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Abstract: Primary sclerosing cholangitis (PSC) is a chronic, fibro-
inflammatory, progressive cholangiopathy. In a clinically significant
proportion of patients, the disease course of PSC is punctuated
by carcinogenesis, namely cholangiocarcinoma, gallbladder carci-
noma, hepatocellular carcinoma, and/or colorectal carcinoma.
Indeed, malignancy is arguably the most consequential sequela
and the cause of nearly 50% of deaths in patients with PSC. This
statistic is multifactorial, relating partly to the premalignant nature
of PSC, challenges in diagnosis due to obscuration of cancer by the
inflammation and fibrosis inherent to PSC, and the unpredictabil-
ity of which type of cancer will develop in PSC and when. Here,
in the second of a 2-part series, we review cancer risk, prevention,
and surveillance in patients with PSC. We also discuss potential
cancer surveillance strategies in PSC and, where evidence is
limited, make pragmatic recommendations based on current data
and expert opinion.

rimary sclerosing cholangitis (PSC) is an idiopathic, chole-

static liver disease characterized by stricturing of the intra-

and/or extrahepatic ducts.'* PSC represents an important
cause of morbidity and mortality worldwide, with a clinically sig-
nificant proportion of patients ultimately developing one or more of
various cancers, among other potentially lethal complications.” PSC
is considered a prototype disorder, linking chronic inflammation to
carcinogenesis.® Nevertheless, due to a variety of pathobiological,
technological, and practical factors, predictors of cancer in PSC are
lacking, preventive measures are unproven if not near-nonexistent,
surveillance strategies have proven difficult to justify and implement,
and management—both diagnosis and treatment—of cancer poses
considerable clinical challenges and unknowns.”

Here, in the second of a 2-part series, we provide a review on
cancer risk, prevention, and surveillance in patients with PSC. We
also discuss potential cancer surveillance strategies, and, where high-
quality evidence is limited, we offer clinically feasible algorithms
and approaches based on current disease understanding, available
evidence, and expert opinion.
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Cancer Risk in Primary Sclerosing
Cholangitis

Compared with the general population, the risk of any
cancer in patients with PSC is double, and the risk of a
primary hepatobiliary cancer is increased 40-fold.® The
major malignancies for which patients with PSC are at
the most increased risk are cholangiocarcinoma (CCA),
gallbladder carcinoma, hepatocellular carcinoma (HCC),
and colorectal carcinoma.

Cholangiocarcinoma Risk

The estimated annual incidence of CCA in patients
with PSC is 0.5% to 1.5%, with a lifetime incidence
approaching 15%, which is orders of magnitude above
that of the general population.>*!? Robust estimates of
the magnitude of burden related to hepatobiliary can-
cer in PSC come in large part from an international,
multicenter PSC cohort study (7121 patients from 37
countries); the prevalence of hepatobiliary cancer was
10%, with CCA being the most common hepatobili-
ary cancer (n=594)." In particular, nearly one-third of
all-cause mortality in patients with PSC is specifically
from CCA." Indeed, PSC confers a 400- to 1500-fold
increased risk for CCA (mainly hilar CCA) compared
to matched healthy controls.!*"> Furthermore, in the
approximately 70% of patients with PSC who also have
inflammatory bowel disease (IBD), the risk of develop-
ing cancer is even greater, particularly for CCA and
colorectal carcinoma.®'®"

More than one-half of patients with PSC compli-
cated by CCA are diagnosed with already advanced-stage
CCA, in part due to the challenges in achieving early
diagnosis.'® Therefore, the diagnosis of CCA in patients
with PSC requires a high index of suspicion and active
surveillance. Abdominal pain, weight loss, jaundice,
fatigue, pruritus, acute and/or progressive worsening of
liver enzyme abnormalities, and/or an unexplained rise
in serum carbohydrate antigen 19-9 (CA 19-9) should
prompt the clinician to rule out CCA. A multidisci-
plinary approach that involves clinical, laboratory, imag-
ing, endoscopic, and surgical data is often necessary.

