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ABSTRACT

Background and study aims Patients with primary scle-

rosing cholangitis (PSC) have a 9% to 20% lifetime incidence

of cholangiocarcinoma (CCA). Per-oral cholangioscopy

(POCS) added to endoscopic retrograde cholangiography

(ERC) could potentially improve detection of CCA occur-

rence. We prospectively assessed POCS identification of

12-month CCA incidence in PSC patients undergoing ERC.

Patients and methods Consecutive patients with PSC, an

indication for ERC, and no prior liver transplantation were

enrolled. During the index procedure, POCS preceded plan-

ned therapeutic maneuvers. The primary endpoint was abil-

ity for POCS visualization with POCS-guided biopsy to iden-

tify CCA during 12-month follow-up. Secondary endpoints

included ability of ERC/cytology to identify CCA, repeat

ERC, liver transplantation, and serious adverse events

(SAEs).

Results Of 42 patients enrolled, 36 with successful cholan-

gioscope advancement were analyzed. Patients had a mean

age 43.5±15.6 years and 61% were male. Three patients di-

agnosed with CCA had POCS visualization impressions of

benign/suspicious/suspicious, and respective POCS-guided

biopsy findings of suspicious/positive/suspicious for malig-

nancy at the index procedure. The three CCA cases had ERC

visualization impressions of benign/benign/suspicious, and

respective cytology findings of atypical/atypical/suspicious

for malignancy. No additional patients were diagnosed with

CCA during median 11.5-month follow-up. Twenty-three

repeat ERCs (5 including POCS) were performed in 14 pa-

tients. Five patients had liver transplantation, one after

CCA diagnosis and four after benign cytology at the index

procedure. Three patients (7.1%) had post-ERC pancreati-

tis. No SAEs were POCS-related.

Conclusions In PSC patients, POCS visualization/biopsy

and ERC/cytology each identified three cases of CCA. Some

patients had a repeat procedure and none experienced

POCS-related SAEs.
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Introduction
Primary sclerosing cholangitis (PSC) is a chronic cholestatic liv-
er disease characterized by intrahepatic and/or extrahepatic in-
flammation, fibrosis, and bile duct injury [1] Patients with PSC
have a lifetime incidence of cholangiocarcinoma (CCA) as high
as 9% to 20% [2]. Because 20% to 50% incident CCA is observed
within 1 year of PSC diagnosis [3], the American Gastroentero-
logical Association recommends consideration of surveillance
for CCA and gallbladder cancer in all adult patients with PSC re-
gardless of disease stage, especially in the first year following
initial diagnosis [4, 5].

The majority of CCAs resemble a dominant stricture cholan-
giographically. One should be aware that in about 5% of possi-
ble dominant strictures, high-grade dysplasia or cholangiocar-
cinoma is present [6, 7]. When a symptomatic possible domi-
nant stricture is encountered, the recommended next step is
endoscopic retrograde cholangiography (ERC) to dilate (stent
as needed) and obtain cytology brushings to evaluate for CCA
[7]. ERC with brush cytology or biopsy is the most commonly
used technique to differentiate benign from malignant stric-
tures, but this method is hindered by low diagnostic yield in pa-
tients with PSC [1, 8]. Fluorescence in situ hybridization (FISH)
might be considered to confirm malignancy in PSC patients
with clinical or laboratory suspicion of CCA (e. g. weight loss,
abdominal pain, dominant stricture, high CA 19–9), but be-
cause of its low sensitivity, FISH is not appropriate as a screen-
ing test in unselected patients [9, 10, 11].

The addition of per-oral cholangioscopy (POCS) to ERC could
potentially improve diagnostic yield and prognostication of
progression to CCA via direct visualization of the bile duct lu-
men and targeted tissue acquisition, but POCS indications and
effectiveness in patients with PSC are not well established [12,
13]. Extra information obtained during cholangioscopy may not
necessarily improve the diagnostic yield of ERC alone. For ex-
ample, a study of 30 PSC patients found that the addition of
high-resolution per-oral video cholangioscopy with narrow-
band imaging led to an increased sampling rate but did not in-
crease detection of dysplasia compared with ERC alone [14].
The current study aimed to assess the ability of POCS and
POCS-guided biopsy to detect 12-month CCA incidence in pa-
tients with PSC and an indication for ERC.

