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ABSTRACT

Background and Objectives: The background of this study was to evaluate the outcomes of perihilar cholangiocarcinoma (pCCA)
patients treated with EUS-guided hepaticogastrostomy (EUS-HGS). Methods: All patients with pCCA who underwent
EUS-HGS from 2010 to 2020 were analyzed. The primary outcome was clinical success; the secondary outcomes were technical
success, adverse events (AEs), stent patency, and oncological outcomes. Cox proportional-hazards regression and Kaplan—
Meier curves were analyzed to identify variables related to survival. Results: Thirty-four patients (50% females, 76 years
old) were included; 24 (70.6%) presented with distant metastasis. Indications for EUS-HGS were ERCP failure (64.7%),
duodenal stricture (23.5%), postsurgical anatomy (5.9%), and dilation limited to the left intrahepatic duct (5.9%). The technical
success rate was 97.1%. The clinical success rate was 64.7%. Nine (26.5%) presented AEs, 2 fatal (bleeding and leakage).
The overall survival was 91 (31-263) days. On multivariate analysis, EUS-HGS clinical success (Exp[b]: 0.23 [0.09-0.60];
P =0.003) and chemotherapy (Exp[b]: 0.06 [0.02-0.23]; P < 0.001) were significantly associated with survival. The survival
was longer in patients who achieved EUS-HGS clinical success (178[61-393] vs. 15[73-24] days; hazard ratio: 6.3; P<0.001)
and in those starting chemotherapy (324[178-439] vs. 31 [9-48]; hazard ratio: 1.2; P < 0.001). Conclusions: EUS-HGS is
effective in pCCA patients despite a not negligible AE rate. Clinical success, potentially leading to jaundice resolution and
chemotherapy start, significantly improves survival.
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in patients with resectable tumors, biliary drainage (BD)
is the main therapeutic measure to guarantee access to
treatment to patients with unresectable CCA.["!

Perihilar localization, or Klatskin tumor, accounts
for more than 50% of the whole CCA spectrum.!*!
The management of patients diagnosed with perihilar
CCA (pCCA) is even more challenging, due to the
difficulty of achieving correct tumor staging, the
complexity of surgical interventions, and strategy of BD.*

Available guidelines recommend achieving the drainage
of more than 50% of liver segments;!®’ indeed,
patients’ survival is directly dependent from the amount
of liver volume effectively drained.'”” ERCP represents
the first-line treatment approach in this setting; however,
endoscopic multisegmental drainage is technically
challenging, harboring a significant risk of infection in
undrained segments, precluding the access to subsequent
treatments. The combination of endoscopic approach
to percutaneous transhepatic biliary drainage (PTBD)
or EUS-guided BD (EUS-BD) has been suggested,
especially in case of complex strictures.'""!

In the last decade, palliative treatments for CCA have
expanded, and to date, they range from systemic
chemotherapy or immunotherapy to locoregional
treatments, radiofrequency ablation,
radioembolization, ot external beam radiotherapy.*” These

such as

new approaches led to improved outcomes; however,
patients may benefit from these only after an efficient BD.

To date, knowledge on EUS-hepaticogastrostomy
(EUS-HGS) is inhomogeneous, mainly based on studies
including both distal and proximal obstructions, and
vatious malignant or benign conditions."*'” Finally, data
on oncological follow-up of patients who underwent
EUS-HGS are lacking. Therefore, we aimed to assess
the clinical outcomes of patients affected by pCCA
who underwent EUS-HGS. The primary outcome was
clinical success of EUS-HGS, while the secondary
outcomes were technical success, adverse events (AEs),
stent patency, chemotherapy start, and overall survival.

MATERIALS AND METHODS

Study design

A retrospective analysis of a prospectively collected
database was conducted in February 2020, retrieving
all patients with pCCA who underwent EUS-HGS
between July 2010 and January 2020 at Hopital Privé

Jean Mermoz in Lyon. The study was conducted in
accordance with the principles of the Declaration
of Helsinki (revision of Edinburgh, 2000); informed
consent was obtained from all patients, and the
Institutional Review Board (Ethics Committee) of
Ramsay Générale de Santé approved the study protocol
in June 2020.

