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Abstract

Introduction—Extrahepatic biliary malignancies are often diagnosed at an advanced stage. We
compared patients with unresectable perihilar cholangiocarcinoma (PHCC) and gallbladder cancer
(GBC) who underwent a palliative procedure versus an aborted laparotomy.

Methods—Seven hundred seventy-seven patients who underwent surgery for PHCC or GBC
between 2000 and 2014 were identified. Uni- and multivariable analyses were performed to
identify factors associated with outcome.
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Results—Utilization of preoperative imaging increased over time (CT use, 80.1 % pre-2009 vs.
90 % post-2009) (p <0.001). The proportion of the patients undergoing curative-intent resection
also increased (2000-2004, 67.0 % vs. 2005-2009, 74.5 % vs. 2010-2014, 78.8 %; p=0.001). The
planned surgery was aborted in 106 (13.7 %) patients and 94 (12.1 %) had a palliative procedure.
A higher incidence of postoperative complications (19.2 vs. 3.8 %, p=0.001) including deep
surgical site infections (8.3 vs. 1.1 %), bleeding (4.8 vs. 0 %), bile leak (6.0 vs. 0 %) and longer
length of stay (7 vs. 4.5 days) were observed among the patients who underwent a palliative
surgical procedure versus an aborted non-therapeutic, non-palliative laparotomy (all p <0.05). OS
was comparable among the patients who underwent a palliative procedure (8.7 months) versus an
aborted laparotomy (7.8 months) (p=0.23).

Conclusion—Increased use of advanced imaging modalities was accompanied by increased
curative-intent surgery. Compared with patients in whom surgery was aborted, patients who
underwent surgical palliation demonstrated an increased incidence of postoperative morbidity with
comparable survival.
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Introduction

Extrahepatic biliary malignancies represent up to 3 % of all cancers in the USA with a
dramatic rise in the incidence of these malignancies noted over the last several decades.1:2
Despite recent advances in diagnostic tools, perioperative therapy, and surgical approach,
prognosis following resection of these malignancies remains poor. Given their diffuse and
sclerotic nature, extrahepatic biliary tumors tend to invade local structures and a subset has
an increased propensity for distant metastasis. As a consequence, many patients are either
diagnosed at advanced stages of disease when curative resection is no longer feasible or are
found to have unresectable or metastatic disease at the time of surgery.2-3 For example, in a
recent report of patients with hilar cholangiocarcinoma, only 36 % of patients were
amenable to surgery at the time of diagnosis due to metastatic or locally advanced disease.*
Under such circumstances, rather than cure, efforts are often aimed at palliating symptoms
of biliary obstruction including jaundice, pruritis, nausea, and weight loss. However,
procedures for biliary drainage including percutaneous transhepatic cholangiography (PTC)
and endoscopic retrograde cholangiography (ERC) are invasive and complications following
their use may compromise further management and quality of life.1:24

Currently, there is disagreement about what constitutes the most appropriate method for
palliation. Non-operative management is typically recommended among patients with a life
expectancy of less than 6 months who present with malignant obstructive jaundice, while the
best course of treatment among patients found to have unresectable disease at the time of
surgery is debated.>=8 Data evaluating utilization patterns and outcomes of palliative surgery
are scarce, with most reports coming from small cohorts at single centers. As such, these
reports are limited and may not be generalizable. With an increasing number of patients
diagnosed with extrahepatic malignancies each year, data on the use of palliative surgical
procedures may help inform the management of these difficult-to-treat patients. Given this,
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the aim of the current study was to analyze trends in operative approach among patients
undergoing non-curative operations for extrahepatic biliary malignancies. Specifically, using
a large, multi-institutional cohort of patients, we sought to compare short- and long-term
outcomes of patients with unresectable perihilar cholangiocarcinoma (PHCC) and
gallbladder cancer (GBC) who underwent a palliative procedure versus an aborted non-
therapeutic, non-palliative exploratory laparotomy.

