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ORIGINAL ARTICLE
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ABSTRACT
Context Endoscopically placed metal stents, which are pdtan4-9 months, have been the favored decompesstiategy for
biliary obstruction due to inoperable pancreatimoga in order to minimize interventions. Howeven, the past decade
chemotherapeutic options have improved surviVhls raises the question of whether metal stenfiscantinue to be the optimal
method of decompressiof@bjective We performed a study to determine the outcomeatiepts with non-operatively managed
pancreatic adenocarcinoma with regards to the dpwant of cholangitisDesign We reviewed all ERCP performed for malignant
distal biliary obstruction in between December 1988 December 2005 at University of California, $aancisco (UCSF).
Patients Only patients who received chemotherapy for pat@readenocarcinoma were included. Patients whemweht surgical
biliary diversion procedures were excludd®timary outcome measurement The primary outcome was the development of
cholangitis requiring hospitalizatiorResults Among 200 patients with malignant distal biliarpstruction who underwent
endoscopic biliary decompression procedures, 54 stuety criterion. Metal stents were employed in798.of these cases. The
median survival of this population was 12.7 mor(flasige: 2.6-34.6 months). Only 3 of 26 patients§%) surviving one year or
less developed cholangitis compared to 13 of 2&p who survived more than one year. Thus patismtgving greater than one
year had a five fold increase in the odds of dguelp cholangitis (odds ratio: 4.92; P=0.01Qonclusions This cohort of
inoperable pancreatic cancer patients undergoimgnotherapy survived longer than the expected pateriod of metal stents
employed for biliary decompression. The occurreateholangitis requiring hospitalization does irage markedly among long
term survivors.

INTRODUCTION Administration of gemcitabine at a fixed dose raie
optimize the pharmacokinetics of this agent adds
additional benefit and improves median survival8to
months in patients with advanced pancreatic cadder
Many patients with advanced pancreatic cancer are
involved in trials with gemcitabine in combinatiaith
erlotinib, platinum agents, radiation therapy, and
promising new agents such as bevacizumab and
cetuximab. The median survival of patients at our
center (UCSF) with locally advanced disease treated
with gemcitabine (at a fixed dose rate) and cigplat

During the past ten years chemotherapy for advanced
pancreatic cancer has significantly improved Prjor

to the introduction of gemcitabine less than 5% of
patients survived to one year, following its intuation

in the mid-late 1990’s the percentage increased to
nearly 20% [2]. Recent studies indicate that the
addition of other agents such as the epidermal tjrow
factor receptor, erlotinib, further improves sualiy3].

Received March', 2011 - Accepted April 20 2011 followed by consolidative chemoradiation is 13.5
Key words Cholangitis; Cholestasis, Extrahepatic; Pancrdatic m_o_nths [5]. . . . )
Neoplasms; Stents Biliary obstruction occurs in 70-90% of patientstiwi
Correspondence James W Ostroff advanced pancreatic cancer [6]. Endoscopic
Division of Gastroenterology; University of Califia, San management of obstruction has lower morbidity and
Francisco; 505 Parnassus Ave; Long Room 103, B®7;18an mortality than bypass surgery and percutaneous
Francisco, CA 94143; USA . . .

Phone: +1-415.353.1463 * Fax: +1-415.353.8581 drainage [7, 8, 9Previous studies, as well as a meta-
E-mail: james.ostroff@ucsf.edu analysis of their findings, suggest that metal tstbave

URL http:/www.serena.unina.it/index.php/jop/articleini3224/3424 improved patency but similar rates of therapeutic

JOP. Journal of the Pancreas - http://www.jopliekaVol. 12 No. 4 - July 2011. [ISSN 1590-8577] 377



JOP. J Pancreas (Online) 2011 Jul 8; 12(4):377-383.

success and complications compared to plastic sstent
[6, 10, 11, 12, 13, 14]Metal stents were also cost
effective, particularly when used in patients witho
hepatic metastasis and with a tumor size of leas th
3cm [15].

