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Abstract

Background: The aim of this study was to evaluate potential risk factors associated with benign lesions

and perihilar cholangiocarcinoma (PHC) in patients presenting with proximal biliary strictures (PBS).

Methods: Patients with PBS who were referred to a specialist HPB centre between 2008 and 2016 were

identified. Patients with primary sclerosing cholangitis, metastatic PHC or hilar obstruction by a pe-

ripheral tumour were excluded. The final diagnosis was determined either by (1) resection histology or (2)

combination of biopsy and clinical course. Multivariable analysis of clinical, laboratory and radiological

data was undertaken to identify independent predictors of benign and malignant lesions.

Results: 155 consecutive patients were identified, including 25 patients (16%) with benign PBS.

Abdominal pain (odds ratio [OR] 3.36; p = 0.027), serum CA19.9 < 100 U/ml (OR 10.35; p = 0.001), and

absence of mass on imaging (OR 4.66; p = 0.004) were all associated with the presence of benign lesions

on multivariable analysis.

Conclusions: This study has identified several independent variables that may differentiate between

benign and malignant proximal biliary strictures. A larger multi-institutional study would be warranted to

validate these findings, and to develop a risk score to stratify patients with suspected PHC.
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Introduction

Perihilar cholangiocarcinoma (PHC) is a rare malignancy that
affects the hepatic duct confluence in the hepatic hilum.1 Patients
typically present with jaundice due to a proximal biliary stricture
(PBS) and in the absence of metastatic disease, surgical resection
is the only potentially curative treatment. Although the majority
of PBS are secondary to PHC, a significant proportion of patients
will have benign pathology, such as inflammatory strictures,
sclerosing cholangitis or IgG4-related cholangiopathy.2–4 The
diagnostic work-up of patients who present with PBS includes
cross-sectional imaging (contrast-enhanced CTand/or MRI) and
cholangiography (MRCP, ERCP or PTC) to confirm the diag-
nosis, assess resectability and exclude metastatic disease. How-
ever, the diagnostic specificity of cross-sectional radiology is
poor, and differentiating benign and malignant PBS on imaging
HPB 2020, 22, 1753–1758 © 2020 International Hepato-P
criteria alone is challenging.5 Indeed, up to 15% of patients who
undergo major hepatectomy for suspected PHC will be found to
have benign disease on histopathological analysis.2,4 Although
surgical resection is widely recommended for patients with
suspected PHC in the absence of preoperative histological
confirmation5,6 preoperative biopsy may yield diagnostic infor-
mation in up to 70% of patients.7 False negative biopsies are
common, and repeat attempts at obtaining a preoperative tissue
diagnosis may delay potentially curative surgery in patients with
PHC. Conversely, patients with benign PBS are over-treated by
major hepatectomy and unnecessarily exposed to significant
perioperative risks. There is clearly a need to improve the diag-
nostic pathway of patients with suspected PHC. The aim of this
study was to evaluate risk factors for benign disease in patients
presenting with PBS.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Methods

Preoperative work-up
All patients with PBS were discussed at a regional Hepatobiliary
Multidisciplinary Team (MDT) meeting. Patients suspected to
have potentially resectable PHC underwent percutaneous
transhepatic biliary drainage with or without portal vein
embolization (based on future remnant CT volumetry) prior to
surgery. Preoperative biopsy was undertaken selectively,
depending on the degree of suspicion for malignancy. Patients
with either suspicious imaging or a positive biopsy for malig-
nancy underwent surgery. Patients with neither suspicious im-
aging nor positive biopsy underwent repeat biopsy and/or
interval cross-sectional imaging, according to the MDTopinion.
Data collection
All consecutive patients with PBS who had been referred to the
specialist MDT meeting at University Hospital Birmingham be-
tween 2008 and 2016 were identified from a prospectively
maintained database. Clinical, laboratory and radiological data
were collected from the time of clinical presentation for all pa-
tients by review of electronic records. Exclusion criteria were (1)
extrinsic hilar obstruction due to a peripheral tumour; (2) his-
tory of previous malignancy; (3) metastatic PHC; (4) history of
(or imaging suggestive of) primary sclerosing cholangitis; (5)
post-cholecystectomy stricture; (6) intrahepatic or distal biliary
stricture; (7) common bile duct stone and (8) intraductal
papillary neoplasm. Cross-sectional (contrast-enhanced CT and/
or MRI) and cholangiography (percutaneous or MRCP) images
were prospectively reviewed by a specialist hepatobiliary radiol-
ogist who was blinded to the final diagnosis. The following
radiological features were evaluated: (1) number and length of
strictures, (2) presence of a mass, (3) duct/lesion enhancement
and (4) ductal separation. The final diagnosis of a malignant
lesion was confirmed by biopsy and/or resection histology. The
final diagnosis of a benign lesion was determined either by
resection histology (operated patients) or after a minimum of 12
months of clinical and imaging follow-up (non-operated
patients).