Patients and methods
Study design

We conducted a prospective, international, multicenter conse-
cutive case series at seven sites in four countries (Canada, Neth-
erlands, Norway, United States) evaluating the added clinical
benefit of POCS in adult patients with PSC scheduled for ERC
(ClinicalTrials.gov number, NCT03766035). Study enrollment
began in December 2018 and ended in December 2021.Devi-
ces used in the study were SpyGlass DS Direct Visualization Sys-
tem including: SpyScope DS or SpyScope DS II and SpyGlass
Digital Controller, SpyBite or SpyBite Max Biopsy Forceps (Bos-
ton Scientific, Marlborough, Massachusetts, United States).

Patient population

Inclusion criteria were: 1) age 18 years or older; 2) confirmed
diagnosis of PSC; 3) clinical indication for ERC; and 4) diameter
of bile ducts deemed sufficient to accommodate cholangiosco-
py system based on preprocedural imaging. Exclusion criteria
were: 1) contraindication to ERC or POCS; 2) history of liver
transplantation; 3) mass/metastasis extrinsic to the bile duct
identifiable on diagnostic imaging; 4) history of iatrogenic bile
duct trauma; 5) international normalized ratio > 1.5 or platelets
count < 50,000; and 6) pregnant or trying to become pregnant.
Subjects with biliary/pancreatic stents within 3 months of the
index procedure could be included. All centers obtained ap-
proval from their respective local ethics committees or institu-
tional review boards, and all patients provided signed informed
consent before the procedure.

Index procedure and follow-up
POCS visualization and POCS-guided biopsy

Before ERC-guided sampling was performed, patients under-
went POCS for visualization of any stricture of interest and
POCS-guided biopsy per investigator discretion. POCS results
were recorded prior to manipulation of the stricture such as di-
lation, cytology, and biopsy. POCS visual impression was classi-
fied as 1) normal (including fibrotic, inflammatory or other
changes) or 2) suspicious for malignancy or malignant based
on macroscopic features of strictures, including but not limited
to presence of dysplasia, asymmetric fibrotic lesion(s), patho-
logic vessels indicating neovascularization, and mucosal irregu-
larities. Visual impression categories were determined by each
investigator for his/her own cases; there was no central adjudi-
cation of these decisions.

ERC and fluoroscopy-guided brushing samples

Fluoroscopy-guided brushing samples during ERC were per-
formed with a guidewire-guided brush. Cells from the brush
tip and the fluid flushed from the catheter with ethanol/saline
were added to a 50% ethanol container for cytological proces-
sing. A small cell sample (20–100 cells) could be analyzed for
aneuploidy characteristic of CCA using FISH if performed per
standard of practice. Radiologic assessment was performed as
needed based on ERC and brush cytology.

Participants had telephone follow-up at 24 hours and 30
days after the index procedure, 6-month follow-up by phone
or in clinic, and a 12-month in-person clinic visit including as-
sessment of symptoms or disease progression or referral to on-
cology treatment, serum laboratory tests or imaging if clinically
indicated, assessment of adverse events (AEs), and documenta-
tion of all related diagnostic and therapeutic procedures since
the most recent follow-up visit.

Primary endpoint

The primary endpoint was ability of POCS visualization with
POCS-guided biopsy to identify CCA during the study period.
POCS visual impression was classified as normal, or suspicious
for malignancy or malignant (combined category). For CCA,
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biopsy findings were classified as: 1) benign (including normal,
reactive, atypical findings) or 2) malignant (including suspi-
cious for malignancy, dysplasia or positive for malignancy).

