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Abstract
Background Pancreatic ductal adenocarcinoma (PDAC) is one of the leading causes of cancer-related deaths in the USA. 
Although management strategies have evolved, there are continued controversies about the use of neoadjuvant chemotherapy 
(NAC) and pretreatment biliary drainage (PBD) in patients with resectable and potentially resectable disease.
Aims We aimed to characterize the practice trends and outcomes for NAC and PBD.
Methods A single-center cohort study was performed. Electronic medical records were reviewed between 2011 and 2019, 
and 140 patients who had pancreaticoduodenectomy for PDAC were included. Diagnosis, treatment, and outcome data were 
captured.
Results There were no statistically significant temporal trends relating to the use of chemotherapy and PBD. Overall, 41% of 
patients received NAC and had improved survival, independent of other factors. Of the 71% who received PBD, only 40% had 
appropriate indications; 30% experienced postprocedure complications, and 34% required reintervention. Factors associated 
with the application of PBD included preoperative jaundice (OR 70.5, 95% CI 21.4–306.6) and evaluation by non-tertiary 
therapeutic endoscopists (OR 3.9, 95% CI 1.3–13.6). PBD was associated with a 12-day delay in surgery among those who 
did not receive NAC (p = 0.005), but there were no differences in surgical complications or mortality.
Conclusions Our findings suggest that (1) NAC may confer a survival benefit and (2) PBD should be reserved for individuals 
with jaundice requiring NAC. Implementation of guidelines by North American gastroenterology societies, multidisciplinary 
treatment models, and delivery of care at high-volume tertiary centers may help optimize management.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most com-
mon subtype of pancreatic exocrine neoplasms and repre-
sents an aggressive cancer that impacts 50,000 patients in 

the USA annually [1]. Since nearly 80% have unresectable 
disease at the time of diagnosis, the five-year survival for 
PDAC is less than 10%, making it the third leading cause 
of cancer-related deaths in the nation [2]. Patients who have 
resectable or potentially resectable cancers have the possibil-
ity of achieving remission with the timely initiation of treat-
ment. However, the landscape of management for PDAC has 
evolved over the past decade, leading to new controversies.

Classically, the treatment approach among individuals 
with neoplasms of the head of the pancreas and adequate 
performance status has been pancreaticoduodenectomy 
(Whipple procedure) followed by chemotherapy. Over the 
past 40 years, medical oncology research for resectable 
PDAC has been predominantly dedicated toward improving 
outcomes with adjuvant chemotherapy with recent evidence 
supporting the use of fluorouracil, leucovorin, irinotecan, 
and oxaliplatin (FOLFIRINOX) as first-line therapy [3–8]. 
However, in the last 10 years, the use of preoperative or 
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neoadjuvant chemotherapy (NAC) has also emerged as a 
possible strategy, and although it has become increasingly 
popular among some oncologists, there remains disagree-
ment about its future role, especially in the context of con-
flicting recommendations from major oncology societies 
[9–14].

Many patients with resectable or potentially resectable 
PDAC undergo pretreatment biliary drainage (PBD) prior to 
chemotherapy or surgery. Among patients who receive NAC, 
jaundice is a common contraindication to treatment due to 
concerns about the increased toxicity of chemotherapeutic 
agents in this setting. Endoscopic retrograde cholangiopan-
creatography (ERCP) with biliary stenting is routinely per-
formed prior to the initiation of chemotherapy in individuals 
with even minor elevations in total bilirubin (TB) levels, 
though there is a paucity of the literature supporting this 
practice. Historically, patients destined to have immediate 
surgery with subsequent adjuvant chemotherapy also typi-
cally received preoperative biliary drainage to manage or 
prevent complications of cholestasis. However, over the last 
decade, retrospective studies, meta-analyses, and one rand-
omized controlled trial indicate that drainage prior to imme-
diate surgery does not improve outcomes, may delay surgery, 
and likely increases the risk of pre- and postsurgical compli-
cations [15–38]. Although North American gastroenterology 
societies have not yet provided recommendations for PBD, 
the European Society of Gastrointestinal Endoscopy (ESGE) 
suggests that this practice should be reserved for patients 
with jaundice who will be receiving NAC or those who have 
cholangitis or intense pruritus with an anticipated delay in 
surgery [39]. Nevertheless, in many centers, PBD is still rou-
tinely performed in most patients for unclear reasons [40].

