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Background: The invasive front of tumor can provide prognostic information in many

cancers. We investigated the prognostic morphological factors at the invasive front

including tumor differentiation (Difinv) and tumor budding (Bud) in biliary tract cancer

(BTC).

Methods: The resected specimen from the 299 BTC patients were examined.

Intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma, gallbladder can-

cer, and ampulla of Vater cancer were found in 16%, 48%, 17%, and 19%, respectively.

Difinvgrade (G) 3 and Bud foci ≥5 were found in 47% and 10%. Tumor with DifinvG3

showed the high frequencies of Bud, vascular invasion (Ve) and nodal metastasis (LN)

compared to tumor with DifinvG1/2 (Bud: 21% vs 0%, Ve: 71% vs 50%, LN: 52% vs

36%). Multivariate analysis revealed that the independent predictors were DifinvG3

(HR: 1.71), Bud foci≥5 (HR: 2.14), Ve (HR: 1.56) andLN (HR: 2.59) in overall survival and

were positive resection margin (HR: 1.71), DifinvG3 (HR: 1.75), Ve (HR: 1.50), and LN

(HR: 2.19) in relapse free survival.

Conclusion: Poor differentiation at the invasive front of tumor was associated with

poor prognosis and early relapse in BTC patients.

K E YWORD S

biliary tract cancer, invasive front of tumor, prognostic factor, surgical pathology, tumor

differentiation

1 | INTRODUCTION

Biliary tract cancer (BTC) arises from the ductal epithelium of the bile

duct tree and is classified into intrahepatic cholangiocarcinoma (ICC),

extrahepatic cholangiocarcinoma (ECC), gallbladder cancer (GB), and

ampulla of Vater cancer (Va) according to the anatomical site of the

tumor. Surgical resection for curative intent is the only approach to

cure, but more than half of patients who undergo curative resection

develop recurrences. The 5-year survival rate of BTC patients remains

less than 40%.1–5 The development of lymph node metastases is an

important prognostic factor in all types of BTC, including ICC, ECC, GB,

and Va.6–10
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Various invasive behaviors of primary tumors have been reported

as important prognostic factors in BTC. Vascular invasion, intrahepatic

metastasis, and tumor size have been considered prognostic factors in

ICC patients.1,11 In ECC patients, differentiation, liver invasion, and

pancreas invasion are candidate prognostic factors.8,12 Differentiation

and liver invasion in GB patients and perineural invasion in Va patients

have also been reported to be prognostic factors.10,13,14 The

prognostic values of these candidate factors remain unclear for the

entire BTC spectrum. Identification of common invasive behaviors to

predict prognosis could be useful for the management of all cases of

BTC and be necessary for patient allocation in clinical trials for the

development of new treatment strategies.

The invasive front of tumor has been highlighted in recent

histological research. Evaluation of tumor budding, which is charac-

terized by isolated or small clusters of tumor cells at the invasive front,

is considered to be a useful prognostic marker in colorectal

adenocarcinomas and esophageal and squamous carcinomas.15–17

The growth pattern is a morphological classification according to the

density of desmoplasia and the invasive behavior to liver parenchyma

at the invasive front of liver metastases.18,19 The growth pattern

includes a desmoplastic growth pattern, a pushing growth pattern, and

a replacement growth pattern, and it is related to prognosis in patients

with colorectal liver metastases. The budding component and

replacement growth pattern appear to be part of poorly differentiated

adenocarcinoma, but cellularity differs between the budding area and

the replacement growth pattern. Cellularity is lower in the budding

area and is higher in the replacement growth pattern. Thus, tumor

differentiation and cellularity at the invasive front are the important

elements of tumor budding and the replacement growth pattern and

may have prognostic impacts in BTC.

The present study was conducted to evaluate the prognostic

impact of invasive behavior, including tumor differentiation and

cellularity, at the invasive front of BTC.

2 | MATERIALS AND METHODS

2.1 | Patients

Between 2000 and 2012, 380 patients underwent surgical resection

with curative intent for BTC at National Cancer Center Hospital East.