Statistical methods
Clinical, biochemical and radiological features were compared
between those patients with final diagnoses of benign vs. ma-
lignant strictures. Continuous variables were reported as me-
dians and interquartile ranges (IQRs), with p-values from
Mann–Whitney U tests. Ordinal variables were also analysed
using Mann–Whitney U test, with Fisher’s exact test used for
nominal factors. A multivariable analysis was then performed,
using a binary logistic regression model with a backwards
stepwise approach, in order to identify significant independent
predictors of benign strictures. Continuous variables with large
quantities of missing data were dichotomised prior to analysis,
and an additional “unknown” category was included to
HPB 2020, 22, 1753–1758 © 2020 International Hepato-P
minimise exclusions due to missing data. All analyses were
performed using IBM SPSS 22 (IBM Corp. Armonk, NY), with
p <0.05 deemed to be indicative of statistical significance
throughout.
Results

During the study period, 257 patients with suspected PBS were
referred to the specialist MDT. 102 patients were excluded due to
extrinsic hilar obstruction (30), history of previous malignancy
(2), metastatic PHC (27), primary sclerosing cholangitis (21),
post-cholecystectomy stricture (1), intrahepatic or distal biliary
stricture (11), common bile duct stone (1), intraductal papillary
neoplasm (1), imaging not available (3) or no final diagnosis (5).
After these exclusions, the study cohort consisted of 155 patients,
who had a median age at referral of 68 years (IQR 61–73), of
whom 55% were male. The majority of patients (112; 72%)
presented without abdominal pain and 123 patients (79%) were
clinically jaundiced. Median serum bilirubin and CA19.9 levels at
referral were 150 mmol/l (IQR: 41–272) and 253 U/ml (IQR:
65–970), respectively.
Overall, 55 patients (35%) were considered to have either

suspected (based on clinical/radiological criteria; N = 27) or
biopsy-proven (N = 28) resectable PHC and underwent surgery.
20 patients (74%) with suspected PHC did not undergo a pre-
operative biopsy, and 7 patients (26%) operated for suspected
PHC had a final diagnosis of benign disease. The proportion of
operated patients who underwent preoperative biopsy has not
significantly changed over the study period (2008-14 vs. 2015-17:
67% vs. 60%; p = 0.779). Of the operated patients, 38 (69%)
were resected, 15 (27%) were found to have unresectable PHC
and 2 patients (4%) were found to have benign disease intra-
operatively, which was subsequently confirmed by clinical and
radiological follow-up. 5 out of 19 patients (26%) who under-
went resection without a positive preoperative biopsy had benign
disease on postoperative histology (post-inflammatory stricture
[N = 3], gallstone disease [N = 1], IgG4-related cholangiopathy
[N = 1]). The proportion of resected patients who had benign
disease has not significantly changed over time (2008-14 vs.
2015-7; 5% vs. 25%; p = 0.140). The rate of benign disease in
operated and resected patients was 7/55 (13%) and 5/38 (13%),
respectively.
Of the 100 patients who did not undergo surgery, 68 had

biopsy confirmed PHC, but were either unfit for surgery or had
inoperable disease on imaging. The remaining 32 patients un-
derwent clinical and radiological follow-up after initial evalua-
tion (including negative biopsy in 19 patients). During the
follow-up period, 14 patients (44%) were subsequently diag-
nosed with cholangiocarcinoma based on clinical and/or radio-
logical progression and underwent palliative treatment. The
remaining 18 patients (56%) were considered to have benign
disease based on their clinical course after a median follow-up of
44 months (range 12–77).
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