The only curative option for CCA is surgery, but
it is mainly reserved for patients with early-stage CCA
and adequate hepatic reserve."” Liver transplantation is
an option for a select group of patients with hilar CCA
in highly specialized centers that utilize a protocol of
neoadjuvant radiosensitizing chemotherapy, external
beam radiotherapy, and endoscopic retrograde cholangi-
ography—delivered transluminal brachytherapy followed
by oral capecitabine (Xeloda, Genentech) up to the time
of staging laparotomy (performed immediately prior to
liver transplantation to reconfirm candidacy).?*?! Liver

transplantation is the only potentially curative treatment
for PSC and has 1- and 5-year survival rates surpassing
90% and 80%, respectively*’; however, recurrent PSC (or
CCA?) can develop and become problematic, occurring
in up to 34% of deceased donor liver transplantations
and in 67% of living-related donor liver transplanta-
tions.??¢ Palliative therapies (usually systemic chemo-
therapy using a combination of gemcitabine [Gemzar,
Eli Lilly and Company] and cisplatin) are reserved for
patients who are not surgical candidates and/or who
have metastatic disease.

Gallbladder Carcinoma Risk

Patients with PSC are at increased risk for gallbladder
carcinoma, although at a lower rate than for CCA. The
estimated lifetime incidence of gallbladder carcinoma
in patients with PSC is 3% to 14%.% Gallbladder car-
cinoma most often appears on imaging as a mass within
the lumen of the gallbladder or as eccentric thickening of
the gallbladder wall.?® Gallbladder polyps in patients with
PSC should be closely monitored, and there is general
agreement that cholecystectomy should be considered in
all patients with PSC for gallbladder polyps between 5 to
8 mm in size and for gallbladder masses of any size,”!
especially if a change in the size and/or the number of
polyps is observed. This agreement is based on the dif-
ficulty in distinguishing benign from malignant lesions
of the gallbladder, the frequency with which adenocarci-
noma is harbored within gallbladder lesions in PSC, and
the increased risk of eventual malignant progression of
such lesions (if they are not already malignant at the time

of initial discovery).?*?!

Hepatocellular Carcinoma Risk

Cirrhosis is a known major risk factor for HCC. HCC
occurs with less frequency than does CCA in patients
with PSC; the estimated lifetime incidence of HCC in
patients with PSC is 0.3% to 2.8%, although compre-
hensive data have historically been scant.3>% We recently
reported on 23 cases of HCC in a cohort of 830 patients
with PSC; all cases of HCC occurred in patients with
cirrhotic-stage disease.’ Based on these and other data,
patients with cirrhotic-stage PSC are indeed at increased
risk for HCC, similar to patients with cirrhosis due to
other underlying diseases.

Colorectal Carcinoma Risk

The association between PSC and IBD has been recog-
nized for years, but the exact etiopathogenic mechanisms
are yet to be fully elucidated. Patients with IBD, for rea-
sons that remain unclear, are at significantly increased risk
for colorectal carcinoma. The presence of PSC heightens
the risk for colorectal carcinoma in patients with IBD by
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severalfold. The cumulative risk of developing colorectal
neoplasia has been reported to be 50% after 25 years of
disease in patients with PSC-IBD compared to only 10%
after 25 years of disease in patients with IBD alone.” In
addition, male sex, extensive colitis, and use of immu-
nosuppressive agents following liver transplantation for
PSC have all been proposed as risk factors for developing
colorectal neoplasia in patients with PSC-IBD.* More
recently, an international, retrospective study includ-
ing 1911 patients with IBD (among whom 293 had
PSC) showed that PSC remained a strong risk factor for
high-grade colonic dysplasia and colorectal carcinoma
following the diagnosis of colonic low-grade dysplasia.””
Although the risk for colorectal carcinoma is well estab-
lished in patients with PSC and ulcerative colitis, the risk
of colorectal carcinoma development in patients with
PSC and Crohn’s disease appears to be less clear (unless
the patient has extensive Crohn’s colitis).*® Of note, the
risk of colorectal carcinoma development among patients
with PSC-IBD is additionally increased, essentially as
soon as the diagnosis of this combination is made.” Inter-
estingly, the risk of colorectal carcinoma remains elevated
even after liver transplantation for PSC; this risk has been
associated with worse survival if patients are not under
surveillance for colorectal carcinoma.*

