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Purpose The clinical implications of tumor-infiltrating T cell subsets and their spatial distribution in biliary tract cancer (BTC) patients
treated with gemcitabine plus cisplatin were investigated.

Materials and Methods A total of 52 BTC patients treated with palliative gemcitabine plus cisplatin were included. Multiplexed
immunohistochemistry was performed on tumor tissues, and immune infiltrates were separately analyzed for the stroma, tumor
margin, and tumor core.

Results The density of CD8* T cells, FoxP3- CD4* helper T cells, and FoxP3* CD4* regulatory T cells was significantly higher in the
tumor margin than in the stroma and tumor core. The density of LAG3~ or TIM3-expressing CD8* T cell and FoxP3- CD4* helper T cell
infiltrates was also higher in the tumor margin. In extrahepatic cholangiocarcinoma, there was a higher density of T cell subsets in the
tumor core and regulatory T cells in all regions. A high density of FoxP3- CD4* helper T cells in the tumor margin showed a trend toward
better progression-free survival (PFS) (p=0.092) and significantly better overall survival (OS) (p=0.012). In multivariate analyses, a
high density of FoxP3- CD4* helper T cells in the tumor margin was independently associated with favorable PFS and OS.

Conclusion The tumor margin is the major site for the active infiltration of T cell subsets with higher levels of LAG3 and TIM3 expres-
sion in BTC. The density of tumor margin-infiltrating FoxP3- CD4* helper T cells may be associated with clinical outcomes in BTC

patients treated with gemcitabine plus cisplatin.
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Introduction

Biliary tract cancer (BTC) is an aggressive set of diseases
including extrahepatic cholangiocarcinoma (EHCCA), intra-
hepatic cholangiocarcinoma (IHCCA), and gallbladder can-
cer (GBCA). Gemcitabine plus cisplatin (GemCis) is the cur-
rent standard of care for patients with advanced BTC [1];
however, clinical outcomes remain considerably poor with a
median survival of < 1 year in cases of unresectable disease.
Recent advances in molecular classification and the develop-
ment of targeted therapy including fibroblast growth factor
receptor and isocitrate dehydrogenase 1 inhibitors may allow
precision therapy; however, only a small proportion of BTC
patients may benefit from this [2-4].

The efficacy of various immune checkpoint inhibitors (ICIs)
has been investigated in patients with advanced BTC, which
showed encouraging results with objective response rates of

5%-20% and durable responses in a chemotherapy-refractory
setting [5-7]. However, a limited number of patients benefit
from ICIs, highlighting the importance of characterizing the
immune landscape in the tumor microenvironment (TME) of
BTC [8]. Among the different immune subsets, T cell subsets
such as cytotoxic CD8* T cells, helper CD4* T cells, and regu-
latory T cells are recognized as key components in anti-tumor
immune responses [9-11]. Previous studies have examined
the prognostic value of BTC-infiltrating T cells using conven-
tional immunohistochemistry mainly in early-stage resect-
able diseases [12,13]. However, studies are rarely conducted
for unresectable or metastatic diseases. As the immune land-
scape may affect the clinical outcomes of cancer patients in
the context of systemic therapy [14-16], the immune profiles
of patients with advanced BTC treated with systemic thera-
pies should be investigated.

Spatial heterogeneity is one of the key features of the TME
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[17], and the composition and localization of immune infil-
trates substantially vary depending on their dynamic inter-
actions with tumor or stromal cells [18,19]. Notably, the spa-
tial distribution of immune infiltrates in the TME has been
reported to be associated with different clinical implications
in patients who received systemic therapy [14,15]. However,
little is known about the spatial heterogeneity of immune
infiltrates and their clinical implications in BTC, especially in
the context of systemic therapy.

In this study, we performed multiplexed immunohisto-
chemistry (mIHC) to investigate the features of tumor-infil-
trating T cell subsets in BTC patients treated with GemCis.
We focused on their spatial distribution and associated clini-
cal implications.

