohistochemistry
R ———

There were no NK cells I

Five immune cells were successful stained by
immunohistochemistry and evaluated
(macrophages, neutrophils, Tregs, CTL and mast cells)

l

Immune index was constructed by LASSO regression
If immune index < 1, define as immunotype A;
otherwise defined as immunotype B
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Patients enrolled |

(n =238)

| i

Training set Validation set
(n=113) (n =125)

40 patients were immunotype A
73 patients were immunotype B

i l

45 patients were immunotype A
80 patients were immunotype B

Training set 10 patients with chemotherapy
7 . .

Immunotype A (n=33) 23 patients without chemotherapy

(=74 Validation set , 17 patients with chemotherapy
(n = 40) 23 patients without chemotherapy

Combined set
(n=209)

o Training set | 21 patients with chemotherapy

Immunotype B (n=65) 44 patients without chemotherapy
=136 e

o ) [. Validation set ., 27 patients with chemotherapy

(n=71) 44 patients without chemotherapy

FIGURE 1 Flow chart of the study. Six immune cells were screened by literature review and immunohistochemistry was performed in the
training set (N = 113) and the validation set (N = 125). Five immune features were ultimately selected to construct the immune index model.
The associations of immunotype with overall survival (OS) and chemotherapy benefit were sequentially tested in both sets

and assessed the intensity of different immune cells, respectively,
and the counts were averaged.

2.3 | Least Absolute Shrinkage and Selection
Operator

Least absolute shrinkage and selection operator (LASSO) is a co-re-
gression analysis method that can reduce the dimension of original
data and produce a statistical model. It performs both variable selec-
tion and regularization and enhances the prediction accuracy and
interpretability of the statistical model. Because LASSO regression
has a low requirement for original data, it has been applied in many
medical modeling processes.?*?” We adopted LASSO regression to

construct the prognostic model in our study.

2.4 | Statistical analyses

Continuous variables were calculated using Student's t test, and cat-
egorical variables were analyzed using the X2 test. The Kaplan-Meier
method, the log-rank test, and univariate and multivariate Cox pro-

portional hazards models were applied to evaluate the prognostic

value of the immune index model. The prognostic efficiency of dif-
ferent predictive models was assessed by receiver operating charac-
teristic (ROC) analysis. Statistical analysis was performed with SPSS
23.0 (IBM), MedCalc 15.6.1 (MedCalc Software bvba; https://www.
medcalc.org; 2015) and R software packages 3.4.2 with the “glmnet”
package (The R foundation for Statistical Computing, https://www.r-
project.org/). A two-sided P-value <0.05 was considered statistically
significant.

3 | RESULTS

3.1 | Characteristics of immune cells

Tumor-infiltrating immune cells were assessed by immunohisto-
chemical staining of specific polyclonal antibodies (Figure 2A). As
shown in Figure 2B, different kinds of immune cells infiltrated into
gallbladder tumor tissues in totally different ways. The distribution
of macrophages was spindle-like, neutrophil distribution was TV-
tower-like and Tregs distribution was lightning-rod-like. CTL dis-
tribution was in between macrophage and neutrophil distribution,
and mast cell distribution was in between neutrophil and Treg dis-

tribution. Meanwhile, the cell counts per HPF of the same immune
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TABLE 1 Demographics and

el e Vel ZHESS clinicopathologic characteristics of
Characteristic Number % Number % P patients with gallbladder cancer
All patients 113 100 125 100
Age at surgery, years®
Mean + SD 62.8+11.2 63.8+11.5 485
Gender
Female 81 71.7 84 67.2 0.543
Male 32 28.3 41 32.8
TNM stage
| 15 13.3 14 11.2 0.159
Il 39 34.5 61 48.8
1] 38 33.6 34 27.2
v 21 18.6 16 12.8
pT-stage
T1 15 13.3 15 12.0 0.156
T2 42 37.2 63 50.4
T3 32 28.3 31 24.8
T4 24 21.2 16 12.8
pN-stage
NO 78 69.0 103 82.4 0.069
N1+ N2 35 31.0 22 17.6
Tumor differentiation
Wessll 12 10.6 6 4.8 0.118
Moderate 37 32.7 53 42.4
Poor 64 56.6 66 52.8
Surgical margin
Negative 100 88.5 112 89.6 0.948
Positive 13 11.5 13 10.4
Microvascular invasion
Absent 85 75.2 90 72.0 0.680
Present 28 24.8 35 28.0
Chemotherapy
Absent 78 69.0 77 61.6 0.287
Present 35 31.0 48 38.4

“The results of continuous variables are presented as mean * SD.

cell ranged widely among patients, and the median counts of mac-
rophages, neutrophils, Tregs, CTL and mast cells were 50.3, 11.3,
2.5,20.5 and 13.3, respectively.

