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Background: The assessment of tumor-infiltrating lymphocytes (TILs) has led to the development of various
immunotherapies beyond their predictive potential in gastrointestinal malignancies. However, the clinicopathologic
and prognostic values of TILs have yet to be well elucidated in distal extrahepatic bile duct carcinoma (DBDC).
Patients and methods:We evaluated stromal TILs (sTILs) and intraepithelial TILs (iTILs) in 405 surgically resected DBDCs
to analyze their correlations with overall survival (OS) and recurrence-free survival (RFS) and with clinicopathologic
parameters according to the eighth edition of the American Joint Committee on Cancer scheme.
Results: High levels of sTIL density (sTILHigh; >5%) and iTIL count (iTILHigh; >3) were found in 245 (61%) and 74 cases
(18%), respectively. sTILHigh was more commonly found in larger tumors (P ¼ 0.048) diffusely involving both intra- and
extrapancreatic bile ducts (P ¼ 0.013), in tumors with lower T category (P ¼ 0.002), and in tumors without pancreatic
(P ¼ 0.003) or duodenal invasion (P < 0.001). iTILHigh was associated with tumors with papillary or nodular growth
pattern (P < 0.001) without perineural invasion (P ¼ 0.006). Both sTILHigh and iTILHigh significantly predicted better
OS (P ¼ 0.009 and 0.036, respectively) and RFS (P ¼ 0.003 and 0.026, respectively). sTIL consistently provided
prognostic predictability in OS, even when tested with different quantitative cut-offs and prognostically stratified OS
(P ¼ 0.006) and RFS (P ¼ 0.005) on multivariate analysis. The survival benefit of sTILHigh persisted regardless of the
stage in both OS (P ¼ 0.010 for lower stages I and II and P ¼ 0.001 for higher stages III and IV) and RFS (P ¼ 0.004
and 0.025 for lower- and higher-stage tumors, respectively).
Conclusions: sTILs were superior to iTILs in predicting survival, and it was shown to be a strong prognosticator for DBDC
patients regardless of the stage. The utility of sTILs may extend beyond prognostication to aid in predicting therapeutic
responses in DBDC patients.
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INTRODUCTION

Extrahepatic bile duct carcinoma (EBDC) is highly prevalent
in Eastern Asian countries, including Korea.1 When
analyzing the global incidence trend of EBDC from 1993 to
2012, Korea has the highest age-standardized incidence rate
(ASR) of EBDC.2 In 2020, it was projected that there would
be 7452 new estimated cases of EBDCs or gallbladder car-
cinomas (GBCs) in Korea, while the ASR was projected to be
6.2 per 100 000 person-years.3 EBDCs can be further divided
into proximal (PBDCs) or distal extrahepatic bile duct
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carcinomas (DBDCs) according to their anatomic locations,
and DBDCs develop distally to the insertion of the cystic
duct.4 The stage of DBDC has been assessed using an in-
dependent staging system from the seventh edition of the
American Joint Committee on Cancer (AJCC) staging
scheme.4 In the eighth edition DBDC staging system, the T
and N categories were modified to reflect the depth of
tumor invasion (in millimeters) and the number of meta-
static nodes.4

DBDC is an aggressive neoplasm, the resectability of
which is a critical factor associated with outcome.1 How-
ever, even with a highly radical surgical approach, the
prognosis of DBDC is poor, as the 5-year survival rate is
estimated to be 20%-30%.1 Non-standardized adjuvant
therapy and limited prognostic factors also contribute to
the difficulty of treating DBDC.1 The stage of the disease at
presentation is the most important prognosticator of pa-
tients with DBDC.1 In conjunction with the revised staging
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system, it is necessary to identify more useful and reliable
parameters that can effectively predict prognosis and be
applied to treatment.

Over the past few decades, the tumor microenvironment
has emerged as a determinant of tumor behavior and
therapeutic modality.5 In addition to cancer cells and the
surrounding stroma, immune cells contribute to pro- or
antitumor activities in the tumor microenvironment.5

Among the invading inflammatory cells, tumor-infiltrating
lymphocytes (TILs) serve as key factors of antitumor im-
mune response by recognizing tumor antigens and killing
tumor cells.6 Numerous studies have reported on the sur-
vival benefit of high levels of intratumoral TILs, i.e. of either
intraepithelial TILs (iTILs) or stromal TILs (sTILs), in different
malignancies.7,8 In carcinomas of the gastrointestinal tract,
the initial research interest in TILs was focused on an as-
sociation of iTILs with microsatellite instability (MSI).8

However, it has more recently shifted to sTILs and their
association with immunotherapy.8 Studies examining TILs in
DBDCs have been very rare, and they have to this point
mainly been limited to CD8þ Tcell infiltration with incon-
sistent cut-off criteria and prognostic predictability.6,9-16

Following the TOPAZ-1 trial, durvalumab, a programmed
cell death-ligand 1 (PD-L1) inhibitor, plus gemcitabine and
cisplatin, was approved for the first-line treatment of pa-
tients with all advanced bile duct carcinomas (BDCs).17

Although immunotherapy has recently emerged as a
promising therapeutic modality in BDCs including DBDCs,
TILs in DBDCs have yet to be comprehensively investigated.

In this study, we analyzed the associations of TILs with
clinicopathologic factors, including the staging system, in
patients with DBDC. We also assessed the predictive values
of TILs for both overall survival (OS) and recurrence-free
survival (RFS).