Materials and Methods

1. Study patients and GemCis therapy

The study patients were selected from a retrospective
cohort of 740 patients with advanced BTC treated with Gem-
Cis as palliative therapy at Asan Medical Center (Seoul,
Korea) (source population) [20]. Among 358 patients who
underwent surgical resection, 60 patients were chosen for
mlIHC analyses, and 52 patients whose specimen passed
quality control for mIHC were included in the study popula-
tion (S1 Fig.). For all study patients, surgical specimens were
used in the analysis of the spatial distribution of immune
subsets.

Gemcitabine (1,000 mg/m? intravenously on days 1 and 8)
and cisplatin (25 mg/m?intravenously on days 1 and 8) were
administered every 3 weeks until disease progression or
unacceptable adverse events occurred. The tumor response
was evaluated every 8-12 weeks using computed tomogra-
phy scans and graded by the Response Evaluation Criteria in
Solid Tumors (RECIST) ver. 1.1.

2. mIHC

Optimized fluorescent mIHC was performed using tyra-
mide signal amplification in the Leica Bond Rx Automated
Stainer (Leica Biosystems, Newcastle, UK). Cells were stained
with antibodies against CD4 (ab133616, Abcam, Cambridge,
UK), CD8 (98941S, Cell Signaling Technology, Danvers, MA
or MCA1817, Bio-Rad, Hercules, CA), FoxP3 (ab20034, Ab-
cam), cytokeratin (NBP2-29429, Novus, Cambridge, UK),
LAG3 (LS-C18692, LSBio, Seattle, WA), TIM3 (45208S, Cell
Signaling Technology), granzyme B (262A-15, Cell Marque,
Rocklin, CA), and CD45RO (ab23, Abcam), and the fluores-
cence signals were captured with the following fluorophores:
Opal 480, Opal 520, Opal 570, Opal 620, Opal 690, and Opal
780. Multiplex-stained slides were obtained using the Vectra

Table 1. Clinical characteristics of the study patients with bil-
iary tract cancer

Age (yr) 59 (35-77)
Male sex 29 (55.8)
ECOG PS

0 28 (53.8)

1 20 (38.5)

2 4(7.7)
Cancer type

EHCCA 18 (34.6)

GBCA 19 (36.5)

THCCA 15 (28.8)
CA 19-9 (U/mL)? 75.8 (0.7-33,589)
Metastasis site

Liver metastasis 23 (44.2)

Lung metastasis 7 (13.5)

Peritoneal metastasis 9(17.3)

Bone metastasis 1(1.9)
Adjuvant therapy prior to GP

Chemotherapy 7 (13.5)

CCRT 13 (25.0)

Values are presented as median (range) or number (%). CA 19-9,
cancer antigen 19-9; CCRT, concurrent chemoradiation therapy;
ECOG, Eastern Cooperative Oncology Group; EHCCA, extra-
hepatic cholangiocarcinoma; GB, gall bladder; GP, gemcitabine
plus cisplatin; IHCCA, intrahepatic cholangiocarcinoma; PS,
performance status. ?CA 19-9 values were available for 37 pati-
ents.

Polaris Quantitative Pathology Imaging System (Perkin Elm-
er, Boston, MA). We subdivided the tumor regions into the
stroma, tumor margin, and tumor core. Regions of interest
(ROIs) representing each subsection were carefully chosenby a
pathologist specializing in BTC (J.S.) based on hematoxylin
and eosin slides and cytokeratin expression. As a small ROI
may inadvertently lead to variations in the results [21], we
selected 7-16 ROIs for each subdivided region and 29-43 ROIs
for each tumor tissue section. The images were analyzed
using inForm 2.4.4 image analysis software (Perkin Elmer)
and Spotfire software (TIBCO Software Inc., Palo Alto, CA).
The counted cell numbers were expressed as the mean num-
ber of cells/mm? for each cell population.

3. Statistical analysis

Statistical analyses were performed using Prism software
ver. 6.0 (GraphPad, La Jolla, CA) or R software ver. 3.4.1
(R Foundation for Statistical Computing, Vienna, Austria).
Paired values were compared using Friedman test and
Dunn’s multiple comparisons test. Kruskal-Wallis test was
used to compare the difference among non-paired values.
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Fig. 1. Quantification of the infiltration of T cell subsets according to the spatial distribution. (A) Representative image of multiplexed
immunohistochemistry (IHC) demonstrating the selection of regions of interest and fluorescence imaging. (B) Spatial distribution patterns
of CD8" T cells, FoxP3- CD4" helper T cells, and FoxP3* CD4" regulatory T cells (Treg) in the tumor core, tumor margin, and stroma. ***p

< 0.001; ns, not significant.

