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Background: The clinical relevance of the classification of ampullary adenocarcinoma (AC) into pan-
creatobiliary (PB) or intestinal (Int) subtypes has not been resolved.
Methods: Clinicopathological factors, survival, and localization and treatment of recurrence were
investigated for patients with AC and duodenal adenocarcinoma (DC) treated by pan-
creatoduodenectomy from 2000 to 2015.
Results: A total of 109 AC (45 PB, 64 Int) and 71 DC (all Int) were identified. Median overall survival (OS)
for ACPB vs DC vs ACInt was 43.6 vs 51 vs 75 months, respectively. ACPB had significantly shorter OS than
ACInt (p¼ 0.036). However, for AC stage (HR¼ 2.39; 95 %CI 1.23e4.64, p¼ 0.010) was the only factor
associated with mortality risk in multivariate analysis. Localization of recurrence (n¼ 88) was pre-
dominantly distant (ACPB 81.5%; ACInt 92%; DC 91.7%, p¼ 0.371). Post-recurrence survival (PRS) for
ACPB, ACInt and DC did not differ (6.9 vs 9.2 vs 7.5 months, p¼ 0.755). Best supportive care or palliative
chemotherapy were offered for recurrent disease to 44.5%/48.1% for ACPB, 40%/56% for ACInt, and 41.7%/
52.8% for DC (p¼ 0.947). The choice of chemotherapy regimen varied considerably. Five patients un-
derwent surgical resection or ablation with curative intent. All deaths among ACPB were caused by
recurrent disease, whereas 29.4% of ACInt and 23.1% of DC deaths was non-cancer related or caused by
other specific cancer.
Conclusion: ACPB, ACInt and DC have similar recurrence patterns and PRS. The difference in survival
between ACPB and ACInt was not statistically significant when stratified by stage. The optimal chemo-
therapy in patients with recurrent AC remains undefined.
© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.
Introduction

Periampullary adenocarcinomas originate from the duodenum,
ampulla of Vater, bile duct or the pancreas, and pan-
creatoduodenectomy is the standard procedure for surgical treat-
ment of these tumours [1]. Following curative surgery, ampullary
ncreato-Biliary Surgery, Oslo
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and duodenal carcinomas have a better prognosis than pancreatic
ductal adenocarcinoma and distal bile duct cancer [2,3]. Further-
more, ampullary adenocarcinomas (AC) typically have either pre-
dominant intestinal (Int) or pancreatobiliary (PB) histological
differentiation which have demonstrated prognostic relevance in
some [4e8], but not all studies [9]. Recently, molecular alterations
of AC distinguishing the two subtypes have been identified [10e14].

Patterns of recurrence and treatment of recurrent disease have
been poorly studied in AC and DC. Based on limited data, patients
with recurrent liver metastases from periampullary adenocarci-
nomas of intestinal origin have shown improved survival following
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resection of livermetastases comparedwith pancreatobiliary origin
[15]. Experienced centers suggest that given a likely increased
chemoresponsiveness of tumours of intestinal compared to pan-
creatobiliary origin, resection of liver metastases from intestinal
origin may bewarranted [15,16]. Thus, the histological subtypemay
have important therapeutic implications. However, there are
limited data regarding the appropriate chemotherapy for AC and
DC, in the adjuvant setting, as well as for recurrent or advanced
disease [3,17e21]. Analyses of metastatic AC suggest that fluo-
ropyrimidine (Flu)-based chemotherapy may represent a more
appropriate front-line chemotherapy approach [3,22]. Of note,
some oncologists are now expecting that pathologists classify AC as
PB or Int, and based on pathologic diagnoses will use gemcitabine
(Gem)-based treatment regimens for PB tumours and Flu-based
chemotherapy for Int tumours, often with inconsistent results [9].

The aim of this study was to analyse the pattern and manage-
ment of recurrence and survival after pancreatoduodenectomy for
AC and DC, with special emphasis on the clinical relevance of Int or
PB histologic type of differentiation.

Material and methods

Study population and data collection

Patients undergoing pancreatoduodenectomy with curative
intent from January 2000 to December 2015 were identified from a
prospectively maintained database and reviewed retrospectively.
Final date of data collection was April 30, 2017. The study was
approved by the Institutional Review Board (2016/15587) accord-
ing to the general guidelines provided by the Regional Ethical
Committee. The study was reported to comply with the Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) statement as best as applicable [23]. Information about
the patients was recorded retrospectively using hospital records.
Adenocarcinoma was confirmed histologically in all cases. Preop-
erative workup included multidetector computed tomography (CT)
with a standard protocol optimised for imaging pancreatic tu-
mours, and chest CT to evaluate primary and metastatic tumour
sites. The surgical procedure consisted of pancreatoduodenectomy
with standard lymphadenectomy, as previously described [24].
Adjuvant chemotherapy was not given routinely, but at the
discretion of the treating surgeon and oncologist.