Methods used for data extraction, pCCA diagnosis,
EUS-HGS, and outcomes definitions are described in
Appendix 1.

EUS-guided hepaticogastrostomy

All patients were evaluated by a multidisciplinary
team. BD was indicated in case of jaundice (total
bilirubin >35 uM), sepsis (fever and positive cultures
from blood samples), or cholangitis (jaundice and
sepsis). EUS-HGS was indicated based on previous
ERCP failure, patient anatomy, underlying disease, or
location/extension of biliary stricture.

EUS-HGS procedures were performed by three different
operators, under general anesthesia in supine position.
Systemic broad-spectrum antibiotics (fluoroquinolone
or second-generation cephalosporin) were given to all
patients before the intervention.

A curvilinear-array echoendoscope (GF-UCT180,
Olympus Corp., Japan) with a dedicated ultrasound
processor (Aloka ProSound Alpha-10, Aloka Co. Ltd.,
Tokyo, Japan, or UE-M2, Olympus Corp., Japan) was
used. After identification on B-mode and color-Doppler
EUS, a dilated left intrahepatic bile duct was punctured
with a 19-gauge fine-needle aspiration needle. Bile
was aspirated to confirm the correct positioning of
the needle tip and a cholangiogram was obtained
through contrast injection. A long 0.025-mm stiff
guidewire was advanced and looped into the biliary
tree. A 6-Fr cystotome was used over the guidewire
to create the fistula and then a biliary self-expandable
metal stent (SEMS) was placed with the distal end
into the left hepatic duct and the proximal into the
gastric lumen was plaed with the distal end into the left
hepatic duct and the proximal into the gastric lumen
[Figure 1].

For biliary stenting, two different approaches were used:

e Placement of an uncovered SEMS first for anchoring,
followed by the co-axial insertion of a fully covered SEMS
within the previous one to prevent leakage (WalllFlex
Biliary, Boston Scientific, US)
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* Deployment of a single partially covered (hybrid)
SEMS, specifically designed for EUS-HGS
(Hanarostent® BPD, M. I. Tech, Japan).

Statistical analysis

Categorical variables are expressed as number (n) and
proportions (%). Continuous variables are expressed
by mean * standard deviation or median (interquartile
range) when appropriate. Univariable and subsequent
multivariable logistic regression analyses were performed
to explore factors associated with clinical success of
EUS-HGS. Odds ratio (OR) and 95% confidence
intervals were calculated. Patient survival was evaluated
using the nonparametric Kaplan—Meier method, with
TO corresponding to the time of EUS-HGS. Cox
proportional-hazards regression model was used to
identify variables related to survival after EUS-HGS.
Variables with P < 0.2 in this analysis were included in
the multivariable logistic regression analysis. Statistical
significance was set at P < 0.05. Statistical analysis
was performed using MedCalc® Statistical Software
version 19.7 (MedCalc Software Ltd, Ostend, Belgium;
https://www.medcalc.org; 2021).

RESULTS

Study population

During the study period, 100 patients underwent
EUS-HGS for malignant biliary obstruction; after
exclusion of cases with distal obstruction and
pathology chart review, 34 patients were finally
evaluated [Supplementary Figure 1]. Half of the
patients were females; the median age was 76 (67-83)
years. Seventeen patients (50.0%) presented with a
bilateral hepatic duct involvement (type IV stricture
according to Bismuth-Corlette classification) and
24 (70.6%) had distant metastasis at the time of
EUS-HGS. A small proportion of cases presented
with ascites and signs of portal hypertension (26.5%
and 5.9%, respectively). Twenty-four (70.6%) patients
had previously undergone ERCP, combined with
PTBD in 2 cases (5.9%); the remaining underwent
EUS-HGS as a first-line drainage approach. Indications
for BD were jaundice (64.7%), sepsis (5.9%), and
cholangitis (29.4%). Among the entire population,
EUS-HGS was performed because of previous failed
ERCP in 22 patients (64.7%), duodenal stricture in
8 (23.5%), altered upper gastrointestinal anatomy
in 2 (5.9%), and isolated left hepatic duct dilation
in 2 (5.9%). At the time of enrollment, 22 (64.7%)
patients were considered fit for chemotherapy [Table 1].
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EUS-hepaticogastrostomy efficacy