Progression-free survival (PFS) was defined as the time
interval from the initiation of GemCis therapy (index date)
to the date of disease progression (determined using RECIST
v1.1) or death. Overall survival (OS) was defined as the time
interval between the index date and date of death from any
cause. The Kaplan-Meier method was used to estimate sur-
vival outcomes, and the log-rank test was used to compare
these survival outcomes among the subgroups. A p-value of
< 0.05 was considered significant.
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Results

1. Patient characteristics

The baseline characteristics of the 52 study patients with
advanced BTC are summarized in Table 1. The median age
was 59 years (range, 35 to 77 years), and 55.8% of the pati-
ents were male. The Eastern Cooperative Oncology Group
(ECOG) performance status was 0-1 and 2 in 48 patients
(81.4%) and four patients (7.7%), respectively. The primary
tumors of the study patients were as follows: EHCCA in 18
patients (34.6%), GBCA in 19 patients (36.5%), and IHCCA in
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Fig. 2. Spatial distribution of LAG3- and TIM3-expressing T cell subsets. (A, B) The density of LAG3- and TIM3-expressing CD8" T cells,
FoxP3~ CD4" helper T cells, and FoxP3* CD4' regulatory T cells (Treg) in the tumor core, tumor margin, and stroma. *p < 0.05, **p < 0.01,
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15 patients (28.8%). The median cancer antigen 19-9 level was
75.8 U/mL (range, 0.7 to 33,589 U/mL) at the time of the initi-
ation of GemCis therapy. The histology was adenocarcinoma
in all patients. Among the 52 study patients, 16 patients who
received palliative surgery had initially stage IV disease and
36 patients had recurrence following surgery. All patients
received GemCis as first-line therapy for the management of
recurrent or metastatic disease. The median time from sur-
gery to the start of GemCis was 4.72 months (95% confidence
interval [CI], 3.39 to 7.27 months). The patients received a
median of 5 cycles (range, 1 to 42 cycles) of GemCis. Among
14 patients with measurable disease, the best response to
GemCis was partial response in four patients (28.6 %), stable
disease in seven patients (50%), and progressive disease in
three patients (21.4%).

Overall, the median PFS was 6.1 months (95% CI, 4.0 to
11.8 months), and the median OS was 15.2 months (95%
CI, 6.6 to 31.4 months) (S2A Fig.). Survival outcomes were
compared with those of the subgroups of the source popu-

lation, which showed that patients in the study population
had similar survival outcomes when compared with patients
in the non-study group who underwent surgical resection;
however, patients who did not undergo surgical resection
showed inferior PFS and OS (S2B Fig.). Among the patients
in this study, there was no difference in PFS and OS accord-
ing to the initial disease status (initially stage IV vs. recurrent
tumor) (S2C Fig.).

2. Infiltration of T cell subsets in the tumor margin

To quantify the infiltration of T cell subsets according to
their spatial distribution, we first chose ROIs representing
three distinct subdivided regions: stroma, tumor margin,
and tumor core (Fig. 1A). The density of CD8" cytotoxic T
cells, FoxP3~ CD4" helper T cells, and FoxP3* CD4* regula-
tory T cells was significantly higher in the tumor margin than
in the stroma and tumor core (Fig. 1B). The density of these
T cell subset infiltrates was comparable between the stro-
ma and tumor core (Fig. 1B). The absolute number of each
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Fig. 3. Comparison of the density of T cell subset infiltrates according to the primary tumor site. (A-C) The density of CD8* T cells (A),
FoxP3~ CD4" helper T cells (B), and FoxP3* CD4" regulatory T cells (Treg) (C) according to the primary tumor site. EHCCA, extrahepatic
cholangiocarcinoma; GB, gall bladder; IHCCA, intrahepatic cholangiocarcinoma. *p < 0.05, **p < 0.01, ***p < 0.001.