In addition to describing the temporal trends relating to 
NAC and PBD, we aimed to (1) characterize the impact of 
NAC on mortality and (2) understand the factors associated 
with the application of PBD and its effect on morbidity and 
mortality. Our goal was to provide a framework for optimiz-
ing care for patients with resectable or potentially resectable 
PDAC.

Methods

Patient Selection

Our study was approved by the Institutional Review Board at 
Yale-New Haven Hospital, a National Cancer Institute-des-
ignated Comprehensive Cancer Center. Electronic medical 
records were queried for patients who underwent pancreati-
coduodenectomy between 2011 and 2019. The initial search 
did not include the indication for surgery as a qualifier. Of 
the 310 patients identified, 170 individuals were subse-
quently excluded either because of their primary neoplasm 

(duodenal carcinoma, cholangiocarcinoma, or pancreatic 
cyst) or due to incomplete treatment records, most com-
monly missing laboratory data. Patients who were excluded 
for the latter reason were more likely to have received one or 
more aspects of their care outside of our tertiary care center. 
The study ultimately included 140 patients with resectable 
or potentially resectable PDAC of the head of the pancreas 
with complete treatment records. For our purposes, the term 
potentially resectable was used in an analogous fashion to 
borderline-resectable and included non-metastatic neo-
plasms that partially involve the splanchnic vasculature but 
may be amenable to resection after chemotherapy and/or 
with subsequent surgical reconstruction [41]. Patients who 
became unresectable and did not proceed to surgery after 
receiving PBD or after the administration of NAC were not 
included in this study based on the screening criteria uti-
lized. Jaundice was defined by TB levels of greater than 
3 mg/dL because this threshold is commonly used by hepa-
tologists and medical oncologists and may impact treatment 
considerations relating to the use of chemotherapy [42].

Data Collection and Statistical Analysis

Demographic, procedural, laboratory, and outcome data 
were collected for all patients (Tables 1 and 2). The diag-
nosis date represents the date of definitive biopsy with the 
exception of one case where biopsy could not be obtained 
due to gastric bypass anatomy. Follow-up occurred until Jan-
uary 1, 2020. TB values represent those just prior to surgery 
and biliary drainage. Pearson’s chi-squared tests were per-
formed to assess for changes in temporal trends relating to 
the use of chemotherapy and biliary drainage. Kaplan–Meier 
survival plots and univariate and multivariate Cox propor-
tional hazards were calculated to determine factors that 
may impact survival. Logistic regression analyses were per-
formed to determine factors associated with the use of PBD 
and the presence of perioperative infections. An unpaired t 
test with Welch’s correction was used to determine whether 
biliary drainage impacted time to surgery. Analyses were 
performed using the survival, survminer, and ggplot2 pack-
ages in R (R Core Team, 2019) [43–45].

Results

Temporal Trends Relating to Chemotherapy 
and Pretreatment Biliary Drainage

Of the 140 patients included, half were diagnosed from 
2012 to 2016; the remaining half were diagnosed between 
2016 and 2019. In total, 71 received adjuvant chemo-
therapy, 58 received NAC, and 11 did not receive chemo-
therapy; 99 patients received PBD (Table 1). NAC was 
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administered to patients with either potentially resect-
able or resectable disease, whereas patients who received 
upfront surgery generally had resectable disease at the 
time of diagnosis. Annual trends from 2013 through 
2018 are depicted in Table 3. When comparing practices 
between the 2012–2016 and 2016–2019 periods, there 

were increases in the proportions of patients receiving 
NAC (26/70 versus 32/70; p value = 0.39), first-line FOL-
FIRINOX (28/70 versus 39/70; p value = 0.09), and PBD 
(47/70 versus 52/70, p value = 0.46), though these trends 
were not statistically significant.

Impact of Neoadjuvant Chemotherapy

Kaplan–Meier survival analysis (Fig. 1) and Cox propor-
tional hazard models (Table 4) suggest a survival benefit 
for patients who received NAC followed by surgical resec-
tion, although our study did not include patients who were 
unable to undergo surgery due to unexpected progression 
of disease or other complications attributed to NAC. Stag-
ing at the time of surgery revealed that, among patients 
who received NAC, 24% had 0, IA, or IB disease, 57% 
had IIA or IIB disease, and 19% had III or IV disease, in 
comparison with 6%, 80%, and 13%, respectively, among 
patients who received upfront surgery. The choice of ini-
tial chemotherapy regimen (FOLFIRINOX versus alter-
native regimens), the presence of jaundice, and the use 
of PBD via either endoscopic or percutaneous techniques 
did not impact survival (Table 4). Our analysis included 
8 patients who were deemed to have locally advanced and 
unresectable disease during their operation with premature 
termination of the procedure, five of whom had received 
NAC. The mean time from diagnosis to initiation of chem-
otherapy for the NAC group was identical to the mean time 
from diagnosis to surgery for the adjuvant chemotherapy 
group (33 days).