The exclusion criteria were: (1) treatment-related death (n = 6); (2)

histological types other than adenocarcinoma, including adenosqu-

amous carcinoma (n = 9), undifferentiated carcinoma (n = 3), carci-

nosarcoma (n = 2), neuroendocrine carcinoma (n = 1), and mucinous

cyst adenocarcinoma (n = 1); (3) carcinoma in situ (n = 20); (4)

intraoperative radiation therapy (n = 4); (5) concomitant malignan-

cies, including multifocal malignancy in the biliary tract (n = 5),

pancreatic cancer (n = 3), colorectal cancer (n = 1), and hepatocellular

carcinoma (n = 1); (6) preoperative treatment including cholecystec-

tomy for incidental gallbladder carcinoma in a previous hospital

(n = 8) and preoperative chemotherapy (n = 2); and (7) lost to follow-

up (n = 13). The remaining 299 patients were analyzed in this study

(Figure 1).

Clinical data were collected retrospectively from patients’medical

records. Pathological data were assessed according to the tumor-

node-metastasis (TNM) classification criteria outlined in the 7th

edition of the Union for International Cancer Control (UICC).20

Overall survival was calculated from the date of surgery to death

from any cause. Relapse-free survival was defined as the period from

surgery to tumor relapse or death from any cause, whichever came
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FIGURE 1 Consort diagram. BTC: Biliary tract cancer

FIGURE 2 Photographs of BTC tumors at the invasive front (HE,
×200), (A) Grade 1/2, (B) Grade 3. BTC: Biliary tract cancer
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first. The date of tumor relapse was determined as the day when the

examination contributing to the diagnosis of the relapse was

performed. The protocol of the present study was approved by the

institutional review board of the National Cancer Center.

2.2 | Surgical procedure and follow-up

Patients with intrahepatic cholangiocarcinoma typically underwent

extended hemihepatectomy with lymphadenectomy and extrahepatic

bile duct resection or hemihepatectomy with/without lymphadenec-

tomy or segmental or partial hepatectomy without lymphadenectomy.

Patients with perihilar cholangiocarcinoma also typically underwent

hemihepatectomy or extended hemihepatectomy with extrahepatic

bile duct resection and regional lymphadenectomy, while patients with

distal cholangiocarcinoma and ampulla of Vater cancer typically

underwent subtotal stomach-preserving pancreaticoduodenectomy

with regional lymphadenectomy. For gallbladder cancer, curative

surgery was performed depending on tumor extension.

For surveillance after resection, patients underwent physical

examinations, laboratory tests including tumor markers
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TABLE 1 Characteristics of BTC patients Q3classified by differentiation at the invasive front

Total Difinv G1/G2 Difinv G3

Characteristic N = 299 (100%) N = 158 (100%) N = 141 (100%) P-value

Male 200 (67) 103 (65) 97 (69) 0.30

Age (y) 0.17

Median (range) 68 (31-88) 68 (31-88) 68 (43-86)

≥70 135 (45) 76 (48) 59 (42)

Period 0.26

2000-2006 133 (44) 67 (42) 66 (47)

2007-2012 166 (56) 91 (58) 75 (53)

Tumor location <0.01

ICC 47 (16) 12 (8) 35 (25)

ECC 144 (48) 88 (56) 56 (40)

GB 50 (17) 29 (18) 21 (15)

Va 58 (19) 29 (18) 29 (21)

Biliary drainage 162 (54) 83 (53) 79 (56) 0.31

CEA ≥UNL (5 ng/mL) 63 (21) 28 (18) 35 (25) 0.08

CA19-9 ≥UNL (37 U/mL) 173 (58) 86 (54) 87 (62) 0.08

Lymphadenectomy 268 (90) 141 (89) 127 (90) 0.48

Difwhole <0.01

G1/G2 259 (87) 156 (99) 103 (73)

G3 40 (13) 2 (1) 38 (27)

