Ann Surg Oncol (2019) 26:4515-4521
https://doi.org/10.1245/s10434-019-07906-7

Annals of q
SURGICAL ONCOLOGY pdaies.

updates
OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLOGY

ORIGINAL ARTICLE — PANCREATIC TUMORS

Management of Acute Cholecystitis during Neoadjuvant Therapy
in Patients with Pancreatic Adenocarcinoma

Neil R. Jariwalla, BS', Abdul H. Khan, MD? Kulwinder Dua, MD?, Kathleen K. Christians, MD",
Callisia N. Clarke, MD, MS', Mohammed Aldakkak, MD', Ben George, MD?, Sean Tutton, MD?*,
William Rilling, MD?, Beth Erickson, MD®, Douglas B. Evans, MD', and Susan Tsai, MD, MHS"

"Pancreatic Cancer Program, Department of Surgery, The Medical College of Wisconsin, Milwaukee, WI; *Pancreatic
Cancer Program, Department of Gastroenterology, The Medical College of Wisconsin, Milwaukee, WI; *Pancreatic Cancer
Program, Department of Hematology-Oncology, The Medical College of Wisconsin, Milwaukee, WI; *Pancreatic Cancer
Program, Department of Radiology, The Medical College of Wisconsin, Milwaukee, WI; SPancreatic Cancer Program,
Department of Radiation Oncology, The Medical College of Wisconsin, Milwaukee, WI

ABSTRACT

Background. Patients with localized pancreatic cancer
(PC) can develop acute cholecystitis during neoadjuvant
therapy; optimal management remains undefined.
Methods. Consecutive patients with localized PC who had
indwelling biliary stents and received neoadjuvant therapy
were reviewed. Time from stent placement to the devel-
opment of acute cholecystitis was calculated. Patients were
categorized as having surgical versus nonoperative man-
agement of cholecystitis. Time to PC resection was defined
as the time from the start of treatment to pancreatic
resection.

Results. Of the 283 patients with indwelling biliary stents,
acute cholecystitis occurred in 17 (6%) patients. The
median time from the date of stent placement to the
development of cholecystitis was 2.3 months [interquartile
range (IQR) 4.6 months]. Acute cholecystitis was managed
with cholecystostomy tube placement in 15 (88%) patients
and cholecystectomy in 2 (12%). In total, 189 (67%) of the
283 patients completed all intended neoadjuvant therapy
and surgery; 10 (59%) of the 17 patients with cholecystitis
(10 of 15 managed with a cholecystostomy tube and O of 2
managed with cholecystectomy) and 179 (67%) of the 266
patients without cholecystitis (p = 0.47). The median time
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to PC resection was 3.2 months for the 179 patients with-
out cholecystitis and 3.6 months for the 10 patients with
cholecystitis (p = 1.00).

Conclusions. Acute cholecystitis occurred in 6% of
patients with indwelling biliary stents during neoadjuvant
therapy. Management with a cholecystostomy tube did not
delay the completion of neoadjuvant therapy and surgery
and should be considered the optimal management of this
complication.

Over the past decade, the use of neoadjuvant therapy for
patients with pancreatic cancer (PC) has increased due to
data from single-institution experiences as well as a recent
randomized controlled trial which demonstrated superior
survival among patients who received neoadjuvant therapy
and surgery compared with those treated with a surgery-
first approach.'~” The majority of patients with operable PC
present with obstructive jaundice and require endobiliary
stent placement, as normalization of liver function tests is
required to initiate optimal systemic therapy. Such patients
may develop subsequent acute cholecystitis due to occlu-
sion of the cystic duct by the biliary stent or tumor
ingrowth, which may be accompanied by endobiliary stent
occlusion. The incidence of acute cholecystitis following
stent placement in a heterogenous population of patients
with malignant biliary obstruction has been reported to
range from 2 to 10%.%°

In patients without PC, standard management of acute
cholecystitis has included laparoscopic or open cholecys-
tectomy. However, among patients with PC who are


http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-019-07906-7&amp;domain=pdf
https://doi.org/10.1245/s10434-019-07906-7

