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Abstract

Background and Aims: Most patients with pancreatic cancer are diagnosed at a late stage and
are not candidates for surgical resection. Many have jaundice requiring biliary drainage, which can
be accomplished using ERCP or percutaneous transhepatic biliary drainage (PTBD). To date, no
studies have evaluated the impact of ERCP or PTBD on survival among patients with unresectable
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pancreatic cancer. The aims of our study were to compare overall survival between patients with
unresectable pancreatic cancer receiving ERCP with those receiving PTBD, to compare overall
survival between patients who received a biliary intervention (ERCP or PTBD) versus those who
received no biliary intervention, and to compare secondary outcomes, such as length of hospital
stay and costs, between ERCP and PTBD.

Methods: We conducted a retrospective cohort study using the Surveillance, Epidemiology, and
End Results—Medicare database. Patients with known pancreatic cancer were included if they

had a pancreatic head mass and/or evidence of biliary obstruction. We used a time-varying Cox
proportional hazards model to estimate overall survival of patients receiving ERCP versus PTBD
and overall survival among patients who received a biliary intervention versus no biliary drainage.
Secondary outcomes included length of hospital stay, costs, and admissions within 30 days.

Results: Of 14,808 patients with unresectable pancreatic cancer, 8898 patients (60.0%)
underwent biliary drainage and 5910 patients (39.9%) received no biliary intervention. ERCP
accounted for most biliary interventions (8271, 93.0%), whereas 623 patients (7.0%) underwent
PTBD. In multivariable analysis, ERCP was associated with reduced mortality compared with
PTBD (adjusted hazard ratio [aHR], .67; 95% confidence interval [CI], .60-.75). When ERCP or
PTBD was compared with no biliary intervention, both procedures were associated with a survival
benefit (aHR, .51 [95% ClI, .49-.54] and .53 [95% ClI, .48-.59], respectively). Compared with
patients receiving PTBD, those who underwent ERCP had shorter mean length of hospital stay
(7.0 £ 5.7 days vs 9.6 * 6.6 days, respectively; £<.001) and lower hospital charges ($54,899.25
vs $75,246.00, P < .001) but no significant difference in hospitalization or 30-day readmissions.

Conclusions: ERCP is associated with reduced mortality compared with PTBD in pancreatic
cancer patients, highlighting the critical role of ERCP in the management of biliary obstruction
from pancreatic cancer.

GRAPHICAL ABSTRACT
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In the past decade, pancreatic cancer incidence has increased and is projected to become
the second leading cause of cancer-related deaths by 2030.1-3 With a 5-year survival of only
9%, pancreatic cancer has one of the lowest survival rates among all cancers in the United
States.!

By the time patients are symptomatic with jaundice, fatigue, and pain, the pancreatic cancer
is typically at an advanced stage.! When present, treating jaundice is a cornerstone in

the management of patients with advanced pancreatic cancer, either through ERCP or
percutaneous transhepatic biliary drainage (PTBD).* Treating jaundice consists of the use of
life-prolonging chemotherapy and is often associated with improvements in symptoms and
quality of life.>8 However, despite the widespread use of drainage procedures in patients
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with unresectable pancreatic cancer, no study has evaluated survival after ERCP and PTBD
in this setting. The need for supporting data are particularly relevant in light of prior studies
demonstrating ERCP in resectable pancreatic cancer leads to adverse events that may delay
surgical treatment.” The subsequent impact on mortality is less clear.8:

Beyond concerns about adverse events related to ERCP, few data directly compare
outcomes after ERCP with PTBD in pancreatic cancer patients.*10:11 Although some
studies suggest that PTBD has higher success rates and lower adverse events compared
with ERCP for obstructive jaundice, these studies were primarily conducted in patients
with cholangiocarcinoma and few with pancreatic cancer.12-16 To address these gaps in the
literature, we were interested in the following 3 aims: to compare overall survival between
unresectable pancreatic cancer patients receiving ERCP with those receiving PTBD, to
compare overall survival between unresectable pancreatic cancer patients who received a
biliary intervention (ERCP or PTBD) with those who received no biliary intervention, and to
characterize secondary outcomes, such as length of hospital stay and costs, between ERCP
and PTBD.