Cancer Prevention in Primary
Sclerosing Cholangitis

Due to the rarity of PSC combined with the barriers to
amassing sufficient patient-years to adequately power
studies regarding cancer prevention (ie, chemopreventive
studies), there is a dearth of data regarding the putative
role of any particular pharmacologic agent in prevent-
ing cancer in patients with PSC. Currently, there are no
pharmacologic agents that have been rigorously shown to
prevent cancer development in patients with PSC. Agents
such as ursodeoxycholic acid (UDCA) and curcumin,
among others, have been studied to varying degrees as
potential chemopreventive agents, with variable findings.

The use of UDCA remains a subject of debate and
uncertainty, as some studies have shown that the use
of UDCA in patients with PSC-IBD reduces the risk
of colonic dysplasia or colorectal carcinoma develop-
ment, 4! whereas other studies have shown an increased
risk of colorectal carcinoma in patients with PSC-IBD
using UDCA.** For example, data from a Scandinavian,
long-term, randomized, placebo-controlled, high-dose
UDCA clinical trial (patient follow-up, >10 years) did
not show a statistically significant difference in the rate
of colorectal carcinoma between the UDCA group and
the placebo group.” Thus, the available data to date sug-
gest that there is potential harm, or at least no benefit,

with high-dose UDCA, whereas intermediate- (or low-)
dose UDCA may have some chemopreventive impact in
a subset of patients with PSC. Therefore, the consensus
at this time is that high-dose UDCA should be avoided,
and that for intermediate- or low-dose UDCA, additional
studies are needed to validate its putative chemopreven-
tive properties in patients with PSC-IBD before it can
be routinely recommended for this indication, although
it may ostensibly be considered in select patients (eg,
patients with a strong family history of colon cancer).>*3!

Curcumin, a phytoextract from the turmeric (Cur-
cuma longa) rhizome, has been shown to have anti-inflam-
matory, antifibrotic, and antineoplastic effects, although
these effects have been less studied in the specific context
of PSC.* Given the pleiotropic and multiple potentially
beneficial effects of curcumin in both inflammatory and
neoplastic disorders, it may merit further investigation as
a chemopreventive agent and is currently under phase 1
and 2 study for treatment of PSC.%

Cancer Surveillance in Primary
Sclerosing Cholangitis

Surveillance, particularly for cancers, is a programmatic
strategy used to detect tumors in their early stages in
order to increase the chances of curative therapy. For a
surveillance program to be effective, there are certain
points to consider: (1) the at-risk population should be
identified; (2) surveillance methods should be highly
sensitive, specific, and cost-effective; (3) surveillance
should be available, accessible, and have acceptable risks;
and (4) treatment modalities should be available and
scientifically proven.” The following sections discuss
strategies and recommendations for cancer surveillance
for patients with PSC.

Surveillance for Cholangiocarcinoma

CCA carries a dismal prognosis, in part because most
patients are diagnosed when the cancer is already at least
locally advanced, which itself is consequent to the fact
that reliable methods for early detection and accurate
tissue diagnosis (especially in the context of PSC) can be
extremely challenging.'”* Nearly 80% of patients with
CCA die within 7 years of the diagnosis of the disease.'*
Expert opinion has called for surveillance for hepato-
biliary cancer (and colorectal carcinoma) in patients
with PSC (Figure),”“% but there have been little data
to support this or the specific methodologic approach
(particularly regarding CCA). The American Associa-
tion for the Study of Liver Diseases (AASLD) and the
European Association for the Study of the Liver (EASL)
recommend surveillance for gallbladder carcinoma
annually’>®'; however, surveillance for CCA and HCC
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Patients with PSC

Colorectal carcinoma
surveillance pathway

Colonoscopy with terminal
ileal examination and
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with US
every 6-12
months

testing
annually

Figure. Overview of cancer surveillance in patients with primary sclerosing cholangitis (PSC), beginning at the time of PSC

diagnosis, based on the American Association for the Study of Liver Diseases practice guidelines.’