EUS-HGS was performed using a hybrid stent in
25 (73.5%) cases. The overall technical success rate
was 97.1%. One technical failure was reported: despite
correct puncture and cholangiogram, it was not possible
to orientate the guidewire in the correct direction. The
patient was treated with rescue elective percutaneous BD.
Clinical success was achieved in 22 (64.7%) patients after
EUS-HGS; three (8.8%) patients presented persistent
cholangitis after EUS-HGS and underwent elective
percutaneous radiological drainage of the right liver lobe,
leading to sepsis resolution and bilirubin drop. Clinical
failure was reported in 9 (26.5%) cases [Table 2.

Table 1. Baseline characteristics of the study
population

Characteristic Total (n=34)
Demographic
Gender (female), n (%) 17 (50.0)
Age (years), median (IQR) 76 (67-83)
Study period (2010-2017), n (%) 15 (44.1)
Study period (2018-2020), n (%) 19 (55.9)
Primary tumor, n (%)
Proven pathology 28 (82.4)
Perihilar cholangiocarcinoma 25 (73.5)
Gallbladder carcinoma 9 (26.5)
Tumor staging, n (%)
Bismuth-Corlette type | 2 (5.9)
Bismuth-Corlette type Il 8 (23.5)
Bismuth-Corlette type llla 4 (11.8)
Bismuth-Corlette type Illb 3(8.8)
Bismuth-Corlette type IV 17 (50.0)
Distant metastasis 24 (70.6)
Ascites 9 (26.5)
Portal hypertension 2 (5.9)

Serum laboratory test, median (IQR)

Total bilirubin (pmol/L) 226 (121-299)

C reactive protein (mg/L) 71 (18-164)
Previous interventions

Previous ERCP, n (%) 24 (70.6)

Number of previous ERCP, mean (range) 2.4 (1-5)

Number of biliary stents, mean (range) 1.45 (0-3)

Percutaneous drainage, n (%) 2 (5.9)
Indication for biliary drainage, n (%)

Jaundice 22 (64.7)

Sepsis without jaundice 2 (5.9)

Cholangitis 10 (29.4)
Indication for EUS-HGS, n (%)

ERCP failure 22 (64.7)

Duodenal stricture 8 (23.5)

Altered anatomy 2 (5.9)

Isolated left hepatic duct dilation 2 (5.9)
Oncological status, n (%)

Fit for chemotherapy 22 (64.7)

Previous chemotherapy 14 (41.2)

IQR: Interquartile range, EUS-HGS: EUS-guided hepaticogastrostomy
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Clinical success rate did not significantly differ among
patients with different stricture extensions, according
to Bismuth-Corlette classification. Serum bilirubin
levels dropped from 226 (121-299) pmol/L to
44 (5-208) pmol/L (P = 0.01). EUS-HGS had similar
technical and clinical success rates, regardless of the
presence of ascites (88.9% »s. 100%; P = 0.27 and
55.6% vs. 68.0%; P = 0.22).

Adverse events and stent patency

Nine patients (26.5%) reported an AE: in eight cases,
they were early-onset AEs, while one occurred after
2 weeks. The most frequent complications were
cholangitis (no. 5) and bleeding (no. 3). One late-onset
bleeding was caused by an ulceration on the opposite
gastric wall induced by the stent and was treated with
argon plasma coagulation with no recurrence. One
case of bleeding was related to the underlying presence
of severe portal hypertension and coagulopathy. Two
patients (5.9%) died because of severe AEs (one bleeding
and one bile leakage). No stent migration was observed.