Characteristics of the Patients Who Received 
Pretreatment Biliary Drainage

Biliary drainage occurred in the context of the clinical fea-
tures noted in Fig. 2. Among those who received drainage, 
80 had their procedures performed at the time of their initial 
presentation, most often concurrently with diagnostic endo-
scopic ultrasonography (EUS) and fine-needle aspiration 
(FNA), and 19 had their procedures after the initial diag-
nosis but before chemotherapy or surgery. Twelve patients 
who had either (1) no jaundice or (2) subclinical jaundice 
with upfront resection received biliary drainage. Of the 86 
patients with clinically relevant jaundice who received PBD, 
only 39 (45%) received NAC. Of all patients who received 
PBD, 59 were initially evaluated and had one or more endo-
scopic procedures performed by non-tertiary gastroenter-
ologists and 53 had their drainage procedures performed 
by non-tertiary therapeutic endoscopists or interventional 
radiologists. Only 14 total patients were evaluated by either 
medical or surgical oncology prior to biliary drainage.

Table 1  Patient characteristics

AJCC, American Joint Committee on Cancer; FOLFIRINOX, fluoro-
uracil, leucovorin, irinotecan, and oxaliplatin

Demographics
Number of patients 140
Age, mean years 68
Race, White 121 86%
Gender, male 81 58%
Diagnostic factors
Jaundice (total bilirubin in mg/dL)
 ≥ 1 to 3 13 9%
 > 3 90 64%
Stage (at time of resection; AJCC)
0 3 2%
IA or IB 16 11%
IIA 24 17%
IIB 75 54%
III 18 13%
IV 4 3%
Treatment factors
Chemotherapy 129 92%
Neoadjuvant chemotherapy 58 41%
FOLFIRINOX, first line 67 48%
Biliary drainage 99 71%
Endoscopic stenting 87 62%
Percutaneous drain 12 9%
Plastic stent 60 43%

Table 2  Pretreatment biliary drainage and surgical outcomes

ERCP, endoscopic retrograde cholangiopancreatography

Biliary drainage outcomes
Failed ERCPs 20 20%
Complications 30 30%
Cholangitis 9 9%
Pancreatitis 8 8%
Stent or drain dysfunction 13 13%
Reintervention 34 34%
Non-tertiary endoscopists or radiologists 53 54%
Evaluation by oncology prior to drainage 14 14%
Surgical outcomes
Resection performed 132 94%
Postoperative infection 14 10%
Postoperative death 4 3%
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Factors Associated with the Application 
of Pretreatment Biliary Drainage

In univariate logistic regression analysis, only the presence 
of jaundice was associated with the use of PBD. However, 
in multivariate logistic regression analysis, the presence of 
jaundice and initial evaluation by non-tertiary gastroenter-
ologists were both associated with the use of PBD (Table 5). 
The use of NAC was not included as a factor in this analy-
sis because chemotherapy strategies were rarely delineated 
prior to biliary drainage. Disagreement between the border-
line-significant p value and 95% confidence interval for the 
impact of early evaluation by surgical or medical oncology 
occurred as a result of sample size limitations.

Impact of Pretreatment Biliary Drainage

Endoscopic drainage was successful in relieving jaundice in 
most cases, but initial failure, complication, and re-interven-
tion rates were relatively high (Table 2). Twenty patients had 
at least one failed attempt at endoscopic biliary drainage, of 
which 7 ultimately had successful endoscopic drainage, 11 
required percutaneous drainage, and two patients proceeded 
to surgery without biliary drainage. Thirty patients experi-
enced postprocedural complications, including pancreatitis 
(8), cholangitis (9), and stent or drain dysfunction without 
cholangitis (13), of which 23 required reintervention. There 
was no association between postprocedural complications 
and the type of stent deployed, either metal or plastic, or the 
manner of drainage, either endoscopic or percutaneous, in 
univariate and multivariate analyses (Table 5). An additional 
11 patients required preoperative reintervention for routine 
stent exchanges in the absence of complications. Further-
more, there were likely patients who experienced complica-
tions due to PBD such as severe necrotizing pancreatitis and 
were unable to proceed to surgery and thus not included in 
our study.