We also explored the relationship between TNM stage and tu-
mor-infiltrating immune cells. As shown in Figure S2, there was no
difference between stages I-Il and stages IlI-1V for the infiltration of
macrophages, Tregs, CTL and mast cells (but there was a difference
for neutrophils). Cell counts of infiltrating neutrophils in stages Il1-IV
were significantly higher than those in stages I-Il (P < 0.001).

Immune cells are not isolated from each other. As presented
in Figure S3, significant Spearman’s rank correlation coefficients
occurred between immune cells. There were significant positive

correlations between macrophages, neutrophils and Tregs, and

between CTL and mast cells. A significant negative correlation
also existed between neutrophils and mast cells.

3.2 | Construction of immune index model

To explore the predictive ability of the different immune cells, we di-
vided the patients into high or low infiltration on the basis of median
counts of tumor-infiltrating immune cells and conducted survival analy-
sis. As shown in Figure S4, high infiltration of macrophages, neutrophils
and Tregs predicted compromised prognosis (P < 0.001, P < 0.001,
P = 0.011, respectively), while high infiltration of CTL and mast cells
predicted favorable prognosis (P = 0.002 and P = 0.008, respectively).
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FIGURE 2 Construction of immune index model. A, Infiltration of macrophages, neutrophils, regulatory T cells (Tregs), cytotoxic T cells
(CTL) and mast cells in GBC patients with 200x magnification. B, Violin plot showing the cell count distribution of the selected immune cells.
C, Least absolute shrinkage and selection operator (LASSO) coefficient profiles of the selected immune cells. A solid vertical line is drawn

at the value (log A = -5) chosen by fivefold cross-validation. D, Partial likelihood deviance for the LASSO coefficient profiles. A light dashed
vertical line represents the minimum partial likelihood deviance. A solid vertical line represents for the partial likelihood deviance at the

value (log A = -5)

We then constructed the immune index model for
the training set. The coefficients for all five immune cells
were calculated with LASSO regression when log A = -5

(Figure 2C), and the partial likelihood deviance for the se-
lambda was 11.632
generated where immune index = 2”(macrophage * 0.01105 + neu-
trophil * 0.006284 + Treg * 0.003582 - CTL * 0.007434 - mast
cells * 0.0096). Each patient could obtain a unique immune index

lected (Figure 2D). The formula was

using the formula. Patients with a low immune index (<1) were de-
fined as immunotype A, while other patients with a high immune
index (21) were defined as immunotype B. The clinicopathological
variables between immunotype A and immunotype B did not vary
significantly, except for age (Table S1).

3.3 | Correlation between immunotype and
overall survival

To investigate the difference between immunotype A and immuno-
type B, we constructed a heat map according to the immune index,
from low to high. As shown in Figure 3A, with the increase of the
immune index and the conversion of immunotype, the main tumor-

infiltrating immune cells gradually changed from CTL and mast cells

to macrophages, neutrophils and Tregs in the training set. The vali-
dation set had the same trend. Following this, we assessed the in-
fluence of the immune index on patients' prognosis using smooth
hazard ratio (HR) curves of OS. As shown in Figure 3B, the Ln (HR)
increased obviously with the gradual increase of the immune index
in both sets. The HR and 95% confidence interval (Cl) for both
sets were 3.081(2.040-4.654), P < 0.001 and 2.207(1.361-3.581),
P =0.001, respectively.

As shown in Figure 3A, the 5-year OS of immunotype A vs im-
munotype B in both sets were 70.0% vs 37.0% and 68.9% vs 47.5%,
respectively. To further verify the predictive value of the immune
index model, we compared the OS based on immunotypes using
survival curves. Immunotype B patients demonstrated a more
lower OS than immunotype A patients in the training set (Figure 3C,
P =0.002). The results were similar for the validation set (Figure 3C,
P < 0.001). We also conducted a subgroup analysis of OS according
to immunotype in the combined set, and found that immunotype
was an effective prognostic predictor for OS in all the subgroups
(Figure S5).