Table 2. Outcomes of EUS-hepaticogastrostomy

Total (n=34)
Type of stent, n (%)
Double co-axial biliary SEMS 8 (23.5)
Hybrid SEMS 25 (73.5)
Failed EUS-HGS 1(2.9)
Technical success, n (%)
Technical success 33 (97.1)

Failure to advance guidewire to hilum 1
Clinical success, n (%)

Clinical success 22 (64.7)
Complementary elective percutaneous drainage 3(8.8)
Clinical failure 9 (26.5)

Biochemical response, median (IQR)

Total bilirubin - basal (pmol/L) 226 (121-299)

Total bilirubin - 30-day (umol/L) 44 (5-208)
Adverse events, n (%)
Any AEs 9 (26.5)
Severe AEs 3(8.8)
Early AEs 8
Late AEs 1
Cholangitis 5(14.7)
Bleeding 3(8.8)
Bile leak 1(2.9)
Stent migration 0
Periprocedural mortality 2 (5.9)

Stent patency

Stent patency (days), mean (IQR) 145 (30-222)

The median stent patency was 145 (30-222) days. Stent
patency at 1, 3, and 6 months was 75.8%, 48.5%, and
36.4%, respectively. Nine patients (26.5%) underwent
re-intervention. Causes of re-intervention were EUS-HGS
dysfunction (no. 6), endoscopic biliary dysfunction (no. 2)
treated by ERCP, and disease progression requiring
elective complementary drainage (no. 1).

The presence of ascites was not related to a higher
incidence of AEs (33.3% vs. 24%; P = 0.67) but was
associated with a significantly increased risk of stent
dysfunction at 30 days (84.0% »s. 37.5%; P = 0.02) and
at 3 months (60.0% »s. 12.5%; P = 0.03).

Oncological outcomes

Among patients who were considered fit for
chemotherapy, 15 (68.2%) started antineoplastic
treatment after a median of 29 (15-56) days.
In the remaining 7 cases, chemotherapy was
deemed contraindicated due to general condition
deterioration (no. 3), EUS-HGS clinical (no. 2)
or technical failure (no. 1), or fatal pulmonary
embolism (no. 1). The median overall survival was
91 (31-263) days. Thirty-day and three-month mortality
was 23.5% and 47.1%, respectively. The causes
of death were disease progression (64.3%), biliary
complications (17.9%), EUS-HGS-related AEs (7.1%),
pulmonary embolism (3.6%), multiple sclerosis (3.6%),
and myocardial infarction (3.6%) [Table 3].

One patient had access to surgery. He was initially
considered unresectable, but he was then considered
suitable for enlarged left hepatectomy, 41 days after
EUS-HGS. He received chemotherapy 77 days after his
surgery and died 439 days after EUS-HGS.

Figure 1. EUS-guided hepaticogastrostomy. Panel A showing
cholangiographic image of a perihilar cholangiocarcinoma

Stent dysfunction, n (%) 6 (17.6) with Bismuth-Corlette type II hilar stricture. EUS-guided
Re-intervention, n (%) 9 (26.5) hepaticogastrostomy. Panel B showing a perihilar cholangiocarcinoma
SEMS: Self-expandable metal stent, IQR: Interquartile range, with Bismuth-Corlette type II stricture after EUS-HGS placement.
EUS-HGS: EUS-guided hepaticogastrostomy, AE: Adverse event EUS-HGS: EUS-guided hepaticogastrostomy
@ ENDOSCOPIC ULTRASOUND / VOLUME 11 | ISSUE 6 / NOVEMBER-DECEMBER 2022 I
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Factors related to 30-day and 3-month mortality on
univariate and multivariate analyses were reported in
Supplementary Tables 1 and 2, respectively. Clinical
success was an independent predictor of 30-day
survival, while chemotherapy start was independently
related to 3-month survival.

At univariate analysis, the presence of distant
metastasis (Exp[b]: 2.53 [1.02-6.30]; P = 0.04), patients
unfit for chemotherapy (Exp[b]: 4.11 [1.70-9.93];
P = 0.002), EUS-HGS clinical success (Exp[b]:
0.26 [0.11-0.59]; P = 0.001), stent dysfunction (Exp[b]:
0.39 [0.14-1.05]; P = 0.006), and chemotherapy
start (Exp[b]: 0.08 [0.02-0.25]; P < 0.001) were
related to long-term mortality. At multivariate analysis,
EUS-HGS clinical success (Exp[b]: 0.23 [0.09-0.60];
P = 0.003) and chemotherapy start (Exp|[b]:
0.06 [0.02-0.23]; P < 0.001) were independently related
to long-term mortality [Table 4|. Patients who achieved
clinical success presented a significantly longer overall
survival [Figure 2, 178[61-393] vs. 15 [73-24]; hazard
ratio: 6.3 [2.2-17.8]; P < 0.001], as well as patients
who started chemotherapy [Figure 3, 324[178-439] us.
31 [9-48]; hazard ratio: 12.2 [4.6-32.3]; P < 0.001].