PATIENTS AND METHODS

Study population

The tumor slides of 405 surgically resected primary DBDCs
were retrospectively collected from Asan Medical Center
(2008-2015) and Incheon St. Mary’s Hospital (2001-2013).
Institutional review board approval was obtained from each
institution (2013-0527 and OC13SISI0162) and the require-
ment for patient consent was waived because data were
obtained retrospectively and anonymized. No patients who
received neoadjuvant chemotherapy were included.

Clinical and survival data were extracted from medical
records, including patient age and sex, operation date, most
recent follow-up date, postoperative chemotherapy, recur-
rence date, and patient survival status. All tumor slides
were reviewed to ascertain the World Health Organization
(WHO) 2019 system (macroscopic and histologic types) and
the eighth edition of the AJCC scheme (T and N categories
and stage grouping) as well as other histomorphologic pa-
rameters.1,4 Tumor location [intrapancreatic, extrapancre-
atic, and diffuse (both extra- and intrapancreatic)] was also
evaluated18: Intrapancreatic DBDCs were located within the
intrapancreatic bile duct, while extrapancreatic tumors
2 https://doi.org/10.1016/j.esmoop.2024.103969
were located in bile ducts outside of the pancreas, distal to
the junction of the cystic and common bile ducts.18 Diffuse
tumors indicated cases that diffusely involved extrap-
ancreatic and intrapancreatic bile ducts.18
Quantification of TILs

Representative slides showing the deepest tumor invasion
were selected for the quantification of TILs. sTILs and iTILs
were assessed by one experienced pathologist (SA) who
was blinded to the patients’ clinicopathologic data. sTILs
density was scored as the percentage of the stromal area
occupied by TILs over the total intratumoral stromal areas
according to the 2014 International TIL Working Group
(ITWG) guidelines (Figure 1)5: sTIL densities were assessed
only in mononuclear cells that included lymphocytes and
plasma cells within the border of invasive tumors using a
20� objective.5 sTILs outside the tumor border and around
carcinoma in situ and normal glands were excluded.5 sTIL
densities were classified as 0%, 1% (�1%), 5% (2%-5%), 10%
(6%-10%), or in additional 10% increments, and the average
sTIL density was calculated using 10 randomly selected
fields.19 For iTILs, the average number of TILs inside cancer
cell nests per 10 high-power fields (HPFs) was calculated, as
has been described in previous studies (Figure 1).20 To
dichotomize TIL levels, we independently analyzed sTIL
density and iTIL count based on receiver operating charac-
teristic (ROC) curve analyses to maximize their sensitivity
and specificity in predicting OS.19,20 Interobserver agree-
ment was assessed in 362 randomly selected cases, and TILs
were independently evaluated by another experienced
pathologist (S-YJ) using the same method.
Statistical analysis

Data analysis was carried out using SPSS Statistics for
Windows (version 28.0; IBM, Armonk, NY) and MedCalc
statistical software (version 20.109; MedCalc Software Ltd,
Ostend, Belgium). The associations between TILs and clini-
copathologic variables were analyzed using Student’s t-test
and c2 and/or Fisher’s exact test. The concordance of TIL
levels between pathologists was assessed using Cohen’s
kappa coefficient. Survival between groups was compared
using the Kaplan‒Meier curves, while statistical significance
was assessed using the log-rank test and Cox proportional
hazard regression analyses. OS and RFS were estimated
from the date of surgery to the date of the event (death or
last follow-up in OS and recurrence of cancer in RFS). A P
value of <0.05 was considered to indicate a statistically
significant difference.

RESULTS

Clinicopathologic characteristics and associations with TILs

The clinicopathologic findings and associations with TILs
are denoted in Table 1. Of the 405 patients, 369
(91.1%) underwent pancreaticoduodenectomy, either as
a Whipple procedure or a pylorus-preserving pan-
creaticoduodenectomy, and 36 (8.9%) underwent bile duct
Volume 9 - Issue 11 - 2024
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Figure 1. Quantitative assessment of TILs on H&E sections. iTIL count inside cancer cell nests (arrowheads) and sTIL density in the intratumoral stromal compartment
(unshaded area). Representative images of (A-B) iTILHigh and sTILHigh and (C-D) iTILLow and sTILLow. Original magnification, A-D, �200.
H&E, hematoxylin and eosin; iTIL, intraepithelial tumor-infiltrating lymphocyte; iTILHigh, high level of iTIL count; iTILLow, low level of iTIL count; sTIL, stromal tumor-
infiltrating lymphocyte; sTILHigh, high level of sTIL density; sTILLow, low level of sTIL density; TILs, tumor-infiltrating lymphocytes.
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resection with cholecystectomy. The patients were 261
males (64.4%) and 144 females (35.6%) ranging in age from
30 to 86 years old (mean 66.4 years). The mean size of
DBDC was 2.7 cm (range 0.5-7.0 cm). Regarding tumor
location, DBDCs were classified into intrapancreatic (328
cases, 81.0%), extrapancreatic (56, 13.8%), and diffuse (21,
5.2%) types. Macroscopically, most (316 cases, 78.0%) tu-
mors showed a sclerosing growth pattern, with 63 (15.6%)
cases of a nodular growth pattern and 26 (6.4%) cases of a
papillary growth pattern. Histologic subtypes included 377
tubular adenocarcinomas (93.1%), 21 adenocarcinomas
arising from intraductal papillary neoplasm of the bile duct
(IPNB) (5.2%), four undifferentiated carcinomas (1.0%), two
adenosquamous carcinomas (0.5%), and one mucinous
carcinoma (0.2%). Based on the AJCC scheme, 124 DBDCs
were of T1 (30.6%), 201 were of T2 (49.6%), and 80 were of
T3 (19.8%); no case of T4 was present in this study. Nodal
metastases were observed in 145 tumors (35.8%), including
N1 (112, 27.7%) and N2 (33, 8.1%). Subsequently, there
were 105 tumors of stage I (25.9%), 266 of stage II (65.7%),
32 of stage III (7.9%), and 2 of stage IV (0.5%). The median
follow-up period after surgical resection was 39.6 � 51.0
months (range 1.1-184.3 months); 178 patients (44.0%) had
cancer recurrence or metastases during follow-up.

