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ABSTRACT

Background and study aims Biliary drainage is performed
in palliative malignant biliary obstruction (MBO) to improve
patient quality of life and enable chemotherapy. This study
aimed to create and validate a prognostic score after biliary
drainage in patients with palliative MBO.

Patients and methods Patients undergoing endoscopic or
percutaneous drainage for palliative MBO were included in
a multicenter, retrospective study. Probability factors asso-
ciated with 30-day mortality were evaluated by univariable
and multivariable logistic regression in the derivation co-
hort and a prognostic score was built and evaluated in an in-
dependent validation cohort.

Results The derivation cohort included 262 patients, 55%
male, 61% of whom had pancreatic adenocarcinoma, mean
age 72 years. Probability factors associated with 30-day
mortality identified in the derivation cohort were World
Health Organization performance status of 3-4 (odds ratio
[OR] 7.7 [2.57-25.0] ; +3 points), liver metastases (OR 2.7
[1.06-6.98] ; +1 point), other metastases (OR 3.85 [1.57-
9.97] ; +2 points), leukocytes >12G/I (OR 2.4 [0.94-6.08];
+1 point), total bilirubin > 10.8mg/dL (OR 4.3 [1.45-
15.20] ; +2 points) and creatininemia > 5.0mg/dL (OR 7.3
[2.89-19.86]; +3 points). The multivariable model showed
good discrimination, with an area under the receiver oper-
ating curve (AUROC) of 0.86 (95% confidence interval 0.80-
0.93). The prognostic score was used to define two groups
of patients, with a low (0-4 points) or high-probability (> 4
points) of 30-day mortality (3% and 32%, respectively). The
AUROC in the validation cohort (192 patients) was 0.72,
with 30-day mortality of 7% in the low- probability group
and 22% in the high- probability group (P =0.02).
Conclusions This score could be used in routine clinical
practice to identify patients who have better survival out-
comes after biliary drainage in palliative MBO.

Introduction

Malignant biliary obstruction (MBO) is caused by various
diseases, among which pancreatic adenocarcinoma and cho-
langiocarcinoma are the leading causes, followed by liver me-

tastases. The prognosis for these often unresectable tumors
remains poor, with low survival rates [1,2]; in such cases, only
palliative chemotherapy and best supportive care can be pro-
posed. Because pronounced cholestasis contraindicates most
chemotherapy regimens, biliary drainage should be performed
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when the patient is deemed fit enough for palliative chemo-
therapy. In patients receiving best supportive care alone, biliary
drainage is also performed to treat acute cholangitis, reduce
intense pruritus, and limit consequences of prolonged biliary
obstruction [3,4,5].

The different strategies of biliary drainage and the types of
stents to place are still a matter of debate, particularly in prox-
imal malignant strictures and modified anatomy [6]. Endo-
scopic drainage with endoscopic retrograde cholangiopancrea-
tography (ERCP) is currently the first choice for unresectable
malignant distal biliary obstruction (MDBO) for patients who
have normal anatomy. The European Society of Gastrointestinal
Endoscopy recommends palliative drainage of malignant hilar
strictures by means of ERCP, percutaneous transhepatic biliary
drainage (PTBD), or a combination of the two, depending on lo-
cal expertise [7]. However, the percutaneous approach also can
be proposed as the first line in patients with modified anatomy
or when ERCP is not available [7]. Both techniques have a non-
negligible rate of adverse events (AEs), particularity post-ERCP
pancreatitis [8,9] and percutaneous-related complications
such as pneumothorax [10, 11]. Finally, PTBD and ERCP tech-
niques are not competitors and can be combined in “rendez-
vous” techniques or complex drainages, particularly in cases of
proximal MBO. All these techniques are generally performed on
patients under sedation or general anesthesia, both of which
carry their own morbidity.

Considering the morbidity and the mortality associated with
these techniques, it remains important to assess the risk-bene-
fit profile of the procedure. This means assessing patient life ex-
pectancy, the overall therapeutic project, and whether their
general condition and comorbidities make them eligible for
these procedures, which carry considerable risks. Thus, given
all these therapeutic options, the decision-making strategy
should involve a multidisciplinary team and be based on patient
characteristics and institutional experience. Some prognostic
scores have been developed to identify patients at high prob-
ability of severe morbidity or mortality of PTBD or biliary stent-
ing, but these do not include ERCP techniques [12,13]. To our
knowledge, there is no prognostic score to determine overall
survival (OS) after drainage for palliative MBO that would help
physicians plan the palliative project, whatever the cause of
MBO and type of drainage technique used.