Secondary endpoints

Secondary endpoints included: 1) ability of ERC visualization
and brush cytology to identify CCA; 2) technical success, de-
fined as the ability to visualize the stricture using POCS at the
index procedure. Image quality was also rated subjectively as
“excellent,” “good,” “fair,” or “poor”; 3) repeat ERC with or
without POCS; 4) liver transplantation; and 5) serious AEs
(SAEs), with seriousness and relatedness to the POCS or ERC
procedure judged by the treating physician.

Statistical analysis

A priori sample size calculations based on a meta-analysis of 17
prior studies [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31] of endoscopic retrograde cholangiopancreatogra-
phy (ERCP) to detect cholangiocarcinoma estimated that 105
patients (assuming 10% attrition) would be required for 80%
power with a one-sided alpha of 0.05 to detect diagnostic accu-
racy ≥ 90% for POCS added to ERCP.

Baseline characteristics, medical history, outcome meas-
ures, and AEs were summarized using mean, median, standard
deviation (SD), and range for continuous variables (e. g. age,
procedure times), and proportions for categorical variables. All
analyses were performed in SAS version 9.4.

Results
Patient and procedure characteristics

Of 43 consecutive patients screened for study eligibility, one
was excluded for a history of iatrogenic bile duct trauma

(▶Fig. 1). Among 42 patients enrolled in the study, the cholan-
gioscope could not be advanced to the stricture in six patients;
those six patients were included in the analysis of technical suc-
cess and safety endpoints. The 36 patients in whom the cholan-
gioscope could be advanced into the bile duct were included in
the analysis of clinical effectiveness outcomes. Baseline charac-
teristics of the patients are summarized in ▶Table1. Because
the study was inadequately powered, hypothesis testing of a
performance goal was not conducted.

43 consecutive adults aged 18 years or older with PSC 
scheduled for ERC were screened for eligibility to 
participate in the study

42 adults aged 18 or older with PSC scheduled for ERC 
were invited to participate in the study 

1 excluded for history of iatrogenic bile duct 
trauma

36 (85.7 %) were included in the statistical analysis of 
results

36 (85.7 %) met eligibility criteria and were followed for 
12 months for case completion and safety outcomes

6 excluded because the cholangioscope could 
not be advanced to the stricture of interest

▶ Fig. 1 Patient flow through the study.

▶Table 1 Baseline characteristics of patients in whom cholangioscope
could be advanced (N =36 patients).

Mean ± SD (range) or %

(n/N)

Age (yr) 43.5±15.6 (20.0,78.0)

Male 61.1% (22/36)

BMI 26.2±5.3 (18.7,44.9)

Medical conditions or comorbidities

▪ Ulcerative colitis 44.4% (16/36)

▪ Crohn's disease 33.3% (12/36)

▪ Cholecystectomy 27.8% (10/36)

▪ Proctocolectomy 11.1% (4/36)

▪ Anemia 8.3% (3/36)

▪ Autoimmune hepatitis 5.6% (2/36)

▪ Cardiovascular disease 5.6% (2/36)

▪ DVTor blood clotting disease 5.6% (2/36)

▪ Rheumatoid arthritis 5.6% (2/36)

▪ Cancer 2.8% (1/36)

▪ Diabetes - insulin dependent 2.8% (1/36)

▪ Diabetes - non-insulin dependent 2.8% (1/36)

▪ Severe allergies 2.8% (1/36)

▪ Respiratory disease 2.8% (1/36)

▪ Variceal bleeding 2.8% (1/36)

▪ Medical condition - other 55.6% (20/36)

▪ Biliary stent placed in last 3 months 16.7% (6/36)

▪ Indication for ERC

▪ Worsening symptoms 55.6% (20/36)

▪ Elevated serum liver enzymes 47.2% (17/36)

▪ Suspected new stricture based on
imaging

41.7% (15/36)

▪ Suspicion for malignancy 41.7% (15/36)

▪ Indication for ERC - other 30.6% (11/36)

ERC, endoscopic retrograde cholangiography.
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POCS-guided biopsy results