METHODS

Data sources

We conducted a retrospective cohort study using the Surveillance, Epidemiology, and

End Results (SEER)-Medicare database.l” The SEER-Medicare database contains data on
patient demographics, clinical characteristics, tumor location and staging, diagnostic and
therapeutic treatments, and overall survival for Medicare patients diagnosed with cancer
in SEER-defined geographic regions. The SEER program collects data from 17 cancer
registries and represents roughly 27% of the population of the United States, whereas

the Medicare database contains health insurance claims for approximately 97% of the
population age =65 years.1” Institutional Review Board exemption was obtained to review
previously collected data (HUMO00128282).

Study sample

We identified patients diagnosed with pancreatic cancer from 2003 to 2013. Pancreatic
cancer histology was based on International Classification of Diseases (ICD) for Oncology
3 codes (Supplementary Table 1, available online at www.giejournal.org). Patients with
known pancreatic cancer were included if they had a pancreatic head mass and/or evidence
of biliary obstruction. Patients were excluded if they had a history of other cancer,
histology other than adenocarcinoma, diagnosis at the time of death or autopsy, age <66
years, no date of diagnosis, received ERCP or PTBD before pancreatic cancer diagnosis,
received more than 1 biliary intervention on the same date, or received a Whipple, surgical
bypass operation, or site-specific surgery, as determined by SEER, after their diagnosis
(Supplementary Fig. 1, available online at www.giejournal.org). Patients were required

to have continuous enrollment in Medicare Part A and B coverage, without concomitant
enrollment in a health maintenance organization, for at least 12 months before their
pancreatic cancer diagnosis and through death or up to 12 months after their diagnosis
(Supplementary Fig. 1).
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The Medical Provider Analysis and Review files, outpatient files, and carrier claims were
used to identify diagnosis and procedure codes using ICD-9 codes, the American Common
Procedure Terminology codes, and the healthcare common procedure codes (Supplementary
Table 1). Patients were designated as having received ERCP or PTBD based on the first
procedure they received after the date of diagnosis. If patients underwent more than 1 type
of procedure after their diagnosis, they were designated by the first procedure that occurred
after diagnosis.

Study variables and outcomes

Independent variables.—The independent variables in our study were ERCP, PTBD, or
no biliary intervention.

Covariates of interest.—Our covariates of interest were age at the time of diagnosis;
sex; SEER region; American Joint Committee on Cancer tumor stage, sixth edition;
comorbidity by Charlson comorbidity index; presence of pruritus, cholangitis, jaundice,
obstructive jaundice, abnormal liver function tests, obstruction bile duct, gastric outlet
obstruction, jaundice, or biliary obstruction (composite of cholangitis, pruritus, jaundice,
obstructive jaundice, obstruction bile duct, and abnormal liver function tests); and receipt
of chemotherapy and/or radiation therapy. The development of these variables were all
based on available data in SEER-Medicare.18 ICD-9 codes were used to identify obstructive
biliary pathophysiology within 30 days of diagnosis and to identify patients treated with
chemotherapy and/or radiation after their pancreatic cancer diagnosis (Supplementary Table
1).

Primary outcome.—The primary outcome was survival from time of pancreatic cancer
diagnosis, with patients censored at time of death or last Medicare follow-up on December
31, 2015. The Cox proportional hazard model was used to compare survival between groups.
For the primary analysis, patients who received ERCP were compared with those who
received PTBD. We also evaluated survival among patients who received either biliary
interventions, defined as ERCP or PTBD, as compared with those who received no biliary
intervention.

Secondary outcomes.—We examined several secondary outcomes: length of hospital
stay, total hospital charges if the initial procedure was performed during an inpatient
hospital stay, total number of procedures, and readmissions and hospitalizations after either
procedure. Length of stay was calculated as the number of days from admission to discharge
if a patient had a claim for their initial ERCP or PTBD during an inpatient hospital stay.
Total hospital charges for an inpatient hospital stay where the beneficiary received their
initial biliary intervention included cost covered by Medicare and uncovered costs charged
to the beneficiary. Total procedures were calculated as the number of procedures from
diagnosis to death by number of person-years of follow-up. To avoid double counting of
procedures in the Medical Provider Analysis and Review, outpatient claims, and carrier
claims, we compared claims from all 3 files and removed any duplicate procedures that
occurred £1 day from the initial procedure. Readmission to the hospital was defined as

a second admission to a hospital within 30 days from the admission in which the patient
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received their ERCP or PTBD. Hospitalization was defined as any patient who required an
admission to the hospital within 30 days of their biliary intervention, regardless of location
of the first procedure. For both readmission and hospitalization rates, patients were only
included if they survived more than 30 days after their diagnosis.