Patients unfit for chemotherapy

In this group, the median overall survival was
15 (7-91) days. Clinical success was the only variable
related to mortality [Supplementary Table 3, Exp[b]
0.17 [0.03-0.90]; P = 0.04]. Patients who achieved
clinical success presented a significantly longer overall
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Figure 2. Patients’ survival according to clinical success of EUS-guided
hepaticogastrostomy. Patients who achieved clinical success of
EUS-HGS (dotted line) compared to patients who do not (continuous
line). Overall survival: 178 (61-393) vs. 15 (7-324); hazard ratio: 6.3 (2.2-
17.8); P < 0.001. EUS-HGS: EUS-guided hepaticogastrostomy
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survival [Supplementary Figure 2, 91[13-109] »s.
8 [3-40]; hazard ratio: 5.7 [1.3-25.3]; P = 0.02].

DISCUSSION

The results of our study demonstrate that EUS-HGS
is a valuable treatment for patients with advanced
pCCA requiring BD. In this field, EUS-HGS could
represent an alternative strategy in case of failure of
endoscopic or percutancous approaches, or even a
first-line treatment in case of unfeasibility of ERCP or
in the presence of isolated left intrahepatic bile duct
dilation.

We observe that patients with pCCA undergoing
EUS-HGS could achieve clinical success, in terms

Table 3. Oncological outcomes

Total
(n=34)
Chemotherapy
Starting chemotherapy, n (%) 15 (68.2)*
Days from EUS-HGS to chemotherapy, median (IQR) 29 (15-56)
Survival, n (%)
Overall survival (days), median (IQR) 91 (31-263)
30-day mortality 8 (23.5)
3-month mortality 16 (47.1)
Causes of death, n (%)
Disease progression 18 (64.3)°
Biliary complications 5(17.9)°
EUS-HGS adverse events 2 (7.1)°
Other causes 3(10.7)°

*Percentage calculated among patients fit for chemotherapy, °Percentages
calculated among the number of patients who died during the follow-up.
IQR: Interquartile range, EUS-HGS: EUS-guided hepaticogastrostomy
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Figure 3. Patients” survival according to chemotherapy start. Patients
who started chemotherapy (dotted line) compared who did not
start (continuous line). Overall survival: 324 (178-439) vs. 31 (9-48);
hazard ratio: 12.2 (4.6-32.3); P < 0.001
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Table 4. Risk factors for long-term mortality after EUS-hepaticogastrostomy for perihilar cholangiocarcinoma

Long-term mortality after EUS-hepaticogastrostomy

Univariate, Exp (b) (95% Cl) P Multivariate Exp (b) (95% Cl) P
Gender (male) NS NS - -
Age NS NS
Study period (2018-2020) NS NS
Bismuth-Corlette classification NS NS
Distant metastasis 2.53 (1.02-6.30) 0.04 NS NS
Ascites NS NS
Unfit for chemotherapy 4.11 (1.70-9.93) 0.002 NS NS
Basal bilirubin levels NS NS
Indication for biliary drainage NS NS - -
Clinical success 0.26 (0.11-0.59) 0.001 0.23 (0.09-0.60) 0.003
Type of stent NS NS - -
Adverse event NS NS
Stent dysfunction 0.39 (0.14-1.05) 0.06 NS NS
Need for re-intervention NS NS - -
Chemotherapy start 0.08 (0.02-0.25) <0.001 0.06 (0.02-0.23) <0.001

95% Cl: 95% confidence interval, NS: Not statistically significant

of jaundice or cholangitis resolution, in a significant
amount of cases (up to 70%), with a consequent
significant overall survival benefit. Despite the
retrospective design and the relatively small population,
this study represents one of the first evidence in
a homogeneous cohort of patients with advanced
pCCA, focusing not only on procedural but also
on oncological outcomes. To date, most studies
assessing the performance of EUS-HGS have included
both malignant and benign conditions, distal and
proximal strictures, or even patients treated with
different procedures.'™"™ Moreover, to the best of
our knowledge, this is the first study assessing not
only technical and procedural outcomes but also
the subsequent clinical impact on the course of the
disease. These results confirm that EUS-HGS could be
performed with optimal technical success rate (>95%).
The clinical success rate reflects the complexity of
selected cases and biliary obstruction; in our study, all
patients had proximal obstruction due to pCCA, with
complex strictures and previous ERCP failure in most
cases, explaining the suboptimal result observed in
terms of clinical success rate (64.7%).