The aim of this study was to create and validate a prognostic
score using factors associated with 30-day mortality to charac-
terize the best candidates for palliative biliary drainage in cases
of MBO and avoid futile drainage interventions.

Patients and methods
Derivation and validation cohorts

In this observational retrospective study, all consecutive adult
patients with palliative MBO (unresectable tumor due to the ex-
tent of the cancer and/or patient comorbidities), treated with
palliative chemotherapy or best supportive care alone and who
had undergone biliary drainage (ERCP or PTBD), were eligible.
Patients were identified through in-hospital coding and with
the medical information department. Inclusion criteria includ-

ed biological cholestasis, defined as total bilirubin > 2.34mg/
dL and alkaline phosphatase > 1.5 times upper limit of normal,
and presence of bile duct dilatation upstream of a tumor lesion
visible on imaging and/or with pathology-proven tumor cells.
We first created the prognostic score based on a retrospective
derivation cohort from one tertiary center. Patients enrolled in
the group to establish the derivation cohort score were includ-
ed between April 2014 and August 2018 and were followed for
at least 2 years to evaluate OS. Once the score was established,
it was validated in a validation cohort of patients from a second
tertiary center, Poitiers University Hospital, using the same
inclusion criteria and over the same period to avoid bias related
to use of new techniques and endoscopy equipment in more re-
cent years. There was no patient and public involvement during
the design, conduct, reporting, interpretation, or dissemina-
tion of the study.

Data collection

The following clinico-biological parameters known to influence
prognosis after biliary drainage [14, 15, 16] were collected: age,
sex, body mass index (BMI), percentage of weight loss in the
previous 3 months, American Society of Anesthesiologists
(ASA) score, World Health Organization performance status
(WHO PS), comorbidities, sepsis, pruritus, presence of liver
metastases, type of cancer, and location of biliary obstruction.
Comorbidities collected were diabetes mellitus, heart disease
(including valvular, hypertensive and coronary heart disease),
chronic lung disease (including chronic obstructive pulmonary
disease and chronic pulmonary fibrosis), chronic renal failure,
stroke, and cirrhosis. The following biological data were collec-
ted in the 48 hours preceding the biliary procedure: hemoglo-
bin, platelets, leukocytes, albumin, total bilirubin, and pro-
thrombin time. Patient follow-up data were also recorded:
date of death or date of last follow-up, length of hospital stay
(i.e. time between the first biliary drainage and patient dis-
charge), presence/absence of elevated bilirubin at 30 days (bi-
lirubin cut-off at 2.34mg/dL), and treatment with chemother-
apy or not. Drainage-related AEs, including acute pancreatitis,
sepsis, perforation, and bleeding, were collected. The Adverse
Events Gastrointestinal Endoscopy (AGREE) classification was
used for both ERCP and PTBD to analyze drainage morbidity
[17,18].

Missing data, inherent to the retrospective nature of the
study, are detailed in » Table 1.

ERCP and PTBD procedures

ERCP was performed as routine clinical practice in the center,
often as first-line treatment of MBO and under general anesthe-
sia. Sphincterotomy was left to physician discretion. The type of
stent used was collected: plastic stent, self-expandable metal
stent (SEMS) or fully-covered self-expandable metal stent. A
patient could undergo several interventions in the event of
stent obstruction.

PTBD was performed under general anesthesia in cases of
SEMS placement. Local anesthesia could be used in cases of
external biliary drainage.
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» Table1 Characteristics of patients presenting with malignant biliary » Table1 (Continuation)
obstruction in the two cohorts.