T cell subset per area is presented in S3 Table. The density
of FoxP3~ CD4" helper T cells showed a strong correlation
with that of total T cells in the tumor margin and tumor core;
however, the density of FoxP3- CD4" helper T cells showed a
moderate but significant correlation with that of total T cells
in the stroma (54 Fig.).

The density of CD45RO* CD8* memory T cells and gran-
zyme B* CD8" T cells was the highest in the tumor margin
(S5 Fig.).
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3. High density of TIM3- and LAG3-expressing CD8* T
cells and FoxP3~ CD4" helper T cells in the tumor margin
We examined T cell subsets that expressed the immune
checkpoint receptors LAG3 and TIM3. The density of LAG3-
expressing CD8" cytotoxic T cells and FoxP3~ CD4* helper
T cells was the highest in the tumor margin; however, there
was no significant difference in their density between the
stroma and tumor core (Fig. 2A). Likewise, the density of
LAG3* FoxP3™ CD4" helper T cells was higher in the tumor
margin than in the stroma and tumor core (Fig. 2B). The den-
sity of TIM3* CD8" cytotoxic T cells was the highest in the
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Fig. 4. Survival outcomes of biliary tract cancer patients according to the density of FoxP3~ CD4" helper T cells. (A, B) Progression-free
survival (A) and overall survival (B) of biliary tract cancer patients treated with gemcitabine plus cisplatin according to the density of
FoxP3~ CD4" helper T cells in the tumor core, tumor margin, and stroma.

tumor margin, and the tumor core exhibited a higher density the tumor site (Fig. 3C).
of TIM3* CD8" infiltrates compared with the density in the

stroma (Fig. 2B). Although the density of LAG3* or TIM3* 5. Association of the density of FoxP3-CD4* helper T cells

FoxP3* CD4* regulatory T cells was higher in the tumor mar- in the tumor margin with the survival outcomes of BTC
gin than in the stroma, there was no difference between the patients treated with GemCis
tumor margin and tumor core (Fig. 2A and B). Following the determination of regional differences in the

density of immune infiltrates, we examined the association
4. Comparison of the density of T cell subset infiltrates between the density of T cell subset infiltrates and the effi-
according to the primary tumor site cacy of GemCis. Survival outcomes did not differ according
The density of CD8" cytotoxic T cells in the stroma and to the density of CD8* cytotoxic T cell infiltrates (= median
tumor margin was comparable among EHCCA, GBCA, and vs. < median) in each tumor site: PFS (p=0.230, p=0.170, and
[HCCA; however, the density in the tumor core was signifi- p=0.440 for stroma, tumor margin, and tumor core, respec-
cantly higher in EHCCA than in GBCA and IHCCA (Fig. 3A). tively); OS (p=0.640, p=0.220, and p=0.460 for stroma, tumor
The density of FoxP3- CD4* helper T cells also showed no dif- margin, and tumor core, respectively) (S6A and S6B Fig.).
ference among the cancer types in the stroma and tumor mar- The density of FoxP3~ CD4" helper T cells (= median vs.
gin; however, the density of the infiltrates in the tumor core < median) in the stroma and tumor core was not associated
was the highest in EHCCA (Fig. 3B). The density of FoxP3* with PFS (p=0.490 and p=0.110 for stroma and tumor core,
CD#4' regulatory T cells was higher in EHCCA regardless of respectively) and OS (p=0.970 and p=0.220 for stroma and
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Table 2. Factors associated with progression-free survival and overall survival

Progression-free survival

Variable Univariate

HR (95% CI) p-value

Helper T cell density 0.52 (0.26-1.02)  0.058

>median
Age 1.00 (0.97-1.03)  0.947 -
Male sex 0.90 (0.46-1.75)  0.749 -
Measurable disease® 1.06 (0.5-2.21) 0.887 -
Initially stage IV 1.27(0.60-2.69)  0.536 -
ECOG PS >2 3.12 (1.51-6.43)  0.002

Multivariate
HR (95% CI)
0.35 (0.17-0.74)

4.25 (1.95-9.26) < 0.001

Overall survival
Multivariate

HR (95% CI)