Data Sources and Patient Population

Patients presenting with PHCC or GBC between January 1, 2000, and December 31, 2014,
were identified using the Extrahepatic Biliary Malignancy Consortium database from 2000
to 2014. Collected at and maintained by 10 academic centers in the USA (Johns Hopkins
University, Baltimore, MD; Emory University, Atlanta, GA; Stanford University, Stanford,
CA,; University of Wisconsin, Milwaukee, WI; Ohio State University, Columbus, OH;
Washington University, St. Louis, MO; Vanderbilt University, Nashville, TN; New York
University, New York, NY; University of Louisville, Louisville, KY; Wake Forest University,
Winston-Salem, NC), the Extrahepatic Biliary Malignancy Consortium database records
sociodemographic and clinicopathologic characteristics for all patients presenting with a
primary extrahepatic biliary malignancy. Specifically, sociodemographic variables including
age, sex, and race, as well as clinicopathologic characteristics such as the American Society
of Anesthesiology (ASA) physical classification score, presence of preoperative
comorbidity, preoperative imaging, preoperative serum CA 19-9, preoperative peak serum
bilirubin, and type of cancer were recorded from each patient record. Tumor size, tumor
grade, margin status, presence of nodal disease and invasion of adjacent structures were
determined using the final histopathology report. Additionally, operative details including
the type and extent of surgery, completion of the procedure, as well as the nature of the
procedure (curative vs. palliative) were also recorded for each patient. Palliative procedures
included biliary bypass and cholecystectomy, both of which have been previously reported
as palliative procedures to help improve quality of life.%-11 Perioperative morbidity was
classified according to the Clavien-Dindo classification system while other short-term
perioperative outcomes recorded for each patient included index hospitalization length of
stay (LOS), perioperative mortality, and 30-day readmission.12 Overall survival (OS) was
calculated from the date of surgery to the date of death or last follow-up, as appropriate. The
institutional review board of each participating institution approved this study.

Statistical Analysis

Continuous variables were described as means with standard deviation or medians with
interquartile range (IQR), while categorical variables were reported as whole numbers and
proportions. For ease of interpretation, the patients were categorized into one of three groups
based on year of diagnosis: 2000-2004, 2005-2009, and 2010-2014.13 Differences in
patient, disease, and treatment-specific characteristics were compared among these groups
using Pearson’s chi-squared test or a Kruskal-Wallis test, as appropriate. OS was estimated
using the Kaplan-Meier method, and differences in OS were compared between patient
groups using the Mantel-Haenszel test. Uni- and multivariable Cox proportional hazard
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regression analyses were performed to identify clinicopathologic characteristics predictive of
poor postoperative survival. All variables with a corresponding o < 0.20 on univariable
analysis were entered into the multivariable model. Results from multivariable analysis were
presented as hazard ratios (HR) with corresponding 95 % confidence intervals (95 % CI).
All analyses were performed using STATA version 13.0 (StataCorp, College Station, TX),
and p < 0.05 (two tailed) was used to define statistical significance.

Baseline Sociodemographic and Clinicopathologic Characteristics

A total of 777 patients who underwent surgery for hilar cholangiocarcinoma (7= 328,

42.2 %) or gallbladder carcinoma (7= 449, 57.8 %) between January 1, 2000 and December
31, 2014 were identified (Table 1). The median age was 66.6 years (IQR 57.6-73.1) and a
majority of the patients were female (7= 429, 55.2 %). Nearly two thirds of patients
presented with an ASA score of 3 or 4 (7= 364, 64.2 %). The median CA 19-9 among all
patients was 63.8 (18.0-281.0) U/mL, while the median peak and final preoperative bilirubin
for all patients was 1.6 (0.6-8.4) and 0.9 (0.5-2.3) mg/dL, respectively. Preoperative clinical
jaundice was observed in 350 patients (48.4 %). Preoperatively, 405 patients had no biliary
drainage or stent (52.9 %), while 191 (25.0 %) underwent endoscopic drainage, 95 (12.4 %)
were drained percutaneously, and 74 (9.7 %) underwent both types of drainage. Neoadjuvant
therapy was administered to 43 patients; 30 (3.9 %) patients received preoperative
chemotherapy and 13 (1.7 %) patients received neoadjuvant radiotherapy.

