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A retrospective review of correlative radiological assessment
and surgical exploration for hilar cholangiocarcinoma
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Backgrounds/Aims: Hilar cholangiocarcinomas (HCCAs) are tumors that involve the biliary confluence; at present, radi-
cal surgery offers the only chance of long-term survival, but this can be challenging given the complexity of the hilar
anatomy. Blumgart and Jarnagin described a preoperative staging system that incorporates the effect of local tumor
extent and its impact on adjacent structures and that has been demonstrated to correlate better with actual surgical
resectability. The primary aim of this study is to describe the correlation between preoperative Blumgart-Jarnagin stag-
ing and its correlation with surgical resectability. Methods: Patients who underwent surgical resection for hilar chol-
angiocarcinoma at Singapore General Hospital between January 1, 2002, and January 1, 2013, were identified from
a prospectively maintained institutional database. All patients were staged based on the criteria described by Blumgart
and Jarnagin. Correlation with surgical resectability was then determined. Results: A total of 19 patients were identified.
Overall resectability was 57.8% (n=11). Patients with Blumgart-Jarnagin stage T1 had the highest rates of resectability
at 80%; patients with stage T2 and T3 disease had resectability rates of 25% and 40% respectively. Median overall
survival was 13.6 months. Conclusions: The Blumgart-Jarnagin staging system is useful for predicting tumor resect-

ability in HCCA. (Ann Hepatobiliary Pancreat Surg 2018;22:216-222)
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INTRODUCTION

Cholangiocarcinomas are the second most common
hepatobiliary malignancy after hepatocellular carcinoma.'
Hilar cholangiocarcinomas (HCCA), defined as tumors in-
volving the biliary confluence, are found in the most com-
mon location of this tumor, the liver hilum.? Currently,
radical surgery offers the only chance of long-term surviv-
al because the tumor has poor response to chemotherapy
and radiation therapy; however, achieving RO resection
during radical surgery is a challenge due to the complex-
ity of the hilar anatomy. Results at expert centers only
yield 5-year survival rates between 20 and 50%"” because
achieving radical resection is not always possible, and fig-

ures in the literature vary from 14 to 95%""? owing to

the heterogeneity of existing studies.

Therefore, it is of key interest to surgeons to be able
to select patients who have a high potential for surgery
to be curative based on preoperative imaging. Existing
staging systems for HCCA, however, such as the
American Joint Committee on Cancer tumor node meta-
stasis (AJCC TNM)13 and the Bismuth-Corlette"* systems,
may be inadequate in predicting resectability.">'®

In view of the limitations of existing systems, Blumgart
and Jarnagin described a preoperative staging system that
incorporated the effect of local tumor extent and its im-
pact on adjacent structures™'’ based on non-invasive pre-
operative imaging and demonstrated that their system cor-
related better with actual surgical resectability; over the

years, refinement of their system has also yielded greater
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accuracy in predicting resectability.” However, the
Blumgart-Jarnagin system does not include hepatic artery
involvement, which generally precludes curative resection
given its associated high mortality and morbidity; oper-
ative mortality has been reported to be as high as 33%."

The primary objective of our study was to describe the
correlation between preoperative Blumgart-Jarnagin stag-
ing and its correlation with surgical resectability of HCCA
in our experience. The secondary objectives were to de-
scribe the utility of Blumgart and Jarnagin staging in
prognosticating survival and to determine the prevalence
of preoperatively, radiologically determined hepatic artery

involvement in relation to actual intraoperative findings.

MATERIALS AND METHODS

We identified patients who underwent surgical re-
section for hilar cholangiocarcinoma at Singapore General
Hospital between the period of January 1, 2002, and
January 1, 2013, from a prospectively maintained institu-
tional database. We did obtain institutional review board

approval.

Preoperative workup

We suspected the diagnosis of cholangiocarcinoma af-
ter preoperative radiologic imaging by either con-
trast-enhanced, triphasic protocol computer tomographic
(CT) imaging of the abdomen and pelvis or magnetic res-
onance cholangiopancreatography (MRCP). For this study,
we included only patients with disease in the liver hilum,
as defined by tumor arising at the biliary confluence or
near (<1 cm) the junction of the left and right hepatic
ducts; all patients had preoperative percutaneous biliary
decompression prior to surgery, and we determined future
liver remnant in all patients using CT volumetry. We ex-
cluded from the study patients with preoperatively con-
firmed distant metastasis on imaging, cholangiocarcinoma
that was not hilar in location, a histological diagnosis not
consistent with cholangiocarcinoma, and patients with in-
complete radiological imaging. In addition, we attempted
to determine hepatic artery involvement for all patients.
All cases were reviewed by a department multi-dis-
ciplinary tumor board, and all images were reviewed by

a hepatopancreatobiliary radiologist.