However, the majority of these studies were peréam

in the pre-gemcitabine era and the median survival
ranges from 3-6 months, less than current survival
estimates, and less than the associated mediancgate
of expandable metal stenthe survival of patients
treated with modern chemotherapy for advanced
pancreatic cancer is improving and approaching the
limits of the efficacious period of metal stentshis
study considers the implications of prolonged stabi

on the management of biliary obstruction in thisugr
with regards to the development of cholangitis.

METHODSAND PATIENTS

In this retrospective study, we consecutively rexid

all patients who underwent ERCP at the University
Hospital at the University of California, San Freto,
with the purpose of relieving biliary obstructionedto
biopsy confirmed pancreatic adenocarcinoma. Patient
who were treated between December 1999 and
December 2005 were reviewed. Follow up to time of
death or for at least two years for all long term
survivors was obtained.

Patients who underwent a Whipple procedure or an
operative choledochoenteral bypass prior to engisco
intervention were excluded. Only patients who
exclusively underwent chemotherapy or chemotherapy
and radiation for their malignancy were included.
Baseline demographic variables included the pasient
sex, age at diagnosis, and medical comorbidities
including diabetes mellitus. Additionally, feature$

the tumor such as size and whether it was widely
metastatic or locally advanced were considered. The
endoscopic management and chemotherapy regimen of
each patient was analyzed in detail. Endoscopic
interventions included the placement of a removable
French, 9 centimeter Cotton-Lethgplastic biliary
stent (Cook Medical, Bloomington, IN, USA) or
Zilver® 30 french, 8 centimeter uncovered, expandable
metal biliary stent (Cook Medical, Bloomington IN).

We took a special interest in those patients who
developed cholangitis requiring hospital admission.
This endpoint was particularly significant in tlysoup
because it required a postponement or discontimuati
of chemotherapy. Cholangitis was defined as jawdic
fever (temperature greater than 38.5 degrees
centigrade), and abdominal pain or two of theseethr
elements combined with radiographic evidence of
biliary  obstruction (computed tomography or
ultrasound examination) and evidence of abnormal
liver tests and elevated inflammatory markers [16].
Complications of the endoscopic procedures inclgidin
bleeding, perforation, and pancreatitis were also
analyzed.

ETHICS

Prior the initiation of the study the UCSF Institual
Review Board granted a waiver of consent. Given the
retrospective design and the nature of pancreas
adenocarcinoma most of the study subjects haddglrea
passed away at the time of the study, informatias w
strictly coded to protect confidentiality, and thisk to
study subjects was minimal. The study protocol was
fully in compliance with the ethical guidelines for
research involving human subjects set forth by the
World Medical Association in Helsinki in 1964 and
revised in Tokyo in 2004.

STATISTICS

Frequencies, as well as meantSE and median and
interquartile range (IQR) and range were used as
descriptive statistics. Univariate logistic regiess
were performed to determine whether survival, age,
sex, comorbidities, tumor size, extent, and requéet

for enteral stent predicted the development of
cholangitis. We also examined the association betwe
survival time and development of cholangitis using
multivariate logistic regression analysis, adjustior

the presence of significant potential covariatesated

in the univariate analyses. Odds ratio and 95%
confidence intervals (95% CIl) were computed. An
unpaired t-test was used to assess whether indilgdu
who developed cholangitis required more procedures
for the management of biliary obstruction compaied

Percutaneous drainage procedures were also assessedthose who did not and to assess whether the darafio

when performed after a failed endoscopic interzanti
in this group.

Table 1. Study population.
Population size

54

Gender:
- Male 24 (44.4%)
- Female 30 (55.6%)

Ageat diagnosis (years; median and range) 62 (32-85)

Extent of the disease:
- Locally advanced
- Widely metastatic

Survival (months; median and range)
Primary tumor size (cm; median and range)

26 (48.1%)
28 (51.9%)

12.7 (2.6-34.6)
4(1.79.1)
8 (14.8%)
32 (59.3%)

Required enteral stent
Comor bidities

JOP. Journal of the Pancreas - http://www.jopliekaVol. 12 No. 4 - July 2011. [ISSN 1590-8577]

hospitalizations for cholangitis associated withtahe

stents was different from that associated with tigas
stents. Computation was performed using STATA
software (College Station, TX, USA). Two-tailed P
values less that 0.05 were considered significant.

