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Abstract
AIM
To evaluate the usefulness of frozen section diagnosis 
(FSD) of bile duct margins during surgery for extra-
hepatic cholangiocarcinoma (CCA). 

METHODS
We retrospectively analyzed 74 consecutive patients 
who underwent surgery for extrahepatic CCA from 
2012 to 2017, during which FSD of bile duct margins 
was performed. They consisted of 40 distant and 
34 perihilar CCAs (45 and 55 bile duct margins, 
respectively). The diagnosis was classified into three 
categories: negative, borderline (biliary intraepithelial 
neoplasia-1 and 2, and indefinite for neoplasia), or 
positive. FSD in the epithelial layer, subepithelial layer, 
and total layer was compared with corresponding 
permanent section diagnosis (PSD) postoperatively. 
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Then, association between FSD and local recurrence 
was analyzed with special reference to borderline.

RESULTS
Analysis of 100 duct margins revealed that concordance 
rate between FSD and PSD was 68.0% in the total 
layer, 69.0% in the epithelial layer, and 98.0% in the 
subepithelial layer. The extent of remaining biliary 
epithelium was comparable between FSD and PSD, and 
more than half of the margins lost > 50% of the entire 
epithelium, suggesting low quality of the samples. In 
FSD, the rate of negative margins decreased and that 
of borderline and positive margins increased according 
to the extent of the remaining epithelium. Diagnostic 
discordance between FSD and PSD was observed 
in 31 epithelial layers and two subepithelial layers. 
Alteration from borderline to negative was the most 
frequent (20 of the 31 epithelial layers). Patients with 
positive margin in the total and epithelial layers by FSD 
demonstrated a significantly worse local recurrence-free 
survival (RFS) compared with patients with borderline 
and negative margins, which revealed comparable local 
RFS. Patients with borderline and negative margins in 
the epithelial layer by PSD also revealed comparable 
local RFS. These results suggested that epithelial 
borderline might be regarded substantially as negative. 
When classifying the status of the epithelial layer either 
as negative or positive, concordance rates between 
FSD and PSD in the total, epithelial, and subepithelial 
layers were 95.0%, 93.0%, and 98.0%, respectively.

CONCLUSION
During intraoperative assessment of bile duct margin, 
borderline in the epithelial layer can be substantially 
regarded as negative, under which condition FSD is 
comparable to PSD. 
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Core tip: Usefulness of intraoperative frozen section 
diagnosis (FSD) of bile duct margin for extrahepatic 
cholangiocarcinoma was investigated. The diagnosis 
was classified into negative, borderline (biliary in-
traepithelial neoplasia-1 and 2, and indefinite for 
neoplasia), or positive, and FSD was compared with 
permanent section diagnosis postoperatively. In contrast 
to previous studies, positive FSD in the epithelial layer 
was significantly associated with local recurrence. 
Furthermore, borderline FSD in the epithelial layer 
could be substantially regarded as negative, which 
could aid surgeons to determine the resection range of 
the bile duct. Finally, we demonstrated that FSD was 

reliable enough for pathological diagnosis.
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INTRODUCTION
Bile duct cancer (cholangiocarcinoma: CCA) is a rare 
malignancy (incidence < 6 cases per 100000 people) 
in most countries[1], and approximately 8000 people in 
the United States are diagnosed with CCA annually[2]. 
It develops in any part of the bile duct system and 
it is classified into three types based on location: 
intrahepatic CCA, perihilar CCA (pCCA), and distal 
CCA (dCCA). The latter two types are grouped as 
extrahepatic CCA (eCCA). Taken together, CCAs 
represent the second most frequent liver cancer and 
up to 3% of all gastrointestinal cancers[1,3]. CCA is 
generally asymptomatic in the early stages, and a late 
diagnosis and anatomical complexity of the cancer 
location result in poor prognosis: Five-year survival 
rate of eCCA with American Joint Committee on Cancer 
tumor node metastasis (TNM) stage Ⅰ is 30%, stages 
Ⅱ and Ⅲ 24%, and stage Ⅳ 2%[2].

