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Table 3 Risk factors for postoperative hyperbilirubinema in patients with biliary tract malignancies

 Postoperative
‘ bilirubinemia

1)
w7
659+ 86 89

Intraoperative parameters and developed postoperative hyperbilirubinemia and who sub-

postoperative outcome sequently died than among those without postoperative liver

dysfunction. Factors related to surgical procedures were not

The amount of blood loss during surgery and the oper- significantly associated with postoperative liver dysfunction
ative time were significantly greater among patients who (Tables 3 and 4).
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Figure 1 A comparison of the RLV/ELV ratios of patients with

and without postoperative hyperbilirubinemia. Mean RLV/ELV
ratio in patients with hyperbilirubinemia was 42.4% = 15%, while
that in patients without hyperbilirubinemia was 55.1% = 17%.
The RLV/ELV ratio in patients with postoperative hyperbilira-
binemia was significantly lower than in patients without hyperbi-
lirubinemia (p = 0.009).

Volumetric analysis and postoperative outcome

The RLV/ELV ratio was significantly lower in patients
with postoperative liver dysfunction than in patients without
postoperative liver dysfunction (P < .01). Mean RLV/ELV
ratio in patients with postoperative hyperbilirubinemia was
42.4% * 15 %, while that in patients without postoperative
hyperbilirnbinemia was 55.1% == 17 % (Figure 1). Patients
who ultimately died of liver failure had the lowest RILV/
ELV ratios, with a mean of 35.1% = 11%. Peak postoper-
ative serum total bilirubin levels were negatively correlated
with RLV/ELV ratio (Figure 2) (Tables 3 and 4).
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Figure 2 Relationship between RLV/ELYV ratio and peak post-

operative total bilirubin levels within 2 weeks after surgery. A
significant negative correlation was observed (P = 0.002, ¢ =
~0.295).
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Multivariate analysis indicated that only RLV/ELV ratio
was an independent risk factor that influenced hyperbiliru-
binemia after extended hepatic resection, as shown in Table 5.
When logistic regression was used, in order to distinguish
which patients bad died of liver failure, ICG-R15 and,
again, RLV/ELV ratio were selected as independent risk
factors.

Determination of the RLV/ELV ratio cut off value
affecting postoperative hyperbilirubinemia

According to receiver operating characteristic curve, the
best RLV/ELV cutoff value was 40%, with sensitivity 59%
and specificity 81%, to distinguish patients with from those
without postoperative hyperbilirubinemia. When RLV/ELV
ratio was used in the logistic regression model as a cate-
gorical variable, instead of a continuous variable, with a
cutoff of 40%, it was an independent risk factor that influ-
enced hyperbilirubinemia after extended hepatic resection
{odds ratio 7.6; 95% confidence interval, 2.1-27; P < .002).

RLV/ELV ratio and ICG-R15 in patients with
fatal outcome

All patients who died of liver failure had a RLV/ELV
ratio of less than 40% and/or higher than 25% of ICG-R15
(Figure 3). Conversely, all patients who had RLV/ELV
greater than 40% and less than 25% of ICG-R1S5 tolerated
extended hepatic resection.

Comments

Since extended hepatic resection was first performed to
achieve curative resection, which is reported to be a major
prognostic factor,”>" patient survival in cases of biliary
tract malignancies has improved greatly. However, the mor-
tality rate afler extended hepatic resection is sull high,
ranging from 0% to 25%.%'°7"® The high mortality rate is
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Figure 3 RLV/ELV ratio and ICG-R15 in patients with fatal

outcomes. Open circles: patients who tolerated extended hepatic
resection. Filled circles: patients who died of liver failure after
extended hepatic resection. All patients tolerated surgery when
their RLV/ELV ratio was >40% and ICG-R15 was <25%.

mainly attributable to postoperative hyperbilirubinemia, fol-
lowed by hepatic failure. Therefore, investigation of factors
that influence postoperative liver dysfunction is of great
interest for surgeons hoping to improve perioperative out-
come in patients with biliary tract malignancies.

Since the majority of patients with biliary tract malig-
nancies have obstructive jaundice, it has been suggested that
preoperative cholestasis is associated with postoperative
liver dysfunction. Many retrospective clinical reports and ex-
perimental data suggest that preoperative obstructive jaundice
is related to postoperative morbidity and mortality."* ™! Based
on these facts, routine preoperative biliary decompression,
to a serum bilirubin level of 2-3 mg/dL, has been advocated
to reduce postoperative complications.'®?® In the present
study, all patients with obstructive jaundice received preop-
erative biliary drainage, but 13 (19%) of these patients still
had jaundice with serum total bilirubin levels greater than 3
mg/dL at the time of extended hepatic resection. However,
serum total bilirubin levels at the time of surgery and the
rate of decrease in the level of serum bilirubin were not
found to be significant risk factors for postoperative liver
dysfunction. These results raise the question of whether or
not preoperative biliary decompression should be routinely
performed before extended hepatic resection, although it is
possible that patients in this study who had jaundice at the
time of surgery had already received effective relief of
cholestasis in spite of their bilirubin levels. There have been
few reports on this issue, especially in regard to patients
with extended hepatic resections, but Cherqui et al** have
recently shown that major liver resections without preoper-
ative biliary drainage are safe for most patients with ob-
structive jaundice.