RESULTS
Population

Among the 200 patients with malignant distal biliar
obstruction 155 (77.5%) were confirmed to have
adenocarcinoma, the remainder whom had other
malignant tumors including pancreatic neuroendecrin
neoplasms, ampullary carcinoma, and distal chotangi
carcinoma were excluded. Of the 155 patients with
adenocarcinoma, 54 (34.8%) were treated with
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contemporary chemotherapy, 19 (12.3%) were
excluded because they underwent palliative biliary
diversion surgery, and the remainder 82 (52.9%)
declined chemotherapy or did not follow up with the
endoscopy, oncology, or other services of the
university after initial stent placement. The medéye

at diagnosis of this group of 54 patients was 6&rye
(interquartile range, IQR: 56-75 years) and the iared
survival was 12.7 months (IQR: 5.7-16.5 monthsjrfro
the time of diagnosis (Table 1). The study popatati
was divided evenly between those who had locally
advanced (26, 48.1%) and widely metastatic (28,
51.9%) tumor involvement (Table 1). The median and
mean survival of patients with locally advancecedse
were 15.2 and 15.8 months, respectively while the
median and mean survival of those with metastatic
disease were 7.6 and 10.4 months, respectively.FERC
with stent placement to achieve biliary decompuessi
was performed a median of 1.7 months (IQR: 0.8-4.3
months) after diagnosis. Cardiac, pulmonary,
endocrine, and other major comorbidities were found
in 32 (59.3%) of these patients, with 11 (20.4%nibf
patients having diabetes mellitus.

Endoscopic M anagement,
Chemotherapy

Complications, and

Decompression was initially achieved by endoscopic
stenting in 50 (92.6%) of patients. Percutaneous
decompression was initially performed in the
remaining 4 patients; they subsequently underwent
rendezvous procedures to enable endoscopic
management. Frequently, patients had a plastiarili
stent placed while they underwent diagnostic workup
and were considered for surgical resection. Thestst
was often replaced with a metal stent after the
diagnosis of unresectable tumor was confirmed. The
duration of the evaluation process was 1 to 4 weleks
total 49 (90.7%) of the cohort had metal stentsqaa

at some point in their management course, of whém 4
patients (74.1% of the total cohort) had a metahtst
placed within 4 weeks; the remainder 5 (9.3%) were
managed strictly with plastic stents.

Plastic stents were changed prophylactically evéry
months or exchanged for metal stents. The endoscopi
placement of metal or plastic stents was perfortoed
relieve obstructed metal stents. Percutaneous
decompression was performed when endoscopic
management of the obstructed stent was unsuccessful

Table 2. Predictors of cholangitis.

In total 134 ERCP were performed in this group in
order to manage biliary obstruction and enable
chemotherapy. There were two complications (3.7%),
one episode of pancreatitis (1.9%) and one episbde
post sphincterotomy bleeding (1.9%), both following
the placement of metal stents. These complications
were managed medically and the patients were able t
continue their chemotherapy course without
interruption.  All  of the patients underwent
contemporary chemotherapy, most as part of clinical
trials employing gemcitabine (n=48, 88.9%) given in
combination with cisplatin (n=39, 72.2%), capediteb
(n=1; 1.9%), or alone 8 (14.8%). Nine (16.7%) pate
who were able to complete six 28-day cycles ofdixe
dose gemcitabine combined with cisplatin subsedyent
underwent radiation therapy potentiated with
capecitabine. Among the 39 patients who were tdeate
with combined gemcitabine and cisplatin, 25 (64.1%)
were treated with one or more additional agents
including bevacizumab, capecitabine, docetaxel,
irinotecan, oxaliplatin, cetuximab, and erlotinithe 6
patients who did not receive gemcitabine were é&cbat
with capecitabine as a single agent.