sTILs and iTILs were variably seen in DBDCs. The mean
levels of sTIL density and iTIL count were 15.5 � 18.8%
(range 0%-96.0%) and 1.7 � 2.9 (range 0-21.0), respectively.
Volume 9 - Issue 11 - 2024
The median sTIL density and iTIL count were 8.0% and 0.4,
respectively. Based on the ROC analyses, high levels of sTIL
density (sTILHigh) and iTIL count (iTILHigh) were defined as
cut-off values of >5% and of >3, respectively (Figure 1).
sTILHigh and iTILHigh were observed in 60.5% (245 cases) and
18.3% (74 cases) of DBDCs, respectively. sTILHigh was more
common in DBDCs with a larger tumor size (P ¼ 0.048), a
lower T category (P ¼ 0.002), and diffuse involvement of
extrapancreatic and intrapancreatic bile ducts (P ¼ 0.013),
and in tumors without pancreatic (P ¼ 0.003) or duodenal
invasion (P < 0.001) (Table 1). Meanwhile, iTILHigh was
more commonly found in DBDCs with papillary and nodular
growth patterns (P < 0.001) and the adenosquamous car-
cinoma histologic subtype (P ¼ 0.047), as well as those
without perineural invasion (P ¼ 0.006) (Table 1). The kappa
values for sTILs and iTILs were 0.79 and 0.67, respectively,
indicating substantial agreement (Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2024.103
969).
Survival analysis

In the univariate analysis of OS (Table 2), sTIL (P ¼ 0.009),
iTIL (P ¼ 0.036), age (P ¼ 0.022), tumor size (P ¼ 0.001),
growth pattern (P < 0.001), tumor location (P ¼ 0.042),
histologic differentiation (P ¼ 0.003), lymphovascular
(P ¼ 0.001) and perineural invasion (P ¼ 0.018), pancreatic
https://doi.org/10.1016/j.esmoop.2024.103969 3
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Table 1. Association between clinicopathologic factors and TIL in patients with DBDC

Variable, n (%) sTIL iTIL

sTILLow sTILHigh P value iTILLow iTILHigh P value

No. of patients (n ¼ 405) 160 (39.5) 245 (60.5) 331 (81.7) 74 (18.3)
Operation method
Pancreaticoduodenectomy
including Whipple

369 (91.1) 147 (39.8) 222 (60.2) 0.662 301 (81.6) 68 (18.4) 0.794

Bile duct resection 36 (8.9) 13 (36.1) 23 (63.9) 30 (83.3) 6 (16.7)
Age (years, mean � SD) 66.4 � 9.5 65.9 � 10.0 66.7 � 9.1 0.412 66.4 � 9.7 66.0 � 8.6 0.734
Tumor size (cm, mean � SD) 2.7 � 1.2 2.6 � 1.1 2.8 � 1.2 0.048* 2.7 � 1.2 2.9 � 1.1 0.124
Sex 0.654 0.853
Male 261 (64.4) 101 (38.7) 160 (61.3) 214 (82.0) 47 (18.0)
Female 144 (35.6) 59 (41.0) 85 (59.0) 117 (81.2) 27 (18.8)

Gross pattern 0.123 <0.001*

Papillary 26 (6.4) 7 (26.9) 19 (73.1) 17 (65.4) 9 (34.6)
Nodular 63 (15.6) 20 (31.7) 43 (68.3) 43 (68.3) 20 (31.7)
Sclerosing 316 (78.0) 133 (42.1) 183 (57.9) 271 (85.8) 45 (14.2)

Tumor location 0.013* 0.591
Extrapancreatic 56 (13.8) 21 (37.5) 35 (62.5) 48 (85.7) 8 (14.3)
Intrapancreatic 328 (81.0) 137 (41.8) 191 (58.2) 267 (81.4) 61 (18.6)
Diffuse (both extra- and intrapancreatic) 21 (5.2) 2 (9.5) 19 (90.5) 16 (76.2) 5 (23.8)

Histologic subtype 0.608 0.047*

Tubular adenocarcinoma 377 (93.1) 153 (40.6) 224 (59.4) 311 (82.5) 66 (17.5)
Mucinous carcinoma 1 (0.2) 0 1 (100) 1 (100) 0
Adenocarcinoma arising from IPNB 21 (5.2) 6 (28.6) 15 (71.4) 15 (71.4) 6 (28.6)
Adenosquamous carcinoma 2 (0.5) 0 2 (100) 0 2 (100)
Undifferentiated carcinoma 4 (1.0) 1 (25.0) 3 (75.0) 4 (100) 0