CCA, cholangiocarcinoma; GBC, gallbladder carcinoma; HCC, hepatocellular carcinoma; IBD, inflammatory bowel disease; US, ultrasound.

has been controversial, in large part owing to the paucity
of data demonstrating survival benefit.

We recently reported the first-ever long-term sur-
veillance and outcomes data in patients with PSC who
developed hepatobiliary cancer.’ The study found that
surveillance for hepatobiliary cancer in patients with
PSC was associated with a diagnosis of hepatobiliary
cancer at earlier stages, a significantly lower 5-year prob-
ability of experiencing a hepatobiliary cancer—related
adverse event (32% vs 75%; P<.001), and a significantly
higher 5-year overall survival (68% vs 20%; P<.001)
compared to no surveillance. These data have important
implications in the management of patients with PSC,
but care should be exercised when implementing such
surveillance strategies for several reasons, including the
hazards of false-positives and the aforementioned con-
sideration regarding the limited availability of proven
treatments for certain types of hepatobiliary cancer
(eg, liver transplantation for early-stage hilar CCA only
being available in select, highly specialized centers).

Techniques for surveillance and early diagnosis
of CCA in patients with PSC remain limited. The

430

specificity of brush cytology for detecting malignant
lesions is greater than 95%, but its overall diagnostic per-
formance is hampered by low sensitivity.’*>! CA 19-9 is
the most extensively studied and utilized serologic tumor
marker for CCA in patients with PSC; nonetheless, there
is no agreement on the cutoff for diagnosis of CCA.
Moreover, elevated CA 19-9 is seen in patients without
CCA, whereas normal CA 19-9 levels can be seen in
patients with advanced CCA.** Therefore, until superior
methods are developed, combining imaging (ultrasound,
computed tomography, and magnetic resonance imaging
[MRI] or magnetic resonance cholangiopancreatography
[MRCP]) with CA 19-9 is currently recommended.'>*8

Regarding the choice of imaging, a recent consensus
position by the International PSC Study Group recom-
mends the use of MRCP as the first imaging modality in
patients with suspected PSC, for surveillance of CCA in
patients with PSC, and if CCA is suspected in patients
with PSC.? In our published experience, ultrasound
(when performed by ultrasonographers experienced in
hepatobiliary imaging) and MRI/MRCP have the best

overall performance characteristics, both being superior
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to computed tomography.** Longitudinal studies as well
as comparative performance studies are needed to further
elucidate the clinical utility of these imaging modalities
with or without the use of traditional and novel tumor
markers for surveillance and early diagnosis of CCA (and
other hepatobiliary cancers) in patients with PSC.

Surveillance for Gallbladder Carcinoma

Gallbladder disease is common among patients with
PSC; adenocarcinoma is found in more than 50% of
patients with PSC with gallbladder mass lesions.” For
this reason and others, cholecystectomy is recommended
in patients with PSC with gallbladder masses of any size
or with gallbladder polyps greater than 5 to 8 mm in
diameter. The AASLD and EASL recommend annual
abdominal ultrasonography to screen for gallbladder
cancer in patients with PSC.%%3!

Surveillance for Hepatocellular Carcinoma

Patients with PSC who have cirrhosis are at risk for
HCC.»?® We recently found that among 830 patients
with PSC, 2.8% (n=23) developed HCC.* All patients
had cirrhotic-stage PSC at the time of HCC diagnosis.*
Therefore, patients with PSC-related cirrhosis should
undergo annual or semiannual surveillance for HCC, as
should patients with cirrhosis due to other underlying

diseases.??3!