Univariate and multivariate analysis was performed to further
verify the clinical value of the immune index model. Immunotype
proved to be an effective predictive factor in both sets (P =0.001 and
P = 0.004, respectively; Table 2). Subsequently, all the statistically
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FIGURE 3 Prognostic efficiency of the immune index model in the training set and the validation set. A, Heat map classifying patients
according to the levels of the immune index from left to right. The colors represent the relative counts of five immune cells in every patient.
The 5-year OS of different groups is indicated. B, Smooth hazard ratio (HR) curves show increasing HR of increasing immune index; immune
index = 1 in the training set and the validation set. HR and 95% Cl are calculated by univariate Cox regression. C, Kaplan-Meier analysis of
overall survival (OS) of gallbladder cancer (GBC) patients based on immunotype in the training set and the validation set. D, The receiver
operating characteristic (ROC) and area under curve (AUC) of immunotype, TNM stage and TNM stage + immunotype. Cl, confidence

interval; HR, hazard ratio

significant factors in univariate analysis were included in multivariate
cox proportional hazards analysis, and immunotype (HR: 3.287; 95%
Cl: 1.720-6.278; P < 0.001; and HR: 2.334; 95% Cl: 1.275-4.273,;
P = 0.006; respectively) and TNM stage (HR: 2.301; 95% Cl: 1.312-
4.035; P = 0.004; and HR: 1.798; 95% ClI: 1.065-3.035; P = 0.029;
respectively) were still independent prognostic indicators for OS in
both sets (Table 2).

3.4 | Efficiencies of prognostic models

Hence, we have proved the prognostic value of the immune index
model, but the efficiency of our model was still obscure. Therefore,
we calculated the C-indexes of the immune index model and the
single immune cell models. In the training set, the immune index
model and all the single immune cell models were significant prog-
nostic factors (all P < 0.05), while the C-indexes of the single im-
mune cell models (0.575-0.623) were apparently lower than that of
the immune index model (0.693) (Tables 2 and S2). Moreover, we
extended the application of our immune index model using ROC
analysis. The area under the curve (AUC) of the TNM stage was only
0.677 (95% Cl: 0.578-0.775) in the training set but was elevated to
0.787 (95% Cl: 0.704-0.871) when the immune index model was in-
tegrated (Figure 3D). All the results were similar in the validation set.
Accordingly, we found that our immune index model was more ef-
fective than any single immune cell model and might improve on the

TNM staging system.

3.5 | Correlation between immunotype and
chemotherapy

We evaluated the association between immunotype and gemcit-
abine-based chemotherapy, which was widely used in gallbladder
cancer patients with stage II-1V disease. As shown in Figure 4A, the
OS of the immunotype A patients in the training set was not im-
proved (P = 0.345) after gemcitabine-based chemotherapy, while
the OS of the immunotype B patients was significantly elevated
(P < 0.001). Similar findings were also found in the validation set
(Figure 4B). Treatment with gemcitabine-based chemotherapy was
related to reduced risk of poor survival in immunotype B patients
in both sets (HR, 0.421; 95%Cl, 0.216-0.820; P = 0.008; and HR,
0.459; 95%Cl, 0.236-0.894; P = 0.023; respectively), whereas similar
risk reduction did not occur in immunotype A (HR, 0.663; 95%Cl,
0.177-2.485; P = .544; and HR, 0.680; 95%Cl, 0.206-2.246; P = .529;
respectively) (Figure 4C).

We conduct a subgroup analysis to further explore the influence
of immunotype on chemotherapy. As shown in Figure 4D-F, for
stage Il patients with immunotype B and stage IlI-1V patients with
both immunotype A and immunotype B, gemcitabine-based chemo-
therapy could significantly improve the 5-year overall survival com-
pared with those not receiving gemcitabine-based chemotherapy
(P =0.015, P = 0.030, P = 0.011, respectively). However, for stage
Il patients with immunotype A, gemcitabine-based chemotherapy
could not improve the 5-year overall survival compared with those

not receiving gemcitabine-based chemotherapy (P = .307).
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TABLE 2 Univariate and multivariate
cox regression analysis of overall survival
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Training set Validation set