Our logistic regression model has shown that the RLV/
ELV ratio was the strongest risk factor for liver dysfunction

after extended hepatic resection in patients, the majority of
whom had preoperative jaundice. Recently, with an increase
of the number of cases with major hepatic resection and
living-related liver transplantation, the importance of volu-
metric analysis by computed tomography images has been
emphasized to avoid postoperative liver dysfunction.** Sev-
eral reports have shown the minimum extent of remnant
liver volume compatible with a safe postoperative outcome,
with RLV/ELV ratios ranging from 25% to 30%.%*** A
significant correlation between remnant liver volume and
postoperative peak bilirubin level has also been reported.®
These results were similar to our current results, although
the extent of remnant liver volume in patients who devel-
oped postoperative hyperbilirubinemia (mean 42% of RLV/
ELV ratio) and subsequent fatal outcome (mean 35% of
RLV/ELV ratio) was a bit large in our study. The reason for
this might be that, in previous reports, the patients who were
assessed mostly had normal liver parenchyma, while in our
study, the majority of patients had cholestatic liver. Taka-
hashi et al*® have also shown that resection of up to 48.7%
of the liver was safe and hepatectomy of up to 71.6% was
the maximum permissible resection, calculated on the basis
of postoperative bilirubin levels, in patients with obstructive
jaundice, even after relief of it. Their results and ours
suggest that the extent of liver that can be safely resected is
limited in the case of cholestatic liver, even after this con-
dition is relieved, and, when the estimated RLV/ELV ratio
is =40%, which is the critical point for postoperative liver
dysfunction as shown in this study, portal vein embolization
should be performed before extended hepatic resection 1o
increase the RLV/ELV ratio.

Arnother significant factor for mortality due to hepatic
failure, but not for postoperative hyperbilirubinemia, was
ICG-R15. Use of ICG-R15 has been proposed by many
institutions as one of the best ways to evaluate the safe
limits for hepatic resection. %7 However, since such assess-
ment is directly influenced by the severity of jaundice, due
to excretory competition with bilirubin, its result must be
carefully interpreted in cases of patients with obstructive
jaundice. In the present study, this evaluation was con-
ducted principally afterthe total bilirubin level had declined
below 3 mg/dL, even in 8 of 9 patients who died after
extended hepatic resection, although 13 patients who had
jaundice at the ume of surgery had total serum bilirubin
levels greater than 3 mg/dL but not beyond 6 mg/dL at the
time of ICG-R15 evaluation. Therefore, the results of ICG-
RIS in patients with fatal outcomes were relatively reliable,
and these results suggested that special attention should be
paid to the occurrence of liver failure after extended hepatic
resection in patients with high ICG-R15 even after relief of
obstructive jaundice, as mentioned by Lee and Hwang®®
(wherein the livers of patients with an ICG-R15 >15% after
relief of obstructive jaundice often showed diffuse paren-
chymal shrinkage, without evidence of liver cirrhosis). This
may be an irreversible phenomenon, and hence related 1o
cases of death due to liver failure after extended hepatic
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resection. In our study, no patients with ICG-R15 less than
25% died of liver failure after extended hepatic resection
when their RLV/ELYV ratio was greater than 40%.

In addition to preoperative volumelric parameters, intraop-
erative parameters may also influence postsurgical course.
However, our logistic regression model failed to identify
any intraoperative parameters associated with postoperative
hyperbilirubinemia and also with mortality, although, mn
univariate analysis, the amount of blood loss during surgery
and the operative time were found to be significant factors
for postoperative hyperbilirubinemia. These results were
similar to those in previous reports by Nagino et al'® and
Fujii et al.?