Statistical analysis

RESULTS

To avoid an immortal time bias, we analyzed receipt of ERCP or PTBD as time-varying
covariates. Immortal time bias can occur when treatment varies by time, because participants
have to live long enough to receive treatment.19:20 Placing a disproportionate number of
patients in the “untreated group” can artificially make a treatment group appear better in
comparison. To account for the fact that receipt of treatment changes over time rather than
treated as a static group, a time-varying Cox regression analysis was performed.19.20

Sensitivity analysis was performed using a propensity score with an inverse probability

of treatment weighting approach (Appendix 1, available online at www.giejournal.org).
Two groups were evaluated in our sensitivity analysis: patients who received an ERCP
versus PTBD, and patients who received a biliary intervention versus no treatment. Each
observation was weighted by the inverse of the probability of a patient receiving an ERCP,
for group 1, or receiving any biliary intervention, for group 2. This created a pseudo-
population in which the exposure to treatment was independent of measured confounders.?!
Cox proportional hazards regression models adjusted for an inverse probability of treatment
weighting were used to estimate survival among our 2 groups of interest.

To address the concern for confounding, a number of subgroup analyses were performed

to compare survival between our 2 groups of interest: ERCP versus PTBD and biliary
intervention (ERCP and PTBD) versus no biliary intervention. These subgroup analyses are
shown in Supplementary Tables 2 and 3 (available online at www.giejournal.org).

The Student ¢test and XZ test were used to compare continuous and categorical variables
across our patient populations. Stepwise forward regression was used to identify covariates
of interest included in our multivariable Cox model. A P< .05 was considered statistically
significant. Analyses were conducted using Stata 15.0 (Stata Corp, College Station, Tex,
USA).

Patient characteristics

Of 14,808 patients with unresectable pancreatic adenocarcinoma who fulfilled our inclusion
and exclusion criteria (Supplementary Fig. 1), 8898 patients received biliary drainage
(ERCP, 8271 [93.0%]; PTBD, 627 [7.0%]). The median time from diagnosis to ERCP was
17 days (interquartile range, 9-26) and to PTBD was 21 days (interquartile range, 11-32).
When comparing ERCP with PTBD, there were no statistically significant differences by
sex, comorbidity, location of pancreatic tumor, or SEER region (Table 1). Compared with
ERCP, patients who received PTBD were more likely to have stage IV disease (PTBD
35.3% vs ERCP 32.0%, P < .001) and gastric outlet obstruction (PTBD 7.2% vs ERCP
2.3%, P<.001) (Table 1).
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A total of 5987 patients (40.4%) received chemotherapy or radiation after their diagnosis
of pancreatic cancer. A total of 47.1% of patients who underwent an ERCP received
chemoradiation, as compared with 39.9% of PTBD patients and 31.2% of patients who
received no intervention (Table 1).

Survival among patients who received ERCP or PTBD

Patients receiving ERCP had a mean survival time of 7.4 months as compared with 5.8
months for those receiving PTBD (P < .001). In a time-varying multivariable analysis, ERCP
was associated with reduced mortality compared with PTBD (adjusted hazard ratio [aHR],
.67; 95% confidence interval [CI], .60-.75) (Table 2, Fig. 1). Receipt of other therapies,
including chemotherapy and/or radiation, was also associated with reduced mortality (aHR,
.401; 95% ClI, -.39 to .43), whereas those who presented with obstructive jaundice (aHR,
1.18; 95% ClI, 1.11-1.25), age over 70, and American Joint Committee on Cancer stages Il to
IV had worse survival (Table 2). Further, patients in the Northeast, Midwest, and West had
reduced mortality compared with patients in the Southeast (Table 2).