Most TNM stage 0, Ⅰ, and Ⅱ CCAs and some stage 
Ⅲ CCAs are potentially resectable, and complete surgical 
resection is the only treatment with the potential for 
cure. The status of the final ductal margin is strongly 
associated with prognosis of patients with resectable 
CCA[2,4]. Intraoperative frozen section diagnosis (FSD) 
of the bile duct margins has traditionally been used 
to guide the extent of operative resection, but the 
usefulness of FSD has been controversial until now[5-9]. 
Because of the rarity and locoregional anatomical 
complexity of CCA, few centers have substantial 
clinical experience of managing this disease, and few 
pathologists have expertise in characterizing resected 
specimens accurately. In addition, the greatest difficulty 
of FSD is the low quality of samples because of tissue 
degeneration and/or destruction during freezing and 
sectioning. Therefore, production of formalin-fixed and 
paraffin-embedded samples that reuses frozen samples, 
and comparison between FSD and permanent section 
diagnosis (PSD) are mandatory. As a result, alteration 
of diagnosis often occurs. The primary purpose of this 
study was to examine reliability of intraoperative FSD 
to evaluate the margin status. The secondary purpose 
was to clarify clinical relevance of borderline lesions that 
could not be definitely determined whether malignant 
or benign. Borderline in the present study included 
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such lesions as low-grade and intermediate-grade 
dysplasia (biliary intraepithelial neoplasia (BilIN)-1 and 
BilIN-2)[10] and lesions indefinite for neoplasia that could 
not be determined as reactive or neoplastic. For these 
purposes, we analyzed postoperative local recurrence of 
eCCA according to the margin status of FSD.

MATERIALS AND METHODS
Patients
We analyzed 74 consecutive patients who underwent 
hemihepatectomy and/or pancreaticoduodenectomy 
for eCCA at the Department of Gastroenterological 
Surgery, Dokkyo Medical University from December 
2012 to February 2017. There were 40 cases of dCCA 
(45 bile duct margins) and 34 of pCCA (55 bile duct 
margins). The histopathological diagnosis was reviewed 
by two experienced pathologists (HK and YI), and 
diagnostic inconsistency between the two pathologists 
was resolved by discussion. The clinicopathological 
information was retrospectively retrieved on the 
electronic medical chart system of the Dokkyo Medical 
University Hospital (Table 1). 

Histopathological analysis
FSD of the resected bile duct margin was performed 
during the operation. The margin tissue was mounted 
in WHITE TISSUE-COAT (U.I. Kasei, Amagasaki, Hyogo, 
Japan), frozen in liquid nitrogen, and thin sections 
were cut from the frozen blocks using a cryostat. The 
sections were stained by hematoxylin and eosin and 
subjected to microscopic diagnosis. At least two, three 
or more as needed, pieces of frozen sections were 

examined for each margin. When FSD was positive for 
malignancy (positive) in the first submitted specimen, 
additional resection of the margin was performed to the 
maximal extent possible. Results of the last submitted 
specimens were analyzed in the present study. After 
FSD, the tissues were thawed, fixed in formalin, and 
embedded in paraffin. Thin sections were cut from 
paraffin-embedded blocks, stained, and observed with 
microscopy. FSD and PSD were compared with each 
other.

The surgical margins were diagnosed as either 
negative for malignancy (negative), borderline, or 
positive (Figure 1). Borderline included BilIN-1 and 2, 
and indefinite for neoplasia. We separately assessed 
the epithelial and subepithelial layers, and made a 
diagnosis based on both results. The epithelial layer 
tends to detach from the basement membrane during 
sample preparation for FSD. In relation to the entire 
circumference, we defined E1 as 0%-24% remaining 
epithelium, E2 as 25%-49% remaining epithelium, 
and E3 as 50%-100% remaining epithelium.

The concordance rate between FSD and PSD was 
investigated at the margin and patient levels, but 
survival analysis was performed solely at the patient 
level; for example, a patient with two negative margins 
and one positive margin was assigned to the positive 
group.

The presence or absence of postoperative local 
recurrence was detected by imaging studies including 
ultrasonography and computed tomography. The 
criteria for the local recurrence were defined as mass 
lesions within the resection field with or without clinical 
manifestation and/or elevated tumor markers. The 
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Table 1  Clinicopathological characteristics of extrahepatic cholangiocarcinoma

pCCA (n  = 34) dCCA (n  = 40)

Age (yr), median (range) 71.5 (44-82) 72.5 (39-85)
Gender
   Male 23   6
   Female 11 34
Preoperative biliary drainage
   Yes 33 38
   No   1   2
Procedure
   PD   1 38
   HH 27   1
   PD + HH   5   0
   Bile duct resection   0   1
   Others   1   0
Total number of duct margins for frozen section 55 45
Number of duct margins for frozen section
   1 15 35
   2 17   5
   3   2   0
pT
   pT1/pT2 27 20
   pT3/pT4   6 19
   Unknown   1   1

dCCA: Distal cholangiocarcinoma; HH: Hemihepatectomy; pCCA: Perihilar cholangiocarcinoma; PD: Pancreaticoduodenectomy.
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RESULTS
Concordance rate between FSD and PSD at the margin 
level
FSD revealed 41 (41.0%) negative, 20 (20.0%) 
positive, and 39 (39.0%) borderline out of 100 bile duct 
margins, while PSD revealed 56 (56.0%) negative, 21 
(21.0%) positive, and 23 (23.0%) borderline margins 
(Table 2). The number of positive margins was similar 
between FSD and PSD, but the number of negative 
margins increased and that of borderline decreased 

diagnosis of local recurrence was made by the surgeons 
in charge of each patient.