Histologic differentiation 0.146 0.730
Well differentiated 72 (17.8) 21 (29.2) 51 (70.8) 56 (77.8) 16 (22.2)
Moderately differentiated 265 (65.4) 108 (40.8) 157 (59.2) 218 (82.3) 47 (17.7)
Poorly differentiated 64 (15.8) 30 (46.9) 34 (53.1) 53 (82.8) 11 (17.2)
Undifferentiated 4 (1.0) 1 (25.0) 3 (75.0) 4 (100) 0

Lymphovascular invasion 0.527 0.271
Absent 223 (55.1) 85 (38.1) 138 (61.9) 178 (79.8) 45 (20.2)
Present 182 (44.9) 75 (41.2) 107 (58.8) 153 (84.1) 29 (15.9)

Perineural invasion 0.294 0.006*

Absent 84 (20.7) 29 (34.5) 55 (65.5) 60 (71.4) 24 (28.6)
Present 321 (79.3) 131 (40.8) 190 (59.2) 271 (84.4) 50 (15.6)

Pancreatic invasion 0.003* 0.129
Absent 139 (34.3) 41 (29.5) 98 (70.5) 108 (77.7) 31 (22.3)
Present 266 (65.7) 119 (44.7) 147 (55.3) 223 (83.8) 43 (16.2)

Duodenal invasion <0.001* 0.935
Absent 294 (72.6) 99 (33.7) 195 (66.3) 240 (81.6) 54 (18.4)
Present 111 (27.4) 61 (55.0) 50 (45.0) 91 (82.0) 20 (18.0)

Gallbladder invasion 0.221 0.193
Absent 338 (83.5) 138 (40.8) 200 (59.2) 280 (82.8) 58 (17.2)
Present 67 (16.5) 22 (32.8) 45 (67.2) 51 (76.1) 16 (23.9)

Cancer involvement of
bile duct margin

0.204 0.902

R0 354 (87.4) 144 (40.7) 210 (59.3) 289 (81.6) 65 (18.4)
R1 51 (12.6) 16 (31.4) 35 (68.6) 42 (82.4) 9 (17.6)

Postoperative chemotherapy 0.065 0.915
Absent 277 (68.4) 101 (36.5) 176 (63.5) 226 (81.6) 51 (18.4)
Present 128 (31.6) 59 (46.1) 69 (53.9) 105 (82.0) 23 (18.0)

Nodal metastasis 0.154 0.140
Absent 260 (64.2) 96 (36.9) 164 (63.1) 218 (83.8) 42 (16.2)
Present 145 (35.8) 64 (44.1) 81 (55.9) 113 (77.9) 32 (22.1)

T category 0.002* 0.121
T1 124 (30.6) 38 (30.6) 86 (69.4) 94 (75.8) 30 (24.2)
T2 201 (49.6) 78 (38.8) 123 (61.2) 169 (84.1) 32 (15.9)
T3 80 (19.8) 44 (55.0) 36 (45.0) 68 (85.0) 12 (15.0)
T4 0 0 0 0 0

N category 0.128 0.333
N0 260 (64.2) 96 (36.9) 164 (63.1) 218 (83.8) 42 (16.2)
N1 112 (27.7) 53 (47.3) 59 (52.7) 87 (77.7) 25 (22.3)
N2 33 (8.1) 11 (33.3) 22 (66.7) 26 (78.8) 7 (21.2)
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Table 1. Continued

Variable, n (%) sTIL iTIL

sTILLow sTILHigh P value iTILLow iTILHigh P value

Stage grouping 0.087 0.309
I 105 (25.9) 33 (31.4) 72 (68.6) 82 (78.1) 23 (21.9)
II 266 (65.7) 116 (43.6) 150 (56.4) 222 (83.5) 44 (16.5)
III 32 (7.9) 11 (34.4) 21 (65.6) 26 (81.2) 6 (18.8)
IV 2 (0.5) 0 2 (100) 1 (50.0) 1 (50.0)

DBDC, distal extrahepatic bile duct carcinoma; IPNB, intraductal papillary neoplasm of the bile duct; iTIL, intraepithelial tumor-infiltrating lymphocyte; iTILHigh, high level of iTIL
count; iTILLow, low level of iTIL count; R0, microscopically free of tumor; R1, microscopically positive margin; SD, standard deviation; sTIL, stromal tumor-infiltrating lymphocyte;
sTILHigh, high level of sTIL density; sTILLow, low level of sTIL density; TIL, tumor-infiltrating lymphocyte.
*Significant at the level of P < 0.05.
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(P ¼ 0.025) and duodenal invasion (P < 0.001), bile duct
resection margin status (P < 0.001), and T and N categories
as well as stage grouping (P < 0.001, all) were all found to
significantly affect patient survival. Multivariate analysis
showed significant associations between better OS and
sTILHigh (P ¼ 0.006), younger age (P ¼ 0.011), smaller tumor
size (P ¼ 0.031), differentiated tumors (P ¼ 0.017), margin
negativity (P ¼ 0.003), and lower T (P ¼ 0.008) and N
categories (P < 0.001).