Cellinv high 131 (44) 36 (23) 95 (67) <0.01

Tumor budding positive 29 (10) 0 (0) 29 (21) <0.01

Lymphatic invasion 145 (48) 76 (48) 69 (49) 0.49

Vascular invasion 179 (60) 79 (50) 100 (71) <0.01

Perineural invasion 185 (62) 92 (58) 93 (66) 0.11

UICC T factor 3-4 132 (44) 59 (37) 73 (52) <0.01

Nodal metastasis 131 (44) 57 (36) 74 (52) <0.01

UICC M factor 11 (4) 2 (1) 9 (6) 0.02

Resection margin-negative 38 (13) 23 (15) 15 (11) 0.20

Adjuvant chemotherapy 22 (7) 16 (10) 6 (4) 0.04

Complications 151 (51) 81 (51) 70 (50) 0.44

BTC, biliary tract cancer; UNL, upper normal limit; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; Difinv, differentiation at the invasive

front of the tumor; Difwhole, predominant differentiation of the whole primary tumor; Cellinv, cellularity at the invasive front of the tumor; UICC, Union for
International Cancer Control; ICC, Intrahepatic cholangiocarcinoma; ECC, extrahepatic cholangiocarcinoma; GB, gallbladder cancer; Va, ampulla of Vater
cancer.
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(carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-

9)) and imaging tests, including enhanced multidetector computed

tomography and/or ultrasonography every 3 to 6 months for the first

2 years, every 6 months for the following 3 years, and annually

thereafter. The median follow-up period was 61.6 months (95%

confidence interval, 56.9-65.3 months).

2.3 | Morphological definitions for evaluating the
invasive front

The histological findings on the hematoxylin and eosin-stained tissue

sections were evaluated using a ×20 magnification objective lens by

two of the authors (S.O. and S.M.). The invasive front was defined as

the peripheral to whole primary tumor and in the most severe

extended area of tumor to the surrounding tissue. The most severe

extended area was determined on the basis of the severity on 7th

edition of UICC T classification.20 For example, in the case of Va that

invaded the duodenum and pancreas, the invasive front was regarded

as the site of pancreas invasion. The histological differentiation at the

invasive front of the tumor (Difinv) was classified into: G1/2, well/

moderately differentiated adenocarcinoma; and G3, poorly differenti-

ated adenocarcinoma (Figure 2).21 In addition, the predominant

differentiation of the whole primary tumor was assessed as Difwhole.

Cellularity of tumor tissue at the invasive front (Cellinv) was also

evaluated; Cellinv High was defined as tumor cell-occupied area higher

than the no tumor cell-occupied area at the invasive front. Tumor

budding was defined as an isolated single cell or cluster of fewer than

five cancer cells at the invasive front. The count of tumor budding was

made in the field using a ×20 magnification objective lens. The extent

of the budding was then classified as positive if there were ≥5 budding

foci and negative if there were <5 budding foci or no budding focus,

according to Kai's study.22

2.4 | Statistical analysis

Differences were compared among two or more groups using Fisher's

exact test or the chi-squared test. Cumulative survival curves were

prepared using the Kaplan-Meier method and compared using the log-

rank test on univariate analysis. Survival-related factors on univariate

analysis were entered into the multivariate Cox proportional hazards

model with adjustment for age and sex. The level of significance was

set at P < 0.05. All statistical evaluations were performed using the

SPSS 22.0 software package (SPSS Japan, Tokyo, Japan) for Windows.

3 | RESULTS

3.1 | Patient demographics

The study patients included 200 men and 99 women, with a median

age of 68 years (range, 31-88 years) (Table 1). All 299 patients

underwent surgical resection with curative intent, and ICC, ECC, GB,

and Va were found in 47 patients (16%), 144 patients (48%), 50

patients (17%), and 58 patients (19%), respectively; 45% of ICC

patients (n = 21) did not undergo lymphadenectomy (Supplemental

Table S1).

3.2 | Histological factors

Pathological examination was performed in all 299 patients (Table 1).