Development of Cholangitis

Sixteen (29.6%) of the patients developed cholangit
which required hospitalization. The median totatdi

of hospitalization for these patients was 8 day3R(l
5-11 days), in some cases this reflected multipteter
inpatient stays. Patients who developed cholangitis
required a mean of 3.9+£0.7 procedures (xSE) whereas
those who did not develop cholangitis required 0.2+
procedures (P<0.001).

In univariate analyses survival duration and tusiae
were associated with the development of cholangitis
(Table 2). Survival greater than one year was
associated with a five-fold increase in the risk of
development of cholangitis. In the multivariate it
regression analysis controlling for age, sex,
comorbidities, tumor size, tumor extent, and
requirement for enteral stent, survival greatentbae
year was associated with a significantly increassk

of cholangitis. In the univariate and multivariate
analysis, the odds of cholangitis decreased by fbalf
each centimeter increase in tumor size. There was a
trend toward, but no statistically significant éifénce,

in the proportion of patients who developed choltsg
with locally advanced (9/26; 34.6%rsus metastatic

Characteristic Univariate analysis Multivariate analysis
Oddsratio (95% CI) P value Oddsratio (95% ClI) P value
Survival greater than 1 year 4.9 (1.3-18.3) 0.017 6.8 (1.4-32.3) 0.016
Tumor size (cm) 0.5 (0.3-0.9) 0.026 0.5 (0.2-0.9) 0.021
Extent (locally advancedersus metastatic) 1.2 (0.4-3.8) 0.786 0.8 (0.0-0.3) 98.7
Age (year) 1.0 (1.0-1.1) 0.582 1.0 (1.0-1.2) 0.288
Female sex 2.3(0.7-8.0) 0.182 3.2 (0.8-12.3) 0.099
Required enteral stent 2.8 (0.6-12.8) 0.248 4.0 (0.7-23.0) 0.123
Comorbidities 0.8 (0.2-2.6) 0.690 0.6 (0.2-2.3) 0.472
95% CI: 95% confidence interval
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Figure 1. The number of patients who survived for each paladi
duration in months is depicted. Those who develagesangitis ar
represented with darkened boxes, those who did deselof
cholangitis are represented with horizontdilyed boxes. Patier
with a survival greater than 12 months had a highee o
developing cholangitis compared to those who sexvikess than :
months (P=0.017).

disease (7/28; 25.0%). Age, gender, the presence of
comorbidities, or the requirement for an enterahst
were also not predictive of the development of
cholangitis.

Only three out of 26 patients surviving less thame o
year developed cholangitis (11.5%) while nearly one
half (13/28, 46.4%) of patients surviving longeaith
one year developed cholangitis (Figure 1). As noted
previously most patients were managed with the
placement of metal biliary stents. The length of
hospitalization for cholangitis associated with ahet
stents was 6.5+1.0 days (meantzSEysus 4.9+0.5
days for cholangitis associated with plastic stents
(P=0.342).

DISCUSSION

The intent of this study was to critically evaluate
endoscopic management of biliary obstruction in
inoperable pancreatic cancer patients receiving
contemporary chemotherapy. This group of patients,
the majority receiving optimally dosed gemcitabine
combined with other agents, demonstrated a median
survival of greater than one year. In most caskgri

obstruction was managed by permanent self

expandable metal stents. Stent related cholangds
closely correlated with longer survival and reqdire
complex management involving additional procedures
and significant periods of hospitalization.

In prior studies evaluating the endoscopic therapy
malignant biliary obstruction, the median survival
ranged from 4.5-15.1 months (Table 3). Most of ¢hes
studies did not report the use of chemotherapy and
most included patients with tumors other than
adenocarcinoma of the pancreas [10, 11, 12, 1374,
18, 19, 20, 21, 22]. Among studies in which the
majority of subjects had pancreas cancer the ldnges
reported median survival was 11 months. The median
survival in our study, 12.7 months, exceeds thahe
endoscopic literature but is consistent with imgav
survival recently reported in patients receiving
combination chemotherapy [23, 24].