Characteristics and survival among patients who received no biliary intervention

We identified 5910 patients (39.9%) who did not have biliary drainage. Among the 5910
patients, 4137 (70%) had a pancreas head mass (2996 [50.7%] without obstruction and 1141
[19.3%] with obstruction), and the remaining 1773 patients (30%) had evidence of biliary
obstruction without a pancreas head mass. Patients who had no biliary intervention were
more likely to be age =80 years (no biliary intervention 46.9% vs biliary intervention 42.3%,
P<.001) and to have stage IV disease (no biliary intervention 53.5% vs biliary intervention
32.3%, P<.001) (Table 1). Evidence of biliary obstruction was less common in patients
who did not undergo a biliary intervention (49.3% vs 90.4%, £< .001) (Table 1). Most
patients without a biliary intervention had a pancreatic head mass (4137; 70.0%) (Table 1).
In multivariable analysis, we found receipt of either ERCP (aHR,.51; 95% ClI, .49-.54) or
PTBD (aHR, .53; 95% Cl, .48-.59) was independently associated with reduced mortality
compared with no biliary intervention (Table 3, Fig. 1).

Secondary outcomes

ERCP patients had shorter mean length of hospital stay (7.0 £ 5.7 days vs 9.6 £ 6.6 days, P
<.001) and lower inpatient hospital charges ($54,899.25 vs $75,246.00, < .001) compared
with patients receiving PTBD (Table 4). There was no statistically significant difference in
30-day readmission rate (ERCP, 7.0%; PTBD, 7.1%; P = .96) or hospitalization rate (ERCP,
17.9%; PTBD, 18.7%; P=.60) after either biliary intervention (Table 4).

ERCP patients underwent 2.0 + 1.60 procedures over 5361.9 person-years of follow-up
compared with 2.19 + 1.77 procedures during 320.6 person-years of follow-up for PTBD (P
=.004). Nearly half of ERCP patients (4042, 48.9%) received only 1 procedure (Table

4). Of the 4163 with more than 1 ERCP, 2565 patients (61.6%) received endoscopic
interventions only with a mean number of 2.6 + 1.2 procedures. However, 1598 patients
(38.4%) received an initial ERCP and eventually required a PTBD, with a mean number of
3.5 £ 2.3 procedures. Similarly, nearly half of PTBD patients (288, 45.9%) received only

1 PTBD (Table 4). Of the 336 who received more than 1 procedure, 202 (60.1%) received
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repeat percutaneous interventions only and 134 (39.9%) eventually switched to an ERCP
during the course of their disease.

Sensitivity and subgroup analyses

The results from our propensity score weighted analysis were unchanged from our time-
varying Cox analysis, which showed that ERCP was associated with reduced mortality as
compared with PTBD (aHR, .68; 95% CI, .60-.76). Further, receiving a biliary intervention

was associated with reduced mortality as compared with those who did not receive a biliary

intervention (aHR, .41; 95% ClI, .35-.46).

Given the concern for confounding, a number of sensitivity analyses were performed

to evaluate the effect of ERCP and PTBD on survival among unresectable patients

with pancreatic cancer. Between the groups of interest (ERCP vs PTBD and biliary
intervention vs no biliary intervention), our results were consistent with the primary analysis
(Supplementary Tables 2 and 3). The only exception was among patients without biliary
obstruction in whom ERCP was not associated with reduced mortality compared with
PTBD, potentially because of a reduced sample size (n = 855) (Supplementary Tables 2 and
3).

DISCUSSION

To the best of our knowledge, this is the first population-based study evaluating the
association between receipt of ERCP and PTBD and mortality among patients with
unresectable pancreatic cancer complicated by biliary obstruction. Prior studies have
evaluated the impact of preoperative ERCP among patients with resectable disease’8;
however, there has been a lack of studies focusing on the role of biliary decompression
among pancreatic cancer patients who never receive curative surgery, which accounts for
the large majority of pancreatic cancer patients. We found almost 40% of patients received
no biliary intervention, despite having a pancreatic head mass and/or evidence of biliary
obstruction. The clinical significance of this finding was highlighted by the significant
survival benefit associated with receipt of ERCP or PTBD compared with no biliary
intervention. Among those who underwent a biliary intervention, ERCP was associated
with a significant survival benefit compared with PTBD. Further, we found patients who
underwent ERCP had fewer days in the hospital and lower cost of inpatient hospitalization
than PTBD.