DifinvG3 was found in 47%, Cellinv High was seen in 44% and tumor

budding-positive was seen in 10% of all cases of BTC. Half of the ICC

cases showed DifinvG3 (48%). The frequencies of DifinvG3 in ECC, GB,

and Va were 16%, 17%, and 19%, respectively. The frequencies of

vascular invasion, DifwholeG3, and nodal metastasis were 60%, 13%,

and 44% for all BTC patients. DifinvG3 patients showed significantly

higher rates of DifwholeG3, Cellinv High, tumor budding-positive,

vascular invasion, UICC T3-4 factor, nodal metastasis, and UICC M

factor than DifinvG1/2 patients.
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FIGURE 3 Survival curves of BTC patients classified by the
degree of differentiation at the invasive front of the primary tumor.
A, Overall survival time, (B) Relapse-free survival time. BTC: Biliary
tract cancer; Difinv: differentiation at the invasive front; MST:
median overall survival time; MRFS: Median relapse-free survival
time; CI: Confidence interval; NA: Not available
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TABLE 2 Analyses of overall survival in BTC patients

Univariate Multivariate

Characteristics n MST (months) P-value P-value HR (95%CI)

Sex

Male 200 51.3 0.70 0.55

Female 99 52.5

Age (y)

<70 164 51.9 0.86 0.99

≥70 135 48.9

Period

2000-2006 133 40.6 0.04 0.07

2007-2012 166 55.1

Lymphadenectomy

Yes 268 50.9 0.50

No 31 NR

Resection margin

R0 261 51.6 0.19

R1 38 40.6

Difinv

G1/G2 158 108.0 <0.01 0.01 ref

G3 141 31.4 1.71 (1.11-2.63)

Difwhole

G1/G2 259 52.7 <0.01 <0.01 ref

G3 40 16.7 1.93 (1.21-3.08)

Cellinv

Low 168 52.7 0.04 0.58

High 131 41.5

Tumor budding

Negative 270 55.1 <0.01 <0.01 ref

Positive 29 18.5 2.14 (1.25-3.68)

Lymphatic invasion

Absent 154 63.3 0.06

Present 145 41.6

Vascular invasion

Absent 120 108.0 <0.01 0.03 ref

Present 179 34.2 1.56 (1.05-2.31)

Perineural invasion

Absent 114 79.2 0.03 0.69

Present 185 42.5

UICC T factor

T1-2 167 63.3 <0.01 0.83

T3-4 132 35.8

Nodal metastasis

Negative 168 NR <0.01 <0.01 ref

Positive 131 28.3 2.59 (1.78-3.78)

UICC M factor

(Continues)
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3.3 | Overall survival analysis

For all 299 patients, 1-, 3-, and 5-year overall survival rates were 87%,

58%, and 45%, respectively. Median overall survival time (MST) was

51.5 months for all 299 patients, 31.4 months for DifinvG3 patients,

and 108.0 months for DifinvG1/2 patients. The MST of patients with

DifinvG3was significantly shorter than that of patients with DifinvG1/2

(Figure 3A) On multivariate analysis, the independent predictors of a

poor prognosis were DifinvG3, DifwholeG3, tumor-budding positive,

presence of vascular invasion, and nodal metastasis-positive (Table 2).

3.4 | Relapse-free survival analysis

One-, 3-, and 5-year relapse-free survival rates were 67%, 43%, and

35%, respectively. The median relapse-free survival time (MRFS) was

24.1months for all 299 patients, 12.1months for DifinvG3 patients, and

63.3months forDifinvG1/2patients.TheMRFSwassignificantly shorter

for patients with DifinvG3 than for patients with DifinvG1/2 (Figure 3B).

On multivariate analysis, the independent predictors of early relapse

were microscopically positive resection margin, DifinvG3, DifwholeG3,

presence of vascular invasion, and nodal metastasis-positive (Table 3).

3.5 | Subgroup analysis

The prognostic impact of DifinvG3 was re-evaluated by stratification

using DifinvG3-related factors, including nodal metastasis, vascular

invasion, tumor location, andDifwholeG3. Survival curve analysis showed

that the prognostic values of DifinvG3 were maintained in nodal

metastasis-positive patients (Figure 4), patients with vascular invasion,

and thosewithDifwholeG1/2. In each locationof primary tumor,DifinvG3

was also associated with shortened overall survival and relapse-free

survival compared to DifinvG1/2 in patients with ECC (Supplemental

Figure S1B and S2B), in patients with GB (Supplemental Figure S1C and

S2C), and inpatientswithVa (Supplemental Figure S1DandFigureS2D).