Tissue was obtained using SpyBite in 33 of 36 patients. A mean
of 3.0 biopsy samples (range 1.0 to 10.0) were taken per pa-
tient, most commonly from the common hepatic duct (37.1%,
26/70), common bile duct (25.7%, 18/70) and left (15.7%, 11/
70) and right (11.4%, 8/70) main hepatic duct. Thirty samples
(43.5% of 69) were at the level of the stricture, while 39 sam-
ples (56.5% of 69) were not at the stricture but were taken
from a ductal location of sufficient concern to warrant biopsy.
Among the 30 patients with adequate POCS-guided biopsy re-
sults, one or more of the following histological findings were
reported: inflammation or reactive changes (19), fibrous
change (7), nuclear atypia (5), ulceration (3), nuclear poly-
morphism (3), granulation tissue (2), nuclear crowding (1),
atypical nucleoli (1), intestinal metaplasia (1), many neutro-
phils, lymphocytes and histiocytes (1).

Primary endpoint: POCS visualization
and ability to identify CCA

POCS visual findings were judged to be normal, fibrotic/inflam-
matory or benign changes in 31 patients (86.1% of 36), or sus-
picious for malignancy or malignant in five (13.9%) patients
(▶Table2, ▶Fig. 2). Among the five reported visual findings of
“suspicious for malignancy or malignant” at the index proce-
dure, three patients were diagnosed with CCA. Among the
three CCA cases, one patient had a benign POCS visualization
impression (POCS findings: concentric fibrosis, inflammation,
dominant stricture, papillary lesion) with a suspicious POCS-
guided biopsy diagnosis; the second had a suspicious POCS vi-
sualization impression (POCS findings: dominant stricture, pap-
illary lesion, ulceration) with a CCA-positive POCS-guided biop-
sy diagnosis; and the third had a suspicious POCS visualization
impression (POCS findings: concentric fibrosis, inflammation,
mucosal irregularities, papillary lesion) with a suspicious
POCS-guided biopsy diagnosis (▶Table3). No additional pa-
tients were diagnosed with CCA within a median follow-up of
11.5 months (range 4.1–13.7).

▶Table 2 Index POCS procedure characteristics of patients in whom
cholangioscope could be advanced (N =36 patients).

POCS procedure characteristic Mean ± SD (range) or % (n/N)

Quality of POCS image

▪ Excellent 77.8% (28/36)

▪ Good 19.4% (7/36)

▪ Fair 2.8% (1/36)

Antibiotics administered 97.2% (35/36)

▪ Days administered 6.34 ± 5.32 (1.00, 30.00)

Ability to visualize the stricture
with cholangioscopy

97.2% (35/36)

Location of stricture of interest

▪ Common hepatic duct 44.4% (16/36)

▪ Common bile duct 36.1% (13/36)

▪ Left main hepatic duct 27.8% (10/36)

▪ Right main hepatic duct 13.9% (5/36)

▪ No stricture of interest 8.3% (3/36)

Cholangioscopy findings

▪ Concentric fibrosis 47.2% (17/36)

▪ Inflammation 47.2% (17/36)

▪ Mucosal changes-friability 41.7% (15/36)

▪ Dominant stricture 36.1% (13/36)

▪ Epithelial sloughing 36.1% (13/36)

▪ Mucosal irregularities 36.1% (13/36)

▪ Asymmetric fibrosis areas 19.4% (7/36)

▪ Suspicion of neovasculariza-
tion

11.1% (4/36)

▪ Bleeding 8.3% (3/36)

▪ Papillary lesion 8.3% (3/36)

▪ Polypoid lesion 8.3% (3/36)

▪ Ulceration 8.3% (3/36)

▪ Erythematous papule 5.6% (2/36)

▪ Hemorrhagic/Necrotic tissue 2.8% (1/36)

▪ Other 11.1% (4/36)

▪ None 5.6% (2/36)

Endoscopist impression based
on cholangioscopy

▪ Normal or fibrotic/inflamma-
tory changes or benign

86.1% (31/36)