0.34 (0.17-0.71)  0.004

Univariate
pvalue HR(95% CI) p-value
0.005 0.42(0.21-0.85)  0.016

p value

- 1.00 (0.97-1.04)  0.893 - -
- 0.83 (0.42-1.64)  0.598 - -
- 132 (0.63-2.76)  0.466 - -
- 1.02 (0.50-2.11)  0.951 - -
240(1.19-4.80) 0.014  2.91(1.42-596) 0.004

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazards ratio; PS, performance status; RECIST, Response Evalu-

ation Criteria in Solid Tumors. ?Measurable disease by RECIST.

tumor core, respectively) (Fig. 4A and B). In contrast, a high
density of FoxP3~ CD4" helper T cells in the tumor margin
(= median) showed a trend toward better PFS (p=0.092) and
significantly better OS (p=0.012) (Fig. 4A and B). Multivariate
analyses revealed that a higher density of FoxP3~ CD4" help-
er T cells (> median) was independently associated with both
PFS (hazards ratio [HR], 0.34; 95% CI, 0.17 to 0.74; p=0.005)
and OS (HR, 0.34; 95% CI, 0.17 to 0.71; p=0.004) (Table 2).
However, a comparison based on the cancer type showed
that the difference in PFS and OS according to the density
of FoxP3~ CD4" helper T cells did not reach statistical signifi-
cance (S7 Fig.).

The density of FoxP3* CD4" regulatory T cells was not
associated with PFS (p=0.980, p=0.790, and p=0.520 for stro-
ma, tumor margin, and tumor core, respectively) and OS
(p=0.360, p=0.890, and p=0.600 for stroma, tumor margin,
and tumor core, respectively) (S8A and S8B Fig.).

Discussion

In the current study, we showed that the tumor margin
but not the stroma and tumor core is the main site for the
active infiltration of T cell subsets through mIHC analysis.
LAGS3- and TIM3-expressing T cell subsets were also mostly
observed in the tumor margin. Importantly, a higher density
of FoxP3~ CD4" helper T cell infiltrates in the tumor margin
was independently associated with favorable PFS and OS
following first-line GemCis. To the best of our knowledge,
this is the first BTC study to focus on the spatial distribution
of key T cell subsets and their clinical implications in a sys-
temic chemotherapy setting.

Although the immune heterogeneity among cancer pati-
ents is well known [22-24], the heterogeneity of immune sub-
sets according to their location remains unclear. We aimed
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to address this issue by sub-sectioning the tumor tissue into
the stroma, tumor margin, and tumor core, which cannot be
achieved by analyzing the whole tissue section. The clinical
value of the spatial distribution of immune cells has been
reported for other cancer types. The density of CD8" T cells in
the invasive tumor margin rather than the tumor center dem-
onstrated the best predictive capacity in predicting ant—pro-
grammed death-1 responses in melanoma patients [15]. On
the other hand, a higher level of intratumoral but not peritu-
moral CD8" T cells in conjunction with a low level of myeloid
cells was reported to be associated with favorable outcomes
in melanoma patients treated with mitogen-activated protein
kinase inhibitors. Taken together with our results showing
the association between clinical outcomes and the localiza-
tion of FoxP3~ CD4" helper T cells, the findings suggest that
the spatial distribution of immune cells could be an impor-
tant factor associated with clinical outcomes and should be
considered when evaluating the immune microenvironment.

Given that TIM3 and LAG3 are expressed on a highly acti-
vated and exhausted T cells [23], the abundance of LAG3 and
TIM3 expression in the tumor margin suggests that this is
the major site where the active engagement of T cells against
tumor cells and resulting T cell exhaustion occur. Therefore,
for the evaluation of active anti-tumor immune responses, it
would be reasonable to obtain tumor tissues from the inter-
face between the tumor and stroma and focus the pathologi-
cal analysis on the invasive tumor margin.