Center Derivation Validation
Center Derivation Validation cohort cohort
cohort cohort N =262' N=192"
N =262' N=192"
Cancer type
Sex
= Pancreatic adenocarcinoma 153 (60.7%) 119(61.9%)
Male 145 (55.3%) 106 (55.2%)
= Cholangiocarcinoma 53(20.2%) 52(27.0%)
Age 72(12) 72 (11)
= Colorectal cancer 20 (9.4%) 11(5.7%)
BMI 24 (5) 23.6 (4.7)
= Ampullary cancer 16 (7.5%) 5(2.6%)
WHO PS
= Lung cancer metastasis 10 (4.7%) 0
. 0-1 137 (52.2%) 123 (64.0%)
= Gastric cancer metastasis 9(4.2%) 0
. 2 88 (33.5%) 52 (27.0%)
"Headcount (%) or average (standard deviation).
= 3-4 37 (14.1%) 11(5.7%) 'Biological tests performed during hospitalization on the day of drainage.
MDBO, malignant distal biliary obstruction; WHO PS, World Health Organi-
Pruritus 83 (31.9%) 87 (45.3%) zation performance status.
Sepsis 49 (18.7%) 27 (14.0%)
Heart disease 71(27.0%) 27(14.0%) Interventions were performed in expert centers, according
Chronic lung disease 25 (9.5%) 20 (10.4%) to procedures recommended by international guidelines. All
Chronic renal failure 18 (6.8%) 3(1.5%) operators were experienced, having performed over 500 proce-
; dures. For both procedures, technical success was defined as
iy (0= (i) successful placement of the biliary stent and reduction in total
Diabetes 47 (17.9%) 48 (25.0%) bilirubin levels to below twice the upper limit of normal. In
Stroke 16 (6.1%) 9(4.7%) cases of malignant proximal biliary obstruction (MPBO), choice
of ERCP or PTBD was left to the discretion of the physician and
Cirrhosis 16 (6.1%) 3(1.6%)

the expertise of the center, i.e. interventional radiology or
Peritoneal carcinomatosis 36 (13.7%) 36 (18.7%) endoscopy teams. If different drainage techniques were used,
AE were collected even in the case of failure.

Liver metastases 93 (35.4%) 76 (39.5%)

tHemoglobin g/dI 11.3(1.6) 11.5(1.8) Statistical analysis

tPlatelets Jmm3 296 (122) 299 (112) Qualitative data were described as numbers and frequencies

fLeukocytes G/l 9.7(5.8) 9.5(4.5) and.ql.Jantltatlve da.ta werg described as means and. standar.d
deviations. Categorical variables were compared using a Chi?

MTotal bilirubin mg/dL 14.0(8.5) 16.9(9.4) test or a Fisher exact test. Quantitative variables were compar-

iConjugated bilirubinmg[dL  11.9(7.7) 15.9(8.9) ed using a Student's t-test.
OS was estimated using the Kaplan Meier analysis and differ-

fCreatininemia mg/dL 4.0(2.4) 5.0 (4.0) . . .
ences between the survival curves (according to the prognostic
TAlbuminemia g/L 29(6) 32(6) group) were evaluated using the log-rank test. We analyzed 30-
Obstruction causes day mortality because this cut-off is a commonly accepted
. criterion and clinically relevant, and because it would be unrea-
= Primary tumor 203 (77.5%) 160 (83.3%) . . . . .
sonable to propose biliary drainage to patients with a life
= Metastatic lesion 59 (22.5%) 32(16.6%) expectancy of less than 30 days_
Obstruction site Univariable analysis of 30-day mortality was then performed
using pre-selected variables (age, BMI, pruritus, WHO PS, obe-
= MDBO 184 (70.2%) 122 (63.5%) . ) ; o o
sity, ASA score, peritoneal carcinomatosis, liver metastasis, his-
= MPBO 78 (29.8%) 67 (40.7%) tory of diabetes, heart disease, chronic lung disease, chronic re-
+ Main bile duct 184(70.2%) 112(59.3%) nal failure, stroke, cirrhosis, hemoglobin, platelets, leukocytes,
total and conjugated bilirubin, urea, and creatininemia) using a
= Common hepatic duct 24(9.2%) 22 (11.4%)

simple logistic model for quantitative variable and a Fisher test
= Hilar 24(9.2%) 30 (15.6%) for qualitative variables. It was considered that in 30 days, che-
motherapy had no impact on survival, because the majority of
patients waited 3 to 4 weeks for bilirubin to decrease before re-
ceiving chemotherapy, which thus had no impact on 30-day
mortality. Variables with P < 0.2 were retained for multivariable