Our study highlights that almost 40% of patients received no biliary intervention despite
having either a pancreatic head mass or evidence of biliary obstruction. When compared
with those patients who received no biliary intervention, PTBD and ERCP showed

an increase in survival, again underscoring the importance of biliary decompression.
Patients who received biliary decompression could have an increased survival as compared
with those with no intervention because they are more likely to receive life-prolonging
chemotherapy.* However, it is unclear why such a large percentage of patients never
undergo a biliary intervention. It is possible that these patients never required biliary
drainage despite having a head of pancreas mass or billing claims for biliary obstruction.
Other potential factors, such as patient preference, lack of local expertise in oncology and
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biliary procedures, clinical decompensation because of advanced cancer, or lack of perceived
clinical necessity for biliary drainage, may all play a role. In addition, some literature states
that the role of biliary drainage may be questionable if a patient’s life expectancy is believed
to be less than 3 months.22 Although the risk of adverse events from either procedure is not
insignificant, our results suggest that not undergoing any biliary drainage may be a harmful
strategy in terms of survival. Moreover, patients may prefer to undertake the risk of drainage
if it provides them with more time with their loved ones. Further research is needed to
understand the values and preferences of this group of patients.

National Comprehensive Cancer Network guidelines state that ERCP is preferred

among patients with pancreatic cancer who may be receiving neoadjuvant or adjuvant
chemotherapy, with PTBD reserved if ERCP is not possible.23 However, prior studies have
shown that as many as 10% to 20% of patients may initially receive PTBD instead of ERCP
for biliary decompression.24 In our study, only some patients underwent PTBD (7.0%);
however, this may still be clinically significant given the observed difference in mortality
between patients who underwent ERCP versus PTBD. This survival benefit may be due to
a higher risk of adverse events associated with PTBD, including cholangitis and hemobilia.*
We were able to show differences in length of hospitalization but did not have granular

data on adverse events to identify reasons for observed survival differences. Although

it is unclear what factors play a role in the decision between ERCP or PTBD among
clinicians, our prior research has shown that regional variations and racial disparities in

care are potential factors.18 Although our sensitivity analysis tried to account for differences
in decision-making between ERCP or PTBD, future research should focus on delineating
clinical variables that may lead a clinician toward referring an obstructed pancreatic cancer
patient for PTBD over ERCP.

Because Medicare reimbursements continue to evolve, it is vital to also evaluate secondary
outcomes of any biliary intervention, including total length of hospital stay, hospitalization
costs, and readmission rates. Our study found that patients who undergo ERCP as their
initial biliary intervention spend fewer days in the hospital as compared with PTBD patients.
This is reflected in a lower cost to Medicare, with an almost $20,000 difference among
ERCP and PTBD patients hospitalized for their initial biliary intervention. Our study

also evaluated hospital readmission and hospitalization rates within 30 days of the index
procedure. Interestingly, there was no statistically significant difference in readmission

or hospitalization rates among ERCP and PTBD patients, with nearly 20% of patients
hospitalized within 30 days of their inpatient or outpatient procedure. As Medicare cuts
payments to hospitals, it is becoming increasingly important to critically evaluate the need
for an inpatient hospitalization for biliary decompression and the reason for hospitalizations
among these patients.

Our study has some important limitations. First, there are inherent limitations to using
insurance claims data. Although linkage to Medicare claims data increases the reliability of
the findings, we cannot exclude the possibility for residual confounding variables that are
unaccounted for in our multivariable analysis. To help mitigate the risk of confounding that
may occur with a multivariable analysis and to try to estimate the effect of the decision
between ERCP and PTBD among patients with varying comorbidities, an inverse probability
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of treatment weighted propensity score analysis was performed. The propensity score
weighted analysis confirmed the findings from the time-varying multivariable Cox analysis
among both of our patient populations. Further, we performed a number of sensitivity
analyses in an attempt to evaluate the precision of our findings; our sensitivity analyses
were largely unchanged among all our analyses. Second, given the lack of granular data