HPB 1755
To summarise, of the entire cohort (N = 155), 25 patients
(16%) had a final diagnosis of benign disease based on either
resection histology (N = 5), or clinical/radiological follow-up
(N = 20). Benign disease was present in 7/55 (13%) operated
patients (including 5/38 resected patients) and 18/100 non-
operated patients (18%) (Fig. 1).

Predictors of benign proximal biliary stricture
Univariable analysis of clinical factors (Table 1) found no sig-
nificant associations between the final diagnosis (benign vs.
malignant PBS) and age (p = 0.475), gender (p = 0.663),
abdominal pain (p = 0.055) or clinical jaundice (p = 0.174).
However, those patients with benign PBS were found to have
significantly lower levels of biochemical markers at referral than
those with malignant disease, with median serum bilirubin of 42
vs. 168 mmol/l (p = 0.012) and CA19.9 of 18 vs. 343 U/ml
(p < 0.001). Of the radiological factors, no significant associa-
tions were detected between the final diagnosis and ductal sep-
aration (p = 0.805), lesion/duct enhancement (p = 0.126), or the
number (p = 0.424) or length (p = 0.056) of strictures. However,
benign PBS were significantly less likely to be associated with the
presence of a mass on CT (36% vs. 69%; p = 0.003).
A multivariable analysis was then performed to identify in-

dependent predictors of benign PBS. CA19.9 levels were
Figure 1 Flow chart summarising the outcome of patients referred with a

hilar obstruction (30), history of previous malignancy (2), metastatic PHC (

(1), intrahepatic or distal biliary stricture (11), common bile duct stone (1)

diagnosis (5). ** The two patients with provisional diagnoses of benign pro

imaging follow-up where this diagnosis was confirmed
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unavailable in 28% of patients at referral, who would have been
excluded from the multivariable analysis, as this used a
complete-cases approach. In light of this, and in order to
maximise the included sample size, a “missing data” group was
produced for analysis. Patients in whom CA19.9 was available
were dichotomised using 100 U/ml as a cut-off value. The
resulting model (Table 2) found low CA19.9 to be the strongest
predictor of benign PBS, with an odds ratio of 10.35 (p = 0.001)
for those with levels <100 vs. 100+ U/ml at referral. Patients with
missing data for CA19.9 were found to have a similar benign PBS
risk than those with CA19.9 < 100 U/ml. Abdominal pain (OR:
3.36, p = 0.027) or absence of mass on CT (OR: 4.66, p = 0.004)
were both significant independent predictors of benign PBS,
whilst the absence of lesion/duct enhancement narrowly missed
significance in the model (OR: 2.96, p = 0.055).
Discussion

In this study, we have identified several independent risk factors
that may predict benign disease in a consecutive series of 155
patients with proximal biliary strictures. The results from this
study may allow risk stratification and assist decision making in
potential surgical candidates. According to an international
consensus meeting in 2014, preoperative biopsy is not required
proximal biliary stricture. PHC: Perihilar cholangiocarcinoma. *Extrinsic

27), primary sclerosing cholangitis (21), post-cholecystectomy stricture

, intraductal papillary neoplasm (1), imaging not available (3) or no final

ximal biliary stricture during surgery subsequently entered clinical and
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Table 1 Comparison of clinical and radiological factors according to

final diagnosis

N Final diagnosis p-value

Benign Malignant

Clinical and biochemical factors

Age (Years) 155 67 (57–73) 68 (61–73) 0.475

Gender (Male) 155 15 (60%) 70 (54%) 0.663

Abdominal pain 155 11 (44%) 32 (25%) 0.055

Clinical jaundice 155 17 (68%) 106 (82%) 0.174

Serum bilirubin
(mmol/l)