= Intra hepatic bile duct 30(11.4%) 15 (7.8%)

= Missing data 0 3
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Derivation cohort
372 patients assessed
for eligibility

110 not eligible

= 73 cancer free

= 25 had undergone
surgery after the
first biliary
drainage

= 12 underwent a
biliary drainage
that did not meet
the inclusion
criteria

262 patients included

Validation cohort
247 patients assessed
for eligibility

55 not eligible

= 13 cancer free

= 21 had undergone
surgery after the
first biliary
drainage

= 21 underwent a
biliary drainage
that did not meet
the inclusion
criteria

192 patients included

199 ERCP
63 PTBD

145 ERCP
47 PTBD

ERCP: Endoscopic Retrograde Cholangiopancreatography
PTBD: Percutaneous Transhepatic Biliary Drainage

» Fig.1 Flow chart.

analysis. Thresholds for quantitative variables were obtained by
calculating the area under the curve that best described 30-day
mortality according to the Youden method. A multivariable a-
nalysis was then performed by constructing a multivariable lo-
gistic model with the variables retained previously. The model
was validated internally using the resampling validation meth-
od for logistic models with 250 bootstrap re-samples, and the
optimism-corrected receiver operating characteristic (ROC)
and discrimination slope (difference in mean of predictions be-
tween patients with or without 30-day mortality) with their
95% confidence intervals (Cls) were estimated. In addition,
leave-one-out cross-validation was performed to calculate the
accuracy of the model (measured as the percentage of correct-
ly classified patients).

A prognostic index of 30-day mortality was developed by as-
signing a weight to each predictor based on the odds ratios
(ORs) from the multivariable final model. These ORs were divid-
ed by the smallest OR of the model and rounded to the nearest
integer. The score enabled classification of patients into two ca-
tegories according to probability of mortality after the inter-
vention, in accordance with the Youden method, with a thresh-
old of 4.The two groups based on this prognostic index were
compared in terms of 30-day mortality (primary endpoint),
90-day mortality, and OS (secondary endpoints). Accuracy of
the prognostic index was assessed in the development and vali-
dation cohorts.

P < 0.05 was considered significant. Data were analyzed
using software R version 3.5.1R core team (Vienna, Austria).

Results
Derivation cohort

Of 372 patients screened in the derivation cohort, 262 (55.0%
male; median age 73; interquartile range [IQR] 64-82) were in-
cluded in the analysis (»Fig. 1), including 199 and 63 patients
in the ERCP and PTBD groups, respectively. The main character-
istics of patients are listed in » Table 1. Altogether 373 proce-
dures were performed, 244 ERCPs and 129 PTBDs, with an aver-
age of 1.23 procedures per patient. Of the 244 ERCPs, 116 used
uncovered stents (47.5%), 64 used covered stents (26.2%), 18
used plastic stents (7.4%), and 46 procedures failed (18.9%).
Of the 129 PTBDs, 100 used SEMS (78.7%), 27 used external or
internalized biliary drains (21.3%), and there were no procedure
failures. All-cause 30-day mortality after the first biliary drain-
age for MBO in the derivation cohort was 15%. Mortality direct-
ly related to the procedure was 3.0%, four of 63 (6.3%) in the
PTBD group and four of 199 (2.0%) in the ERCP group.

Factors associated with 30-day mortality

» Table2 shows univariable and multivariable analyses of fac-
tors independently predictive of 30-day mortality. All the ana-
lyzed factors are presented in Supplementary Table 1. The fac-
tors found to be predictive in the final model (» Fig.2) were a
WHO PS of 3 or 4 (OR 7.7; 95% Cl 2.57-25.0; P < 0.001), liver
metastases (OR 2.7; 95% Cl 1.06-6.98; P =0.041), other metas-
tases (non-liver metastases and non-peritoneal carcinomatosis)
(OR 3.85;95% Cl 1.57-9.97; P=0.004), leukocytes > 12 G/l (OR
2.4; 95% Cl 0.94-6.08; P =0.063), total bilirubin > 10.8 mg/dL
(OR 4.3; 95% Cl 1.45-15.20; P =0.014) and creatininemia >
5.0mg/dL (OR 7.3;95% Cl 2.89-19.86; P < 0.001).