The most innovative information arising from the
results of the current study is the impact of performing
EUS-HGS on subsequent patients’ clinical management
and outcomes. Access to chemotherapy after EUS-HGS
was evaluated in only two other studies!" reporting
rates ranging from 30% to 55%. In our study, the
majority (68.2%) of patients considered suitable
before BD was able to start chemotherapy with a
median delay of 29 days. The main result of this

o

study could be easily expected and understood but
still presents some interesting aspects. We observe that
both EUS-HGS clinical success and chemotherapy
start were independently related to long-term patients’
mortality. It is quite straightforward that patients who
achieved jaundice or sepsis resolution will present longer
survival; moreover, the impact of systemic chemotherapy
in patients with advanced pCCA has already been
demonstrated.® In our opinion, the most insightful
result is that these two factors appear to be independent
and not consequently related to each other. In detail,
EUS-HGS clinical success prolongs survival both in
patients fit and unfit for subsequent chemotherapy,
and starting chemotherapy guarantees a further survival
increase in patients achieving clinical success.

Interestingly, the presence of ascites is not associated
with poorer outcomes: clinical success and AE rates are
similar in both populations. Moreover, on multivariate
analysis, ascites is not identified as an independent
variable related to either short- or long-term mortality.
The association found between the presence of ascites
and stent dysfunction remains unclear. Finally, the
results about the presence of ascites do not lead to an
absolute contraindication to EUS-HGS. These results
are in line with Alvarez-Sanchez ef al’s, demonstrating
that EUS-HGS was safe even in patients with malignant
biliary obstruction and ascites.!

The incidence and proportion of AEs occurring in our
study could be considered in line with data available in
the literature.” We report three cases of EUS-HGS
complicated by bleeding; one patient died as a direct
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consequence of the serious AE. In the second case,
EUS-HGS triggered a massive variceal bleeding in a
patient with portal hypertension and coagulopathy. This
issue suggests that the presence of portal hypertension
should be carefully evaluated before EUS-HGS and,
when possible, patients should be carefully treated to
correct the coagulopathy.

A Non-negligible proportion of enrolled patients (35%)
were considered unfit for future chemotherapy and
underwent EUS-HGS as the best supportive care
for jaundice or cholangitis. Even in this subgroup of
particularly complex cases, the clinical success achieved
through EUS-HGS led to a significant median overall
survival increase (from 8 to 91 days). This finding
suggests that, despite suboptimal clinical success
rate and safety profile of the procedure, EUS-HGS
could not be considered a futile procedure, even in
the best supportive care setting. Indeed, in a recent
editorial, Dr. Bang and Dr. Varadarajulu suggested that
patients with no indication for future treatments and an
estimated life expectancy shorter than 6 months could
represent the best candidate for EUS-HGS, avoiding
the inconvenience and AEs of percutaneous external

drainage.”>*!

Moreover, as for other EUS-BD approaches, EUS-HGS
is supposed to have a longer stent patency compared
to ERCP because of the distance of the stent
from the malignant stricture, reducing the risk of
tumor ingrowth.* This was the case in the present
study (144.5 days), with slightly higher values than
those previously reported by Minaga ef al. (61 days)
and Kanno e a/. (112 days).""*! Although EUS-HGS
is known to be associated with less re-intervention
rates than ERCP, we found a re-intervention rate of
26.5% which is a bit higher than rates reported in Paik’s
randomized trial and Moryoussef’s (15.6% and 16.7%).
These results may be explained by the fact that the
patients in our cohort needed a re-intervention not only
due to HGS stent dysfunction, as usually described in
other studies, but also in case of dysfunction of stents
placed by ERCP.