Statistical analysis
Comparison of categorical data sets between FSD and 
PSD was performed by the χ 2 test. Local recurrence-
free survival (RFS) curves were depicted using the 
Kaplan-Meier method and analyzed by the log-rank 
test. P < 0.05 was considered significant. Statistical 
analysis was performed using IBM SPSS Statistics 24 
(IBM, Armonk, NY, United States).

Table 2  Histopathological results of the biliary duct margins

Negative (%) Borderline (%) Positive (%) Total (%) P  value

Margin level
   Total layer
     FSD 41 (41.0) 39 (39.0) 20 (20.0) 100 (100) 0.039
     PSD 56 (56.0) 23 (23.0) 21 (21.0) 100 (100)
   Epithelial layer
     FSD 44 (44.0) 41 (41.0) 15 (15.0) 100 (100) 0.078
     PSD 59 (59.0) 27 (27.0) 14 (14.0) 100 (100)
   Subepithelial layer
     FSD 87 (87.0) 1 (1.0) 12 (11.0) 100 (100) 0.560
     PSD 86 (86.0) 0 (0.0) 14 (14.0) 100 (100)
Patient level
   Total layer
     FSD 26 (35.1) 31 (41.9) 17 (23.0) 74 (100) 0.134
     PSD 36 (48.7) 20 (27.0) 18 (24.3) 74 (100)

FSD: Frozen section diagnosis; PSD: Permanent section diagnosis.

A B

C D

Figure 1  Representative histopathology of BilIN-1, 2, and 3 by frozen section diagnosis. A: Normal mucosa; B: Borderline (BilIN-1); (C) Borderline (BilIN-2); and 
D: Positive (BilIN-3) (hematoxylin and eosin, 20 ×). BilIN: Biliary intraepithelial neoplasia. 
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significantly in PSD (P = 0.039) (Table 2). The con-
cordance rate between FSD and PSD is summarized in 
Table 3 as original diagnostic results.

We separately analyzed the status of the surgical 
margin in the epithelial and subepithelial layers. FSD in 
the epithelial layer revealed 44 (44.0%) negative, 15 
(15.0%) positive, and 41 (41.0%) borderline margins, 
while PSD revealed 59 (59.0%) negative, 14 (14.0%) 
positive, and 27 (27.0%) borderline margins. The 
number of positive margins was similar between FSD 
and PSD, but the number of negative margins increased 
and that of borderline decreased in PSD with marginal 
significance (P = 0.078) (Table 2) (Figure 2A and B). 

The extent of the remaining biliary epithelium lining 
the resected margin might represent the quality of 
samples especially in evaluating the epithelial layer. A 
total of 33 samples were E1, 21 were E2, and 46 were 
E3 in FSD, while a total of 32 samples were E1, 21 were 
E2, and 47 were E3 in PSD (Table 4). The rate of the 
remaining epithelium was almost identical between FSD 
and PSD. More than half of the total margins lacked > 
50% of the entire biliary epithelium in FSD and PSD. 
The rate of negative margins decreased and the rate 
of borderline and positive margins increased in FSD 
according to the rate of the remaining epithelium. This 
suggested proportional sensitivity to the remaining rate 
and intrinsic difficulty in the assessment of the epithelial 
layer. The concordance rate between FSD and PSD in 
the evaluation of the epithelial layer is summarized in 
Table 3 as original diagnostic results.

In the subepithelial layer, FSD revealed 87 (87.0%) 
negative, 12 (12.0%) positive, and 1 (1.0%) borderline 
margins, while PSD revealed 86 (86.0%) negative 

and 14 (14.0%) positive margins. There was a nearly 
complete consistency between FSD and PSD (P = 
0.560) (Table 2). The concordance rate between FSD 
and PSD in the evaluation of the subepithelial layer is 
summarized in Table 3 as original diagnostic results.