Surveillance for Colorectal Carcinoma

PSC is an important risk factor for colorectal carci-
noma.'®*%¢ Surveillance for colorectal carcinoma in
patients with PSC (Figure) has been found to be associ-
ated with improved colorectal carcinoma-related survival
compared to no surveillance.'* All leading societies cur-
rently recommend beginning aggressive surveillance for
colorectal carcinoma in patients with PSC at 1- to 2-year
intervals after the diagnosis of PSC?***"% given the high
risk for colorectal carcinoma.?*® Reports regarding the
risk of colorectal carcinoma in patients with PSC and
coexisting Crohn’s disease are conflicting”™; further
research is needed to examine the risk of colorectal car-
cinoma in patients with PSC and Crohn’s disease, and,
more broadly, to identify optimal (ie, efficacious, cost-
effective, and patient-centered) surveillance techniques

and intervals, 434460

Summary

PSC is a premalignant, chronic, fibroinflammatory
disease of the bile ducts. Patients with PSC are at sig-
nificantly increased risk for hepatobiliary and colorectal
cancers compared to the general population; this risk
is particularly the case among patients with PSC-IBD.

There are no proven medical therapies for the treatment
of PSC or for the prevention of associated hepatobiliary
and/or colorectal cancers. Leading national and interna-
tional societies recommend screening PSC patients for
colorectal carcinoma and gallbladder carcinoma; how-
ever, screening for CCA has been a subject of debate,
although it has been recommended by many experts
in this field, and the evidence in its support continues
to grow. Currently, a common surveillance practice for
CCA in patients with PSC is annual cross-sectional
imaging (ultrasound or MRI/MRCP) coupled with
tumor marker CA 19-9. The roles of imaging studies and
tumor markers for the surveillance of CCA (and other
hepatobiliary and colorectal cancers) in patients with
PSC and the identification of high-risk patients who
might benefit from closer surveillance need to be better
defined in large, multicenter, long-term studies.

The authors have no relevant conflicts of interest to disclose.

References

1. O’Hara SP, Tabibian JH, Splinter PL, LaRusso NF. The dynamic biliary epithe-
lia: molecules, pathways, and discase. / Hepatol. 2013;58(3):575-582.

2. Tabibian JH, Lindor KD. Primary sclerosing cholangitis: a review and update on
therapeutic developments. Expert Rev Gastroenterol Hepatol. 2013;7(2):103-114.
3. Tabibian JH, O’Hara SP, Splinter PL, Trussoni CE, LaRusso NF. Cholangiocyte
senescence by way of N-ras activation is a characteristic of primary sclerosing chol-
angitis. Hepatology. 2014;59(6):2263-2275.

4. Lazaridis KN, Strazzabosco M, Larusso NE The cholangiopathies: disorders of
biliary epithelia. Gastroenterology. 2004;127(5):1565-1577.

5. Takakura WR, Tabibian JH, Bowlus CL. The evolution of natural history of
primary sclerosing cholangitis. Curr Opin Gastroenterol. 2017;33(2):71-77.

6. Gulamhusein AF, Eaton JE, Tabibian JH, Atkinson EJ, Juran BD, Lazaridis
KN. Duration of inflammatory bowel disease is associated with increased risk of
cholangiocarcinoma in patients with primary sclerosing cholangitis and IBD. Am
] Gastroenterol. 2016;111(5):705-711.

7. Tabibian JH, Enders F, Imam MH, Kolar G, Lindor KD, Talwalkar JA. Associa-
tion between serum IgE level and adverse clinical endpoints in primary sclerosing
cholangitis. Ann Hepatol. 2014;13(3):384-389.

8. Card TR, Solaymani-Dodaran M, West J. Incidence and mortality of primary
sclerosing cholangitis in the UK: a population-based cohort study. / Hepatol.
2008;48(6):939-944.

9. Claessen MM, Vleggaar FP, Tytgat KM, Siersema PD, van Buuren HR.
High lifetime risk of cancer in primary sclerosing cholangitis. / Hepatol.
2009;50(1):158-164.

10. Fevery J, Verslype C, Lai G, Aerts R, Van Steenbergen W. Incidence, diagnosis,
and therapy of cholangiocarcinoma in patients with primary sclerosing cholangitis.
Dig Dis Sci. 2007;52(11):3123-3135.