In patients with inoperable pancreatic cancer the
current strategy is to manage biliary obstructiothw
metal stents. Major studies of the management of
malignant biliary obstruction have demonstratedt tha
the median patency of metal stents ranged frontc.6
9.1 months (Table 3). The median patency of metal
stents in all of the studies, weighted by the retat
number of patients, was 5.8 months. Most of our
patients were initially managed with metal stents.
Consistent with the literature, few of them had
problems associated with metal stents during tist fi
12 months of survival.

However, we observed that after 12 months, far bdyo
the patency range of metal stents, there was aedse

in the development of cholangitis. This result rered
significant after adjusting for potential confounsie
Patients who developed cholangitis required a oo f
increase in the number of endoscopic procedures
required to maintain a decompressed biliary systach
generally more than one week of inpatient
management.

Metal stent occlusion typically results from tumor
ingrowth blocking the lumen or overgrowth causing
external compression of the stent [25]. Manageroént
expandable stent obstruction is complex; uncovered

Table 3. Patency of metal stents and survival in patieritis malignant biliary obstruction.

Study Y ear Median survival Pancreaticcancer  Number of patients Median patency of
(months) with metal stents metal stents (months)

Davids,et al. [11] 1992 5 89% 49 9.1

Knyrim, et al. [13] 1992 69% 27 6.2

Carr Lockegt al. [12] 1993 52% 86 3.7

O'Brien, et al. [18]* 1995 15.1 36% 28 8.2

Prat,et al. [10] 1998 45 73% 34 4.8

Kaasis.et al. [14] 2003 5.1 75% 59

Isayamagt al. [16]° 2004 59% 112

Soderlundgt al. [17]° 2005 53 82% 49 3.6

Maire, et al. [21] 2006 11 100% 59 7

Takasawaet al. [20] 2006 9.9 100% 15 7.5

Yoon, et al. [19] 2006 7% 77

@ Majority of patients did not have pancreatic cance
® Include covered metal stents
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metal stents generally are not removable and
maneuvers to restore patency, such as the placerhent
a plastic or metal stent, into the obstructed stept
relatively short lived [26, 27]. In our study, weuhd

that the length of hospitalization for cholangitith a
metal stent tended to be longer than with a plasént.
Although this difference did not reach the thredholr
statistical significance, larger studies with mekents
may be able to detect a difference. Additionallye w
observed a trend that the longest surviving grofip o
patients who developed cholangitis associated with
metal stents frequently developed recurrent inbecti
(data not shown).

An alternative management strategy, used in a ritynor
of our patients, is to employ plastic stents whirk
prophylactically exchanged. The subsequent use of a
metal stent is based on the patient’s response to
chemotherapy. In the only major study of prophyéact
stent exchange in malignant biliary obstructioratier

al. showed that this approach achieved an equivalent
period of symptom free (cholangitis free) survival
compared to metal stent placement but that it requi
more procedures and hospital management [10].
However, this study enrolled patients between 1993
and 1995 and the median survival was between 4.5
months (metal stent group) and 5.6 months
(prophylactic exchange group), compared to the 12.7
months in our group.

Pratet al. also demonstrated that metal stents were cost
effective in patients surviving more than 6 montlith

the mean overall cost per patients for patientsseho
stents were exchanged prophylactically was $6,770
compared to $4,643 for metal stents [10]. Nearly ha
of the patients in our study who survived grealemt
twelve months required inpatient management fartste
related cholangitis. The patients who developed
cholangitis required a median of eight days of
hospitalization. At our institution the cost perydef
hospitalization for cholangitis is greater thanGEg).
The total cost for an ERCP with plastic stent piaesnt

at our institution is $3,400 compared to $4,600 for
ERCP with metal stent placement. It is plausibb #n
strategy of prophylactic plastic stent exchange fay
more cost effective than metal stent placement if i
diminishes the frequency and duration of
hospitalization for cholangitis in patients withntp
survival.