Analysis of diagnostic discordance between FSD and 
PSD
Diagnostic discordance between FSD and PSD was 
observed in 31 epithelial layers and two subepithelial 
layers (Table 5). The discordance rate in the epithelial 
layer was considerably high, while that in the sube-
pithelial layer was very low. The discordance rate in 
the epithelial layer was somewhat higher in pCCA 
than dCCA, but there was no significant difference in 
the discordance rate between pCCA and dCCA in the 
epithelial layer and subepithelial layer (P = 0.128 and 
1.000, respectively). Alteration from borderline to ne-
gative in the epithelial layer was the most frequent (20 
margins). Less frequently, alterations from negative 
to borderline (4 margins) and positive to borderline (4 
margins) were observed in the epithelial layer (Table 
6). Regrettably, alteration from negative to positive was 
also noted in two margins (Figure 2C and D). 

Concordance rate between FSD and PSD at the patient 
level
FSD revealed 26 (35.1%) negative, 17 (23.0%) 
positive, and 31 (41.9%) borderline margins in 74 
patients with eCCA, while PSD revealed 36 (48.7%) 
negative, 18 (24.3%) positive, and 20 (27.0%) 
borderline margins. The number of positive margins 
was similar between FSD and PSD, but the number 

Table 3  Concordance rate between frozen section diagnosis and permanent section diagnosis

Concordance rate (%) Sensitivity (%) Specificity (%) Positive-predictive value (%) Negative-predictive value (%)

Original diagnostic results
   Total layer 68.0 85.7 66.1 90.0 90.2
   Epithelial layer 69.0 78.6 64.6 73.3 86.4
   Subepithelial layer 98.0 85.7 100.0 100.0 98.9
Revised diagnostic results
   Total layer 95.0 85.7 97.5 90.0 97.5
   Epithelial layer 93.0 70.0 95.6 73.3 96.5
   Subepithelial layer 98.0 85.7 100.0 100.0 98.9

Table 4  Extent of the remaining epithelium and diagnostic results of the bile duct margin

Extent of the remaining epithelium Negative (%) Borderline (%) Positive (%) Total (%)

FSD
E1 (0%-24%) 22 (66.6) 9 (27.3) 2 (6.1) 33 (100)
E2 (25%-49%) 8 (38.1) 11 (52.4) 2 (9.5) 21 (100)
E3 (50%-100%) 14 (30.4) 21 (45.7) 11 (23.9) 46 (100)

PSD
E1 (0%-24%) 22 (68.7) 7 (21.9) 3 (9.4) 32 (100)
E2 (25%-49%) 9 (42.9) 9 (42.9) 3 (14.3) 21 (100)
E3 (50%-100%) 28 (59.6) 11 (23.4) 8 (17.0) 47 (100)

FSD: Frozen section diagnosis; PSD: Permanent section diagnosis.
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of negative margins increased and that of borderline 
decreased slightly in PSD (P = 0.134) (Table 2).

Local RFS analysis
The overall follow-up period of the 74 patients from 
surgery to disease-related death or censoring were 4 
to 2343 days (Median, 623 d).

We first performed local RFS analysis based on FSD 
of the bile duct margin in the total layer. Local RFS rates 
for 1, 3, and 5 years are listed in Table 7. Patients with 
positive margins demonstrated a significantly worse 
survival compared with those with negative or borderline 
margins (both P < 0.01). In contrast, patients with 

negative and borderline margins showed comparable 
prognoses (P = 0.906) (Figure 3A).

We then focused on the status of the epithelial layer, 
since we thought that diagnosis as borderline was the 
greatest issue for surgeons in deciding whether to 
perform additional resection. Patients with borderline 
and positive margins in the subepithelial layer were 
excluded from this analysis in order to investigate the 
pure effect of the status of the epithelial layer. Local RFS 
rates for 1, 3, and 5 years are listed in Table 7. Patients 
with positive margins demonstrated a significantly worse 
survival compared with those with negative or borderline 
margins (both P < 0.01). In contrast, patients with 

Table 5  Diagnostic discordance between frozen section diagnosis and permanent section diagnosis

Diagnostic discordance Total (%)

Yes (%) No (%)
Epithelial layer 31 (31.0) 69 (69.0) 100 (100)
   pCCA 21 (38.2) 34 (61.8) 55 (100)
   dCCA 10 (22.2) 35 (77.8) 45 (100)
Subepithelial layer 2 (2.0) 98 (98.0) 100 (100)
   pCCA 1 (1.8) 54 (98.2) 55 (100)
   dCCA 1 (2.2) 44 (97.8) 45 (100)
Total layer 28 (28.0) 72 (72.0) 100 (100)
   pCCA 18 (32.7) 37 (67.3) 55 (100)
   dCCA 10 (22.2) 35 (77.8) 45 (100)

pCCA: Perihilar cholangiocarcinoma; dCCA: Distal cholangiocarcinoma.