In the univariate analysis of RFS (Table 3), sTIL (P ¼
0.003), iTIL (P ¼ 0.026), tumor size (P ¼ 0.006), growth
pattern (P ¼ 0.001), histologic differentiation (P ¼ 0.021),
lymphovascular (P ¼ 0.002) and perineural invasion (P ¼
0.035), pancreatic (P ¼ 0.005) and duodenal invasion (P <
0.001), and T and N categories as well as stage grouping (P
< 0.001, all) were all found to be significantly associated
with survival. Multivariate analysis revealed that sTILHigh

(P ¼ 0.005) remained as an independent prognostic factor
along with smaller tumor size (P ¼ 0.047), papillary or
nodular growth pattern (P ¼ 0.023), and lower T (P ¼
0.045) and N categories (P < 0.001).
Prognostic value of sTILs for survival based on stages

A survival analysis for lower (stages I and II; n ¼ 371) and
higher disease stages (stages III and IV; n ¼ 34) was con-
ducted to investigate the prognostic value of sTILHigh in this
subgroup. The survival benefit of sTILHigh for OS persisted in
DBDCs with lower and higher disease stages (Figure 2). In
lower-stage tumors, the OS time of patients with sTILHigh

was significantly longer than it was in those with sTILLow

(median 54.9 versus 36.1 months; P ¼ 0.010). There was
also a significant difference in OS time between patients
with sTILHigh and sTILLow (21.6 and 11.2 months, respec-
tively; P ¼ 0.001) in higher-stage tumors.

For RFS, sTILHigh significantly predicted better survival
within lower- (stages I and II; n ¼ 324) and higher-stage
tumors (stages III and IV; n ¼ 29) (Figure 2). In DBDCs
with lower disease stages, patients with sTILHigh had longer
survival times than those with sTILLow (median 53.5 versus
20.8 months; P ¼ 0.004). Similarly, sTILHigh was related to
better RFS in patients with higher-stage tumors (14.6 and
6.4 months in sTILHigh and sTILLow, respectively; P ¼ 0.025).
Volume 9 - Issue 11 - 2024
DISCUSSION

BDCs have shown relevant differences in density, compo-
sition, and impact on patient survival of TILs according to
the tumor site.10,21 The comparative analysis of the spatial
distribution of TILs exhibited a higher density of CD8þ and
CD4þ T cells in the tumor core of EBDCs than there were in
intrahepatic bile duct carcinomas (IBDCs) and GBCs.21 In the
analysis of the impact of TILs on survival regarding the
subtypes of BDCs, granzyme-Bþ CD8þ T cells were shown
to be linked to prognosis in DBDCs and IBDCs, but no such
association was found in PBDCs.10 Therefore, the immune
microenvironment of DBDCs is anticipated to be different
than that of other BDCs. DBDCs characteristically have a rich
desmoplastic stroma that actively interacts with immune
and inflammatory cells.6 Although TILs are the most
important determinants in the adaptive antitumor immu-
noresponse, TILs in DBDC have attracted relatively little
attention. There have been a few studies examining the
prognostic potential of TILs in DBDCs; however, all of them
have been limited by the fact that they collected EBDCs
without distinguishing between DBDCs and PBDCs, used
older versions of staging systems, and included a small
number of DBDCs (<50 cases) (Supplementary Table S2,
available at https://doi.org/10.1016/j.esmoop.2024.
103969).10-16 Moreover, TILs were analyzed without
discriminating between sTILs and iTILs and standardized cut-
off criteria.9-16 Similar to our study, Intarawichian et al. used
a hematoxylin and eosin (H&E)-based assessment and the
eighth AJCC staging scheme to evaluate TILs and found an
association with OS in 52 DBDC patients.9 However, they did
not differentiate between sTILs and iTILs. Instead, they
calculated the average TIL percentage and dichotomized TIL
levels based on a median value of 40%.9 However, the
relatively small case sample size may limit the generaliz-
ability of the findings. This present study is therefore of
great value because it comprehensively analyzed the asso-
ciation of iTILs and sTILs while considering the current
staging system and the prognostic predictability of both TILs
in a large cohort of DBDC.

Among iTIL and sTIL, we found sTIL to be a significant
predictor of OS and RFS in addition to T and N categories in
DBDCs. For the objective assessment of sTILs, we followed
the ITWG scoring method, which was first standardized in
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Table 2. Univariate and multivariate analyses of OS with TIL in patients with DBDC

Variable (n [ 405) Univariate Multivariate

Median (months) P value HR (95% CI) P value

sTIL density 0.99 (0.98-0.99)a <0.001*

sTILLow (�5%) 31.3 0.009* 1 0.006*

sTILHigh (>5%) 49.1 0.71 (0.56-0.91)
iTIL count 0.95 (0.91-1.00)a 0.039*

iTILLow (�3) 37.4 0.036* 1 0.179
iTILHigh (>3) 61.4 0.80 (0.58-1.11)

Operation method 0.011* 0.033*

Pancreaticoduodenectomy including Whipple 41.2 1
Bile duct resection 18.2 1.55 (1.04-2.31)

Age (years) 1.01 (1.00-1.03)a 0.022* 1.02 (1.00-1.03) 0.011*

Tumor size (cm) 1.16 (1.06-1.27)a 0.001* 1.11 (1.01-1.23) 0.031*

Sex 0.187
Male 36.3
Female 50.7

Gross pattern <0.001* 0.073
Papillary 106.2 1
Nodular 88.5 0.78 (0.42-1.45) 0.439
Sclerosing 32.7 1.17 (0.67-2.06) 0.579