Model development and performance

The multivariable model had an area under the ROC curve of
0.86 (95% Cl 0.80-0.93), showing good discrimination (Sup-
plementary Fig. 1). Calibration of the model was fair according
to the calibration curves (»Fig.3) and to the Hosmer-Leme-
show test results (X2 =7.56; P=0.48). The discrimination slope
was 0.033.In addition, accuracy of the model was measured at
88.0%.

ORs for the final model were used to develop the prognostic
score as shown in » Table 3, taking values between 0 and 11.1In
the group with a low probability of 30-day mortality (score < 4),
30-day mortality was 3.0%, compared with 32.0% in the group
with a high probability of 30-day mortality (score > 4).

Validation cohort

Overall, 247 patients were screened for the validation cohort,
192 of whom were included (55.0% male, median age 73; IQR
64-81), 145 in the ERCP group and 47 in the PTBD group.
Altogether 262 procedures were performed, 142 ERCPs and
127 PTBDs, with an average of 1.36 procedures per patient
(»Fig.1). Sixteen ERCP procedures (11.0%) and two PTBDs
(1.4%) failed. The main characteristics of patients are listed in
»Table1.
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» Table2 Univariable and multivariable analyses of factors predictive of 30-day mortality.

Univariable analysis

Multivariable analysis

Characteristic N OR (95% Cl) P value OR (95% Cl) P value
Leukocytes 212 G|L 260 1.5(0.76-2.24) <0.0001 0.97 (-0.01-1.94) 0.05
Total bilirubin = 10.8 mg/dL 258 1.37(0.47-2.48) 0.006 1.43(0.33t0-2.72) 0.02
Creatininemia 2 5.0 mg/dl 261 1.79(1.05-2.54) <0.0001 1.54(0.38 to -2.73) 0.009
WHO PS 262
= 0-1 Reference
= 2 0.72(-0.13-1.6) 0.1 0.62(0.40-1.67) 0.2
= 3-4 1.93(1.03-2.85) <0.0001 1.84(0.72 to -3.09) 0.003
Liver metastases 262 0.94 (0.24-1.65) 0.008 0.91(-0.08-1.93) 0.07
Other metastases 262 1.34(0.63-2.09) 0.0003 1.20 (0.2 to -2.23) 0.02
Cl, confidence interval; OR, odds ratio; WHO PS, World Health Organization performance status.
- i i e
Il (P=0.140) ' O ‘ : -
lNI-1V (P=0.001**%) ‘ —
Liver metastasis No T : :
Yes (P=0.041%) | : ] 3
Other metastasis i i
No . .
Yes (P=0.004"%) T - L |
Leucocytes <12 o) 5 5
=12 (P=0.063) ' ‘ 1
Total bilirubin <185 5 5
=185 (P=0.014") ‘ L ‘
Creatininemia <85 E E
=85 (P<0.001***) H o—
1 3 OR 10

» Fig.2 Predictive factors for 30-day mortality in multivariable analysis. OR, odds ratio; WHO, World Health Organization performance status.

There were significant differences between the derivation
and validation cohorts in the WHO PS (52.0% WHO PS 0-1 vs.
66.0%; P =0.003), heart disease history (73.1% vs. 86.2%; P <
0.001), mean total conjugated bilirubin level (11.9mg/dL vs.
15.9mg/dL; P < 0.001), creatininemia (4.0 mg/dL vs. 5.0mg/
dL; P <0.001), and albuminemia (29g/L vs. 32g/L; P < 0.001),
respectively.

Thirty-day all-cause mortality after the first biliary drainage
for MBO in the validation cohort was 17.0%.

When applied to the validation cohort, accuracy of the score
was 61.0%, with 13 of 18 patient deaths correctly classified. In
the low-probability group (score < 4), 7.0% of patients died
within 30 days compared with 22.0% of patients in the high-
probability group (score > 4).