The use of PBD did not impact survival in univariate 
or multivariate Cox proportional hazard models (Table 4) 
and Kaplan–Meier analysis (Fig. 3). However, the mean 

Table 3  Annual chemotherapy 
and pretreatment biliary 
drainage trends between 2013 
and 2018

FOLFIRINOX, fluorouracil, leucovorin, irinotecan, and oxaliplatin

Variable Annual percentage

2013 2014 2015 2016 2017 2018

Neoadjuvant chemotherapy 35% 35% 38% 48% 50% 45%
FOLFIRINOX (first line) 65% 30% 31% 48% 45% 68%
Jaundice (bilirubin > 3 mg/dL) 65% 61% 59% 68% 60% 68%
Pretreatment biliary drainage 59% 74% 66% 68% 80% 73%

Fig. 1  Kaplan–Meier survival plot comparing survival outcomes 
between patients who received adjuvant versus neoadjuvant chemo-
therapy

Table 4  Univariate and multivariate Cox proportional hazards to 
assess the impact of chemotherapy, jaundice, and pretreatment biliary 
drainage on survival

FOLFIRINOX, fluorouracil, leucovorin, irinotecan, and oxaliplatin

Variables Hazard ratio 95% CI p value

Univariate analysis
Neoadjuvant chemotherapy 0.52 0.33–0.83 0.005**
FOLFIRINOX (first line) 0.68 0.44–1.10 0.094
Jaundice (bilirubin > 3 mg/dL) 0.85 0.55–1.30 0.472
Pretreatment biliary drainage 0.93 0.59–1.50 0.752
Multivariate analysis
Neoadjuvant chemotherapy 0.46 0.24–0.86 0.016*
FOLFIRINOX (first line) 1.21 0.64–2.28 0.561
Jaundice (bilirubin > 3 mg/dL) 0.71 0.33–1.56 0.399
Pretreatment biliary drainage 1.40 0.63–3.10 0.413
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time between diagnosis and resection or attempted resec-
tion for those who received up-front surgery was longer 
for patients who underwent biliary drainage (37 versus 
25 days; p value = 0.005). In some cases, the delay was to 
allow for the resolution of jaundice or PBD-related com-
plications, whereas in others, delays occurred as a result 
of unrelated medical comorbidities. Among all patients 
included in the study, 14 patients (10%) experienced surgi-
cal infections with or without additional complications and 
four patients died in the postoperative period (Table 2). 
There was no association between either biliary drainage 
or jaundice at time of resection and surgical infections 
among all patients (Table 5) and also among the subset 
of patients who only received surgery followed by either 
adjuvant chemotherapy or no chemotherapy (analysis not 
shown).

Discussion

Over the past decade, the management of resectable and 
potentially resectable PDAC has evolved. Although there 
is still a need for ongoing studies to identify the optimal 
chemotherapy strategies, the data relating to PBD are 
exhaustive and robust, including more than 20 compara-
tive studies over the past decade with a majority suggest-
ing increased morbidity among patients who receive PBD 
and do not receive NAC [15–38]. Our study includes data 
from our tertiary center over a period of approximately 

Fig. 2  Application of pretreatment biliary drainage in relation to bilirubin levels and chemotherapy strategy. NAC, neoadjuvant chemotherapy

Table 5  Multivariate logistic regression assessing risk factors for 
implementing pretreatment biliary drainage, postprocedural compli-
cations, and surgical infections

Risk factors Adjusted odds ratio (95% 
CI)

p value

Receiving biliary drainage
Jaundice (bilirubin > 3 mg/

dL)
70.5 (21.4–306.6)  < 0.001***

Non-tertiary endoscopist 3.9 (1.3–13.6) 0.018*
Oncology evaluation prior 

to endoscopy or drainage
5.1 (1.1–30.8) 0.057

Postprocedural complications
Plastic stent 2.3 (0.9–6.4) 0.089
Percutaneous drainage 0.8 (0.2–3.1) 0.789
Surgical infections
Biliary drainage 1.0 (0.3–3.9) 0.997
Jaundice (bilirubin > 3 mg/

dL)
1.4 (0.4–4.3) 0.581

Fig. 3  Kaplan–Meier survival plot comparing survival outcomes 
relating to the use of pretreatment biliary drainage among patients 
who received chemotherapy
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8 years and focuses on characterizing trends in practice 
patterns and clinical outcomes at our institution, making 
comparisons to evidence from recent studies and identify-
ing possible factors for the differences.