4516

N. R. Jariwalla et al.

receiving neoadjuvant therapy, cholecystectomy risks the
interruption of systemic chemotherapy or chemoradiation
and may make a subsequent pancreaticoduodenectomy
more difficult. The oncologic impact of an interruption in
planned therapy is hard to quantitate, but one would
assume a negative effect. Since cholecystitis may also be
managed nonoperatively, an alternative treatment strategy
is to place a cholecystostomy tube with a plan for future
definitive cholecystectomy at the time of pancreaticoduo-
denectomy. We  hypothesized that nonoperative
management of cholecystitis with placement of a chole-
cystostomy tube would not delay the completion of
neoadjuvant therapy and surgery. The goals of this study
are to: (1) describe the incidence of acute cholecystitis
among patients with localized PC who also had an endo-
biliary stent and received neoadjuvant therapy, and (2)
compare the differences in the time to completion of all
neoadjuvant therapy and surgery among patients who did
and did not have cholecystitis.

METHODS
Study Subjects

This study was approved by the Medical College of
Wisconsin (MCW) Institutional Review Board. Using a
prospectively maintained database, consecutive patients
with localized PC who received neoadjuvant therapy and
surgery were identified from 2009 to 2016. Patients were
included if they had biopsy-proven ductal adenocarcinoma
of the pancreas and an indwelling biliary stent. Patients
were excluded if they did not have biliary obstruction, did
not receive neoadjuvant therapy, or had locally advanced
or metastatic PC. Clinical stage was determined using
objective radiographic criteria based on dual-phase com-
puted tomography (CT) imaging, and patients were
classified as resectable or borderline resectable (BLR) as
previously described.'® Neoadjuvant therapy consisted of
chemotherapy alone, chemoradiation, or both chemother-
apy and chemoradiation.

Cholecystitis

Cholecystitis was defined by the presence of both clin-
ical symptoms and radiographic findings. Clinical
symptoms included right upper quadrant pain, fever (tem-
perature > 38 °C), elevated white blood cell count
(> 10,000 cell/puL), and a new elevation in liver function
tests [aspartate transaminase (AST)/alanine transaminase
(ALT) > 2 x upper limit of normal]. Radiographic find-
ings included ultrasound or CT findings consistent with
cholelithiasis, gallbladder wall thickening (> 5 mm), or

pericholecystic fluid. Treatment of cholecystitis was cate-
gorized as surgical if the patient received a laparoscopic or
open cholecystectomy and nonoperative if the patient was
managed with a cholecystostomy tube. All patients with
cholecystitis received antibiotics. Among patients who
completed all neoadjuvant therapy and surgery, preopera-
tive antibiotics consisted of intravenous ceftriaxone and
metronidazole and were changed based on prior history of
acute cholecystitis. Time to the development of acute
cholecystitis was defined as the time from biliary stent
placement to the date of diagnosis of cholecystitis. Time to
completion of neoadjuvant therapy and surgery was cal-
culated from the start of treatment to the date of surgery.

Statistical Analysis

Categorical variables were compared using the Fischer’s
exact or Chi squared test. The cumulative incidence of
cholecystitis was calculated as the number of patients
diagnosed with acute cholecystitis divided by the total
cohort of patients. All statistical analyses were performed
using Stata 13.1 (StataCorp, College Station, TX).

RESULTS
Patient Characteristics and Neoadjuvant Therapy

An endobiliary stent was placed in 283 consecutive
patients with localized PC who received neoadjuvant
therapy. Of the 283 patients, 121 (43%) had resectable PC
and 162 (57%) had BLR PC. The demographic data are
summarized in Table 1. Of the 283 patients, 138 (49%)
were female, and the median age at diagnosis for all
patients was 65 years (IQR 13 years). Uncovered metal
stents were placed in 171 (60%), covered metal stents were
placed in 58 (20%), and 54 (19%) had the metal stent
placed prior to referral without specification of the type of
metal stent (covered vs. uncovered). Neoadjuvant therapy
consisted of chemoradiation alone in 100 (35%) patients,
chemotherapy in 45 (16%), and both in 137 (49%) patients.
The average duration of neoadjuvant therapy for all
patients who had chemoradiation, chemotherapy, or both
chemoradiation and chemotherapy was 4.2 months (IQR
2.6 months), being 2.4, 2.3, and 6.0 months, respectively
(p < 0.001).