11. Tabibian JH, Lindor KD. Challenges of cholangiocarcinoma detection in
patients with primary sclerosing cholangitis. / Anal Oncol. 2012;1(1):50-55.

12. Charatcharoenwitthaya P, Enders FB, Halling KC, Lindor KD. Utility of
serum tumor markers, imaging, and biliary cytology for detecting cholangiocarci-
noma in primary sclerosing cholangitis. Hepatology. 2008;48(4):1106-1117.

13. Weismiiller TJ, Trivedi PJ, Bergquist A, et al; International PSC Study Group.
Patient age, sex, and inflammatory bowel disease phenotype associate with course
of primary sclerosing cholangitis. Gastroenterology. 2017;152(8):1975-1984.¢8.
14. Boonstra K, Weersma RK, van Erpecum KJ, et al; EpiPSCPBC Study Group.
Population-based epidemiology, malignancy risk, and outcome of primary scleros-
ing cholangitis. Hepatology. 2013;58(6):2045-2055.

15. Burak K, Angulo P, Pasha TM, Egan K, Petz J, Lindor KD. Incidence and risk
factors for cholangiocarcinoma in primary sclerosing cholangitis. Am J Gastroen-
terol. 2004;99(3):523-526.

Gastroenterology & Hepatology Volume 14, Issue 7 July 2018 431



TABIBIAN ET AL

16. Olsson R, Danielsson A, Jirnerot G, et al. Prevalence of primary sclerosing
cholangitis in patients with ulcerative colitis. Gastroenterology. 1991;100(5 pt
1):1319-1323.

17. Schrumpf E, Elgjo K, Fausa O, Gjone E, Kolmannskog E Ritland S. Sclerosing
cholangitis in ulcerative colitis. Scand | Gastroenterol. 1980;15(6):689-697.

18. Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet. 2014;383(9935):
2168-2179.

19. Rizvi S, Gores GJ. Pathogenesis, diagnosis, and management of cholangiocar-
cinoma. Gastroenterology. 2013;145(6):1215-1229.

20. De Vreede I, Steers JL, Burch PA, et al. Prolonged disease-free survival after
orthotopic liver transplantation plus adjuvant chemoirradiation for cholangiocar-
cinoma. Liver Transpl. 2000;6(3):309-316.

21. Beaussier M, Wendum D, Fouassier L, et al. Adaptative bile duct prolif-
erative response in experimental bile duct ischemia. J Hepatol. 2005;42(2):
257-265.

22. Graziadei IW, Wiesner RH, Marotta PJ, et al. Long-term results of patients
undergoing liver transplantation for primary sclerosing cholangitis. Hepatology.
1999;30(5):1121-1127.

23. Landaverde C, Ng 'V, Sato A, Tabibian J, Durazo F, Busuttil R. De-novo chol-
angiocarcinoma in native common bile duct remnant following OLT for primary
sclerosing cholangitis. Ann Hepatol. 2009;8(4):379-383.

24. Azeem N, Tabibian JH, Baron TH, et al. Use of a single-balloon enteroscope
compared with variable-stiffness colonoscopes for endoscopic retrograde cholangi-
ography in liver transplant patients with Roux-en-Y biliary anastomosis. Gastroin-
test Endosc. 2013;77(4):568-577.

25. Tamura S, Sugawara Y, Kancko J, Matsui Y, Togashi J, Makuuchi M. Recur-
rence of primary sclerosing cholangitis after living donor liver transplantation.
Liver Int. 2007;27(1):86-94.

26. Alabraba E, Nightingale P, Gunson B, et al. A re-evaluation of the risk factors
for the recurrence of primary sclerosing cholangitis in liver allografts. Liver Transpl.
2009;15(3):330-340.

27. Razumilava N, Gores GJ, Lindor KD. Cancer surveillance in patients with
primary sclerosing cholangitis. Hepatology. 2011;54(5):1842-1852.