Hazard ratio

Hazard ratio

Characteristic (95% Cl) P (95% CI) P
Univariate
Age at surgery, years: 0.647 0.097 1.806 0.424
>60 vs <60 (0.387-1.080) (0.476-1.364)
Gender: male vs female 1.266 0.408 0.873 0.641
(0.726-2.206) (0.496-1.539)
TNM stage: Il + IV vs 2.092 0.007 1.915 0.015
1+11 (1.225-3.575) (1.136-3.229)
Differentiation: poor vs 1.617 0.080 1.505 0.133
well-moderately (0.947-2.761) (0.885-2.558)
Surgical margin: positive 2.343 0.015 1.861 0.090
Vs negative (1.186-4.630) (0.911-3.800)
Microvascular invasion: 1.703 0.062 1.018 0.951
present vs absent (0.977-2.969) (0.578-1.795)
Immunotype: Type B vs 2.892 0.001 2.449 0.004
Type A (1.532-5.462) (1.340-4.477)
Macrophages: high 1.013 <0.001 1.008 0.023
vs low (1.006-1.021) (1.001-1.014)
Neutrophils: high vs 1.016 <0.001 1.006 0.026
low (1.009-1.022) (1.001-1.011)
Tregs: high vs low 1.027 <0.001 1.005 0.0858
(1.012-1.042) (0.998-1.013)
CTLs: high vs low 0.990 0.029 0.991 0.029
(0.980-0.999) (0.984-0.998)
Mast cells: high vs low 0.988 0.015 0.989 0.038
(0.979-0.997) (0.979-0.999)
Multivariate
TNM stage: Il + IV vs 2.301 0.004 1.798 0.029
1+ 11 (1.312-4.035) (1.065-3.035)
Surgical margin: positive 1.748 0.124
Vs negative (0.861-3.548)
Immunotype: type B vs 3.287 <0.001 2.334 0.006

type A

(1.720-6.278)

(1.275-4.273)

Bold indicates statistically significant values P < .05.

4 | DISCUSSION

In this study, we integrated five tumor-infiltrating immune cells
in GBC tissue, which we selected based on literature review, and
constructed the immune index model using LASSO regression.
Our model could effectively predict the prognosis and the gemcit-
abine-based chemotherapy benefit for GBC patients. More spe-
cifically, immunotype A patients with a low immune index (Macrop
hage'®" Neu'®" Treg'®" CTLM&"MCMe") had a favorable survival rate,
but there was a reduced benefit on 5-year OS from gemcitabine-
based chemotherapy, especially for stage Il patients. In contrast,
immunotype B patients with a high immune index (Macrophagehi
8h Neu"e" Tregh'sh CTL'*" MC'*") would have a lower survival rate
but greater chemotherapy benefit (Figure S6). Compared with sin-

gle immune cell models, our integrated model had a more precise

prediction efficiency, and could elevate the discriminatory power
of the TNM staging system.

Applying an “immunoscore,” that is, using immunostaining of
CD3" cells and CD8" cells, was first proposed by Galon.?® Based
on the adaptive immune response, the immunoscore model
proved to be a strong prognostic factor for survival of colon can-
cer in a multi-center clinical trial.?? Galon also suggested that
additional markers could be added subsequently to refine the
method even further.3%3! Thanks to the great effort of scientists,
the important roles of innate immune and myeloid-derived cells
were discovered recently.’?%° However, an effective model for
GBC based on both adaptive immune cells and innate immune
cells, both lymphoid-derived cells and myeloid-derived cells, and
both pro-tumor cells and anti-tumor cells, is urgently needed.
Our immune index model for GBC was constructed with this

background. Compared with Galon's immunoscore model, our
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FIGURE 4 Chemotherapy benefits in stage II-1V gallbladder cancer (GBC). A-B, Kaplan-Meier survival curves of GBC patients receiving
chemotherapy or not for immunotype A and immunotype B in the training set (A) and the validation set (B). C, HR for overall survival in stage
I1-1V gallbladder cancer patients receiving chemotherapy or not according to immunotype. Kaplan-Meier survival curves of GBC patients
receiving chemotherapy or not for immunotype A and immunotype B in stage Il (D) and stage IlI-IV (E) in the combined set. F, Subgroup
analysis of chemotherapy benefits according to immunotype in stage Il and stage IlI-IV GBC patients. A combined set was generated by
combing the training and validation set together. Cl, confidence interval; HR, hazard ratio. P < 0.05 is considered statistically significant

immune index model includes additional types of immune cells
and is constructed with a more complicated formula, so that it is
more comprehensive and can reflect the TME more precisely, al-
though the complicated formula might be a hinderance for wide-
spread clinical application.