We acknowledge that this study presents several
limitations. The main limit is related to its retrospective
nature, theoretically leading to several biases. To date,
this study presents the first clinical results of EUS-HGS
performed in a homogeneous group of patients with
hilar CCA. A prospective multicenter study should
be designed in order to assess the reproducibility of
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these results. The study included patients enrolled over
a 10-year period; however, neither the study period
nor the technical innovations (namely, the use of a
dedicated hybrid SEMS) were correlated to EUS-HGS
clinical success or patients’ survival. Finally, due to
the technical complexity of the procedure, our results
reflect mainly the experience of third-level referral
centers rather than a worldwide real-life setting;

In the last decade, several manuscripts focusing
on EUS-guided interventions have been published
yearly, contributing to the continuously growing
#I among EUS-guided
interventions, EUS-HGS represents one of the most

literature evidence in this field;!

complex and technically challenging procedures for
interventional endoscopists, requiring technological
and technical innovations;?*" in this particular setting,
the development of metal stents dedicated for EUS
procedures, such as hybrid stents for EUS-HGS, allows
an improvement in technical outcomes and a reduction
of AEs.P We think that prospective, randomized trials
to assess the impact of EUS-HGS in patients with
pCCA with high level of evidence should be designed,
despite the difficulty in organizing multicenter studies in
homogeneous settings.

In conclusion, the results of this study suggest that
EUS-HGS could significantly impact the clinical
outcomes of patients with malignant biliary obstruction
due to pCCA. EUS-HGS is a valid alternative strategy
for BD, after the failure or in case of no feasibility of
endoscopic approaches, or even as an upfront approach
in selected cases. EUS-HGS could allow patients to
start chemotherapy early after jaundice or cholangitis
resolution in a significant proportion of cases. Finally,
EUS-HGS has a dramatic positive impact, not only in
patients fit for chemotherapy but also in the setting of
best supportive care.
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SUPPORTING INFORMATION LEGEND

Appendix 1. Description of Material and methods: data extraction, perihilar CCA diagnosis, EUS-HGS, and
outcome definitions. EUS-HGS: EUS-guided hepaticogastrostomy, CCA: cholangiocarcinoma

MATERIALS AND METHODS

Data extraction

Relevant data were retrieved from patient’s medical
records or from a direct contact with referring
physicians. Follow-up started at the time of EUS-HGS
until June 2020 or until patient death. For each patient,
the following data were recorded: age and gender,
pathological diagnosis, extent of ductal infiltration
according to Bismuth-Corlette classification, presence
of distant metastasis, presence of ascites, presence
of portal hypertension, previous ERCP, number of
stents placed and indication for biliary drainage and
for EUS-HGS, basal bilirubin levels, type and size of
stent used, stent patency and need for reintervention,
adverse events, access to chemotherapy, cause of death
and survival.

Perihilar cholangiocarcinoma diagnosis

Diagnosis of perihilar CCA was made by proven
histology or by a range of arguments (computed
tomography scan, magnetic resonance imaging, ERCP
or EUS, tumoral markers, follow-up). Patients were
subclassified into three different groups, according
to stricture extension and the consequent portion of
liver potentially drained by EUS-HGS: in Bismuth-
Corlette I, the whole liver should be drained; in
Bismuth-Cotlette II and IIIA the entire left liver lobe;
in Bismuth IIIb and IV only a portion of the left
liver lobe.

Definitions of outcomes

Technical success was defined as the correct SEMS
placement with immediate bile flow on endoscopy.
Clinical success was defined as a 50% decrease of
serum bilirubin in case of jaundice, fever resolution and
antibiotic withdrawal in case of sepsis and both bilirubin
drop and sepsis resolution in case of cholangitis.

All early (within 15 days from EUS-HGS) and late
adverse events were recorded. Bleeding was defined as
haemoglobin loss >2g/dL or need of blood transfusion.
Bile leakage was defined as acute abdominal pain with
free abdominal fluid, confirmed by bile aspiration or
fistula opacification. Cholangitis was defined as post
procedute fever with positive blood culture and/or need
to reintroduce antibiotics.