28. Sandrasegaran K, Menias CO. Imaging and screening of cancer of the gallblad-
der and bile ducts. Radiol Clin North Am. 2017;55(6):1211-1222.

29. Said K, Glaumann H, Bergquist A. Gallbladder disease in patients with pri-
mary sclerosing cholangitis. / Hepatol. 2008;48(4):598-605.

30. Chapman R, Fevery J, Kalloo A, et al; American Association for the Study
of Liver Disecases. Diagnosis and management of primary sclerosing cholangitis.
Hepatology. 2010;51(2):660-678.

31. European Association for the Study of the Liver. EASL Clinical Practice Guide-
lines: management of cholestatic liver diseases. / Hepatol. 2009;51(2):237-267.
32. Leidenius M, Héckersted K, Broomé U, et al. Hepatobiliary carcinoma
in primary sclerosing cholangitis: a case control study. / Hepatol. 2001;34(6):
792-798.

33. Harnois DM, Gores GJ, Ludwig J, Steers JL, LaRusso NE, Wiesner RH. Are
patients with cirrhotic stage primary sclerosing cholangitis at risk for the develop-
ment of hepatocellular cancer? / Hepatol. 1997;27(3):512-516.

34. Ali AH, Tabibian JH, Nasser-Ghodsi N, et al. Surveillance for hepato-
biliary cancers in patients with primary sclerosing cholangitis. Hepatology.
2018;67(6):2338-2351.

35. Broomé U, Léfberg R, Veress B, Eriksson LS. Primary sclerosing cholangi-
tis and ulcerative colitis: evidence for increased neoplastic potential. Hepatology.
1995;22(5):1404-1408.

36. Bowlus CL, Karlsen TH, Broomé U, et al. Analysis of MAACAM-1 and
ICAM-1 polymorphisms in 365 Scandinavian patients with primary sclerosing
cholangitis. J Hepatol. 2006;45(5):704-710.

37. Shah SC, Ten Hove JR, Castaneda D, et al. High risk of advanced colorectal
neoplasia in patients with primary sclerosing cholangitis associated with inflamma-
tory bowel disease [published online March 15, 2018]. Clin Gastroenterol Hepatol.
doi:10.1016/j.cgh.2018.01.023.

38. Rudolph A, Fasching PA, Behrens S, et al. A comprehensive evaluation of
interaction between genetic variants and use of menopausal hormone therapy on
mammographic density. Breast Cancer Res. 2015;17:110.

39. Navaneethan U, Kochhar G, Venkatesh PG, et al. Duration and severity of
primary sclerosing cholangitis is not associated with risk of neoplastic changes in

the colon in patients with ulcerative colitis. Gastrointest Endosc. 2012575(5):1045-
1054.el.

40. Pardi DS, Loftus EV Jr, Kremers WK, Keach ], Lindor KD. Ursodeoxycholic
acid as a chemopreventive agent in patients with ulcerative colitis and primary
sclerosing cholangitis. Gastroenterology. 2003;124(4):889-893.

41. Tung BY, Emond MJ, Haggitt RC, et al. Ursodiol use is associated with lower
prevalence of colonic neoplasia in patients with ulcerative colitis and primary scle-
rosing cholangitis. Ann Intern Med. 2001;134(2):89-95.

42. Nasir BS, Dozois EJ, Cima RR, et al. Perioperative anti-tumor necrosis factor
therapy does not increase the rate of early postoperative complications in Crohn’s
disease. / Gastrointest Surg. 2010;14(12):1859-1865; discussion 1865-1866.

43. Lindstrém L, Boberg KM, Wikman O, et al. High dose ursodeoxycholic acid
in primary sclerosing cholangitis does not prevent colorectal neoplasia. Aliment
Pharmacol Ther. 2012;35(4):451-457.

44. Eaton JE, Silveira MG, Pardi DS, et al. High-dose ursodeoxycholic acid is
associated with the development of colorectal neoplasia in patients with ulcer-
ative colitis and primary sclerosing cholangitis. Am ] Gastroenterol. 2011;106(9):
1638-1645.