152 42 (14–182) 168 (47–283) 0.012

CA 19.9 (U/ml) 112 18 (10–87) 343 (105–1179) <0.001

Radiological factors

Ductal separation 155 18 (72%) 97 (75%) 0.805

Number of strictures 155 0.424b

1 20 (80%) 113 (87%)

2 4 (16%) 14 (11%)

3 1 (4%) 3 (2%)

Longest stricture
(mm)

154a 19 (13–32) 26 (19–35) 0.056

Lesion/duct
enhancement

155 8 (32%) 65 (50%) 0.126

Presence of mass
on CT

155 9 (36%) 90 (69%) 0.003

Data are reported as N (%), with p-values from Fisher’s exact tests, or as
median (IQR), with p-values from Mann–Whitney tests, unless stated
otherwise. Bilirubin and CA 19.9 were measured at referral. Bold p-
values are significant at p < 0.05.
a Stricture length was unmeasurable in one patient, since a stent was in-
situ.
b p-Value from a Mann–Whitney test, as the factor is ordinal.
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prior to proceeding with attempted resection of suspected peri-
hilar cholangiocarcinoma (PHC), “provided that benign aetiol-
ogies have been excluded”.6 However, there are currently no
evidence-based guidelines that allow clinicians to differentiate
Table 2 Multivariable analysis of predictors of benign stricture

Odds ratio p-value

Abdominal pain 3.36 (1.15–9.81) 0.027

CA19.9 at referrala 0.004

<100 U/ml 10.35 (2.53–42.42) 0.001

100+ U/ml – –

Missing dataa 8.06 (1.94–33.56) 0.004

Absence of lesion/duct enhancement 2.96 (0.98–8.99) 0.055

Absence of mass 4.66 (1.65–13.13) 0.004

Results are from a multivariable binary logistic regression model. All
factors from Table 1 were considered for inclusion, with a backwards
stepwise procedure used for variable selection. Bold p-values are
significant at p < 0.05.
a Since CA19.9 had a large quantity of missing data, cases where data
were unavailable were grouped into a “missing data” category, to pre-
vent them from being excluded.
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benign and malignant strictures with a high degree of accuracy.
The surgical management of PHC typically involves an extended
hepatectomy to achieve negative margins, and is associated with
a significant risk of morbidity (up to 43%) and mortality (up to
15%) even in experienced centres.9,10 Up to 15% of patients with
suspected PHC will be found to have benign pathology on
postoperative histology,2,4,8–10 and such patients are unneces-
sarily exposed to the risks of major hepatectomy. There is
therefore an urgent need to stratify patients according to the risk
of malignancy, and our analysis has identified an association
between serum bilirubin, CA19.9 and the presence of a mass on
CT scan with a malignant stricture.
Our unit’s current policy is to perform a preoperative biopsy

(percutaneous endobiliary or endoscopic ultrasound-guided) in
all potential surgical candidates. However, given that the sensi-
tivity of biopsy is only 69–75%,7 a significant proportion of
patients with PHC will have a negative biopsy, and a repeat
biopsy may delay potentially curative surgery. Patients at high
risk of PHC (absence of abdominal pain, high CA19.9 and mass
on CT) should be considered for surgical exploration even after a
negative biopsy. Conversely, patients at low risk of PHC
(abdominal pain, low CA19.9 and no mass on CT) are likely to
have benign disease and should undergo at least one repeat
biopsy in addition to interval imaging and clinical follow-up.
Our study found that the tumour marker CA19.9 was an in-