At the time of surgery, diagnostic laparoscopy was performed in 211 (27.2 %) patients.
Among all patients who underwent surgery, the planned surgery was aborted in 106 (13.7 %)
due to the presence of either locally advanced disease (7= 22, 20.8 %) or metastatic disease
(n=184,79.3 %). In contrast, 94 (12.1 %) patients who had unresectable disease underwent a
palliative surgical procedure (cholecystectomy, 7= 47, 63.5 %; bile duct resection, n= 14,
18.9 %).

In the study cohort, 123 patients had distant disease. Disease was located in the liver in 33
(27.7 %) of these patients, while 53 (44.5 %) had peritoneal carcinomatosis and 11 (9.2 %)
had both. The remaining 22 patients (18.5 %) had distant disease elsewhere. Among the 35
patients with metastatic disease diagnosed by laparoscopy, 6 patients had disease located in
the liver, 22 had peritoneal carcinomatosis, 6 had both liver and peritoneal carcinomatosis,
and 1 patient had disease located elsewhere. Four of these patients then underwent palliative
resection. In contrast, the remaining 88 (71.5 %) patients were found to have metastatic
disease at the time of laparotomy. Among these 88 patients, 27 had disease located in the
liver, 31 had peritoneal carcinomatosis, 5 had both liver and peritoneal carcinomatosis, and
21 had disease located elsewhere. Thirty-five (39.7 %) patients with distant disease
diagnosed by laparotomy went on to have a palliative-intent resection, while the remaining
operations were aborted.
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Trends in Patient, Disease, and Operative Characteristics Over Time

To compare trends in disease presentation and treatment over time, the patients were divided
into three categories based on the year of diagnosis. Marked differences were noted among
these three patient groups. For example, the proportion of the patients with an ASA score of
3 or 4 undergoing surgery was noted to increase over the study time, with 71.9 % (n=171)
of the patients having an ASA score of 3 or 4 between 2010-2014 compared with 50.0 % (7
=56) and 63.1 % (/7= 137) of the patients between 2000-2004 and 2005-2009, respectively
(p<0.001). Of note, the use of preoperative imaging also increased over the study period.
Compared with 80.1 % (/7= 153) of the patients between 2000-2004 who had a pre-
operative computed tomography (CT) scan, over 90 % (n7= 276, 91.1 %) of patients
underwent a preoperative CT scan in the last 5 years of the study (p < 0.001). Similarly, the
proportion of patients undergoing preoperative magnetic resonance imaging (MRI) increased
from 25.1 % (1= 48) between 2000-2004 to 53.5 % (1= 161) between 2010-2015 (p <
0.001). Patients undergoing surgery in the last 5 years of the study were also proportionally
more likely to have received neoadjuvant therapies; specifically, the proportion increased
from 1.0 % (n7= 2) between 2000-2004 to 6.3 % (7= 19) between 2010-2014 (p = 0.009).
A similar trend in the receipt of neoadjuvant radiation therapy was not observed (p = 0.310).
Interestingly, while the proportion of patients undergoing a curative-intent resection
increased from 67.0 % before 2005 to 78.8 % in the last 5 years of the study, the proportion
of patients undergoing a palliative procedure decreased from 16.3 % between 2000-2004 to
6.6 % between 2010-2014 (p = 0.001). Of note, the number of aborted procedures (in which
the surgery was ended due to the presence of unresectable disease upon surgical exploration
of the abdomen) did not change over time (Figs. 1, 2). Although the proportion of patients
presenting with preoperative jaundice decreased from 52.8 % between 2000-2004 to 42.0 %
between 2010-2014 (p = 0.017), T-stage and the proportion of the patients presenting with
lymph node metastases and distal disease remained the same (all p> 0.05).

Trends in Postoperative Outcomes Over Time

Among all the patients identified, the total LOS was noted to decrease from an average of 7
days (IQR 5-11) before 2005 to 6 days (4-10) after 2009 (p < 0.001). However, a similar
trend in postoperative morbidity or mortality was not noted. In fact, the overall incidence of
postoperative complications, the average number of postoperative complications and
postoperative mortality, were comparable across all time periods examined (p > 0.05). Of
note, patients who underwent a palliative procedure had worse postoperative outcomes
compared with patients who had an aborted non-therapeutic, non-palliative exploratory
laparotomy (Table 2). Specifically, a higher incidence of major postoperative complications
(19.2 vs. 3.8 %, p=0.001), including deep surgical site infections (8.3 vs. 1.1 %, p= 0.025),
bleeding (4.8 vs. 0 %, p=0.039), and bile leak (6.0 vs. 0 %, p= 0.020) were observed
among patients who underwent a palliative surgical procedure. Similarly, the median LOS
was higher among patients who underwent a palliative procedure (7 days (IQR 5-10) vs. 4.5
days (IQR 2-7); p< 0.001). Readmission rates and perioperative mortality, however, were
not different between groups (p > 0.05).
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Trends in OS and Factors Associated with OS