▪ Suspicious for malignancy or
malignant

13.9% (5/36)

Maneuvers performed during
POCS procedure

▪ Selective guidewire placement 66.7% (24/36)

▶Table 2 (Continuation)

POCS procedure characteristic Mean ± SD (range) or % (n/N)

▪ Sphincterotomy 25.0% (9/36)

▪ Dilation 13.9% (5/36)

▪ Biliary stent placed 11.1% (4/36)

▪ Removal of cast/debris/stone 11.1% (4/36)

▪ Pre-cut sphincterotomy 5.6% (2/36)

▪ Sphincteroplasty 2.8% (1/36)

▪ None 19.4% (7/36)

POCS per-oral cholangioscopy
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Ability of ERC visualization and brush cytology
to identify CCA

ERC visualization findings were judged to be normal, fibrotic/in-
flammatory or benign changes in 35 patients (97.2% of 36), or
suspicious for malignancy or malignant in one patient (2.8%)
(Appendix). Brush cytology showed six patients with atypical
findings (2 of whom were diagnosed with CCA), and one pa-
tient with findings suspicious for malignancy (diagnosed with
CCA).

Technical success

Technical success (ability to visualize the stricture of interest
with POCS) was achieved in 35 patients (83.3% of 42). Thirty-
three of those patients had a POCS-guided biopsy, of whom
30 had specimens adequate for histology. The three patients
without a POCS-guided biopsy adequate for histology had cy-
tology results negative for CCA.

Among the seven patients without technical success, the
cholangioscope could not be advanced into the stricture in six
patients because the duct was of a narrow caliber and fibrotic
nature that did not permit the safe and complete advancement
of the cholangioscope. These strictures were located in the
right intrahepatic duct, mid-to-distal common bile duct, distal
common bile duct, common bile duct, common hepatic duct,
or left main hepatic duct based on imaging. In one other pa-

tient, the stricture of interest could not be visualized with
POCS.

Repeat ERC with or without POCS

After the index procedure, 14 patients had 23 repeat ERCs, five
of which included POCS procedures. The maneuvers (one or
more per patient) performed during the repeat ERCs included
selective guidewire placement (15), dilation (13), removal of
cast/debris/stone (6), biliary stent placement (4), stent removal
(3, one of which was followed by balloon dilation), sphincterot-
omy (1), and sphincteroplasty (1). POCS-guided biopsy sam-
ples were taken during four of the five repeat POCS procedures;
all of these samples were negative for CCA.

Liver transplantation

Five patients (13.9%) underwent liver transplantation, one 131
days after CCA diagnosis at the index procedure, and four at
103, 299, 317, and 338 days after benign POCS cytology find-
ings at the index procedure. The four patients with benign
POCS cytology underwent liver transplantation associated with
progressive or end-stage liver disease (3) or PSC disease pro-
gression and cholangitis (1).

▶ Fig. 2 a, b Biliary strictures identified as benign and c, d suspicious for malignancy or malignant using per-oral cholangioscopy (POCS) in pa-
tients with PSC.

▶Table 3 POCS with biopsy versus ERC with brush cytology for three cases of cholangiocarcinoma identified at the index procedure.

Cholangiocarcinoma case

identified at index procedure

POCS visual impression POCS biopsy result ERC visual impression Brush cytology result

CCA 1 Normal or fibrotic/in-
flammatory changes or
benign

Suspicious for malig-
nancy

Normal or fibrotic/in-
flammatory changes or
benign

Atypical

CCA 2 Suspicious for malignan-
cy or malignant

Positive for malig-
nancy

Normal or fibrotic/in-
flammatory changes or
benign

Atypical

CCA 3 Suspicious for malignan-
cy or malignant

Suspicious for malig-
nancy

Suspicious for malignan-
cy or malignant

Suspicious for malig-
nancy

POCS per-oral cholangioscopy; ERC endoscopic retrograde cholangiography; CCA, cholangiocarcinoma.
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Adverse events

No SAEs were reported to be associated with POCS.Overall,
there were 11 SAEs experienced by nine patients who had chol-
angioscopy. Three patients (7.11% of 42) had post-ERC pan-
creatitis (▶Table4). All other SAEs occurred 14 days or more
after the index procedure, including three cases of cholangitis
on days 49, 102, and 289 after the index procedure. Five pa-
tients underwent liver transplantation during the study period.
Three had progressive liver disease, one had progression of PSC,
and one had progression of CCA. No SAEs were reported in the
patients in whom the cholangioscope could not be advanced.
No patients died during the study.