In conclusion, we identified RLV/ELV ratio as having
the strongest impact on postoperative liver dysfunction and
found that ICG-R135, evaluated after relief of jaundice, had
the next strongest relationship to mortality after extended
hepatic resection in patients with biliary tract malignancies.
To prevent postoperative liver dysfunction, volumetric anal-
ysis should be performed in a prospective fashion; based on
the results, preoperative portal vein embolization or, if pos-
sible, limited hepatic resection after precise estimation of
cancer extent>® should be considered.
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Similarities and Differences Between Intraductal
Papillary Tumors of the Bile Duct With and Without
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Abstract: Intraductal papillary neoplasms of the bile duct
(IPNB) have been recently proposed as the biliary counterpart
of intraductal papillary mucinous neoplasms of the pancreas
(IPMMN-P). However, in contrast to IPMN-P, IPNB include a
considerable number of the tumors without macroscopically
visible mucin secretion. Here we report the similarities and
differences between [PNB with and without macroscopically
visible mucin secretion (IPNB-M and IPNB-NM). Surgically
resected 27 consecutive cases with [PNB were divided into
[PNB-M (n = 10) and IPNB-NM (n = 17), and their clinico-
pathologic features were examined. Clinically, both tumors were
similar. Pathologically, the most frequent histopathologic types
were pancreatobiliary in IPNB-NM and intestinal in [PNB-M.
Various degrees of cytoarchitectural atypia within the same
tumor were exhibited in § IPNB-M, but only 3 in IPNB-NM.
Although the tumor size was similar, 9 IPNB-NM were inva-
sive carcinoma, whereas all but 1 IPNB-M with carcinoma were
in situ or minimally invasive. Immunchistochemically, posi-
tive MUC2 expression was significantly more frequent in
[PNB-M than in IPNB-NM, whereas MUCH tended to be more
frequently expressed in [PNB-NM compared with [PNB-M.
Among IPNB-NM with positive MUCL expression, 3 had
negative MUC2 and MUCSAC expressions. These tumors
showed a tubulopapillary growth with uniform degree of
cytoarchitectural atypia. All IPNB-M were negative for p33,
and the frequency of positive p33 protein in IPNB-NM was
at the muiddle level of that in IPNB-M and nonpapillary
cholangiocarcinoma. In conclusion, IPNB-M showed striking
similarities to IPMN-P, but [PNB-NM contained heterogeneous
disease groups.
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cholangiocarcinoma
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) ile duct tumors with macroscopically visible mucin
ecretion are a rare form among bile duct neoplasms.
These tumors show predominantly papillary or, rarely,
flat growth within the dilated bile duct lumen, and secrete
a large amount of mucin, which is often seen draining
from a patulous orifice of the duodenal papilla. As these
features are similar to those in intraductal papillary
mucinous neoplasms of the pancreas (IPMN-P), it 1s
speculated that this type of tumor is a biliary counterpart
of IPMN-P.'MT1 Microscopically, both types of tumor
are composed of papillary fronds with fine vascular cores.
Neoplastic epithelial cells of both tumors can be of the
pancreatobiliary type or can show gastric or intestinal
differentiation, and show a spectrum of cytoarchitectural
atypia ranging from noune to borderline to marked and
can be associated with invasive carcinoma as well. On
the basis of these results, the nomenclature, “intraductal
papillary mucinous tumor of the bile ducts” has been used
for such tumors.'?

In contrast, biliary intraductal tumors without
macroscopically visible mucin secretion are also encoun-
tered more frequently than, tumors with mucin secretion.
Similar to tumors with macroscopically visible mucin
secretion, these tumors have a macroscopically recogniz-
able papillary or granular structure, but no clinically
visible mucin secretion. As certain morphologic features
of these tumors, especially intraductal papillary growth
patterns, are also similar to those of IPMN-P, Zen et al?
recently proposed that they, together with tumors with
macroscopically visible mucin secretion, may belong to a
single tumor entity, “intraductal papillary neoplasms of
the bile duct” (IPNB). Not only tumors with mucin
secretion, but also those without macroscopically visible
mucin secretion, may be the biliary counterpart of IPMN-P.
However, this hypothesis is still speculative, as one tumor
produces and secretes a large amount of mucin and the
other tumor does not. Among IPNB, there are a con-
siderable number of the tumors without macroscopically
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visible mucin secretion, whereas among [PMN-P, tumors
with little mucin secretion are rare. Furthermore, in the
pancreas, intraductal tubulopapillary neoplasms (ITPNs)
have been recently reported as new intraductal pancreatic
neoplasms.?? These neoplasms were characterized by the
appearance of a solid nodular tumor obstructing dilated
ducts without visibly secreted mucin on macroscopic
examination and predominant tubulopapillary growth
with uniform high-grade atypia throughout the neoplasm
on microscopic examination.

The aim of this study was to clarify the similarities
and differences between intraductal tumors of the bile
duct with and without macroscopically visible mucin se-
cretion, with regard to their clinical course and pathologic
findings, including mucin immunophenotype and p53
protein accumulation.

MATERIALS AND METHODS

From January 1990 until March 2008, 274 patients
with intrahepatic or extrahepatic bile duct tumors were
treated surgically at the Chiba University Hospital.
Among them, 27 patients (9.9%) were diagnosed as
having intraductal papillary neoplasms of the intrahepa-
tic or extrahepatic bile duct. IPNB are defined as tumors
that are characterized by macroscopically recognizable
papillary andfor granular growth within the bile duct
lumen, according to earlier studies.'™?* Biliary cystade-
noma and cystadenocarcinoma, and any papillary lesions
of Vater ampulla or galibladder as well, were excluded
from this study. IPNB were divided into 2 groups, that is
tumors with and without macroscopically visible mucin
secretion, which was judged by not only pathologic but
also preoperative clinical examinations. Ten patients were
diagnosed with the former (IPNB-M) and 17 patients
with the latter (IPNB-NM). Clinical and pathologic
information on these patients were retrospectively
reviewed.