The median OS among all patients was 17.3 months (IQR 8.2-43.7, Fig. 3) with 1-year OS
being 64.1 % (95 % CI 60.4-67.6). Of note, OS increased across the time periods examined,
varying from 15.5 months (IQR 6.9-41.0) among patients undergoing surgery between
2000-2004 to 19.2 months (IQR 10.1-53.1) among patients undergoing surgery after 2009
(0 =10.069). Similarly, estimates for 1-year OS increased from 58.2 % (95 % CI 50.8-64.9)
t0 69.9 % (95 % CI 63.7-75.3) across the study period (p < 0.001). In contrast, median OS
among patients who underwent a palliative procedure or a procedure that was aborted was 8
months (IQR 4.0-16.1) and was comparable among patients who underwent a palliative
procedure (8.7 months) versus patients who had an aborted non-therapeutic, non-palliative
exploratory laparotomy (7.8 months) (p=0.23) (Fig. 4).

Cox proportional hazard regression was performed to identify potential risk factors for a
worse OS. Increasing patient age (HR 1.01, 95 % CI 1.00-1.03, o= 0.063), a higher peak
preoperative bilirubin level (HR 1.02, 95 % CI 1.00-1.04, p=0.131), and a positive
diagnostic laparoscopy (HR 1.54, 95 % CI 1.12-2.12, p = 0.008) were associated with a
worse OS (Table 3). After adjusting for these competing risk factors on multivariable
analysis, a higher peak preoperative bilirubin (HR 1.02, 95 % CI 1.00-1.04, p=0.045) and a
positive diagnostic laparoscopy (HR 1.52. 95 % CI 1.09-2.13, p= 0.015) were noted to be
independently associated with a worse overall survival.

Discussion

Extrahepatic biliary malignancies represent a heterogeneous group of malignancies
accounting for 3 % of all cancers within the USA.1:2 Given their aggressive nature and
propensity for early metastasis, less than a third of patients are amenable to cure.14-18 Given
this, palliative surgical resection is often the only option to relieve symptoms of biliary
obstruction including jaundice, pruritis, nausea, and weight loss.19 Data evaluating the
patterns of use and prognosis following palliative surgery remain limited with most data
collected at single, specialized centers.5—8 The current study is important in that it represents
one of the largest studies to assess the patterns of use and trends of non-curative surgery for
extrahepatic biliary malignancies. Using a multicentric cohort of 777 patients, we noted a
decreasing trend in the use of palliative surgery with an increasing number of curative-intent
resections being performed over the study time period. Furthermore, the current study noted
an increase in the use of imaging modalities for preoperative assessment/planning with the
number of patients undergoing a preoperative CT or MRI scan increasing with time. Perhaps
of greater interest, postoperative clinical outcomes were also noted to improve with time as
overall survival was better over time. Specifically, patients who underwent surgery before
2004 demonstrated an OS of 15.5 months compared with an OS of 19.2 months among those
undergoing surgery after 2009.

The observed increased trend in the number of curative-intent resections being performed is
likely multifactorial and may be a consequence of improvements in diagnostic imaging and
surgical technique in recent years. Studies assessing the efficacy of diagnostic imaging for
biliary cancers have demonstrated that newer imaging modalities such as MRCP and PET
scans can achieve an accuracy of up to 84.9 and 77.9 %, respectively, in assessing T and N
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staging, as well as a sensitivity of 78 % in detecting portal vein invasion and a sensitivity
ranging from 58 to 73 % in detecting hepatic artery invasion.2%-21 In the current study, we
noted the use of CT, MRI, and PET for preoperative planning increased, respectively, from
80.1, 25.1, and 4.7 % before 2005 to 91.1, 53.5, and 14.2 % in the years following 2009. As
such, the increased use of MRI and PET scans may have contributed to the greater
proportion of the patients being identified with resectable disease and a greater proportion of
patients amenable to curative resection. Of note, patients did not, however, present with an
earlier stage of disease, as T-stage, nodal metastases and distant disease status were equal
among the three time periods (Table 1). Only clinical jaundice declined over time from