Mortality directly related to the procedure was twice as high
in this cohort (6.3% versus 3.0%, P =0.012), with mortality

notably higher in the PTBD group (13 of 127; 10.2%) than in
the ERCP group (4 of 142; 2.8%).

Ninety-day mortality and overall survival

In the derivation cohort, 90-day mortality was 19.0% (95% Cl
13-25) in the low-probability group versus 59.0% (95% Cl 49-
68) in the high-probability group (P < 0.0001). In the validation
cohort, 90-day mortality was 22% (95% Cl 12-31) in the low-
probability group versus 42.0% (95% Cl 28-53) in the high-
probability group (P =0.02).

In the derivation cohort, OS was 274 days in the low-prob-
ability group versus 110 days in the high-probability group (P <
0.0001) (»Fig.4). In the validation cohort, it was 298 days in
the low-probability group versus 228 days in the high-probabil-
ity group (P =0.094) (» Fig.5).
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» Fig.3 Calibration curve for multivariable regression.

» Table3 Final 30-day mortality score.

Prognostic factor Final model Score
Points

OR (95% ClI) P value

WHO PS 2 -0.757 (-1.78-0.24) 0.139 +1

WHO PS 3-4 -2.051(-3.22to 0.0004 +3
-0.94)

Liver metastases -0.978 (-1.94 to 0.041 +1
-0.05)

Other metastases -1.349(-2.3to 0.004 +2

(non-liver and -0.45)

non-peritoneal

metastases)

Leukocytes >12G|  -0.88(-1.8-0.06) 0.063 +1

L

Cl, confidence interval; OR, odds ratio; WHO PS, World Health Organization
performance status.
Patients were at high-risk of 30-day mortality if score > 4.

Biliary drainage morbidity

AEs are shown in » Table4 and » Table5. In the derivation co-
hort, the AE rate was 18.2% (68/373). The most frequent AE was
sepsis (9.4%, 35 events), followed by hemorrhage (4.5%, 17
events), post-ERCP pancreatitis (3.2%, 12 events), and perfora-
tion (1.0%, 4 events).

In the validation cohort, the AE rate was 24.8% (65/262). The
most frequent AE was also sepsis (15.3%, 40 events), followed
by hemorrhage (3.4%, 9 events), post-ERCP pancreatitis (1.1%,
3 events) and perforation (1.1%, 3 events).

— Score <4 — Score >4
1.00

0.75

Survival
o
ul
o

0.25
P<0.0001

0 30 60 90 120150180 210240270300 330360 390 420
Time, days

» Fig.4 Overall survival according to the final score in the deriva-
tion cohort.

— Score <4 — Score >4
1.00

0.75

Survival
o
Ul
o

0.25

P=0.094

0 30 60 90 120150180 210240270300 330360 390 420
Time, days

» Fig.5 Overall survival according to the final score in the valida-
tion cohort.

Discussion

In this retrospective study, several factors associated with 30-
day mortality in patients with unresectable MBO treated with
endoscopic or percutaneous biliary drainage were highlighted.
A score based on seven variables built from a derivation cohort
was able to determine mortality with high predictive accuracy;
about one-third of patients with a high-probability score died
within 30 days following biliary drainage. This score was valida-
ted in a second cohort with a predictive accuracy of 61.0%, and,
therefore, is promising for evaluating patients with MBO in rou-
tine clinical practice.
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The majority of previous studies compared only morbidity/
mortality related to only ERCP or only PTBD [19], or different
types of endoscopic stents [20], or radiological drainage [13].
Other scores have been designed to estimate the prognosis of
patients with MBO, for example, the prognostic nutritional
index and the neutrophil to lymphocyte ratio in all-comer pa-
tients, but none in context of biliary drainage [21]. Other,
more conventional studies used an inflammation-based prog-
nostic score based on C-reactive protein and albuminemia [22,
23]. These scores were built with one or two parameters, in sin-
gle-center retrospective studies, in fewer than 100 patients,
and were not used in routine clinical practice. Some scores
were used to guide the choice between the two drainage strat-
egies, ERCP or PTBD, but did not provide an overall prognostic
assessment to guide the decision to perform biliary drainage or
not [24]. To our knowledge, there is no available score for real-
life use that helps physicians decide whether to implement bili-
ary drainage, whatever the technique considered.