Tumor location 0.042* 0.489
Extrapancreatic 26.4 1
Intrapancreatic 41.2 0.77 (0.46-1.28) 0.310
Diffuse (both extra- and intrapancreatic) 35.1 0.65 (0.31-1.35) 0.247

Histologic subtypeb 0.134
Tubular adenocarcinoma 37.9
Adenocarcinoma arising from IPNB 107.0
Undifferentiated carcinoma 13.6

Histologic differentiation 0.003* 0.017*

Well differentiated 100.2 1
Moderately differentiated 36.3 1.39 (1.00-1.95) 0.053
Poorly differentiated 21.1 1.87 (1.24-2.82) 0.003*

Undifferentiated 13.6 2.44 (0.73-8.16) 0.103
Lymphovascular invasion 0.001* 0.258
Absent 53.3 1
Present 31.5 1.16 (0.90-1.49)

Perineural invasion 0.018* 0.639
Absent 62.1 1
Present 36.3 0.93 (0.67-1.28)

Pancreatic invasion 0.025* 0.473
Absent 62.7 1
Present 31.0 1.12 (0.82-1.54)

Duodenal invasion <0.001* 0.244
Absent 50.3 1
Present 25.7 1.19 (0.89-1.61)

Gallbladder invasion, absent versus present 40.6 versus 26.3 0.055
Bile duct resection margin, R0 versus R1 45.8 versus 20.5 <0.001* 1.67 (1.19-2.35) 0.003*

Postoperative chemotherapy, absent versus present 41.1 versus 39.1 0.387
Number of metastatic nodes 1.21 (1.15-1.28) <0.001*

Nodal metastasis, absent versus present 63.6 versus 20.8 <0.001*

T category <0.001* 0.008*

T1 72.2 1
T2 37.4 1.17 (0.86-1.59) 0.320
T3 21.0 1.80 (1.22-2.25) 0.003*

N category <0.001* <0.001*

N0 63.6 1
N1 22.6 1.67 (1.27-2.19) <0.001*

N2 17.0 3.26 (2.14-4.96) <0.001*

Stage grouping <0.001*

I 90.6
II 32.3
III 17.0
IV 16.9

CI, confidence interval; DBDC, distal extrahepatic bile duct carcinoma; HR, hazard ratio; IPNB, intraductal papillary neoplasm of the bile duct; iTIL, intraepithelial tumor-infiltrating
lymphocyte; iTILHigh, high level of iTIL count; iTILLow, low level of iTIL count; OS, overall survival; R0, microscopically free of tumor; R1, microscopically positive margin; sTIL, stromal
tumor-infiltrating lymphocyte; sTILHigh, high level of sTIL density; sTILLow, low level of sTIL density; TIL, tumor-infiltrating lymphocyte.
aDisplayed as a form of HR with 95% CI.
bExcluding cases with mucinous (n ¼ 1) and adenosquamous (n ¼ 2) carcinomas.
*Significant at the level of P < 0.05.
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Table 3. Univariate and multivariate analyses of RFS with TIL in patients with DBDC

Variable (n [ 353) Univariate Multivariate

Median (months) P value HR (95% CI) P value

sTIL density 0.98 (0.98-0.99)a <0.001*

sTILLow (�5%) 19.1 0.003* 1 0.005*

sTILHigh (>5%) 43.3 0.70 (0.54-0.90)
iTIL count 0.95 (0.90-0.99)a 0.026*

iTILLow (�3) 24.3 0.026* 1 0.212
iTILHigh (>3) 69.8 0.79 (0.55-1.14)

Operation method 0.466
Pancreaticoduodenectomy including Whipple 31.7
Bile duct resection 22.8

Age (years) 1.01 (1.00-1.03)a 0.102
Tumor size (cm) 1.15 (1.04-1.27)a 0.006* 1.11 (1.00-1.22) 0.047*

Sex 0.126
Male 24.9
Female 44.7

Gross pattern 0.001* 0.023*

Papillary 106.2 1
Nodular 88.5 0.88 (0.46-1.68) 0.706
Sclerosing 21.4 1.44 (0.79-2.59) 0.232

Tumor location 0.351
Extrapancreatic 22.8
Intrapancreatic 33.3
Diffuse (both extra- and intrapancreatic) 21.9

Histologic subtypeb 0.164
Tubular adenocarcinoma 27.6
Adenocarcinoma arising from IPNB 104.9
Undifferentiated carcinoma 13.6

Histologic differentiation 0.021* 0.253
Well differentiated 80.5 1
Moderately differentiated 24.9 1.32 (0.90-1.92) 0.152
Poorly differentiated 19.7 1.52 (0.95-2.43) 0.080
Undifferentiated 13.6 2.16 (0.64-7.24) 0.213

Lymphovascular invasion 0.002* 0.685
Absent 44.9 1
Present 21.5 1.06 (0.80-1.39)

Perineural invasion 0.035* 0.666
Absent 54.9 1
Present 24.3 0.93 (0.66-1.31)

Pancreatic invasion 0.005* 0.919
Absent 68.7 1
Present 19.7 1.02 (0.74-1.39)

Duodenal invasion <0.001* 0.339
Absent 44.9 1
Present 14.6 1.16 (0.85-1.59)