52.8 % (1= 93) between 2000-2004 to 42.0 % (7= 123) between 2010-2014 (p=0.017).
The increase in curative resections in a population in which the stage of the disease was
unchanged may also indicate a trend towards a more aggressive surgical approach over time.
Furthermore, the proportion of aborted non-therapeutic, non-palliative exploratory
laparotomy procedures was not observed to change over time. This suggests that
advancements in diagnostic imaging still cannot fully delineate whether all extrahepatic
biliary tract tumors are resectable based on preoperative cross-sectional imaging, and
imaging remains inadequate at diagnosing low-volume disease such as peritoneal
carcinomatosis. Due to the aggressive nature of many extrahepatic biliary malignancies, it is
also possible that disease may spread during the time interval between imaging and
operation. In order to limit the number of non-therapeutic laparotomies, we recommend
recent (within 4 weeks) imaging as well as increased utilization of laparoscopy, whenever
possible, to diagnose the extent of disease. Although the data did show a significant increase
in the use of laparoscopy over time (23.6 to 34.3 %; p = 0.002), as the majority of the
patients underwent laparotomies, even in the most recent tercile.

Another interesting finding of the current study was a decreasing LOS among the patients
following surgery despite an increasing trend in the proportion of patients with a high ASA
score (ASA score |1l or 1V) undergoing resection. Specifically, LOS was noted to decrease
from 7 days before 2005 to 6 days after 2009 while the numbers of the patients with an ASA
score of Il or IV increased from 50.0 % in 2004 to over 71 % after 2010. These observed
differences are likely due to advances in surgical technique and improvements in the
perioperative management of patients. For example, recent studies have reported an
increased utilization of portal vein reconstruction with favorable outcomes, which in turn
allows for the resection of more challenging tumors.13:22.23 Additionally, intraoperative and
postoperative practices such as restricted fluid resuscitation strategies and enhanced recovery
pathways have facilitated a better perioperative recovery and an overall decreased risk for
complications.21-23 Further highlighting improvement in perioperative practices was our
finding of a decreased number of patients who underwent a palliative procedure over time.
Specifically, the proportion of patients undergoing palliative surgery decreased from 16.3 %
during the first 5 years to 6.6 % over the last 5 years. In contrast, the proportion of patients
undergoing a non-operative biliary decompression and, in particular, the proportion of
patients undergoing an endoscopic biliary decompression increased over time (Table 1). Of
note, patients who underwent a palliative surgical procedure demonstrated an increased
incidence of postoperative complications with major complications such as bleeding and bile
leaks more often noted following surgery. While endoscopic palliation with self-expanding
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metal stents remains a good treatment option for patients with preoperatively identified
unresectable disease, our data demonstrated comparable postoperative bilirubin levels
among the patients who underwent surgical biliary decompression suggesting that this
approach is an effective palliative surgical option.24 Results from the current study, as well
as previous reports, highlight the potential benefits of biliary decompression among patients
with unresectable disease. Surgical palliation did come at a cost, however, as these patients
had an increased risk of complications and a longer LOS.

In addition to short-term perioperative clinical outcomes, the current study also sought to
compare long-term clinical outcomes among patients with biliary cancers. The median
overall survival for all patients was 17.3 months and was noted to be lower among patients
undergoing non-curative-intent surgery. Perhaps of greater interest, median OS among
patients who underwent a palliative surgery was 8.7 months compared with 7.8 months for
patients in whom surgery was aborted due to metastatic or locally advanced disease.
Consistent with the results of the current study, Conner et al. in a review of patients with
hilar cholangiocarcinoma, as well as Ercan and colleagues in a separate study of patients
with gallbladder cancer, demonstrated comparable long-term survival among patients
undergoing surgical palliation versus a non-therapeutic laparotomy.252% |t is also important
to note that, according to recent literature, median survival in patients receiving
chemotherapy without surgical resection for locally advanced or metastatic biliary tract
cancers ranged from 8 to 12 months depending upon the type of chemotherapy used.
Therefore, palliative resection does not appear to provide a survival benefit in comparison to
medical treatment alone.27:28