Stent patency was defined as the time to recurrence
of jaundice and/or sepsis implying a stent dysfunction
(diagnosed on CT or during an endoscopic control)
or the time to patient death. Recurrence of jaundice
was defined as the re-elevation of serum bilirubin
compared to the lowest level achieved. At the time
of multidisciplinary team evaluation, patients were
considered potentially fit for chemotherapy or
undergoing EUS-HGS for best supportive care. The
access to systemic chemotherapy after EUS-HGS was
recorded. All patients were followed up until the end of
June 2020 or until death. Causes of death were recorded
and classified as related to biliary complications, related
to EUS-HGS adverse events or to disease progression.



EUS-hepaticogastrostomy (EUS-HGS) for malignant
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100

Survival (%)

400 600

Time (days)

800 1000

Supplementary Figure 2. Patients’ survival according to clinical
success of EUS-guided hepaticogastrostomy in patients considered
unfit for chemotherapy. Patients unfit for chemotherapy who achieved
clinical success of EUS-HGS (dotted line) compared to patients
who do not (continuous line). 91 (13-109) vs. 8 (3-40); hazard ratio:
5.7 (1.3-25.3); P = 0.02

Supplementary Table 1: Risk factors for 30-day mortality after EUS-hepaticogastrostomy for perihilar

cholangiocarcinoma
30-day mortality after EUS-hepaticogastrostomy

Univariate analysis (OR [95% C.l.) P Multivariate analysis (OR [95% C.l.) P
Gender (male) NS NS -
Age 1.16 [1.03-1.31] 0.02 1.23 [1.04-1.45] 0.02
Study period (2018-2020) NS NS -
Bismuth-Corlette classification NS NS
Distant metastasis NS NS
Ascites 5.25[0.91-30.2] 0.06 NS NS
Unfit for chemotherapy 12.0 [1.84-78.4] 0.009 NS NS
Basal bilirubin levels NS NS
Indication for biliary drainage NS NS -
Clinical success 0.08 [0.01-0.54] 0.001 0.03 [0.01-0.49] 0.02
Type of stent NS NS -
Adverse event NS NS
Stent dysfunction NS NS
Need for reintervention NS NS
Chemotherapy start 0.15 [0.00-0.41] <0.001 NS NS

OR: 0dd ratio, 95% C.l.: 95% confidence interval, NS: Not statistically significant



Supplementary Table 2: Risk factors for 3-month mortality after EUS-hepaticogastrostomy for perihilar

cholangiocarcinoma

3-month mortality after EUS-hepaticogastrostomy

Univariate analysis (OR [95% C.I.) P Multivariate analysis (OR [95% C.I.) P
Gender (male) NS NS -
Age NS NS
Study period (2018-2020) NS NS
Bismuth-Corlette classification NS NS
Distant metastasis NS NS -
Ascites 12.4 [1.31-117.9] 0.03 NS NS
Unfit for chemotherapy 4.67 [1.00-22.8] 0.05 NS NS
Basal bilirubin levels NS NS -
Indication for biliary drainage NS NS -
Clinical success 0.10 [0.02-0.61] 0.01 NS NS
Type of stent NS NS
Adverse event NS NS
Stent dysfunction NS NS
Need for reintervention NS NS - -
Chemotherapy start 0.01 [0.00-0.15] <0.001 0.01 [0.00-0.15] <0.001
OR: Odd ratio, 95% C.l.: 95% confidence interval, NS: Not statistically significant
Supplementary Table 3: Risk factors for long-term mortality in patients unfit for chemotherapy who
underwent EUS-HGS as best supportive care

Long-term mortality after EUS-hepaticogastrostomy
Univariate (Exp (b) [95% C.I.]) P Multivariate (Exp (b) [95% C.I.]) P

Gender (male) NS NS -
Age NS NS -
Study period (2018-2020) NS NS -
Bismuth-Corlette classification NS NS -
Distant metastasis NS NS -
Ascites NS NS -
Basal bilirubin levels NS NS -
Indication for biliary drainage NS NS -
Clinical success 0.17 [0.03-0. 90] 0.04 0.17 [0.03-0. 90] 0.04
Type of stent NS NS -
Adverse event NS NS -
Stent dysfunction NS NS -
Need for reintervention NS NS -

95% C.l.: 95% confidence interval, NS: Not statistically significant