Gallbladder invasion, absent versus present 33.8 versus 19.1 0.105
Postoperative chemotherapy, absent versus present 32.3 versus 27.9 0.440
Number of metastatic nodes 1.24 (1.16-1.32) <0.001*

Nodal metastasis, absent versus present 59.6 versus 13.5 <0.001*

T category <0.001* 0.045*

T1 69.8 1
T2 27.6 1.03 (0.75-1.42) 0.842
T3 10.3 1.56 (1.04-2.35) 0.031*

N category <0.001* <0.001*

N0 59.6 1
N1 17.2 1.56 (1.16-2.09) 0.003*

N2 8.5 3.24 (2.07-5.05) <0.001*

Stage grouping <0.001*

I 80.5
II 21.8
III 8.5

CI, confidence interval; DBDC, distal extrahepatic bile duct carcinoma; HR, hazard ratio; IPNB, intraductal papillary neoplasm of the bile duct; iTIL, intraepithelial tumor-infiltrating
lymphocyte; iTILHigh, high level of iTIL count; iTILLow, low level of iTIL count; RFS, recurrence-free survival; sTIL, stromal tumor-infiltrating lymphocyte; sTILHigh, high level of sTIL
density; sTILLow, low level of sTIL density; TIL, tumor-infiltrating lymphocyte.
aDisplayed as a form of HR with 95% CI.
bExcluding cases with mucinous (n ¼ 1) and adenosquamous (n ¼ 2) carcinomas.
*Significant at the level of P < 0.05.
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Figure 2. Survival analysis of sTIL. OS benefit of sTILHigh in DBDCs with (A) lower disease stages (stages I and II) and (B) higher disease stages (stages III and IV). RFS
benefit of sTILHigh in DBDCs with (C) lower disease stages (stages I and II) and (D) higher disease stages (stages III and IV).
DBDC, distal extrahepatic bile duct carcinoma; OS, overall survival; RFS, recurrence-free survival; sTIL, stromal tumor-infiltrating lymphocyte; sTILHigh, high level of sTIL
density.
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breast cancers and have been widely applied in other solid
cancers.7,8 The ITWG method scored sTIL density on a H&E
full section, which can be assessed readily and cheaply in
practice.5,7,8 This H&E-based assessment yielded prognostic
outcomes comparable to those obtained through immu-
nohistochemical analysis for differentiating lymphocyte
subsets, and demonstrated predictive capabilities similar to
mRNA expression profiling.5,7,22 We further carried out ROC
8 https://doi.org/10.1016/j.esmoop.2024.103969
analysis to define sTILHigh, because this analysis is a useful
tool for selecting the optimal threshold in predictive
models.23 sTIL density in our study had poor accuracy in
predicting OS with an area under the curve (AUC) of 0.58.
Notably, the predictability of sTIL for OS persisted with all of
the cut-offs analyzed, including >1% (P > 0.001), >20%
(P ¼ 0.003), >30% (P ¼ 0.001), and >40% (P ¼ 0.001) (data
not shown). The predictive power for OS with the cut-off of
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https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969
https://doi.org/10.1016/j.esmoop.2024.103969


S.-Y. Jun et al. ESMO Open
sTILHigh at >5% was the most optimal with a sensitivity of
42.0% and a specificity of 67.6%. This >5% cut-off also
predicted better RFS as well as OS in multivariate analysis
along with prognostically stratified OS and RFS regardless of
the stage. Therefore, sTIL is considered to be a robust
prognosticator for patients with DBDC.

iTILs are defined as lymphoplasmacytic cells that are in
direct contact with tumor cells without intervening stroma,
and iTILs have been calculated semi-quantitatively on H&E
sections.5,20,24,25 iTIL counts were once primarily used to
assist in MSI screening in colorectal carcinomas (CRCs), but
this usage is no longer recommended in the current era of
universal MSI testing.8,24 In the literature, iTILs have
commonly been counted as having the highest iTIL/HPF in
10 HPFs or average iTILs/10 HPFs without standardiza-
tion.20,25 When we independently analyzed the predict-
ability of the highest and average iTIL counts for OS in
patients with DBDCs, both counting methods showed poor
accuracies, with respective AUC values of 0.54 and 0.55.
However, iTILs were heterogeneously detected in lower
numbers on slides, so we chose to test the average iTIL
counts in this study. When we set the cut-off at >3 of the
average iTILs, iTILHigh was related to longer OS times on
univariate analysis, with a sensitivity of 83.7% and a spec-
ificity of 23.8%. However, multivariate analyses of OS failed
to demonstrate the prognostic value of iTILs. Salgado et al.
proposed that the distinction between iTILs and sTILs on
tissue slides may be artificial, since TILs can migrate in the
tumor microenvironment.5 We found iTILs to be associated
with sTILs (P < 0.001; data not shown) in the present study,
which appears to support that hypothesis. Salgado et al.
also emphasized that sTILs are superior and more repro-
ducible parameters than iTILs because they are only
measured in the spaces between carcinoma nests and are
therefore unaffected by the density and growth pattern of
carcinoma nests.5 Buisseret et al. reported high interob-
server concordance, with correlation coefficients of 0.57 for
iTILs and 0.69 for sTILs in 124 breast carcinomas, but a
lower agreement for iTIL scores was found compared to sTIL
scores, consistent with our findings.26 Evaluating iTILs on
H&E sections is more challenging than assessing sTILs due
to their lower frequency, the need for precise counting, and
their variability with tumor nest size and distribution.7 As
expected, we found that sTIL was superior to iTIL for
prognostic predictability in DBDC in this study.