The outcome of patients with and without acute chole-
cystitis is summarized in Fig. 1. Of the 283 patients, acute
cholecystitis occurred in 17 (6%) patients. The median
time to cholecystitis from date of stent placement was
2.3 months; 2 (12%) patients developed cholecystitis
within the first week, while the remaining 15 (88%)
developed cholecystitis at a median of 2.6 months
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TABLE 1 Risk factors associated with cholecystitis
Variable Total (n = 283) No cholecystitis (n = 266) Cholecystitis (n = 17) p value
Female gender, n (%) 138 (49) 128 (48) 10 (59) 0.46
Charlson comorbidity index, median (IQR) 5(3.5) 502) 5(3.5)
Age, median (IQR), years 65 (13) 65.5 (14) 64 (10) 0.48
BMI, median (IQR), kg/m? 26.63 (7.2) 26.43 (7.4) 27 (3.0) 0.21
Clinical stage, n (%) 0.80

Resectable 121 (43) 113 (42) 8 (47)

Borderline resectable (BLR) 162 (57) 153 (58) 9 (53)
Type of neoadjuvant therapy, n (%) 0.50

Chemotherapy 45 (16) 41 (15) 4 (24)

Chemoradiation 100 (35) 96 (36) 4 (23)

Both 137 (49) 129 (49) 8 (47)

None 1 (0) 0 (0) 1 (6)
Completed surgery, n (%) 0.47

Not resected 94 (33) 87 (33) 7 (41)

Completed all intended therapy and surgery 189 (67) 179 (67) 10 (59)
FIG. 1 CONSORT diagram of 283 patients
283 patients receiving with
neoadjuvant therapy for localized PC
pancreatic cancer

17 (6%) 266 (94 %)
Cholecystitis No cholecystitis
15 (88%) 2 (12%)
Cholecystostomy Cholecystectomy
10 (67 %) 533%) 2 (100%) 179 (67 %) 87 (33%)
Resected Not Resected Not Resected Resected Not Resected

following stent placement. Of the 17 patients, 5 (29%) had
a covered metal stent, 10 (59%) had an uncovered metal
stent, and 2 (12%) had a metal stent without documentation
of the specific type. There was no association between the
development of cholecystitis and clinical stage of disease
(p = 0.80) or type of neoadjuvant therapy (p = 0.50).
Details regarding the treatment and outcomes of each
patient with acute cholecystitis are summarized in Table 2.

Acute cholecystitis was managed nonoperatively with
cholecystostomy tube placement in 15 (88%) of the 17
patients. The median length of hospital stay for these 15
patients was 3.5 days (IQR: 5 days), and 2 (13%) patients

had one additional hospital readmission. The first patient
had fever and drainage from the cholecystostomy tube site.
The cholecystostomy tube was interrogated and replaced
with immediate resolution of symptoms. The second
patient had drainage around the cholecystostomy tube site
secondary to a distal common bile duct stent occlusion.
This resolved following additional endobiliary stent
placement. Following cholecystostomy tube placement, 4
(27%) of the 15 patients received no further therapy and 11
patients resumed oncologic treatment within a median of 4
(IQR: 5) days. Of the four patients who did not receive
further therapy, two patients had significant cardiovascular
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TABLE 2 Details of patients who developed acute cholecystitis (n = 17)

Patient # Treatment Readmission Resumed oncologic Pancreatic Reason not resected
therapy cancer resected