The following clinical variables were examined: age,
sex, symptoms, history of biliary diseases, preoperative
serum levels of carbohydrate antigen 19-9 (CA19-9},
location of the main tumor, surgical procedures, and
outcome. The follow-up periods ranged from 12 to 134
months, with a median of 61 months. The surgically
resected specimens were investigated, and macroscopic
tumor size and morphology were recorded. After fixation
in 10% buffered formalin, multiple sections transverse
to the longitudinal axis of the bile duct were made
at approximately S5-mm intervals. Histologic sections,
stained with hematoxylin and eosin, were examined for
histopathologic types, cytoarchitectural atypia, and mode
of spreading. As there are no established criteria as to
histopathologic types and cytoarchitectural atypias
among IPNB, we identified them in accordance with the
consensus criteria for IPMN-P.%° Histopathologic types
were classified as gastric, intestinal, pancreatobiliary, and
oncocytic types, which were also applied for some earlier
studies regarding IPNB.'0:!%:21.2% Degrees of cytoarchi-
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tectural atypia were characterized as adenoma, border-
line, and carcinoma.

In addition to conventional staining, immunohisto-
chemical studies were carried out using an Envision™-
Horseradish Peroxidase system (DakoCytomation, Glostrup,
Denmark). Eight consecutive cases with IPNB-M and
16 consecutive cases with IPNB-NM in the last 10 years
were used in this study. As disease controls, 10 cases of
nonpapillary cholangiocarcinoma randomly obtained from
the disease files of our department were also provided for
this assessment. All nonpapillary cholangiocarcinoma were
located in the extrahepatic bile duct (6 cases) or intrahepatic
large bile ducts (4 cases), appearing as the nodular or
sclerosing type, and histologically, as invasive tubular
adenocarcinoma. From each case, 1 or 2 paraffin blocks
with tumor tissue were selected. The following monoclonal
antibodies were used as primary antibodies: MUCI
glycoprotein (clone Ma695; 1:100, Novocastra Labora-
tories Ltd, Newcastle upon Tyne, UK), MUC2 (clone
Ccp58; 1:100, Santa Cruz Biotechnology, Inc., Santa Cruz,
CA), MUCSAC (clone CLH2; 1:100, Novocastra Labora-
tories Ltd), human gastric mucin (clone 45M1; 1: 100,
Novocastra Laboratories Ltd), MUC6 (clone CLHS; 1:
100, Novocastra Laboratories Ltd), and p33 (clone DO-7,
1:100, DakoCytomation). In addition, Ki-67 (clone MIB-1;
1:50, DakoCytomation) was assessed in cases with
IPNB-M and IPNB-NM to compare proliferative activity.
Antigen was retrieved from deparaffinized and rehydrated
tissues by autoclave treatment (121°C, 15min) in a Target
Retrieval Solution, pH 6.0 (DakoCytomation), for mucins,
and in a Target Retrieval Solution, pH 9.0 (DakoCytoma-
tion), for p53 and Ki-67. Diaminobenzidine was used as the
chromogen and the sections were counterstained with
hematoxylin. As a negative control, nonimmunized mouse
immunoglobulin was substituted for the primary antibody.
The criteria for determining positive staining of mucin
antigens was labeling of any intensity in > 10% of the cells.
An accumulation of p353 was considered to be present if
>10% of tumor cells showed nuclear staining. For Ki-67,
nuclear labeling index was manually counted among 1000
cells in each tumor. These criteria are based on several
earlier studies.b>!#

All anonymous histologic specimens were reviewed
by | author (M.C, ‘with > Sy of experience in
pathology), under the supervision of 1 expert pathologist
(Y.K.).

Statistical analysis was carried out using the ¥ test,
Fisher exact test, and the Mann-Whitney U test. P <0.05
was considered to be statistically significant. Patient
survival was calculated by the Kaplan-Meier method.

RESULTS

Clinical Features and Pathologic Findings

Age and sex distributions were not significantly
different between patients with [PNB-NM (mean age,
65.4y; 8 men/9 women) and IPMN-M (mean age,
64.3y; 8 men/2 women) on the basis of statistical anal-
yses (P =10.51 and P = 0.12, respectively). Intermittent

www.ajsp.com | 513



Ohtsuka et al

Am | Surg Pathol « Volume 35, Number 4, April 2011

TABLE 1. Comparison of Pathologic Features Between IPNB-M and IPNB-NM, and Comparable Data on IPMN-P Derived From

the Literature

IPNB
IPNB-NM (n = 17) IPNB-M (n = 10) P IPMN-P*

Size (average; cm) 2.7 34 0.60 3.7-4.3

Gross appearance
Polypoid 9 (53%) 7 (70%) 0.08 Not classified
Polypoid-granular 6 (35%) 0 (0%)

Granular 2 {12%) 3 (30%)

Histopathologic type :
Gastric 1 {6%) 1 (10%) 0.003 31%
Intestinal 3(18%) 8 (80%) 35%
Pancreatobiliary 13 (76%) 1 (10%) 22%

Maximum degree of cytoarchitectural atypia
Adenoma or borderline N 1 (6%) 1 (10%) > (.99 24%-38%
Carcinoma 16 (94%) 9 (90%) 62%-76%

Well: moderately: poorly differentiated 13:3: 0 9:0: 0 0.28

Existence of various degrees of cytoarchitectural atypia 3 (18%) 8 (80%) 0.003 Usually

Depth of invasion
Within ductal wall 8 (47%) 9 (30%) 0.04 55%-73%
Beyond ductal wall 9 (53%) 1 (10%) 27%-45%