A B

C D

Figure 2  Discordance between frozen section diagnosis and permanent section diagnosis. Bile duct margin of Case 172 (dCCA) prepared for FSD (A) and 
PSD (B), and that of Case 157 (dCCA) prepared for FSD (C) and PSD (D) (hematoxylin and eosin, 20 ×). These two sets of figures represent the same region of the 
bile duct margin, respectively. Epithelium was detached from subepithelium, denatured, twisted, and FSD was borderline (BilIN-2) (A), while PSD was negative (B). 
Epithelium was severely denatured owing to artifacts and FSD was negative (C), while BilIN-3/carcinoma in situ appeared in different sections prepared for PSD (D). 
FSD: Frozen section diagnosis; PSD: Permanent section diagnosis; dCCA: Distal cholangiocarcinoma; BilIN: Biliary intraepithelial neoplasia.
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negative and borderline margins showed comparable 
prognoses (P = 0.927) (Figure 3B). 

Local RFS analysis according to the epithelial and 
total status assessed by PSD demonstrated similar 
results (Figure 4 and Table 8). Patients with positive 
margins in the total and epithelial layers demonst-
rated significantly worse survival compared with those 
with negative or borderline margins (all P < 0.01). In 
contrast, patients with negative and borderline margins in 

the total and epithelial layers showed similar prognoses 
(both P = 0.896).

Based on the results of survival analysis, borderline 
margins in the epithelial layer were regarded substan-
tially as negative. Histopathological diagnosis in the 
epithelial layer was reclassified into positive or negative, 
and the concordance rate between FSD and PSD was 
revised (Table 3). The concordance rates in the total, 
epithelial, and subepithelial layers were 95.0%, 93.0%, 

Table 7  Local recurrence-free survival rates of patients according to the status of the bile duct margin evaluated by frozen section 
diagnosis

Duration (yr) Negative Borderline Positive

Total layer
   Number of cases 26 31 17

1 0.916 0.918 0.518
3 0.769 0.725 0.194
5 0.769 0.725 0.194

1Epithelial layer
   Number of cases 26 30 6

1 0.916 0.915 0.333
3 0.769 0.722 0.000
5 0.769 0.722 0.000

1Patients with borderline or positive subepithelial layer were excluded.

Table 6  Details of diagnostic discordance between frozen section diagnosis and permanent section diagnosis

Epithelial layer (pCCA:dCCA) Subepithelial layer (pCCA:dCCA)

From negative to borderline 4 (2:2) 0 (0:0)
From negative to positive 1 (0:1) 1 (1:0)
From borderline to negative 20 (13:7) 0 (0:0)
From borderline to positive 2 (2:0) 1 (0:1)
From positive to borderline 4 (4:0) 0 (0:0)
Total 31 (21:10) 2 (1:1)

pCCA: Perihilar cholangiocarcinoma; dCCA: Distal cholangiocarcinoma.
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Figure 3  Local recurrence-free survival analysis according to the frozen section diagnosis status. The Kaplan-Meier curves of patients with eCCA according 
to the status of the bile duct margin evaluated by FSD in total layer (A) and epithelial layer (B). Patients with borderline or positive subepithelial layer were excluded 
from the analysis in the epithelial layer. Black line: negative; Red line: borderline; Green line: positive; eCCA: Extrahepatic cholangiocarcinoma; FSD: Frozen section 
diagnosis.
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and 98.0%, respectively. These results suggest that 
FSD is a reliable method to evaluate margin status of 
the bile duct intraoperatively.

DISCUSSION
The status of the bile duct margin has been assessed 
by intraoperative FSD for complete resection of eCCA. 
However, the usefulness of FSD is controversial 
owing to the frequent discordance between FSD and 
PSD. Okazaki et al[5] reported that concordance rate 
between FSD and PSD was only 56.5%, and concluded 
that FSD should not be carried out for patients with a 
high risk of hepatic failure. Yamaguchi et al[7] reported 
that diagnosis of resected bile duct margin was altered 
from FSD to PSD in five of 20 patients with gall bladder 
or bile duct cancer who underwent surgical resection. 
Endo et al[9] reported that discrepancies between 
FSD and PSD were observed in 10 of 101 patients 
with pCCA who underwent surgery. In the present 

study, we experienced diagnostic discordance in 28 
of 100 duct margins between FSD and PSD. This high 
discordance rate was probably due to the grouping 
method of histopathological results. The margin 
status was classified into either positive or negative 
by Yamaguchi et al[7] and either positive/suspicious 
or negative in the study by Endo et al[9], in which only 
invasive carcinoma was diagnosed as positive. In 
contrast, the margin status in the present study was 
grouped into three categories of positive, borderline, or 
negative. Diagnostic discordance in this study was only 
2% if only invasive cancer was classified as positive. 