Nonoperative management

1 Cholecystostomy No Yes Yes N/A

2 Cholecystostomy Yes—stent occlusion Yes Yes N/A

3 Cholecystostomy No Yes Yes N/A

4 Cholecystostomy No Yes Yes N/A

5 Cholecystostomy Repeat cholecystitis Yes Yes N/A

6 Cholecystostomy No Yes Yes N/A

7 Cholecystostomy No Yes Yes N/A

8 Cholecystostomy No Yes Yes N/A

9 Cholecystostomy No Yes Yes N/A

10 Cholecystostomy No Yes Yes N/A

11 Cholecystostomy No No No Metastatic disease

12 Cholecystostomy No No No Performance status

13 Cholecystostomy No No No Performance status, cardiac arrest

14 Cholecystostomy No Yes No Performance status

15 Cholecystostomy No No No Performance status

Surg

16 Cholecystectomy Yes No No Perioperative death

17 Cholecystectomy No No No Local disease progression

events (ventricular fibrillation and worsening congestive
heart failure, respectively) which precluded consideration
of eventual surgery and two patients experienced a sig-
nificant decline in performance status which precluded
further therapy.

Of the 17 patients who developed cholecystitis, 2 (12%)
patients underwent laparoscopic cholecystectomy. One
patient developed acute cholecystitis prior to starting
neoadjuvant therapy but after being seen at our institution,
at which time the treatment plan was developed. Within
1 week of laparoscopic cholecystectomy performed at an
outside institution, she developed acute mental status
changes and was found to have had a right thalamic
intraparenchymal and intraventricular hemorrhage, from
which she did not recover. How her death on postoperative
day 6 was related to the laparoscopic cholecystectomy was
not clear, and an autopsy was not performed. The second
patient developed acute cholecystitis during induction
chemotherapy and underwent a laparoscopic cholecystec-
tomy. Following the surgical procedure, her performance
status and nutritional status deteriorated. She received one
additional cycle of chemotherapy but then was unable to
tolerate any additional treatment. She developed local
disease progression as well as ascites and cachexia and was
ultimately referred to hospice care.

The impact of acute cholecystitis on the completion of
oncologic care is summarized in Fig. 2. In total, 189 (67%)
of the 283 patients completed all intended neoadjuvant

therapy and surgery: 10 (59%) of the 17 patients with
cholecystitis and 179 (67%) of the 266 patients without
cholecystitis (p = 0.47). Of the 15 patients managed non-
operatively, 5 (33%) did not complete neoadjuvant therapy
and surgery, due to cardiovascular comorbidities (n = 2),
decline in performance status (n = 2), and metastatic dis-
ease progression (n = 1). Neither patient who had a
cholecystectomy completed neoadjuvant therapy and sur-
gery. Of the 189 patients who completed all intended
neoadjuvant therapy and surgery, the median time to sur-
gery was 3.2 months for the 179 patients without
cholecystitis and 3.6 months for the 10 patients with
cholecystitis (p = 1.00). Of the 189 patients, 17 (9%)
patients had a Clavien—Dindo classification grade 3 com-
plication, and this was not different between patients who
did and did not have acute cholecystitis during neoadjuvant
therapy (0/10 vs. 17/179, p = 0.67). Infectious complica-
tion of any type occurred in 31 (17%) of patients without
prior cholecystitis, as compared with 1 (6%) among
patients with prior cholecystitis (p = 0.50).

DISCUSSION

To the best of the authors’ knowledge, this is the first
report describing nonoperative management of acute
cholecystitis in patients receiving neoadjuvant therapy for
operable PC. In a cohort of 283 consecutive patients who
all had a metal stent placed for biliary obstruction, 6%
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FIG. 2 Impact of treatment for
cholecystitis on oncologic care 3.6 months
(n=10)
15 (88%)
Cholecystostomy
n/a
(n=5)
17 (6%)
Cholecystitis
2 (12%) n/a
Cholecystectomy (n=2)
283 patients
with
localized PC
3.2 months
(n=179)
266 (94%)
No
Cholecystitis
n/a
(n=87)