Invasive patternt
Pushing growth margin 2 (22%) 1 (1009%) 0.30 Not assessed
Infiltrating growth margin 7 (78%) 0 (0%)

Existence of lymphovascular invasion 6 (35%) 0 (0%) 0.06 47% of invasive cases

Ki-67 labeling index} 32 4 15% 27 £ 1% 0.40 24%-40%

Existence of superficial spread 9 (53%) 3 (30%) 0.42 Often

Existence of muitiple lesions 3 (18%) 1 (10%) > (.99 Sometimes

Existence of lymph node metastasis 2 (12%) 0 (0%) 0.52 0%-20%

*Data derived from the literature,'7.10.16,18-20.24
tData obtained from cases with invasive carcinoma.
fMean & standard deviation,

abdominal pain and fever related to cholangitis or
jaundice were the most common complaints among
patients with and without mucin. Eight of 17 IPNB-
NM (47%) were located in the intrahepatic bile duct,
whereas 5 of 10 IPNB-M (50%) were located in the
intrahepatic bile duct. A total of 9 patients with IPNB
(33%) had histories of bile duct stones or bile duct stones
detected perioperatively; 1 patient with IPNB-NM had
common bile duct stones and 3 patients had intrahepatic
bile duct stones, detected perioperatively, and 1 had a
history of common bile duct stones. In patients with
IPNB-M, 2 had histories of common bile duct stones, |
had a history of common and intrahepatic bile duct
stones, and 1 had intrahepatic bile duct stones detected
perioperatively. One patient with IPNB-NM was diag-
nosed with sclerosing cholangitis during the diagnostic
workup. Although a positive level (> 40 U/mL) of serum
CA19-9 was more commonly observed in patients with
IPNB-NM (11 cases) than in patients with IPNB-M
(3 cases), this was not statistically significant (P = 0.12).

Eight patients with IPNB-NM underwent surgery
more than hemihepatectomy with extrahepatic bile duct
resection (BDR), 1 underwent hemihepatectomy with
pancreatoduodenectomy, 1 hemihepatectomy, 2 hepatic
segmentectomy with BDR, 2 hepatic segmentectomy,
1 BDR alone, and 2 pancreatoduodenectomy. Six
patients with IPNB-M underwent surgery more than
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hemihepatectomy with BDR, 2 underwent hemihepatect-
omy, 1 hepatic caudate lobectomy with BDR, and 1 hilar
BDR. Pathologic features are summarized in Tables I
and 2.

Macroscopic Findings

~ In IPNB-NM, the average tumor size was 2.7cm
(range, 1.3 to 4.6cm), whereas in IPNB-M, the average
size was 3.4cm (range, 1.5 to 5.0cm). In 15 of 17 IPNB-
NM, the tumors appeared as polypoid masses elevaling
into the lumen of the bile duct (polypoid type) (Fig. 1A).
Among these tumors, 6 had clinically visible granular or
small papillary mucosa in which the maximum height
of mucosal protrusion was < 5mm in the vicinity of the
main polypoid mass (polypoid-granular type) (Fig. 1B).
The other 2 IPNB-NM were composed of only granular
mucosa (granular type) (Fig. 1C). Similarly, 7 IPNB-M
were classified as polypoid type and 3 as granular type, in
all of which intraductal mucin accumulation was noted.

Microscopic Findings

All neoplasms included a portion of papillary fronds
with fine vascular cores. Coexistence of tubulopapillary
growth was exhibited more commonly in IPNB-NM (12
cases) than in IPNB-M (2 cases).

On the basis of dominant morphologic features, 1
IPNB-NM was classified as the gastric type (Fig. 2A), 3 as

© 2011 Lippincotr Willicons & Wilkins
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TABLE 2. Immunohistochemical Mucin Expression and p53 Nuclear Accumulation in IPNB-M and IPNB-NM and Nonpapillary
Cholangiocarcinoma, and Comparable Data on IPMN-P Derived From the Literature

Tumor Type MUC1 MUC2 MUCSAC HGM MUCSs pS3
IPNB-M (n = §) 3 (38%) 7 (88%) 7 {88%) 7 (88%%) 1 {13%) 0 (0%:)
IPNB-NM (n = 16} 13 (81%) 4 {25%) 12 (75%) 10 (63%) 9 (56%) 8§ (50%)
Nonpapillary cholangiocarcinoma (n = 10) 10 (100%) 1 (10%) 7 {70%) 9 (96%) 3 (30%) 7 {70%)
IPMN-P* 11%-39% 42%-92% 97%-100% NA 29% 0%

*Data derived from the literature,*8:1416.24
MA indicates not assessed.