Discordance between FSD and PSD was observed 
in 28 bile duct margins; 31 in the epithelial layer 
and two in the subepithelial layer. The most frequent 
alteration was borderline to negative in the epithelial 
layer. During frozen sample preparation, epithelium 
easily detaches from basement membrane, and 
becomes twisted, folded, and overlapped. The nuclei 
are often swollen because of rapid freezing, which 

Table 8  Local recurrence-free survival rates of patients according to the status of the bile duct margin evaluated by permanent 
section diagnosis

Duration (yr) Negative Borderline Positive

Total layer
   Number of cases 36 20 18

1 0.940 0.862 0.667
3 0.710 0.790 0.356
5 0.710 ND ND

1Epithelial layer
   Number of cases 36 20 6

1 0.940 0.862 0.333
3 0.710 0.790 0.167
5 0.710 ND ND

1Patients with borderline or positive subepithelial layer were excluded. ND: Not determined.
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Figure 4  Local recurrence-free survival analysis according to the permanent section diagnosis status. The Kaplan-Meier curves of patients with eCCA 
according to the status of the bile duct margin evaluated by PSD in total layer (A) and epithelial layer (B). Patients with borderline or positive subepithelial layer were 
excluded from the analysis in the epithelial layer. Black line: negative; Red line: borderline; Green line: positive; eCCA: Extrahepatic cholangiocarcinoma; PSD: 
Permanent section diagnosis.
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makes it difficult to discriminate the epithelium from 
dysplasia and/or carcinoma in situ. We assume that 
the low quality of the frozen section sample may have 
been the greatest cause of the discordance (Figure 2A 
and B). The low quality of the frozen section sample 
was also demonstrated by the low remaining rate of 
the epithelium for histopathological evaluation. In this 
study, more than half of the epithelium was lost during 
sample preparation, and this might have resulted in 
underdiagnosis in the epithelial layer. In light of the 
similar extent of the remaining epithelium between 
FSD and PSD, the epithelial layer might be lost during 
resection for intraoperative diagnosis by surgeons. 
We experienced two cases of alteration from negative 
to positive. These were caused by sampling different 
sections within the bile duct margin (Figure 2C and 
D). The cut-surface of the permanent histology was 
different from that of frozen section histology. We did 
not overlook cancer cells within frozen section samples. 
Marked stromal cell infiltration into the tumor is an 
inherent characteristic of CCA, which may fundamentally 
underlie inaccurate FSD. Mucosal inflammation caused 
by the catheter for preoperative biliary drainage may 
also mislead the frozen diagnosis[5,7]. It may cause 
regenerative atypia of normal mucosa with thick and 
multilayered atypical epithelial cells and immature 
mesenchymal cells, which may be misdiagnosed as 
malignant epithelium showing sarcomatous changes. In 
this study, the rate of borderline was significantly higher 
in the epithelial layer than in the subepithelial layer 
on FSD, and borderline epithelial margins significantly 
decreased but borderline subepithelial margins did not 
change on PSD. This may be partly explained by the 
fact that almost all patients underwent biliary drainage 
tube insertion preoperatively (Table 1).

In the present study, patients with negative margins 
by FSD demonstrated a significantly favorable local 
RFS compared with patients with positive margins, 
suggesting that FSD is useful for complete resectability 
and predicting good prognosis. Positive margins in 
this study included the presence of cancer cells in the 
epithelial and/or subepithelial layers, of the bile duct 
submitted for diagnosis. However, clinical significance of 
positive surgical margins of the bile duct is controversial. 
Some authors reported no correlation between positive 
margins and postoperative local recurrence of pCCA[11]. 
In contrast, a strong correlation has been reported by 
other authors[9,12-14]. For example, pCCA patients with 
positive bile duct margins by paraffin section histology 
demonstrated significantly worse disease-specific 
survival compared with those with negative bile duct 
margins[9]. Bile duct margin was evaluated as positive 
only when invasive cancer was confirmed histologically[9]. 
In addition, local recurrence of gall bladder and bile 
duct cancer was slightly associated with the margin 
status by paraffin section histology, that is, 4/7 positive 
patients versus 9/37 negative patients (P = 0.081)[7]. 
In the patients with positive margins, local recurrence 
occurred only when cancer cells were observed in the 

subepithelial layer[7]. In the study of middle and distal 
bile duct cancer, PSD of the hepatic-side duct margin 
predicted local recurrence with marginal significance, 
that is, 2 of 6 (33%) positive patients versus 4 of 45 
(9%) negative patients (P = 0.08)[4]. Localization of 
cancer cells in the surgical margin was not described in 
that study[4]. 