45. Hu RW,, Carey EJ, Lindor KD, Tabibian JH. Curcumin in hepatobiliary dis-
ease: pharmacotherapeutic properties and emerging potential clinical applications.
Ann Hepatol. 2017;16(6):835-841.

46. ClinicalTrials.gov. A study evaluating the safety and efficacy of curcumin in
patients with primary sclerosing cholangitis. https://clinicaltrials.gov/ct2/show/
NCT02978339. Identifier: NCT02978339. Accessed June 13, 2018.

47. Razumilava N, Gores GJ. Classification, diagnosis, and management of chol-
angiocarcinoma. Clin Gastroenterol Hepatol. 2013;11(1):13-21.e1; quiz e3-4.

48. Folseraas T, Boberg KM. Cancer risk and surveillance in primary sclerosing
cholangitis. Clin Liver Dis. 2016;20(1):79-98.

49. Razumilava N, Gores GJ. Surveillance for cholangiocarcinoma in patients with
primary sclerosing cholangitis: effective and justified? Clin Liver Dis (Hoboken).
2016;8(2):43-47.

50. Boberg KM, Jebsen P, Clausen OP, Foss A, Aabakken L, Schrumpf E. Diagnos-
tic benefit of biliary brush cytology in cholangiocarcinoma in primary sclerosing
cholangitis. / Hepatol. 2006;45(4):568-574.

51. Furmanczyk PS, Grieco VS, Agoff SN. Biliary brush cytology and the
detection of cholangiocarcinoma in primary sclerosing cholangitis: evalua-
tion of specific cytomorphologic features and CA19-9 levels. Am J Clin Pathol.
2005;124(3):355-360.

52. Schramm C, Eaton J, Ringe KI, Venkatesh S, Yamamura J; MRI Working
Group of the IPSCSG. Recommendations on the use of magnetic resonance
imaging in PSC-A position statement from the International PSC Study Group.
Hepatology. 2017;66(5):1675-1688.

53. Karlsen TH, Schrumpf E, Boberg KM. Gallbladder polyps in primary scleros-
ing cholangitis: not so benign. Curr Opin Gastroenterol. 2008;24(3):395-399.

54. Brentnall TA, Haggitt RC, Rabinovitch PS, et al. Risk and natural history of
colonic neoplasia in patients with primary sclerosing cholangitis and ulcerative
colitis. Gastroenterology. 1996;110(2):331-338.

55. Lindstrom L, Lapidus A, Ost A, Bergquist A. Increased risk of colorectal cancer
and dysplasia in patients with Crohn’s colitis and primary sclerosing cholangitis.
Dis Colon Rectum. 2011;54(11):1392-1397.

56. Zheng HH, Jiang XL. Increased risk of colorectal neoplasia in patients with
primary sclerosing cholangitis and inflammatory bowel disease: a meta-analysis of
16 observational studies. Eur ] Gastroenterol Hepatol. 2016;28(4):383-390.

57. Lindor KD, Kowdley KV, Harrison ME; American College of Gastroenterol-
ogy. ACG Clinical Guideline: primary sclerosing cholangitis. Am | Gastroenterol.
2015;110(5):646-659.

58. Tabibian JH, Moradkhani A, Topazian MD. Colorectal cancer surveillance
in primary sclerosing cholangitis and inflammatory bowel disease. Ann Hepatol.
2015;14(4):564-566.

59. Braden B, Halliday J, Aryasingha S, et al. Risk for colorectal neoplasia in
patients with colonic Crohn’s disease and concomitant primary sclerosing cholan-
gitis. Clin Gastroenterol Hepatol. 2012;10(3):303-308.

60. Singh S, Khanna S, Pardi DS, Loftus EV Jr, Talwalkar JA. Effect of ursode-
oxycholic acid use on the risk of colorectal neoplasia in patients with primary
sclerosing cholangitis and inflammatory bowel disease: a systematic review and
meta-analysis. Inflamm Bowel Dis. 2013;19(8):1631-1638.

432 Gastroenterology & Hepatology Volume 14, Issue 7 July 2018