Our score, built using a derivation and then a validation
cohort, is easy to calculate for use in routine clinical practice
and could help physicians manage MBO in numerous situations.
It provides an overall prognostic estimate, whatever the type of
MBO or drainage used. This score could also be used in non-ex-
pert centers, where not all drainage techniques are available, to

> Table4 Adverse events according to AGREE classification.

AGREE Derivation cohort Validation cohort
(n =373 interventions) (n =269 interventions)
Gradel 72 (19.3%) 44(16.3%)
Gradell 61(16.3%) 31(11.5%)
Grade llla 6 (1.6%) 4(1.4%)
Grade lllb 0 0
Grade IVa 2(0.5%) 3(1.1%)
GradelVb  6(1.6%) 4(1.4%)
Grade V 8(2.1%) 17 (6.3%)

» Table5 Adverse events in the two cohorts.

Derivation cohort

decide, in consultation with a tertiary center, whether to per-
form biliary drainage. Users of the score should not intervene
in the processing of input data for use with the model, and no
specific level of expertise is required.

Cases of MBO are constantly increasing, as are indications
for biliary drainage, i.e. cholangiocarcinoma and pancreatic
adenocarcinoma. Many patients with MBO are elderly and frail
with limited life expectancy, and not necessarily eligible for
these risky or even potentially life-threatening procedures. In
some cases, if no chemotherapy can be performed, it would
seem more reasonable to refrain from carrying out these inter-
ventions and encourage a palliative approach with best suppor-
tive care alone. Our score provides information on 30-day mor-
tality after drainage for MBO and could help physicians in the
decision-making process and warn of the difficulty of carrying
out additional chemotherapy, for example, if the procedure it-
self is high risk. Of course, other parameters must be taken into
account. Indeed, in the high-probability group, mortality at 30
days was 32.0% and median OS was 110 days, meaning that
physicians cannot decide not to drain according to this argu-
ment alone, because some patients have a life expectancy of
more than 3 months. However, the score allows physicians to
discuss the benefits and risks of biliary drainage with patients
and their families and guide the medical strategy in the light
of other parameters, such as the possibility of implementing
palliative chemotherapy. However, if drainage is considered
despite a high-probability score, it will be important to explain
to patients and their families the high risk of morbidity and
mortality even if biliary drainage is carried out. In contrast, in
patients with a low-probability score, the 30-day mortality
rate following biliary drainage was 3.0%, which will lead physi-
cians to carry out the procedure to avoid complications of
MBO, such as pruritus or sepsis.

We found significant differences between the two cohorts in
WHO PS, heart disease history, total bilirubin level, creatinine-
mia, and albuminemia. Patients from the validation cohort
seemed to be frailer, which could explain the differences be-
tween the two scores and the lower score accuracy of 61.0% in
this cohort. In support of this hypothesis, mortality directly
related to the procedure was three times higher in the valida-

Validation cohort

Adverse event ERCP (n =244) PTBD (n =129) Total n =373) ERCP (n =142) PTBD (n =127) Total (n =269)
Sepsis 15(6.1%) 20(15.7%) 35(9.4%) 17 (11.9%) 23(19.1%) 40 (15.3%)
Bleeding 14 (5.7%) 3(2.4%) 17 (4.5%) 4(2.8%) 5(4.1%) 9(3.4%)
Pancreatitis 12 (4.9%) 0(0%) 12 (3.2%) 1(0.7%) 2(1.7%) 3(1.1%)
Perforation 3(1.2%) 1(0.8%) 4(1%) 0 (0%) 3(2.5%) 3(1.1%)

Other 0(0%) 0(0%) 0 (0%) 1(0.7%) 9(7.5%) 10 (3.8%)
Total 44 (17.9%) 24 (18.9%) 68 (18.3%) 23(16.1%) 42 (33.0%) 65 (17.5%)

ERCP, endoscopic retrograde cholangiopancreatography; PTBD, percutaneous transhepatic biliary drainage.