It has been reported that the presence of epithelial 
dysplasia at the bile duct margin confirmed posto-
peratively is not associated with survival of patients 
who undergo R0 resection[9,12,13]. Yamaguchi et al[7] 
also reported that local recurrence occurred in neither 
of the two patients with carcinoma in situ of the bile 
duct margin by permanent histopathology. In the 
present study, local recurrence was observed in all six 
patients with positive margins in the epithelial layer by 
FSD, suggesting the need for accurate intraoperative 
diagnosis of BilIN-3/severe dysplasia/in situ carcinoma. 
However, FSD of the bile duct is often difficult even for 
experienced pathologists. In addition, there is some 
interobserver variation in the evaluation of the grade 
of biliary dysplasia. In contrast, diagnosis of invasive 
carcinoma in the subepithelial layer is easier, especially 
when there is perineural invasion. Analysis of a greater 
number of cases is awaited to clarify the significance of 
BilIN-3/in situ carcinoma in the bile duct margin.

One of the main purposes of this study was to deter-
mine the relevance of borderline lesions, consisting of 
BilIN-1 and 2 and indefinite for neoplasia, diagnosed 
intraoperatively. Approximately 40% of the epithelial 
layer was diagnosed as borderline, while only 1% of 
the subepithelial layer was diagnosed as borderline by 
FSD. We thought that the difference was due to the 
following reasons: (1) intrinsic borderline lesion, such 
as BilIN-1 and 2, is defined as a diagnostic category in 
the epithelial lesion; (2) epithelium is more vulnerable 
to artifacts than subepithelial stromal tissue is; and (3) 
impact of preoperative biliary drainage tube insertion. 
Because our patients had pCCA and dCCA, which are 
locoregionally different tumors, we investigated only 
local recurrence rate and not overall survival rate. By 
survival analysis, patients with borderline margins in 
the epithelial layer demonstrated a comparable local 
RFS compared with patients with negative margins. 
These data suggested that epithelial borderline lesions 
might be interpreted substantially as negative margins 
and that additional ductal resection might not be 
necessary in such institutions as having well-experienced 
pathologists. 

On the other hand, it is quite likely that some bord-
erline margins may ultimately turn out to be positive in 
a larger series with more diverse pathologist. Hence, 
if the first margin is borderline and additional margin 
can be safely obtained, additional ductal resection will 
be desirable to achieve negative margin as the local 
recurrence is very high in positives.

In the present study, four of 26 patients with 
negative frozen margins had local recurrence. PSD 
was also negative in all these patients. This may have 
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been because CCA sometimes shows discontinuous 
longitudinal spread or tumorigenesis from separate foci 
along the bile duct[14,15].

In conclusion, FSD of the bile duct margin was 
reliable enough to provide useful information for deciding 
the extent of resection of eCCA regardless of technical 
limitations in sample preparation. Positive margins in 
the epithelial layer was significantly associated with local 
recurrence, while the borderline margins demonstrated a 
similar local recurrence rate to that of negative margins. 
Although it is desirable to achieve negative margin if the 
first margin is borderline, epithelial borderline lesions 
could be regarded substantially as negative margins in 
such institutions as with well-experienced pathologists. 

ARTICLE HIGHLIGHTS
Research background
Cholangiocarcinoma (CCA) is a rare malignancy with poor prognosis. Complete 
surgical resection is the only treatment with the potential for cure, and the status 
of the final ductal margin is strongly associated with prognosis. Intraoperative 
frozen section diagnosis (FSD) of the bile duct margins has traditionally been 
used to guide the extent of operative resection, but its usefulness has been 
controversial until now.

Research motivation
Because of the rarity and locoregional anatomical complexity of CCA, few 
centers have substantial clinical experience of managing this disease, and few 
pathologists have expertise in characterizing resected specimens accurately. 
In addition, quality of FSD samples is very low. Hence, discordance between 
FSD and permanent section diagnosis (PSD) that reuses frozen samples often 
occurs. 

Research objectives
The primary purpose of this study was to examine reliability of intraoperative 
FSD to evaluate the margin status. The secondary purpose was to clarify 
clinical relevance of borderline lesions that could not be definitely determined 
whether malignant or benign. Borderline in the present study included such 
lesions as low-grade and intermediate-grade dysplasia [biliary intraepithelial 
neoplasia (BilIN)-1 and BilIN-2] and lesions indefinite for neoplasia.