Staging system

We conducted preoperative staging using a tumor stag-
ing system described by Blumgart and Jarnagin3; see Fig.
L.

Data collection

We collected all demographic, radiological, and peri-
operative data using a prospectively maintained electronic
clinical database (Sunrise Clinical Manager, version 5.8,
Eclipsys Corporation, Atlanta, Georgia) and verified these
along with supplementing with additional chart and elec-
tronic medical record review when necessary. We defined
overall survival (OS) as duration from index surgery till
patient demise or date of last follow-up. We graded post-
operative morbidity using the Clavien-Dindo classi-
2! morbidity  defined as

. 20. . .
fication,™ with  major

Clavien-Dindo score =3.

Surgical procedure

All patients considered for curative resection underwent
a laparotomy with full exploration of the abdominal cavity
for assessment of disease burden and resectability of
disease. Patients who were deemed resectable without dis-
tant metastasis proceeded with curative resection as
deemed appropriate by the principle surgeon. Patients who
had unresectable disease underwent a trial dissection with
intraoperative biopsy of metastatic disease. When deemed

necessary, a palliative bypass was constructed.

RESULTS

We identified a total of 43 patients between January 1,
2002, and January 1, 2013, and excluded 13 patients
whose disease was equivocal for a hilar location; we also
excluded 9 patients with missing or incomplete radiologic
imaging. Of the remaining 21 patients, we excluded an
additional 3 for histology that was not concordant with
cholangiocarcinoma, giving a total of 19 patients included
in the final analysis (see Fig. 2). There were 11 males
(57.9%) and 8 females (42.1%), the median age was 56
years (interquartile range [IQR]: 51-65), and the median
follow-up period was 406 days (IQR: 169-478 days).

Of the 19 patients considered for potentially curative
resection (Table 1), 11 had resectable disease (57.8%),
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and for 9 (81.8%), we achieved RO resection. Following
the Blumgart-Jarnagin system, the numbers of patients
with T1, T2, and T3 disease were 10 (52.6%), 4 (21.1%),
and 5 (26.3%), respectively. The resectability rates for pa-
tients with Blumgart-Jarnagin T1, T2, and T3 disease
were 80% (n=8), 25% (n=1), and 40% (n=2).

Of the 3 (60%)

Blumgart-Jarnagin T3 disease, we detected no hepatic ar-

patients with unresectable
tery involvement on preoperative imaging. Two (40%)
were noted to have intra-abdominal metastatic disease and
were hence precluded from curative surgery, and 1 was
noted during trial dissection to have tumor involving both
the common hepatic artery and portal vein and similarly
did not proceed with curative surgery. One patient with
T3 disease with common hepatic artery involvement un-
derwent curative resection with a saphenous vein inter-
position graft and was the only one (20%) with pathologi-
cally confirmed lymph node metastasis.

In patients with Blumgart-Jarnagin T2 disease, 3 (75%)

were unresectable, and preoperative imaging detected hep-
atic artery involvement in 1 patient who was also pre-
cluded from surgery due to multifocal liver involvement
of tumor. With the remaining 2 patients, 1 was precluded
due to findings of tumor encasement of the right hepatic
artery while the other had significant celiac and peri-pan-
creatic lymphadenopathy with duodenal invasion, both of
which we identified intraoperatively.

Among patients with Blumgart-Jarnagin T1 disease, we
deemed 2 (20%) to have unresectable disease; we aban-
doned the procedure for 1 because the tumor involved a
duct of the remnant non-atrophic lobe, and the other was
noted intraoperatively to have extensive nodal involve-
ment that encased both the common and right hepatic ar-
tery (Table 2); this was not noted on preoperative
imaging. Of the 10 patients who had Blumgart-Jarnagin
T1 disease, 1 had preoperatively identified right hepatic
artery involvement but subsequently underwent curative

extended right hepatectomy.

T T2

T3

4741414

Fig. 1. Blumgart-Jarnargin stag-
ing system. T1 disease refers to
tumor involvement of the bili-
ary confluence with unilateral
extension to second-order bili-
ary radicles; T2 disease refers
to tumor involving the biliary
confluence with unilateral ex-
tension to second-order biliary
radicles and ipsilateral portal
vein involvement or ipsilateral
hepatic atrophy. T3 disease re-
fers to tumor involving the bili-
ary confluence with bilateral
extension to second-order bili-
ary radicles or unilateral ex-
tension to second-order biliary
radicles with contralateral por-
tal vein involvement or unilat-
eral extension to second-order
biliary radicles with contrala-
teral hepatic lobar atrophy or
main/bilateral portal vein in-
volvement.
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43 patients