FJGUBE 1. Representatiye images of macroscopic types of IPNB. A, Polypoid type: polypoid masses elevating into the lumen of
the bile duct. B, Polypoid-granular type: main polypoid mass (arrows) with clinically visible granular or small papillary mucosa
(arrowheads). C, Granular type: clinically visible granular or small papillary mucosa only (arrowheads).
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the intestinal type (Fig. 2B), and 13 as the pancreatobili-
ary type (Fig. 2C). In 4 tumors with pancreatobiliary
type, other morphologic components were concomitantly
present: 2 with the intestinal component, 1 with the
gastric component, and 1 with the oncocytic component
(Fig. 2D). In IPNB-M, tumors of the intestinal type were
significantly more common (8 of 10 tumors). Only 1
tumor seemed to be of the pancreatobiliary type and 1
was classified as the gastric type. These morphologic
features were not size dependent: the average size of
IPNB with gastric, intestinal, and pancreatobiliary types
were 1.9, 3.2, and 2.7 cm, respectively, and these were not
statistically significant.

The maximum degree of cytoarchitectural atypia of
16 TPNB-NM was characterized as carcinoma: 13 carcino-
mas were well differentiated and 3 were moderately
differentiated. In IPNB-M, 9 tumors were diagnosed as
well-differentiated papillary carcinoma. Only 1 IPNB-NM
and 1 IPNB-M were characterized as papillary adenoma,
which is the same disease entity as biliary papilloma.
However, it was recognized that IPNB often exhibited

marked variation in cytoarchitectural atypia between
different regions of individual tumors. This feature was
significantly more common in IPNB-M than in IPNB-NM,
and 3 IPNB-INM (18%) and 8 IPNB-M (80%) showed
various degrees (carcinoma, borderlineg, and adenoma)
of cytoarchitectural atypia (Fig. 3). With regard to the
relationship between cytoarchitectural atypia and histo-
pathologic types, 10 of 11 tumors with various degrees of
cytoarchitectural atypia were characterized as the intestinal
type. In contrast, all but 1 tumor of the pancreatobiliary
type that corresponded to carcinoma were not concomi-
tant with any other degree of cytoarchitectural atypia
(P <0.0001). In a tumor of the pancreatobiliary type
accompanied with another degree of cytoarchitectural
atypia, a gastric component coexisted. A tumor of the
intestinal type without any other degree of cytoarchitectural
atypia was nonmucin producing.

Nine of 17 IPNB-NM (53%) were invasive carci-
nomas that extended beyond the ductal wall, whereas all
but 1 IPNB-M were in situ carcinomas or minimally
invasive carcinomas confined to the ductal wall. All

FIGURE 2. Representative images of histopathologic types of IPNB (hematoxylin and eosin staining). A, Gastric type. B, Intestinal

type. C, Pancreatobiliary type. D, Oncocytic type. ﬁ
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FIGURE 3. A representative case of [PNB with macroscopically visible mucin secretion. Within a single tumor {A), coexistence of

adenoma (B), borderline lesion (C), or adenocarcinoma (D) was found (hematoxylin and eosin staining).

IPNB-NM with invasive carcinoma exhibited tubular-
type adenocarcinomas, 7 of which had infiltrating growth
margin, whereas IPNB-M with invasive carcinoma
showed colloid carcinoma with a pushing growth margin
(Fig. 4). Lymphovascular invasion was seen within the
invasion site in 6 IPNB-NM. Proliferative activity
assessed by the Ki-67 labeling index was almost identical
between IPNB-M and IPNB-NM. Nine of 10 IPNB with
invasive carcinomas were of the pancreatobiliary type,
and in [PNB of the intestinal type, only 1 tumor with
mucin production showed invasion beyond the bile duct
wall (P < 0.01).

Superficial spread along the epithelium or glands of
the bile duct beyond the macroscopically detectable
tumor was also observed in 3 IPNB-M and 9 IPNB-
NM. This spreading pattern was generally seen in
association with granular mucosa; all tumors of the
polypoid-granular and granular types had this spreading
pattern, whereas only | tumor of the polypoid type
extended superficially along the bile duct. Three IPNB-
NM and | IPNB-M showed another focus of carcinoma
separated from the main mass, and were therefore

© 2011 Lippincott Williams & Wilkins
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considered to be multicentric. Lymph node metastasis
was observed in 2 tumors without macroscopically visible
mucin secretion. These pathologic features were not
statistically significant between IPNB-M and IPNB-NM.

In 14 patients with IPNB-NM, ductal resected
margins were free from, cancer invasion, whereas no
patients with IPNB-M had cancer-positive ductal resected
margins.
Immunohistochemical Findings

MUCI was expressed mainly in the apical mem-
brane and occasionally in the cytoplasm of tumor cells.
MUC2 was expressed in the cytoplasm of tumor cells.
Although positive MUC2 expression was observed in
only | case, all 10 of 10 cases with nonpapillary
cholangiocarcinomas were positive for MUC!. In con-
trast, all but 1 [PNB-M were positive for MUC2, but
positive MUCI expression was observed in only 3 IPNB-
M, including 2 with coexpression of MUC2 (Fig. 5). In
cases with IPNB-NM, the frequency of positive MUC2
expression was significantly lower than in those with
IPNB-M (P < 0.01), whereas MUCI tended to be more

www.ajsp.com | 517



Ohtsuka et al

Am | Surg Pathol « Volume 35, Number 4, April 2011

S

FIGURE 4. Different types of invasive carcinoma (hematoxylin

macroscopically visible mucin secretion.

and eosin staining). A, Tubular-type adenocarcinoma that

developed from IPNB without macroscopically visible mucin secretion. B, Colloid carcinoma that developed from IPNB with

frequently expressed compared with cases with IPNB-M
{Fig. 6), and was expressed with similar frequency to cases
with nonpapillary cholangiocarcinoma. Even 5 of 7
IPNB-NM with in situ carcinoma or minimally invasive
carcinoma confined to the ductal wall showed positive
MUCT expression. Among IPNB-NM with positive MUCI
expression, 2 IPNB-NM coexpressed MUC2. Only 2
[PNB-NM showed positive MUC2 expression and ne-
gative MUC! expression.