Studies on TILs in EBDCs have investigated the compo-
sition and characteristics of TILs using immunohistochem-
istry (IHC) and analyzed their association with OS.6,10-16 For
sTILs, CD4þ sTILHigh and CD8þ sTILHigh have been demon-
strated to have favorable impacts in EBDCs.11,12 Meanwhile,
Walter et al. found that CD3þ sTILs were not related to
OS,14 and Kitano et al. observed that Foxp3þ sTILHigh was
associated with a dismal prognosis.12 For iTILs, Oshikiri and
colleagues demonstrated that EBDC patients with CD8þ iTIL
displayed better OS.16 In a study by Goeppert and col-
leagues, either Foxp3þ total TILs or CD4þ iTILs translated
to better OS in EBDCs.15 In summary, CD8þ and CD4þ T
lymphocytes were favorably linked with OS in EBDCs, while
Volume 9 - Issue 11 - 2024
the relationship between Foxp3þ T lymphocytes and pa-
tient outcomes remains unclear.6 The prognostic signifi-
cance of B lymphocytes in EBDC is also inconclusive due to a
lack of relevant research.6 In this study, we evaluated TILs
without identifying the subgroups of the different T- and B-
cell subpopulations. Further studies with stratification of TIL
subpopulations might increase the accuracy for prognostic
predictability of TILs in DBDCs.

Both sTILHigh and iTILHigh were associated with less
aggressive DBDC clinical behavior, such as a lower T cate-
gory, the absence of pancreatic or duodenal invasion, and
papillary and nodular growth patterns. However, we unex-
pectedly observed that sTILHigh was related to larger tumor
size and the diffuse involvement of both the extrapancreatic
and intrapancreatic bile ducts (diffuse-type DBDC). Despite
a thorough search for the relationship between tumor size,
location, and sTIL in previous DBDC studies, no definitive
evidence was found. However, a study by Kitano et al.
mentioned a proportional relationship between tumor size
and TIL, similar to our findings.12 Kitano et al. examined an
inflammatory risk signature in 114 EBDCs by analyzing
immune-cell expression patterns, including CD8 and
Foxp3.12 While they did not find statistical significance, they
observed that larger EBDC tumors tended to exhibit a
higher inflammation risk signature.12 The normal distal
extrahepatic bile duct features a narrow lumen, averaging 6
mm in diameter, and a thin wall with a thickness of 1 mm.27

Due to this anatomical fragility, cholangiocytes may be
easily damaged as DBDC develops. Additionally, continuous
irritation by bile could increase the likelihood of obstruction
and cholestasis. Damage to cholangiocytes recruits inflam-
matory cells, which mediate inflammation through cyto-
kines. In a cholestatic state, extrahepatic bile duct injury can
cause T cell-mediated inflammatory infiltration of the duct
wall, and contact-dependent damage to adjacent chol-
angiocytes can stimulate the adaptive immune system,
triggering a robust proinflammatory response in an auto-
immune manner.28 In our study, diffuse-type DBDCs had
significantly larger tumor sizes than extrapancreatic-type
and intrapancreatic-type DBDCs (P < 0.001, both; data
not shown). Therefore, we hypothesized that larger tumors
infiltrated bile ducts more diffusely along their length,
leading to increased sTIL infiltration.

Quantitative assessments of sTILs have proven valuable
in predicting the response to chemotherapy in malig-
nancies.7,8,29-32 In the neoadjuvant setting of breast cancer,
H&E-based scoring of sTIL on pretreatment biopsies has
been shown to effectively predict the chemotherapeutic
response.7,29 In CRC, the predictive value of TILs for neo-
adjuvant chemoradiotherapy (CRT) has been examined
using IHC.8 CD8þ sTILHigh in either pre-CRT biopsies or post-
CRT resected specimens has been shown to be associated
with better clinical outcomes of CRT in patients with
advanced CRC.30,31 In BDCs, the relationship of TILs with
chemotherapy and immunotherapy have mainly been
studied using experimental models.6 Interestingly, Yoon and
colleagues demonstrated that the high density of intra-
tumoral CD8þ TILs at the tumor center indicated a
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favorable response to programmed cell death-1 /PD-L1
blockade treatment in advanced BDC patients.32 However,
this study seemed to be limited by a small number of cases
(n ¼ 43) and a lack of explanation of TIL assessment. As
described previously, durvalumab plus gemcitabine and
cisplatin has recently been approved as the first-line treat-
ment for all advanced BDCs.17 Further studies with a large
number of cases may establish whether TIL assessment in
DBDC can provide sufficient information for clinical decision
making for adjuvant therapy. Further, the clinical utility of
TILs as a prognostic and predictive biomarker in DBDCs may
be extended to quantitative digital pathology as well as the
therapeutic control of chemotherapy in advanced cases
through investigations of the reproducibility and clinical
validity.

In conclusion, higher density of sTIL, which could be
measured simply on H&E sections, was significantly asso-
ciated with less aggressive clinical behavior in DBDCs,
including lower T category. sTIL was found to be superior to
iTIL in predicting survival, and the prognostic predictability
of sTIL persisted despite testing with different quantitative
cut-offs. sTIL could prognostically stratify survival regardless
of the stage. Therefore, sTIL is a powerful prognosticator for
patients with DBDC.
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