on laboratory abnormalities, clinical stability, or comorbidities, it is unclear whether the
lack of a biliary intervention in almost 40% of our cohort was appropriate. It is possible
that patients who did not undergo biliary intervention were more ill, partly explaining the
worse survival observed in this group of patients. The lack of granular data prevents us
from knowing whether patients refused treatment or how many patients had failed biliary
cannulation that led to PTBD. We also did not look at receipt of palliative care or race in
our study, but it is important to note that these have been shown to impact mortality and may
affect the generalizability of our study.2526 In addition, prior research has found that black
pancreatic cancer patients are less likely to receive ERCP and more likely to receive PTBD
as compared with whites.18:27 This disparity in receipt of ERCP may contribute to overall
differences in mortality. Third, although we used a compilation of ICD-9 codes to identify
patients who may be clinically obstructed after their diagnosis with pancreatic cancer, there
is the possibility of either miscoding within the insurance data or missing ICD-9 codes

that may help to capture more patients who may be clinically obstructed. Fourth, there are
variations in time to treatment, defined as time to either ERCP or PTBD, that may lead

to an immortal time bias because patients would have to survive long enough to receive
treatment.1® To account for this bias, a time-varying Cox analysis was performed, which
has been shown to provide more consistent unbiased results than a landmark analysis.19:28
Furthermore, we performed a propensity score weighted Cox regression and multiple
sensitivity analyses to try to evaluate for a survival bias. However, we cannot eliminate

the possibility of unaccounted for time to event bias in our study. Last, our study had several
strict inclusion and exclusion criteria that may limit the generalizability of our results.

In summary, biliary drainage appears to be associated with improved survival in patients
with unresectable pancreatic cancer. Among biliary interventions, ERCP is associated

with significantly increased survival, shorter length of stay, and decreased inpatient costs
compared with PTBD. Overall, these data suggest that ERCP should be the initial attempted
drainage procedure for patients with unresectable pancreatic cancer and biliary obstruction
and that careful consideration should be given before placement of PTBD in unresectable
pancreatic cancer patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

APPENDIX

Appendix A: Propensity Score Development

The propensity score model was developed using the guidelines published in
Gastrointestinal Endoscopy (doi:10.1016/j.gie.2019.04.236). First, we chose covariates we
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believed would affect the risk for the outcome and not those related to the treatment only.
The covariates included in our propensity score model were: age at diagnosis, jaundice,
cholangitis, gastric outlet obstruction, pruritus, obstructive jaundice, obstruction of the bile
duct, Charlson comorbidity index, treatment with chemotherapy or radiation, gender, SEER
demographic, and AJCC stage. We next assessed the balance of our risk factors through the
standardized mean difference using values >0.1 as a strong risk factor that our covariates
are unbalanced. The dot plot below show the raw and weighted SMD. The propensity
score developed for our inverse probability of treatment weighted Cox proportional hazards
regression were well balanced.

Standardized Mean Difference In Propensity Score Model
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Appendix 1.
Abbreviations:
ICD International Classification of Diseases
PTBD percutaneous transhepatic biliary drainage
SEER Surveillance, Epidemiology, and End Results
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Figurel.
Kaplan-Meier survival curve comparing ERCP, PTBD, and no biliary intervention. P7BD,

Percutaneous transhepatic biliary drainage.
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Predictors of survival time in unresectable pancreatic cancer patients who received ERCP or PTBD (h = 8898)

95%
Hazard Confidence
ratio interval P value

Treatment

PTBD Ref

ERCP .67 .60-.75 <.001
Receipt of chemoradiation 41 .39-.43 <.001
Charlson comorbidity index

0 Ref

1 1.07 1.00-1.13 .04

2 1.20 1.14-1.26 <.001
Pruritus .76 .69-.83 <.001
Cholangitis 1.07 .99-1.14 .08
Jaundice .96 .92-1.01 13
Obstruction, bile duct 1.03 .97-1.09 .39
Obstructive jaundice 1.18 1.11-1.25 <.001
Abnormal liver function tests .90 .85-.95 <.001
Obstruction ™ 1.23 1.12-1.36 <.001
Gastric outlet obstruction 1.40 1.203-1.60 <.001
Age at diagnosis