dependent predictor of malignancy in PBS. The association be-
tween raised CA19.9 and pancreatobiliary cancers is well
established, although when used in isolation it has a low sensi-
tivity as a diagnostic test.14–16 In a study of 58 patients, Saluja
et al. also reported a cut-off value of CA19.9 �100.16 A study by
Charatcharoenwitthaya et al. also demonstrated a significant
association between CA19.9 and malignancy in patients with
PSC. Our study excluded patients with PSC, as it was felt that
they represented a unique patient group with a distinct diag-
nostic/treatment pathway compared to patients presenting with a
de novo proximal biliary stricture. The results of our study are
therefore not applicable to PSC patients, and the predictors of
malignancy in this patient cohort warrants further study.
Several studies have reported a significant association between

serum bilirubin and malignancy,11–13 and this is presumably
because malignant strictures are generally narrower than benign
strictures. However, whilst serum bilirubin was found to be
significantly predictive of benign disease on univariable analysis,
this association was weaker than that of CA19.9. Since these two
markers were also significantly correlated (Spearman’s rho: 0.41,
p < 0.001), only CA19.9 was identified as an independent pre-
dictor of benign disease on multivariable analysis.
Cross-sectional imaging is an essential component of the

work-up of patients with suspected PHC, and provides both
diagnostic and staging information. Consensus guidelines
recommend performing either high resolution CT with arterial
and portal venous imaging or MRI/MRCP.6 In our study, pro-
spective assessment of imaging was performed by an experienced
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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HPB radiologist who was blinded to the final diagnosis, and we
found that the presence of either a mass or duct/lesion
enhancement were both independent predictors of malignancy.
The fact that imaging was reviewed by a blinded radiologist
suggests that these diagnostic features are objective and reliable
predictors of malignancy, but it is unclear whether these findings
would be reproducible in a non-specialist centre. Further work
would be needed to investigate for inter-observer variability
between specialist and non-specialist radiologists, but it must be
emphasised that all patients presenting to a non-specialist hos-
pital with a PBS should undergo cross-sectional imaging before
biliary stenting,6 and the imaging should be reviewed by an
experienced HPB radiologist at a specialist MDT.
This study has several limitations. Although the sample size in

our study is large compared to other single centre studies,16,17 the
number of patients in our cohort with benign disease is small,
due to the rarity of perihilar cholangiocarcinoma. As such, the
statistical power of the analyses performed will be suboptimal,
potentially leading to an increased false-negative rate. Despite
this, multivariable analyses identified multiple significant inde-
pendent predictors of benign disease, implying that statistical
power was sufficient to identify at least some of the predictors of
this outcome. However, there may be other, weaker predictors of
benign disease that were not detected by the analysis. The small
sample size may also have resulted in a degree of overfitting in the
multivariable analysis, especially since the “one in ten” rule was
exceeded by including four covariates, but having only N = 25
events (i.e. benign strictures). As such, the reliability of the
multivariable model and, hence, its generalizability to other co-
horts cannot be confirmed. In light of the increased risks of both
false-negatives and overfitting in the multivariable analysis, we
would recommend that the findings should be validated in a
larger cohort, which could potentially be recruited by multi-
centre international collaboration between high volume
specialist centres.
Although our study identified all consecutive patients with

PBS who had been referred to a specialist MDT, due to its
retrospective design there was some missing data, particularly for
serum CA19.9, which was only available in 72% of patients. This
is a drawback of the study, especially if selection bias was present
in the decision to measure this variable. In an attempt to mitigate
this effect, those with missing data were treated as a separate
category of CA19.9 in the multivariable model, to prevent cases
from being excluded from the model, which suggested that the
rates of benign disease in this group were consistent with those
with levels <100 U/ml.
Despite the limitations detailed above, the authors believe that

the risk factors that were identified provide practical guidance to
clinicians involved in the management of cholangiocarcinoma,
and give a basis for further work to develop and validate a risk
score in a larger cohort.
In conclusion, this study has identified several independent

variables that may differentiate benign and malignant proximal
HPB 2020, 22, 1753–1758 © 2020 International Hepato-P
biliary strictures. A larger multi-institutional study is needed to
confirm these findings, and to develop a risk score to stratify
patients with suspected PHC.
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