An additional advantage of plastic stents is that
blockage, which is typically due to the formatiohao
bacterial biofilm within the stent, can be easily
remedied by the exchange of the occluded stent with
another plastic stent or metal stent [28]. In oenter
plastic stent exchange procedures are typically
performed as same day, outpatient procedures.

In the past, metal stent placement was proposed for
patients with biliary obstruction due to colorectal
cancer, lymphoma, and breast cancer [29]. Over the
last ten years the survival of patients with these
malignancies has improved [30]. It is our practioe
manage biliary obstruction in this group with shyia
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placed plastic stents, which has also been repanted
recent literature [31]. We have observed that mafy
these patients survive longer than three yearsttaatd
bile duct narrowing can improve with chemotherapy;
making the placement of permanent metal stents less
advantageous. As the survival of pancreatic cancer
improves, a similar rationale may emerge.

Another important alternative for potentially long
surviving patients is operative biliary bypass.their
randomized trial of endoscopic stentivegsus surgical
bypass in distal biliary obstruction, Smighal. report
that both methods are effective palliative procedur
but that surgical procedures are associated wigheri
initial complications, 29%, compared to 11% for
endoscopic stenting but fewer long term complicetio
(9% versus 43%) for endoscopic stent placement [8].
As the survival of patients with pancreas cancer
improves the relative risks and benefits of these
modalities will need to be prospectively studied.
Artifon et al. report that endoscopic therapy (with
metal stents) may result in a better quality of énd

be less costly than surgery [9]. Neverthelessntban
survival in their population was only 6.0 months
compared to 10.4 months in comparable (metastatic)
patients in our group. Additionally, they includedly
patients with tumor metastatic to the liver which
represents only a portion of those with unreseetabl
disease. In the current study the 26 patients haithlly
advanced disease had a mean survival of 15.8 months
While not statistically significant there was antle
towards a higher rate of cholangitis in these patie
compared to those with metastatic disease (8&%s
29%), potentially related to their greater survivia
patients with locally advanced disease, particularl
those with good functional status, operative bjliar
decompression should also be considered in thiegett
of obstruction.

An informed strategy would be to identify predictaf
long survival to optimize therapy. In a multivagat
analysis Pragt al. identified that tumor size less than 3
cm was the best predictor of prolonged survivale Th
presence of liver metastasis was not found to be a
predictor though a comparison of metastaté&sus
locally advanced disease was not performed and
remains an important topic for future work. Preglist

of response to chemotherapy would also inform the
endoscopic and surgical management of biliary
obstruction. Promising work measuring transporter
levels for gemcitabine suggests that this may
eventually be done at the molecular level [32].
Limitations of this study are that it is retrospeetand
nonrandomized. In more than 90% of cases metal
stents were used to achieve biliary decompression.
Serial use of plastic stents (less than 10% ofepés)
tended to be used later in the period of enrollm&he
practical implication of this work is that careful
consideration is critical prior to the placementaddtent

in patients with inoperable pancreatic adenocarmano
receiving chemotherapy. While self expandable metal
stents have a median patency of 4-9 months and
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provide superb drainage during this time periods th
study has shown that in patients with a prolonged
median survival of greater than 12 months, they are
associated with a significant increase in seridliarip
infections. Plastic stent placement with prophytact
exchange and eventual metal stent placement, while
not a perfect alternative, is a consideration iis th
group. Previous strategies may have to be recarside
as the survival of these patients improves with
contemporary chemotherapy. The use of “covered”
metal stents is also a possibility. Although tumor
ingrowth along uncovered ends, higher migratioegat
and increased risk of cholecystitis may be probteamna
they may be removable [17, 18, 20, 33]. Particylad
chemotherapy improves it will be necessary to revis
operative bypass procedures as a solution for paten
long survivors.
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