CD8" T cells have been implicated as a key T cell subset
in mounting anti-tumor responses [12,13] and ICI respons-
es [15]. However, emerging evidence suggests that CD4' T
cells may also play important roles. From a classical perspec-
tive, CD4" helper T cells are known to promote the priming
of tumor-specific CD8" T cells and help elicit durable T cell
responses by interacting with dendritic cells (DCs) in an
MHC class II-dependent manner [10]. Recently, it has been
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reported that clonally expanded tumor-infiltrating CD4"
T cells can directly kill autologous tumor cells, and their
function can be suppressed by regulatory CD4" T cells [25].
Another study showed that the anti-tumor CD4* T cell res-
ponse against MHC class II-restricted neoantigens was criti-
cal for tumor rejection [25]. Moreover, a previous study of
cholangiocarcinoma showed that the abundance of mature
DCs in the invasive margin coincided with the enrichment
of CD4* T cells in the peritumoral area [26]. Therefore, con-
sidering the prognostic relevance of CD4* helper T cells in
the tumor margin observed in our study, we assume that the
heterogeneity of the interaction between DCs and CD4* help-
er T cells among BTC cases may be an important factor that
affects the magnitude of the anti-tumor response and ulti-
mately survival outcomes. In addition, as cisplatin has been
suggested to promote DC maturation and antigen presenta-
tion [27], it is also possible that cisplatin might have positive-
ly affected the helper T cell response in our clinical setting.
This is in agreement with the findings of a previous study of
non-small cell lung cancer, which suggested that the activa-
tion of preexisting tumor-specific CD4" T cells may promote
an anti-tumor immune response that acts in synergy with cis-
platin-based doublet chemotherapy [16]. Other mechanisms
such as the induction of the immunogenic milieu enriched
with helper T cell activating proinflammatory cytokines by
chemotherapy [28] may also explain our findings.

FoxP3~ CD4" helper T cells and FoxP3* CD4" regulatory T
cells play opposite roles in anti-tumor immunity [10,11,25];
thus, our results showing an association between OS and
FoxP3~ CD4" helper T cells but not FoxP3* CD4" regulatory
T cells suggest the need for a separate evaluation of these
CD4' subsets. Considering that the difference between these
CD4" subsets is not detectable by conventional IHC, our
multiplexed approach enhanced the quality of the analysis.
This novel quantitative multispectral imaging method has
been validated to reflect conventional IHC-based immune
cell evaluation [29] and is increasingly used to assess the
immune profiles of the TME [30]. Its clinical usefulness
deserves further investigation in future studies dealing with
various immune subsets and clinical settings.

A comparison among the cancer types revealed a higher
density of T cell subsets in the tumor core and regulatory T
cells in the examined regions in EHCCA. This is in agreement
with a previous study showing the increased infiltration of
CD8' T cells in EHCCA [13]. However, given the uncertain
clinical value of immune cells including regulatory T cells in
our analysis, cancer type—specific immune features and their
implications should be further investigated.

One of the limitations of this study is the use of surgical
specimens that were not necessarily obtained just before
GemCis therapy. We included patients with recurrence

because there has been no report suggesting immune profiles
substantially differ between primary and recurrent BTC, and
the time from surgery to the start of GemCis was relatively
short (median, 4.72 months). Nevertheless, the possibility
that recurrent tumors may exhibit different immune profiles
cannot be excluded, which may limit the interpretation of our
results. In addition, the inclusion of patients who underwent
surgical resection leading to reduced tumor burden may not
be fully representative of the total BTC patient population
treated with GemCis. Nevertheless, studies on spatial hetero-
geneity require sufficient tissue sections; thus, our approach
of using surgical specimens may be the only appropriate
method in an advanced disease setting. Moreover, among
the patients included in this study, there was no difference
in PFS and OS according to the initial disease status, suggest-
ing that our survival data were at least not affected by the
initial disease status. The interpretation of our results is also
limited by the relatively small number of patients included
in this study, which precluded statistically meaningful sub-
group analyses. Validation of the clinical implications of the
spatial distribution of immune subsets is necessary with
independent cohorts and in the context of ICI treatment for
the generalizability of our results.

In conclusion, the tumor margin is the major site for the
active infiltration of T cell subsets with higher levels of LAG3
and TIM3 expression in BTC. The tumor margin should be
the focus of studies evaluating the immune profiles of pati-
ents with BTC. Tumor margin-infiltrating FoxP3~ CD4" help-
er T cells appear to be a key population associated with clini-
cal outcomes in BTC patients. Their clinical value for BTC
warrants further investigation in other therapeutic contexts.
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