Discussion
POCS visualization plus POCS-guided biopsy identified three
CCA cases in PSC patients undergoing ERC. No incident cases
of CCA were identified during 12-month follow-up.

The most common indication for endoscopic intervention in
patients with PSC is dominant strictures, estimated to be preva-
lent in 36% to 57% of patients [12, 32] and associated with in-
creased risk of CCA and reduced survival [33]. POCS may theo-
retically have a useful role in the diagnosis of CCA in a dominant
stricture, or in ruling out CCA because the majority of dominant
strictures do not harbor malignancy [7]. In addition, POCS
could potentially improve PSC treatment by clarifying the sta-
tus of biliary inflammation and stenosis [34]. We acknowledge
that POCS visualization missed one of three cases of CCA in our
study, while all three CCA cases were diagnosed on both POCS-
guided biopsy and cytology. Thus, in this study, the addition of
POCS did not improve detection of CCA compared with ERC and
fluoroscopy-guided brushings alone, and our preliminary find-
ings do not support routine use of the combined techniques.
However, because POCS was safe and has potential for im-

proved diagnosis in larger studies, further research is warran-
ted.

We acknowledge strengths and limitations of this study. The
prospective study design with a sample size of 42 and 1-year
follow-up was notable among the mostly small retrospective
or cross-sectional studies of POCS in PSC patients currently
published. Regarding limitations, due to low recruitment, the
study was inadequately powered for estimating diagnostic ac-
curacy as originally planned. Six of the 42 patients had to be ex-
cluded from the analysis due to impassable strictures, and
POCS-guided data biopsies were taken at the endoscopist’s dis-
cretion; therefore, we could not estimate the diagnostic accu-
racy of POCS for the entire study population in an unbiased
manner. Because the intervention was performed by expert
endoscopists at high-volume medical centers, results may not
be generalizable to all centers where patients with PSC receive
care. For example, the study might have included patients diag-
nosed with dysplasia or CCA on a recent ERCP, but we do not
have baseline data on this factor. Because of its diameter, chol-
angioscopic observations are likely to be challenging for lesions
in the deeper intrahepatic ducts.

Conclusions
In conclusion, POCS-guided biopsy identified three of three
CCA cases, and POCS visualization identified two of three CCA
cases in patients with PSC, with some patients receiving a re-
peat procedure. No POCS-related SAEs occurred. Future larger
longitudinal studies of the benefits and risks of POCS in this pa-
tient population should be considered.
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▶Table 4 Serious adverse events.

Number

of SAEs

Percent of pa-

tients (n/N)

Any serious adverse event 11 21.4% (9/42)

Cholangitis* 3 7.1% (3/42)

Post-ERC pancreatitis 3 7.1% (3/42)

Cholangiocarcinoma progression* 1 2.4% (1/42)

Urinary tract infection† 1 2.4% (1/42)

Hemobilia† 1 2.4% (1/42)

End-stage liver disease* 1 2.4% (1/42)

Progressive liver failure* 1 2.4% (1/42)

*In each of these categories, one patient had a liver transplant by the end of
study follow-up. The patient with cholangiocarcinoma progression was di-
agnosed with cholangiocarcinoma on POCS-guided biopsy and cytology
during the study.
†The patient with cholangitis who had a liver transplant also had a urinary
tract infection and hemobilia.
SAE, serious adverse event; ERC, endoscopic retrograde cholangiography.
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