Therewere tendencies for differences in OS and RFS between DifinvG3

and DifinvG1/2 patients with ICC (Supplemental Figure S1A and S2A).

4 | DISCUSSION

This study showed that the existence of poorly differentiated

adenocarcinoma at the invasive front is an independent prognostic

factor for nodal metastasis in all BTC patients who underwent

curative resection. In previous studies and the NCCN guideline,

nodal metastasis was reported to be an important prognostic factor

for all BTC patients.6–10,23 On the other hand, there are no

common invasive behaviors that predict prognosis in all BTC

patients. In recent studies with 200 or more BTC patients, the

independent prognostic factors for nodal metastasis were tumor

size, vascular invasion, and intrahepatic metastasis in ICC,

differentiation, liver invasion, and pancreas invasion in ECC,

TNM stage in GB, and perineural invasion in Va.6,8,10–12,23–25

There were no common independent prognostic factors for nodal

metastasis in all BTC patients. This study showed that assessment

of Difinv was useful in the detailed evaluation of prognosis. It is

possible that Difinv classification could be useful for managing

resectable BTC patients and to allocate patients in clinical trials.

The UICC T factor should represent prognostic invasive

behavior as a primary factor. However, the UICC T factor was not

an independent prognostic factor in the present study and in many

previous studies.8,10–12,25 For the precise assessment of prognosis in

surgical pathology, it is necessary to identify a prognostic factor

related to locoregional invasive behavior of the primary tumor.

According to the results of the present study, Difinv should become a

part of the T classification because it is an invasive behavior of

primary tumor and an independent prognostic factor for nodal

metastasis.

The present study showed that DifinvG3 was an independent

predictor of early relapse with nodal metastasis. DifinvG3 was

associated with metastasis-related factors such as high frequency of

vascular invasion, nodal metastasis, and distant metastasis. The

frequency of relapse was significantly higher in DifinvG3 patients

than in DifinvG1/2 patients (data not shown). DifinvG3 was a predictor

of poor prognosis because it was highly correlated with recurrence.

This study is the first to show thatDifinvG3 is a prognostic factor and an

early relapse factor.

The reason why DifinvG3 promotes tumor metastasis has not

been reported. In the present study, about 40% of DifwholeG1/2

cases had DifinvG3. In DifwholeG1/2 patients, DifinvG3 was also

associated with a significantly higher frequency of relapse (data not

shown), as well as worse relapse-free survival and overall survival.

These results showed that dedifferentiation at the invasive front and

ability to metastasize are correlated. To metastasize, tumors pass
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TABLE 2 (Continued)

Univariate Multivariate

Characteristics n MST (months) P-value P-value HR (95%CI)

Negative 288 51.6 <0.01 0.35

Positive 11 18.5

MST, median overall survival time; Difwhole, predominant differentiation of whole primary tumor; Difinv, differentiation at the invasive front; Cellinv, cellularity
at the invasive front; CI, confidence interval; UICC, Union for International Cancer Control; NR, not reached; ref, reference arm. The level of significance was
set at P < 0.05.
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TABLE 3 Analyses of relapse-free survival in BTC patients

Univariate Multivariate

Characteristics n MRFS (months) P-value P-value HR (95%CI)

Sex

Male 200 24.4 0.81 0.27

Female 99 21.6

Age (y)

<70 164 24.3 0.99 0.47

≥70 135 21.5

Period

2000-2006 133 24.4 0.68

2007-2012 166 23.4

Lymphadenectomy

Yes 268 22.2 0.63

No 31 33.7

Resection margin

R0 261 24.4 0.01 0.01 ref 1.71

R1 38 15.8 (1.13-2.59)

Difinv

G1/G2 158 63.3 <0.01 <0.01 ref

G3 141 12.1 1.75 (1.21-2.54)

Difwhole

G1/G2 259 27.5 <0.01 0.03 ref

G3 40 8.9 1.61 (1.05-2.47)