NAC was increasingly used with improved survival 
among patients who went on to have resection or attempted 
resection, and additional factors, including the application 
of biliary drainage, did not impact this outcome. These find-
ings are generally consistent with a recent multicenter ran-
domized phase III trial, which demonstrated improved sur-
vival among the subset of patients who underwent resection 
[9]. Furthermore, although a higher proportion of patients in 
the NAC group received FOLFIRINOX as first-line chemo-
therapy, no differences in outcomes were observed among 
those who received FOLFIRINOX versus other regimens 
since most received multi-agent treatments, which is consist-
ent with the most recent evidence available from the SWOG 
S1505 trial [11].

The use of PBD remained fairly common over the study 
period. Nearly 60% of patients who received PBD either had 
no jaundice or had surgery prior to chemotherapy, gener-
ally precluding the need for drainage. Most received biliary 
drainage at time of their initial presentation, simultaneously 
with a diagnostic EUS and FNA, presumably in an effort to 
expedite care and minimize the need for additional proce-
dures. However, while there was no increase in operative 
complications or mortality associated with drainage, the 
rates of postdrainage complications (30%) and reintervention 
(34%) were high, illustrating that PBD did not ultimately 
streamline care. Furthermore, as expected, biliary drainage 
was associated with a short delay in the time to surgical 
resection, for which the long-term impact is not entirely 
clear [46]. Although prior studies have demonstrated incon-
sistent findings relating to outcomes associated with metal 
versus plastic stenting, our study did not detect differences 
in complication rates based on stent type [47, 48]. Likewise, 
no differences were observed between endoscopic and per-
cutaneous approaches. The use of uncovered metal stents 
was exceedingly rare in our study, and thus, no analysis was 
performed to compare covered and uncovered metal stents.

Aside from the presence of jaundice and the use of NAC, 
there are likely other factors that contribute to the increased 
use of PBD in patients with PDAC. In our study, patients 
treated by non-tertiary gastroenterologists were more likely 
to undergo drainage procedures. It has been theorized that 
the management of patients with potentially resectable 
PDAC at high-volume tertiary care centers may help opti-
mize the delivery of care and investigators have previously 
addressed this particular question with varying results [49, 
50]. However, those studies did not assess how the venue of 
care and physician expertise impact the use of biliary drain-
age in the manner posed in our study. Although the under-
lying reasons for this finding are not entirely clear, some 

community providers may be less familiar with the manage-
ment of PDAC and with multidisciplinary practice patterns. 
Furthermore, we also postulated that preprocedure evalua-
tion by a medical or surgical oncologist may prevent unnec-
essary drainage procedures. However, we observed that only 
a minority of patients were evaluated by oncologists prior to 
drainage, thereby prohibiting meaningful conclusions.

Although our study has limitations, including a small 
sample size from one tertiary center and use of retrospec-
tive methodology, it highlights important principles pertain-
ing to the management of PDAC. Our findings support the 
use of NAC and suggest that PBD is being over-utilized 
in the absence of strong indications. Over the coming dec-
ade, the management of PDAC will continue to change and 
the role of NAC will likely become clearer. While this may 
result in a continued need for PBD, clinicians should aim to 
incorporate this modality only when appropriate indications 
exist. It should be reserved for jaundiced patients destined to 
receive NAC or for those with life-threatening complications 
of cholestasis and avoided in stable patients with or without 
jaundice who are awaiting immediate surgery.

To minimize the unnecessary of use biliary drainage, 
patients who have radiographic findings consistent with 
resectable or potentially resectable pancreatic head ductal 
adenocarcinoma should be referred to high-volume cent-
ers and have multidisciplinary case reviews. Because gas-
troenterologists often serve as the initial point-of-contact 
for patients with newly diagnosed PDAC, they maintain 
a critical role in the early management of this condition. 
Therefore, the use of evidence-based practices relating to 
PBD should be supported by guidelines proposed by North 
American gastroenterology societies as this may encour-
age practitioners to apply more objective criteria for biliary 
drainage, thereby reducing the rates of unnecessary inter-
ventions in both tertiary centers and community practices.
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