A patient could have several procedures.
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tion cohort. Moreover, a larger proportion of patients had PTBD
in this cohort, which may be explained by the fact that in this
cohort, it was often performed in frail patients not fit enough
to have general anesthesia and/or for more severe/proximal
biliary obstruction, which is more difficult to treat. Overall, the
AEs were relatively frequent but mainly low grade (1 to 3 ac-
cording to the AGREE classification). Assessment of 90-day
mortality and OS according to the prognostic score in both
cohorts provided interesting information about the accuracy
of the score over periods longer than 1 month. Significant dif-
ferences appeared between the groups after application of the
score, confirming its validity in the longer term and throughout
patient therapeutic course after drainage.

Our study has some limitations. The number of hilar steno-
ses was rather low, specifically in the derivation cohort (9.2%).
Our score, therefore, seems less applicable to this particular si-
tuation. One other limitation was use of the AGREE classifica-
tion for radiological drainage. This classification, although not
initially intended for this purpose but for endoscopy proce-
dures, was straightforward and allowed physicians to group
the two procedures in the two cohorts, thereby enabling com-
parisons to be made. It should also be remembered that the
teams in the two tertiary centers considered all of the patients
in this study to be in good general condition and fit enough to
undergo drainage; they would not have proposed the interven-
tion to frailer patients. Given this, it is reasonable to assume
that survival in the absence of biliary drainage would have
been much lower. One of the aims of drainage is to improve
patient quality of life (QolL), by reducing pruritus, for example,
as reported in the literature [25]. Nevertheless, when survival is
short, less than 30 days, it is uncertain whether biliary drainage
improves QoL.

During the last decade, endoscopic ultrasound guided (EUS-
guided) biliary drainage using dedicated metallic stents has
been a game-changer [26, 27]. This relatively new strategy in-
cludes EUS-guided choledochoduodenostomy, hepatico-gas-
trostomy, and gallbladder drainage. Therefore, another limita-
tion of our study was absence of both EUS-guided drainage
and lumen-apposing metal stents. This technique was not
widely used at the time of the study (2014 to 2018), but has
taken off in the years since. Currently recommended in the
event of ERCP failure, this technique is now being endorsed by
some authors as a first-intention strategy [28]. Some studies
and a meta-analysis report similar technical and clinical success
rates for drainage by EUS or ERCP, and also no differences in
terms of AEs [29,30], which suggests that EUS can even be con-
sidered in frail patients [31]. The technical success rate in the
literature ranges from 90% to 100% and the clinical success
rate from 85% to 100% [32]. It would be interesting to evaluate
our score in patients treated with EUS-guided drainage, but it is
reasonable to assume that our score does not depend on the
technique used for biliary drainage.

Another limitation is that our two cohorts are heteroge-
neous, in terms of both lesion types (MDBO and MPBO) and
drainage techniques, and these differences could induce
obvious analysis biases. Nevertheless, our score remained accu-
rate in the validation cohort, suggesting that it is independent

of the type of biliary obstruction and the technique used. In ad-
dition, because we intended to develop a “universal” score that
was to be used before drainage was performed, the type of
drainage procedure was not included in the score. A further
limitation is that our score allows a classification between a
low and a high probability of 30-day mortality, but not a contin-
uous estimate of survival. However, it is clinically relevant to
have a dichotomic classification of patients, and our score is
also strongly associated with 90-day mortality and OS of
patients.

To our knowledge, this is the first score to predict 30-day
mortality in a large series of cases that includes both endo-
scopic and percutaneous transhepatic drainage in MBO with a
validation cohort and robust methodology. We believed that it
was important to create a score that would be relevant what-
ever the procedure used, because in current clinical practice,
patients may be eligible for both techniques, and not every
medical facility can systematically offer both approaches. This
combined score, therefore, is suitable for larger numbers of pa-
tients and even in smaller medical centers, which may have only
one of the two techniques available. It also will be of interest for
non-expert centers that do not have access to biliary drainage
because it will help them decide whether to refer patients to
an expert center for biliary drainage.

Conclusions

To conclude, we propose here a promising tool to predict early
death after biliary drainage in MBO that could help physicians
plan palliative care and warn patients and their families in
high-probability situations. It could be incorporated into a deci-
sion-making process to refine patient selection and ultimately
avoid futile drainage. However, other factors that can predict
mortality probability also should be considered. More data are
needed before implementing the score in other situations, such
as EUS-quided drainage.
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