13 patients excluded
due to non-hilar
location

y

30 patients

9 patients excluded
» due to incomplete
radiologic imaging

A

21 patients

3 excluded due to
histology that is not
cholangiocarcinoma

y

19 patients

Blumgart-Janargin stage T1

Final analysis

Blumgart-Janargin stage T2 Blumgart-Janargin stage T3

Fig. 2. Flow-chart demonstrat-

n=10 n=4 n=5 . . .
ing patient selection.
Table 1. Blumgart-Jarnagin stage and patient outcomes
Tl T2 T3 Total
Number 10 4 5 19
Resectability (n, %) 8 (80) 1 (25) 2 (40) 11 (57.8)
RO resection (n, %) 7 (70) 1 (25) 1 (20) 9 (47.4)
Hepatic resection (n, %) 6 (60) 1 (25) 2 (40) 9 (47.4)
Metastasis (n, %) 0 (0) 1 (25) 2 (40) 3 (15.8)
Median survival (months) 18.3 11.5 5.6 13.6

Table 2. Patients who were unresectable and why

Hepatic artery
Blumgart-Jarn involvement

Patient index argin stage (Radiologically

Reason for unresectability (Intra-operatively determined)

determined)
1 T1 No Extensive nodal involvement encasing both common and right hepatic artery
2 T1 No Involvement of duct of remnant non-atrophic lobe
3 T2 Yes Multifocal liver metastasis
4 T2 No Tumor encasement of right hepatic artery to the common hepatic artery
5 T2 No Celiac and peripancreatic nodal involvement and duodenal invasion
6 T3 No Peritoneal metastasis
7 T3 No Peritoneal metastasis
8 T3 No Portal and common hepatic artery involvement

Median OS overall was 13.6 months (IQR: 5.9-25.4),
and median OS for stages T1, T2, and T3 disease were,
respectively, 18.5 (IQR: 7.5-29.6), 11.3 (IQR: 6.5-22.8),

and 5.6 (IQR: 0.4-20.0) months. In this series, overall
30-day mortality rate was 5% (n=1), and postoperative

major morbidity rate was 31.6% (n=60).
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DISCUSSION

Both Bismuth-Corlette and AJCC TNM are commonly
used to stage HCCA. The former considers the extent of
tumor involvement of the biliary duct and was designed
to guide surgical treatment,”> whereas the latter considers
mainly histopathologic variables with the intention of pre-
dicting survival,” However, the key to achieving
long-term survival rests on achieving RO resection,”***
and thus, there was a need for a staging system that could
guide surgeons on surgical resectability. The
Blumgart-Jarnagin system served to mitigate shortcomings
by providing surgeons with alternative, pragmatic staging
based on preoperative radiological data. Developed from
a single-center cohort of 225 patients, it not only was
shown to predict tumor resectability and probability of RO
resection but also correlated with survival.'” We therefore
sought to study the utility of Blumgart-Jarnagin staging
and its correlation with surgical resectability of HCCA in
our experience.29

Patients with Blumgart-Jarnagin stage T1 in our series
had the highest rate of resectability at 80%; this was not
surprising given that based on the criteria, these patients
had no tumor factors that generally precluded a formal
resection. This is consistent with the high resectability rate
(59%) in the original study by Jarnagin et al.'” and in a
larger follow-up series by Matsuo et al.'® (64.3%); among
those with T2 and T3 disease, resectability rates were re-
ported to be 41.3% and 1.3%, respectively. Interestingly,
there was discrepancy between patients in our series with
T2 and T3 disease, with a resectability rate among those
with stage T3 as opposed to T2 (40% vs. 25%). These
findings were not concordant with other published ser
ies,'”"*** most likely owing to the small numbers in our
series. Nonetheless, there is the suggestion that earlier
Blumgart-Jarnagin stages confer higher resectability rates
than do later stages.

The utility of Blumgart-Jarnagin staging for prognosti-
cating survival is inconclusive: The Memorial Sloan
Kettering Cancer Center study18 identified a significant
survival difference between T1 and T3 tumors (22.8 vs.
10.8 months) and between T2 and T3 tumors (23.0 vs.
10.8 months) but not for T1 and T2 tumors (22.8 vs. 23.0
months); the authors of that study attributed the lack of

survival difference to achievement of more curative re-

sections in the T1 and T2 groups. Although our series re-
flected a high rate of curative resections in the T1 group,
the numbers of resections in the T2 and T3 groups dif-
fered, with a higher rate in the T3 group. Regardless, me-
dian survival rates were lower with increasing
Blumgart-Jarnagin stages, with the median OS for stages
T1, T2, and T3 being 18.3, 11.5 and 5.6 months,
respectively. One reason for this is possibly the higher
rates of metastatic disease in patients with higher
Blumgart-Jarnagin stages; we identified intra-abdominal
metastasis in 40% of patients with T3 disease, whereas,
respectively, only 25% and 0% of patients with stages T2
and T1 disease were noted to have intraoperatively de-
termined intra-abdominal metastasis.