MUCSAC and MUC6 were expressed in the
cytoplasm, and human gastric mucin was expressed in
the luminal content of tumor cells. There were no
statistically significant differences among IPNB-NM,

FIGURE 5. A representative pattern of the mucin immunophenotype of IPNB with macroscopicall
Expression of MUCT was negative (A) and strongly positive expression of MUC2 was observed (B).

518 | www.ajsp.com
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IPNB-M, and nonpapillary cholangiocarcinoma as to
the positive frequency of these mucin immunopheno-
types. Among 4 IPNB-NM without MUCSAC expres-
sion, 3 had positive MUC! and negative MUC2
expressions. These 3 tumors had a tubulopapillary growth
pattern (Fig. 7), with a uniform degree of cytoarchitec-
tural atypia.

Al IPNB-M were negative for p53. The positivity of
p53 in nonpapillary cholangiocarcinoma was significantly
higher than that in IPNB-M (P < 0.01). The frequency of
positive p53 nuclear protein in IPNB-MM was the middle
level of that in TPNB-M and nonpapillary cholangiocar-
cinoma. Even 3 of 7 IPNB-NM with in situ carcinoma or

s

visible mucin secretion.

full cotor
Shiiny
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A “

FIGURE 6. A representative pattern of the mucin immunophenotype of IPNB without macroscopically visible mucin secretion.
Expression of MUC1 was observed (A) but expression of MUC2 was negative (B). ‘

minimally invasive carcinoma confined to the ductal wall
showed positive p53 protein expression. Furthermore,
positive p53 protein expression was observed in 2 of 3
IPNB-NM of the intestinal type.

Surgical Outcome

None of the patients with IPNB-M showed evidence
of recurrent disease after a median follow-up period of 52
months (range, 12 to 80 mo). In patients with IPNB-NM,
overall median survival was 31 months (range, 3 to
134 mo), and the cumulative 5-year survival rate was
49%. Six of 17 patients had died of disease 3, 11, 14, 25,
56, and 59 months after surgical resection. Among these
6 patients, 2 had invasive carcinoma with lymph node
metastasis, 1 had invasive carcinoma and positive surgical
margin, and 2 had invasive carcinoma. The remaining
| patient had in situ carcinoma, but surgical margin was
positive. Among the 9 patients with invasive carcinoma,

FIGURE 7. A representative image of IPNB without macro-
scopically visible mucin secretion that had similar character-
istics to {TPNs of the pancreas (hematoxylin and eosin staining).
A tubulopapillary growth pattern was indicated.
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overall median survival was 56 months (range, 3 to
134 mo), and the cumulative 1-year, 3-year, and S-year
survival rates were 67%, 53%, and 40%, respectively.

DISCUSSION

Several studies have indicated radiologic and
histologic similarities between IPNB-M and I[PMN-
PILIBITE 1y our series, IPNB-M appeared as polypoid
masses or granular mucosa growing into the lumen of the
bile duct, with hypersecretion of mucin. Microscopically,
the majority of IPNB-M was of the intestinal phenotype
and showed various degrees of cytoarchitectural atypia in
different regions of the individual tumors. Nine of 10
IPNB-M were less-invasive tumors confined to the ductal
wall. The remaining tumor was invasive carcinoma of
the colloid type. Furthermore, all but 1 IPNB-M were
immunohistochemically positive for MUC2. Consistent
with earlier studies, these features were very similar to
those in IPMN-P reported earlier (Tables 1, 2).23:6%14

In contrast, pathologic findings of [PNB-NM were
somewhat different from those of IPNB-M in this study,
although patients with IPNB-NM resembled patients
with IPNB-M in terms of ¢linical features. In IPNB-NM,
the major histopathologic type was pancreatobiliary with
a few variations in cytoarchitectural atypia. Although
tumor size was almost similar between IPNB-M and
IPNB-NM, the frequency of invasive carcinoma extend-
ing beyond the ductal wall was higher in IPNB-NM than
in IPNB-M, suggesting that IPNB-NM was more invasive
than IPNB-M, even when it is small. Furthermore, all
invasive components exhibited tubular-type carcinoma.
With regard to the mucin immunophenotype, the
frequency of positive MUC? expression was significantly
lower in IPMNB-NM than that in IPNB-M, and MUC!
was more frequently expressed. As this phenotypic
pattern was also seen in IPNB-NM with noninvasive
carcinoma or minimally invasive carcinoma, it was not
dependent on tumor progression. These features were
rather similar to those of conventional nonpapillary
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cholangiocarcinoma, although IPNB-NM that had simi-
lar clinical and pathologic features to those of IPNB-M
were certainly encountered, as mentioned above. Alter-
natively, IPNB-NM with similar characteristics (tubulo-
papillary growth pattern and uniform degree of
cytoarchitectural atypia throughout the neoplasm) to
recently proposed ITPN of the pancreas®® were also
observed. These tumors had positive MUCT expression
and negative MUC2 and MUCSAC expressions, which
was the same phenotypic pattern as ITPN of the
pancreas,