In our immune index model, macrophages, neutrophils and Tregs
were negative predictors while CTL and mast cells were positive
predictors. This result is in accord with previous literature. CTL are
the main effector cells in TME, which can induce tumor cell apop-
tosis by expressing FasL or secreting perforin, granzyme or IFN-y.15
Mast cells have been reported to activate CTL by releasing TNF-«
and OX40L,***? while Tregs can directly inhibit the killing function of
CTL in a cell-cell contact-dependent manner.*>*> Macrophages can
inhibit the effector function of CTL directly through secretion of PD-
L1, IL-10, TGF-p or ROS, or indirectly by recruiting Tregs or inhibiting
the recruitment and recognition of CTL.*6"#° Neutrophils can secrete
ROS, RNS and neutrophil elastase (NE), IL-1RA, ARG-1 to promote
tumor initiation and tumor growth.?°>2 The role of these immune
cells in TME and their different distribution in patients might be

the reason why GBC patients with same stage had totally different
prognoses.

Interestingly, we found positive correlations between the poor
predictors (macrophages, neutrophils and Tregs) and between the
favorable predictors (CTL and mast cells). There was also a nega-
tive correlation between mast cells and neutrophils. The driving fac-
tor of this result was hard to determine in our study, but it proved
that the immune cells in the TME did not exist independently.
Correspondingly, these immune cells might keep communicating
with each other through direct contact or various cytokines, as men-
tioned above.*43-51

The gemcitabine-based chemotherapy has been proved to pro-
long the survival time of advanced GBC patients and has remained
the first-line regimen since 20047353 However, there is conflicting
evidence regarding the role of gemcitabine for GBC. In a randomized
controlled trial, Edeline (2019) reported that the gemcitabine-based
treatment not only did not bring a survival benefit for GBC but might
even promote tumor recurrence and shorten patients’ survival.® In

our opinion, this situation might be related to the patient's immune
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index. In our study, gemcitabine-based chemotherapy could signifi-
cantly improve the 5-year OS for stage Il patients with immunotype
B and stage IlI-1V patients with both immunotype A and immunotype
B. Nevertheless, for stage Il patients with immunotype A, gemcit-
abine-based chemotherapy did not improve the 5-year overall survival
rate and even led to (insignificant) worse survival. It is reported that
favorable anticancer immunity occurred after chemoradiotherapy,
and elevated CD8 density after chemoradiotherapy was associated
with a favorable clinical outcome.>® While the effect of chemother-
apy on the elevation of CD8 density might be rather weak for the
immunotype A (CTL"&" patients in stage I, insufficient benefit but
more side effects might be the possible reasons for the worse prog-
nosis of immunotype A patients who received chemotherapy in stage
Il compared to patients without chemotherapy. This result is helpful
for the clinical decision of who should receive gemcitabine-based che-
motherapy, and for the prevention of excessive toxicity and unneces-
sary resource consumption. However, we also noticed that the 5-year
OS of immunotype B patients receiving effective chemotherapy was
still lower compared with immunotype A patients who benefit from
gemcitabine-based chemotherapy. Therefore, new treatment options
for them, such as effective targeted therapy and immunotherapy, are
urgently needed.

The present study has some limitations. First, this study is a sin-
gle-center and retrospective study with a relatively small number of
patients. Therefore, more prospective studies or multi-center stud-
ies are needed to verify our results. Second, this study only included
five immune cells, and some other immune cells that could affect
patients’ prognosis might be missed because of the lack of single and
specific markers. We will update our model with further develop-
ment of cell identification methods in the future.

In conclusion, we constructed a new immune index model of
GBC by integrating multiple tumor-infiltrating immune cells. Our im-
mune index model is practical for predicting the prognosis of GBC
patients and might improve on the current TNM staging system.
Furthermore, our data suggest that the immune index model might
be useful for determining which patients are most likely to benefit
from gemcitabine-based chemotherapy.
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