Hilar cholangiocarcinoma has a tendency for longi-
tudinal growth along bile ducts as well as radial growth
that involves adjacent structures such as the hepatic artery
and the portal vein.”' Although the role of radical en bloc
resection with concomitant liver resection has been shown
to be superior in terms of oncologic outcomes as opposed

23 the role of

to local resection and hepaticojejunostomy,
vascular resection remains controversial. A meta-analysis
by Wu et al.** concluded that between patients who had
combined portal vein resection (PVR) and those who did
not, 5-year survival rates, morbidity, and proportions of
RO resections did not differ between the 2 groups. In an-
other meta-analysis and systematic review, PVR was asso-
ciated with poorer overall survival and a lower curative
resection rate than the OS and curative resection rate
among patients without PVR; postoperative mortality and
morbidity, however, did not differ.”® Regardless, despite
poorer survival given the advanced disease stage, there is
no difference in perioperative outcomes, and PVR is still
performed for disease clearance in order to achieve RO
resection.

In contrast, hepatic artery resection and reconstruction
was generally associated with higher morbidity and mor-
tality without any additional survival advantage,lg’zg’36
which highlights the importance of preoperative identi-
fication of vascular involvement and allows surgeons to
identify patients who are candidates for potentially cura-
tive resection. In our series, a total of 6 patients had hep-
atic artery involvement (31.6%), with only 2 (33.3%) cas-
es that were detected on preoperative imaging, both con-
trast-enhanced CT and MRCP/MRI (magnetic resonance
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imaging). In one systematic review and meta-analysis, the
estimated sensitivity and specificity for CT in evaluating
hepatic artery involvement were 84% and 93%,
respectively.37 In contrast, the role of MRI/MRCP in de-
tecting hepatic artery involvement is far less studied; sen-
sitivities of between 58 and 73% with specificity of 93%
have been reported.”

Introduction of the Blumgart-Jarnagin staging system
provided surgeons with an invaluable tool for evaluating
tumor resectability preoperatively; however, as the defi-
nition of unresectability evolves, so should staging sys-
tems by incorporating valuable preoperative information
for guiding surgeons on disease resectability. One of the
limitations with the Blumgart-Jarnagin system is the fact
that it was designed on the basis of criteria for unresect-
ability from a single institution and may not conform to
the resectability criteria in other centers””’; in addition,
the system does not evaluate hepatic artery or lymph node
involvement or distant metastasis, which are important in
determining tumor resectability. Deoliveira et al” de-
scribed a comprehensive classification system aimed at
standardizing the reporting of HCCA that incorporated
features of existing staging systems and in addition eval-
uated extent of liver disease and volume of liver remnant
as well as extent of portal vein and hepatic artery involve-
ment, which are valuable factors in excluding patients
who undergo exploration for curative intent. However, the
Deoliveira system is largely descriptive as opposed to ful-
filling the role of a “staging” system in that it does not
correspond to severity of disease™; in addition, the system
is tedious to use and requires largely intraoperative and
postoperative pathologic findings to complete staging.
Future work remains to develop a preoperative staging
system that incorporates the extent of vascular involve-
ment and that is sufficiently robust to predict surgical
resectability.

This is a retrospective, single-center description of us-
ing the Blumgart-Jarnagin staging system to evaluate pa-
tients with HCCA, and hence, several limitations need to
be highlighted. The retrospective nature of this study ex-
poses it to confounders and bias, and furthermore, the
small sample size compounds the difficulty in interpreting
the findings and in meaningful analysis; however, we at-
tempted to homogenize the study group by excluding pa-

tients with cholangiocarcinoma locations that were equiv-

ocal in the perihilar region. Other limitations included the
choices of preoperative imaging; there was no pre-
operative standardization with regard to the imaging mo-
dality used: Specifically, we used either contrast-enhanced
CT scans or contrast-enhanced MRI to evaluate disease.
However, in order to mitigate the aforementioned issues,
all preoperative images were read and reported by a dedi-
cated hepatopancreatic-biliary radiologist.

In conclusion, the Blumgart-Jarnagin staging system is
useful in predicting tumor resectability for HCCA. Future
work includes prospective validation on a larger cohort
and developing novel preoperative staging systems for

predicting disease resectability.
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