developed acute cholecystitis during neoadjuvant therapy.
We observed that nonoperative management with a
cholecystostomy tube and antibiotics was not an impedi-
ment to completing all intended neoadjuvant therapy and
surgery. Of the 15 patients who had nonoperative man-
agement, only 5 (33%) did not undergo successful
pancreaticoduodenectomy; one patient had metastatic dis-
ease, and the remaining four had significant comorbidities
or a decline in performance status, such that they could not
complete any further therapy. While the development of
cholecystitis may have contributed to their decline, all four
patients had successful resolution of the inflammatory
changes seen on imaging and their clinical symptoms
related to the right upper quadrant of the abdomen com-
pletely resolved. Neoadjuvant treatment sequencing has
been well shown to successfully dichotomize the popula-
tion of patients with operable PC into those who will, and
will not, benefit from surgery. Underlying comorbidities
and performance status are difficult to evaluate at one point
in time (at diagnosis); patient selection for surgery
becomes much more accurate when serial assessments are
made, as occurs during neoadjuvant therapy. The ability of
patients to pass the “stress test” of neoadjuvant anticancer
therapy before being considered for major surgery is one
reason why the morbidity and mortality of pancreatectomy
are very low at our institution.

Nonoperative management of acute cholecystitis in
patients receiving chemotherapy or chemoradiation has
been our practice for the past 25 years. This philosophy

evolved due to the concern that an operation could delay or
impede the delivery of systemic therapy. This practice
began before the advent of laparoscopic cholecystectomy,
at which time general anesthesia and an open incision
would have required that chemotherapy be stopped for a
minimum of 2-3 weeks. With the advent of laparoscopic
cholecystectomy, our practice has not changed, especially
in patients who may require a pancreaticoduodenectomy,
as a subsequent portal dissection may be made more dif-
ficult by a laparoscopic (or potentially open)
cholecystectomy. In addition, the technical advances in
interventional radiology have made cholecystostomy tube
placement a relatively quick and safe procedure. Che-
motherapy can often be resumed within a few days, and for
those patients receiving chemoradiation, an interruption of
the radiation schedule may be limited to one or two frac-
tions. Importantly, the progressive enlargement of the
obstructed gallbladder can lead to unfavorable changes in
the position of the adjacent pancreas and associated vessels
when patients are receiving highly conformal chemoradi-
ation. This must be identified and corrected as soon as
possible to avoid a marginal miss of the tumor or increased
radiation dose to adjacent normal organs. Insertion of the
cholecystostomy catheter does not create the need for
replanning of the radiation course. For patients who
develop cholecystitis following the completion of
chemoradiation during the 4-6 weeks prior to surgery, a
trial of antibiotic therapy without cholecystostomy tube
may be reasonable, especially in patients without
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cholelithiasis. However, these patients would need to be
closely monitored to avoid potential complications that
could arise from inadequate treatment. For patients who are
more than 6 weeks from surgery, conservative manage-
ment with an antibiotics-alone approach carries
considerable risk of recurrent cholecystitis. In a meta-
analysis of 12 prospective randomized controlled trials
comparing early versus late cholecystectomy for acute
cholecystitis with over 500 patients, 9% of patients ran-
domized to conservative management (consisting of fluid
resuscitation and antibiotics alone) failed to respond or
developed early complications during the first admission.
In addition, 15% of patients who initially responded to
conservative management had recurrent symptoms, and
26% of these patients required urgent or emergent sur-
gery.'' In a Cochrane Review comparing early versus
delayed cholecystectomy in patients with acute cholecys-
titis, 18% of patients developed relapse of symptoms while
awaiting delayed cholecystectomy.'?