Results of the current study should be interpreted with the following limitations. First, the
data used in the current analysis were collected at 10 large, academic centers each with their
own patient case mix, clinical practices, and protocols. As such, differences among centers
could not be controlled for and may have resulted in some residual confounding. However,
the use of a large, multicentric cohort of patients facilitated more generalizable results and
an adequate sample size to assess trends over time. Second, we were unable to account for
any selection bias given the retrospective nature of the study. For example, patients who
underwent a palliative resection may have been more amenable to surgery compared with
patients who had an aborted non-therapeutic, non-palliative laparotomy. Since this is a
retrospective study, we were unable to determine all the specific circumstances related to the
surgeon’s decision to pursue a palliative procedure at the time of surgery, or specific
information on the type of palliative procedure performed. For this reason, we were unable
to make data-driven comparisons between those groups of patients undergoing surgical
biliary bypass versus endoscopic or percutaneous biliary drainage.

Conclusion

In conclusion, the current study noted an increase in the number of patients undergoing
curative-intent surgery for gallbladder carcinomas and hilar cholangiocarcinomas over time.
The observed increase in curative surgery was associated with an increased use of advanced
imaging modalities preoperatively, which may have led to better identification of patients
with resectable disease and therefore a decrease in surgical palliation that was observed over
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time. Compared with patients in whom surgery was aborted, patients who underwent a

Ssu

rgical palliation demonstrated an increased incidence of postoperative morbidity with

comparable survival. These data should help inform decisions around intraoperative
management of patients with unresectable PHCC or GBC.
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Fig. 1.
Aborted, palliative, and curative-intent operations stratified by year of procedure (o =0.001)
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Fig. 2.
Reason for (a) palliative and (b) aborted, non-therapeutic, non-palliative laparotomy
stratified by year of procedure
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Overall survival stratified by receipt of palliative procedure versus aborted, non-therapeutic,

non-palliative laparotomy (p = 0.23)
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Table 2

Comparison between aborted resection and palliative resection

Variable N (%) Aborted Palliative surgery  pvalue
(n =106) (n=94)
Perioperative mortality 10(5.1) 4(3.8) 6 (6.7) 0.349
Complications 76 (38.0) 32(30.2) 44 (46.9) 0.031
Minor complication 54 (27.0) 28 (26.4) 26 (27.7) 0.843
Major complication 22 (11.0) 4(3.8) 18 (19.2) 0.001
No. of complications 0(0-1) 0(0-1) 1(0-1) 0.010
Clavien-Dindo grade (median, range) - 1 (I-11) 11 (1-111a) 0.012
Specific complications
Superficial surgical site infection 12 (7.0) 5(.7) 7(8.3) 0.495
Deep surgical site infection 8 (4.7) 1(1.1) 7 (8.3) 0.025
Intra-abdominal infection 4(2.3) 2(2.3) 2 (2.4) 0.962
Bleeding 4(2.3) 0 4 (4.8) 0.038
Bile leak 5(2.9) 0 5 (6.0) 0.020
Anastomotic leak 1(0.6) 0 1(1.2) 0.305
New post-op ascites 3(1.8) 1(1.15) 2(2.4) 0.533
Reoperation 5(2.5) 2(1.9 3(3.23) 0.554
Peak post-op bilirubin 1.9 (0.8-5.4) 1.8(0.8-4.9) 2(0.8-6.2) 0.627
Length of stay (days) 6 (3-8) 4.5 (2-7) 7 (5-10) <0.001
Readmission 55 (29.4) 32(3L.7) 23(26.7) 0.460
Time to readmission 17.5 (7-37) 14.5(7.5-37.5) 24.5(7-37) 0.481
Location of readmission
Participating center 53 (98.2) 31 (96.9) 22 (100) 0.403
Other 1(1.9) 1(3.) 0
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