Research methods
We retrospectively analyzed 74 consecutive patients who underwent surgery 
for extrahepatic CCA (eCCA) from 2012 to 2017, during which FSD of bile 
duct margins was performed. They consisted of 40 distant CCAs (dCCAs) and 
34 perihilar CCAs (pCCAs) (45 and 55 bile duct margins, respectively). The 
diagnosis was classified into three categories: negative, borderline, or positive. 
FSD in the epithelial layer, subepithelial layer, and total layer was compared 
with corresponding PSD postoperatively. Then, association between FSD and 
local recurrence was analyzed. The concordance rate between FSD and PSD 
was investigated at the margin and patient levels, but survival analysis was 
performed solely at the patient level.

Research results
Analysis of 100 duct margins revealed that original concordance rate between 
FSD and PSD was 68.0% in the total layer, 69.0% in the epithelial layer, and 
98.0% in the subepithelial layer. The extent of remaining biliary epithelium 
was comparable between FSD and PSD, and more than half of the margins 
lost > 50% of the entire epithelium, suggesting low quality of the samples. 
In FSD, the rate of negative margins decreased and that of borderline and 
positive margins increased according to the extent of the remaining epithelium, 
suggesting proportional sensitivity to the remaining rate and intrinsic difficulty 
in the assessment of the epithelial layer. Diagnostic discordance between 
FSD and PSD was observed in 31 epithelial layers and two subepithelial 
layers. Although the discordance rate in the epithelial layer was somewhat 

higher in pCCA than dCCA, there was no significant difference between them 
in the epithelial layer and subepithelial layer. Alteration from borderline to 
negative was the most frequent (20 of the 31 epithelial layers). Less frequently, 
alterations from negative to borderline (4 margins) and positive to borderline (4 
margins) were observed in the epithelial layer. Although some authors reported 
no correlation between positive margins and postoperative local recurrence, in 
the present study patients with positive margin in the total and epithelial layers 
by FSD demonstrated a significantly worse local recurrence-free survival (RFS) 
compared with patients with borderline and negative margins. On the other 
hand, patients with borderline and negative margins in the total and epithelial 
layers by FSD revealed comparable local RFS. Patients with borderline and 
negative margins in the epithelial layer by PSD also revealed comparable local 
RFS. These results suggested that epithelial borderline might be regarded 
substantially as negative in such institutions as having well-experienced 
pathologists. However, if the first margin is borderline and additional margin 
can be safely obtained, additional ductal resection will be desirable to achieve 
negative margin, because it is quite likely that some borderline margins may 
ultimately turn out to be positive in a larger series with more diverse pathologist 
and the local recurrence is very high in positive margins. When classifying the 
status of the epithelial layer either as negative or positive, concordance rates 
between FSD and PSD in the total, epithelial, and subepithelial layers were 
95.0%, 93.0%, and 98.0%, respectively. These results suggest that FSD is a 
reliable method to evaluate margin status of the bile duct intraoperatively.

Research conclusions
FSD of the bile duct margin was reliable enough to provide useful information 
for deciding the extent of resection of eCCA regardless of technical limitations 
in sample preparation. In contrast to the previous reports, positive margins in 
the epithelial layer was significantly associated with local recurrence, while 
the borderline margins demonstrated a similar local recurrence rate to that of 
negative margins. Although negative margin is desirable, epithelial borderline 
lesions could be regarded substantially as negative in such institutions as with 
well-experienced pathologists. These findings would aid surgeons to determine 
the resection range of the bile duct and better manage the patients with eCCA.

Research perspectives
Intraoperative FSD of the bile duct margins has traditionally been used to 
guide the extent of operative resection, but the usefulness of FSD has been 
controversial until now. In the present study, we clearly demonstrated that FSD 
was reliable enough for pathological diagnosis by comparing FSD and PSD 
and based on the results of survival analysis. In addition, in contrast to some 
previous reports, we demonstrated that positive FSD in the epithelial layer 
was significantly associated with local recurrence and that borderline FSD in 
the epithelial layer could be substantially regarded as negative. Our results 
may be partly due to a relatively large number of eCCA cases. This study 
also highlighted the need for precise and detailed histopathological diagnosis. 
In this respect, the future challenge is more objective differential diagnosis 
of BilIN-1, 2, and 3 by FSD. Development of morphometric analysis, special 
staining procedure, immunohistochemistry, and molecular diagnostics which 
can be available over a short time of intraoperative FSD are awaited. It will be 
also necessary to develop the training program of pathologists who can make a 
correct diagnosis of bile duct margin by intraoperative FSD. 
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