In general, self-expanding metal stents have been the
preferred method of biliary drainage in patients who
receive neoadjuvant therapy, as the patency rates are sig-
nificantly better than those of silastic/polyethylene stents."?
Complications associated with metal stents include stent
occlusion, migration, and kinking, all of which can con-
tribute to the development of cholecystitis or
cholangitis.'*'> Fortunately, stent-associated complica-
tions are relatively infrequent and most can be managed
nonoperatively. At our institution there is consensus among
our advanced gastroenterologists and surgeons to utilize
uncovered metal stents over covered metal stents during
the neoadjuvant period due to a lower rate of stent
migration. Historically, acute cholecystitis has been
observed in 3% of patents with percutaneous transhepatic
biliary drainage.'® In the modern era of self-expanding
stents, the incidence of stent-associated acute cholecystitis
among patients with localized or metastatic periampullary
tumors ranges from 6 to 10%.%”'” In the largest reported
series of patients who had a metal stent placed for a
malignant distal biliary obstruction, 26 (6.9%) of 376
developed acute cholecystitis and all were successfully
managed nonoperatively, including 4 with antibiotics
alone, 12 with percutaneous gallbladder aspiration, 8 with a
cholecystostomy tube, and 2 patients with endoscopic
transpapillary gallbladder drainage.'’

Within the context of patients who receive oncologic
therapy, nonoperative management is particularly attractive
to prevent any lapse in treatment sequencing. We observed
no statistically significant difference in time to surgery
between the patients without cholecystitis and the patients
with cholecystitis who were managed nonoperatively. We
were unable to determine the effects of cholecystectomy on
time to surgery, as neither of the two patients who

underwent cholecystectomy successfully completed all
intended therapy. While cholecystectomy provides a per-
manent correction of cholecystitis, surgery may delay
neoadjuvant therapy, prevent patients from completing
therapy, or make a subsequent portal dissection more dif-
ficult. Cholecystostomy tube placement is minimally
invasive and would not be expected to cause a significant
delay in pancreatic cancer therapy. However, procedure-
related complications may rarely occur, and when they do,
it is usually within the first few days.'® Complications
include procedure-related sepsis (0.9%), bleeding
(0.4-1.9%), or bile leak (1.9-2.4%).'"® However, chole-
cystostomy tube placement is a reliable and proven method
for the resolution of the clinical symptoms and radio-
graphic findings associated with acute cholecystitis, and
almost all patients experience resolution of their symptoms
after the procedure.'”

The main limitation of this study is the small sample
size of patients who underwent surgical management of
cholecystitis. Of the 17 patients who developed cholecys-
titis, only 2 were treated with a cholecystectomy, and both
were treated at referring hospitals, reflecting our bias for
nonoperative management of biliary stent-associated
cholecystitis. The remaining 15 patients were treated with
cholecystostomy tube placement. Importantly, we can
confirm that cholecystostomy is safe and effective for the
management of biliary stent-associated cholecystitis and
remains our preferred approach to this complication in
patients who are under active anticancer treatment.

CONCLUSIONS

Acute cholecystitis occurred in 6% of patients with
pancreatic adenocarcinoma following biliary stent place-
ment. Placement of a cholecystostomy tube for the
management of acute cholecystitis did not significantly
delay the completion of intended neoadjuvant therapy and
surgery and is an effective alternative to cholecystectomy
for this patient population.

FUNDING We Care Fund for Medical Innovation and Research,
Ronald Burklund Eich Pancreatic Cancer Research Fund, Association
of VA Surgeons Karl Storz Research Grant.

DISCLOSURES None.

REFERENCES

1. Dimou F, Sineshaw H, Parmar AD, Tamirisa NP, Jemal A, Riall
TS. Trends in receipt and timing of multimodality therapy in
early-stage  pancreatic  cancer. J  Gastrointest  Surg
2016;20:93-103 (discussion).

2. Evans DB, Varadhachary GR, Crane CH, et al. Preoperative
gemcitabine-based ~ chemoradiation ~ for  patients  with



Cholecystitis During Neoadjuvant Therapy

4521

10.

11.

resectable adenocarcinoma of the pancreatic head. J Clin Oncol.
2008;26:3496-502.

. Tsai S, Christians KK, George B, et al. A phase II clinical trial of

molecular profiled neoadjuvant therapy for localized pancreatic
ductal adenocarcinoma. Ann Surg. 2018;268:610-9.