65-70y Ref

70-75y 1.07 1.00-1.15 .05

75-80y 112 1.05-1.20 .01

80-85y 1.10 1.02-1.18 01

85-90y 1.19 1.10-1.29 <.001

>90y 1.29 1.17-1.42 <.001
Gender

Male Ref

Female .96 .92-1.01 .09
SEER region

Southeast Ref

Northeast 91 .85-.97 .003

Midwest .90 .83-.97 .005

West .85 .81-.90 <.001
American Joint Committee on Cancer stage

| Ref

1 1.23 1.13-1.34 <.001

11 1.21 1.09-1.35 <.001
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95%
Hazard Confidence
ratio interval P value
v 2.10 1.93-2.8 <.001
Unknown 1.21 1.11-1.31 <.001

Cox survival model was used to predict time to death. Patients were censored when they died or at the last Medicare follow-up, defined as
December 31, 2015. ERCP was compared with PTBD, ERCP, and PTBD were included as a time-varying covariate.

PTBD, Percutaneous transhepatic biliary drainage; SEER, Surveillance, Epidemiology, and End Results.

*
Composite of cholangitis, pruritus, jaundice, obstructive jaundice, obstruction bile duct, and abnormal liver function tests.
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Predictors of survival time in unresectable pancreatic cancer patients who received ERCP, PTBD, or no biliary

intervention (n = 14,808)

95%
Hazard Confidence
ratio interval P value

Treatment

No biliary intervention Ref

ERCP 51 .49-.54 <.001

PTBD .53 .48-.59 <.001
Receipt of chemoradiation 41 .40-.43 <.001
Charlson comorbidity index

0 Ref

1 1.09 1.04-1.15 <.001

2 117 1.12-1.22 <.001
Pruritus .78 .72-.85 <.001
Cholangitis 1.10 1.03-1.18 .004
Jaundice .89 .85-.93 <.001
Obstruction, bile duct .96 .92-1.01 A1
Obstructive jaundice 1.38 1.32-1.45 <.001
Abnormal liver function tests .94 .90-.98 .007
Obstruction ™ 1.39 132147 <001
Gastric outlet obstruction 1.35 1.21-1.50 <.001
Age at diagnosis

65-70y Ref

70-75y 1.05 .99-1.10 A1

75-80y 1.13 1.08-1.20 <.001

80-85y 1.14 1.07-1.20 <.001

85-90y 1.22 1.15-1.30 <.001

>90y 1.29 1.20-1.39 <.001
Gender

Male Ref

Female .97 .94-1.01 12
SEER region

Southeast

Northeast .95 .91-1.00 .06

Midwest .95 .90-1.00 .07

West .88 .85-.92 <.001

American Joint Committee on Cancer stage

Ref
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95%
Hazard Confidence
ratio interval P value

1 1.27 1.18-1.37 <.001

11 1.35 1.23-1.47 <.001

\Y 2.27 2.12-2.43 <.001

Unknown 1.38 1.29-1.48 <.001

Cox survival model was used to predict time to death. Patients were censored when they died or at the last Medicare follow-up, defined as
December 31, 2015. ERCP and PTBD were compared with those who received no biliary intervention. ERCP, PTBD, and no biliary intervention
were included as a time-varying covariate.

PTBD, Percutaneous transhepatic biliary drainage; SEER, Surveillance, Epidemiology, and End Results.

*
Composite of cholangitis, pruritus, jaundice, obstructive jaundice, obstruction bile duct, and abnormal liver function tests.
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TABLE 4.

Secondary outcomes among patients with unresectable pancreatic cancer who received ERCP or PTBD (n =

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

8829)

ERCP PTBD P
(n=8205) (n=624) value
Length of stay, days 7.0+5.6 96+6.6 <.001
Inpatient hospital charges, *usg 9489925 7524669 <001
30-day readmission rate” 575 (7.0) 44 (7.1) 93
30-day hospitalization rate? 1468 (17.9) 116 (18.7) 60
Procedure count
1 4042 (49.3) 288 (46.2)
>1 4163 (50.7) 336 (53.8)

Values are mean + standard deviation or n (%).

PTBD, Percutaneous transhepatic biliary drainage.

*
Cost covered by Medicare and uncovered costs charged to beneficiary.

fSecond admission to a hospital within 30 days from an admission in which the patient received their ERCP or PTBD.

'tAny patient who required an admission to the hospital within 30 days of their biliary intervention.
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