Cellinv

Low 168 31.9 0.01 0.65

High 131 15.8

Tumor budding

Negative 270 25.5 <0.01 0.15

Positive 29 9.8

Lymphatic invasion

Absent 154 31.9 0.17

Present 145 20.5

Vascular invasion

Absent 120 64.4 <0.01 0.02 ref

Present 179 15.8 1.50 (1.07-2.10)

Perineural invasion

Absent 114 42.3 0.01 0.88

Present 185 20.2

UICC T factor

T1-2 167 33.8 0.01 0.61

T3-4 132 18.1

Nodal metastasis

Negative 168 56.3 <0.01 <0.01 ref

Positive 131 14.1 2.19 (1.58-3.05)

UICC M factor

(Continues)
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through some steps: proliferation of primary tumor, detachment and

invasion to the vasculature, and migration and invasion to metastatic

sites.27 Some studies reported a correlation between detachment of

tumor and dedifferentiation.28,29 In general, epithelial cells normally

have apico-basal polarity and basolateral membrane domains

attached to extracellular matrix.30,31 If a cell becomes detached

from the extracellular matrix, apoptosis triggers so-called anoikis.32

Anoikis ensures that cells that have migrated or are in inappropriate

locations are eliminated, and it prevents dysplastic growth.33

Previous studies have reported that tropomyosin-related receptor

kinase B (TrkB) was overexpressed in aggressive tumor cells, and

TrkB activated the PI3K-AKT pathway, which inhibits caspase-9,

causing anoikis.34,35 Anoikis resistance allows cancer cells to survive

when detached from the extracellular matrix and to be able to invade

into the vascular system.36 Tumor cells that acquire anoikis-

resistance form an epithelial-mesenchymal transition-like pheno-

type, in which cells partially de-differentiate and show loss of

polarity.29 TrKB has also been reported to cause tumor morphology

to be round in a mouse model.37 Tanaka et al reported that the

poorly differentiated component or dedifferentiated tumor cells may

be regarded as anoikis-resistant.38 DifinvG3 may acquire anoikis

resistance and metastasize in BTC patients.

There are a few limitations associatedwith this study. First, it was a

retrospective study at a single institution, with no validation analysis.

There is a possibility that the time required to diagnose tumor relapse

was different for each attending doctor because the surveillance

method at the time of suspected tumor relapse may differ by doctor. A

validation analysis using common surveillance in a multi-center

prospective study is needed in the future. Second, in ICC patients,

DifinvG3 was not significantly associated with OS and RFS. However,

OS and RFS showed substantial differences between DifinvG3 and

DifinvG1/2 patients with ICC (MST 34.8 months vs NA; MRFS 8.0

months vs 10.2 months). DifinvG3 is considered to be useful even in

ICC patients.

In conclusion, the present study demonstrated that DifinvG3 is an

important prognostic factor for nodal metastasis in all BTC patients

and has prognostic value for each primary site. Evaluation of Difinv is

convenient and provides useful information for predicting poor

outcomes and can help in the management of patients after surgical

resection.
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TABLE 3 (Continued)

Univariate Multivariate

Characteristics n MRFS (months) P-value P-value HR (95%CI)

Negative 288 24.4 <0.01 0.11

Positive 11 9.8

MRFS, median relapse-free survival time; Difwhole, predominant differentiation of whole primary tumor; Difinv, differentiation at the invasive front; Cellinv,
cellularity at the invasive front; CI, confidence interval; UICC,Union for International Cancer Control; ref, reference. The level of significance was set at
P < 0.05.

FIGURE 4 Survival curves of BTC patients with G1/2
differentiation of the whole tumor (n = 159) classified by the
differentiation at the invasive front of the primary tumor. A, Overall
survival time, (B) Relapse-free survival time. BTC: biliary tract
cancer; Difinv: differentiation at the invasive front; MST: median
overall survival time; MRFS: Median relapse-free survival time; CI:
Confidence interval; NA: Not available
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SYNOPSIS

We investigated the Q6prognostic morphological factors at the invasive front including tumor differentiation in biliary tract cancer (BTC). Poor

differentiation at the invasive front of tumor was associated with poor prognosis and early relapse in BTC patients. Evaluation of tumor

differentiation at the invasive front can help manage BTC patients after surgical resection.
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