. Van Tienhoven G, Versteijne E, Suker M, Groothuis KB, Busch

OR, Bonsing BA et al. Preoperative chemoradiotherapy versus
immediate surgery for resectable and borderline resectable pan-
creatic cancer (PREOPANC-1): a randomized, controlled,
multicenter phase III trial. J Clin Oncol. 2018; 36:LBA4002.

. Christians KK, Heimler JW, George B, et al. Survival of patients

with resectable pancreatic cancer who received neoadjuvant
therapy. Surgery 2016;159:893-900.

. Christians KK, Tsai S, Mahmoud A, et al. Neoadjuvant FOL-

FIRINOX for borderline resectable pancreas cancer: a new
treatment paradigm? Oncologist 2014;19:266-74.

. Miura JT, Krepline AN, George B, et al. Use of neoadjuvant

therapy in patients 75 years of age and older with pancreatic
cancer. Surgery 2015;158:1545-55.

. Suk KT, Kim HS, Kim JW, et al. Risk factors for cholecystitis

after metal stent placement in malignant biliary obstruction.
Gastrointest Endosc. 2006;64:522-9.

. Shimizu S, Naitoh I, Nakazawa T, et al. Predictive factors for

pancreatitis and cholecystitis in endoscopic covered metal stent-
ing for distal malignant biliary obstruction. J Gastroenterol
Hepatol. 2013;28:68-72.

Appel BL, Tolat P, Evans DB, Tsai S. Current staging systems for
pancreatic cancer. Cancer 2012;18:539-49.

Papi C, Catarci M, D’Ambrosio L, et al. Timing of cholecys-
tectomy for acute calculous cholecystitis: a meta-analysis. Am J
Gastroenterol. 2004;99:147-55.

12.

13.

14.

15.

16.

17.

18.

19.

Gurusamy KS, Davidson C, Gluud C, Davidson BR. Early versus
delayed laparoscopic cholecystectomy for people with acute
cholecystitis. Cochrane Database Syst Rev. 2013; 6:CD005440.
Decker C, Christein JD, Phadnis MA, Wilcox CM, Varadarajulu
S. Biliary metal stents are superior to plastic stents for preoper-
ative biliary decompression in pancreatic cancer. Surg Endosc.
2011;25:2364-7.

Aadam AA, Evans DB, Khan A, Oh Y, Dua K. Efficacy and
safety of self-expandable metal stents for biliary decompression
in patients receiving neoadjuvant therapy for pancreatic cancer: a
prospective study. Gastrointest Endosc. 2012;76:67-75.

Mullen JT, Lee JH, Gomez HF, et al. Pancreaticoduodenectomy
after placement of endobiliary metal stents. J Gastrointest Surg.
2005;9:1094—-104 (discussion 104-5).

Lillemoe KD, Pitt HA, Kaufman SL, Cameron JL. Acute chole-
cystitis occurring as a complication of percutaneous transhepatic
drainage. Surg Gynecol Obstet. 1989;168:348-52.

Nakai Y, Isayama H, Kawakubo K, et al. Metallic stent with high
axial force as a risk factor for cholecystitis in distal malignant
biliary obstruction. J Gastroenterol Hepatol. 2014;29:1557-62.

Katabathina VS, Zafar AM, Suri R. Clinical presentation, imag-
ing, and management of acute cholecystitis. Tech Vasc Interv
Radiol. 2015;18:256-65.

Alvino DML, Fong ZV, McCarthy CJ, et al. Long-term outcomes
following percutaneous cholecystostomy tube placement for
treatment of acute calculous cholecystitis. J Gastrointest Surg.
2017;21:761-9.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Management of Acute Cholecystitis during Neoadjuvant Therapy in Patients with Pancreatic Adenocarcinoma
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Study Subjects
	Cholecystitis
	Statistical Analysis

	Results
	Patient Characteristics and Neoadjuvant Therapy

	Discussion
	Conclusions
	Funding
	References