These results were somewhat inconsistent with those
provided by Zen et al,*® in which the pathologic
characteristics of biliary papillary tumors, which are in
the same disease category as IPNB in this study, were
compared with those of nonpapillary cholangiocarcinoma
and IPMN-P. Zen et al** concluded that the pathologic
characteristics of biliary papillary tumors were different
from those of nonpapillary cholangiocarcinoma, and
rather closely resembled those of IPMN-P. However, in
their study, biliary papillary tumors included both IPNB-
M and IPNB-NM, and the 2 types of tumor were not
distinguished, possibly confusing the results. In our study,
pathologic characteristics of IPNB-M resembled those of
IPMN-P, whereas IPNB-NM had complex pathologic
characteristics.

In terms of carcinogenesis, pancreatic carcinoma
and cholangiocarcinoma develop in a stepwise progres-
sion. In the pancreas, there are 2 putative intraductal
precursor lesions preceding invasive carcinoma: [PMN-P
and pancreatic intraepithelial neoplasia (PanIN).” Al-
though some features in both types of lesion overlap,
IPMN-P commonly reach a relatively large size while
remaining confined to the ducts, whereas PanIN usually
progress to invasive carcinoma before they reach a
significant size. At the molecular level, the p33 gene is
less frequently inactivated in IPMN-P than in PanIN.>3
Nuclear p53 immunohistochemical expression is reported
as being more frequently observed in PanIN-3 than in
carcinoma in situ in IPMN-P.»1¢ Similarly, IPNB and
biliary intraepithelial neoplasia (BilIIN) have recently been
proposed as 2 major intraductal precursor lesions that are
related to the development of invasive cholangiocarcino-
ma.**2% These lesions are probably analogous to [IPMN-P
and PanIN, respectively. In our study, IPNB-M did not
invade beyond the bile duct wall, even when they reached
a considerable size, and all IPNB-M showed negative
immunohistochemical expression of pS53. These findings
were similar to those in IPMN-P, suggesting that IPNB-
M may follow a similar carcinogenic pathway to that of
IPMN-P lineage in the pancreas, and can probably
develop through the IPNB carcinogenic pathway. In
contrast, some IPNB-NM invaded beyond the bile duct
wall while remaining smaller than IPNB-M, as mentioned
above, and some IPNB-NM, even with in situ carcinoma
or minimally invasive carcinoma confined to the ductal
wall, showed positive p33 protein expression, which were
similar findings to those in PanIN. These results suggested
that some IPNB-NM, but not all, in this study might
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develop through a similar progressive pathway from
BillN to conventional nonpapillary cholangiocarcinoma,
In the pancreas, IPMN usually arises from the main
pancreatic duct or branch ducts, whereas PanIN typically
involves smaller ducts. However, because in the biliary
tract, both IPNB and BilIN could usually involve the
same large ducts,®®® there may be grossly visible
papillary carcinomas derived from BillN, which is
regarded as a papillary variant of conventional cholan-
giocarcinoma and not a subtype of IPNB.

Several studies have shown that survival rate after
surgical resection in patients with IPNB were better than
in patients with conventional nonpapillary cholangiocar-
cinoma.'®* This is 1 rationale for distinguishing IPNB
from other types of cholangiocarcinoma. However,
tumors with different backgrounds, for example, those
with and without macroscopically visible mucin secretion
and those with and without invasion, were combined and
analyzed together in mmost series. In fact, survival of
patients with IPNB-M was relatively favorable in this
study, but invasive carcinoma that extended beyond the
ductal wall was presented in only 1 case. In contrast,
although only a small sample was evaluated, the survival
of patients with invasive IPNB-NM was similar to that of
patients with bile duct cancer in an analysis based on a
large number of patients.'?

In conclusion, IPNB-M showed striking similarities
to IPMN-P in its clinical, morphologic, immunopheno-
typical, and biological findings. In contrast, IPNB-NM
contained heterogeneous disease groups; some tumors
had similar characteristics to I[PNB-M and IPMN-P,
some had the characteristics resembled in those of ITPN
of the pancreas, and the majority of IPNB-NM had the
characteristics close to those of nonpapillary cholangio-
carcinoma. The concept of IPNB as a biliary counterpart
of IPMN-P is attractive, but these findings suggest that it
may be difficult to assume that all IPNB-NM are included
in this disease entity with IPNB-M. Further study with
a large number of cases, especially on the basis of a
molecular analysis, is required to assess which tumors
among IPNB-NM could be categorized to the tumors of
the IPNB lineage.
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