Histopathological evaluation

Resection specimens were examined according to a stand-
ardised protocol as described previously byWestgaard [25]. Briefly,
after formalin fixation, the specimens were bisectioned by slicing
along the ducts after inserting probes in the bile duct and main
pancreatic duct. For identification of the anatomical origin of the
tumour, blocks weremade by sectioning parallel to these structures
and including the duodenum and ampulla of Vater, in order to
demonstrate the relation of the tumour to these structures. As
from 2003, in the majority of cases whole mount blocks were made
for identifying the critical structures. If necessary, further cross
sections of the tumour were made to evaluate tumour size and
infiltration into adjacent structures. The histologic type of differ-
entiation was classified as previously described according to the
criteria first suggested by Kimura et al., later revised by Albores-
Saavedra et al. [8,26,27]. In brief, PB tumours typically have sim-
ple or branching glands and small solid nests of cells surrounded by
a desmoplastic stroma, have cuboideal to low columnar epithelium
arranged in a single layer without nuclear pseudostratification, and
the nuclei are rounded but with marked variation in size and shape
from one cell to the next. Int tumours typically resemble colon
cancer, may consist of solid nests with cribriform areas, have tall
and often pseudostratified columnar epithelium with oval nuclei
located in the more basal aspects of the cytoplasm, and there may
also often be presence of mucin. Cases with mixed type differen-
tiation were classified according to the dominant pattern, without
performing cut-off optimization prior to classification. All tumours
were assigned to one of these two histologic types of differentiation
using this approach. Until 2008 the pathologist reported a margin
positive (R1) only if tumour cells were present at the surface
(clearance equals 0mm). In 2008 the definition was changed to a
1mm clearance. Patients were staged according to the T and N
definitions proposed by the 7th edition of the American Joint
Committee on Cancer (AJCC) staging manual [28].

Follow up

All patients were followed regularly with history and physical
examination to pursue postoperative complications and symptoms
and signs of recurrence. Chest and abdominal CT were performed
every 6 months or if the patients had symptoms suspect of a
recurrence. Recurrence was defined as radiological evidence of
intra-abdominal soft tissue around the surgical site or of distant
metastasis. Patients with recurrence were referred to the Depart-
ment of Oncology at their local hospital to be considered for
chemotherapy.

Statistical analysis

Data were described with median and range (continuous vari-
ables) and with counts and percentages (categorical variables).
Crude clinicopathological and treatment characteristics were
compared between patients with ACPB, ACint and DC using the
Kruskal-Wallis test for continuous variables and the chi-square test
or Fisher's exact tests for categorical variables. Overall survival (OS),
disease free survival (DFS), crude OS and post recurrence survival
(PRS) were estimated using the Kaplan-Meier method and
compared between patients' groups using the log-rank test. Sur-
vival was defined as time from surgery to death of any cause or the
end of follow up through April 30, 2017, which ever came first.
Similarly, DFS was defined as time from surgery to reccurence,
death of any causes or end of follow up and finally, PRS was defined
as time from reccurence to death or end of follow up. Cancer spe-
cific survival was computed using the Fine and Gray method and
adjusted for the competing risk of death of other causes.

Cox regression analyses were used to evaluate possible associ-
ations between selected patient, tumour and treatment related
variables and the mortality risk. Clinipathological relevant prog-
nostic variables associated with mortality risk from univariate re-
gressions were entered into a multivariate model. As T status, nodal
status and lymph node ratio are highly associated with AJCC, only
stage was entered into the final multivariate model. Backward
stepwise selection was used to identify independent prognostic
factors. The results are presented as hazard ratios (HR) with 95%
confidence intervals (CI). We regarded our study as exploratory so
no correction for multiple testing was performed and p-values
<0.05 were considered statistically significant. All tests were two-
sided. All analyses were performed using SPSS ver 24 and Stata
ver 14.

Results

Patient characteristics

A total of 180 patients underwent pancreatoduodenectomy; 45
for ACPB, 64 for ACInt, and 71 for DC (all Int). There were 81 women
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and 99 men. Median age at surgery was 65 years (range 32e89
years). Six patients (3.3%), two in each group, died of postoperative
complications within 90 days of surgery and were excluded from
further analysis. Thus, 174 patients were included in further
analysis.

Clinicopathological characteristics of ACPB, ACInt, and DC are
presented in Table 1. AJCC stage differed significantly among the
three groups (p< 0.001). ACPB and DC had significantly higher AJCC
stage than ACInt. AJCC stage III was found in 44.2% of patients with
ACPB and 49.3% of patients with DC, but only 6.7% with ACInt. AJCC
stage I was found in 51.7% of patients with ACInt, but only 11.6% of
patients with ACPB and 14.5% with DC. Tumour size was signifi-
cantly higher in DC (3.5 cm) vs ACPB (2.5 cm) vs ACInt (2 cm)
(p< 0.001). Adjuvant chemotherapy was significantly more often
prescribed in patients with ACPB (51.2%) vs DC (24.6%) vs ACInt
(11.3%) (p< 0.001).
Pattern and treatment of recurrence

Overall, 88 patients (50.6%) had radiologic or histologic evidence
of recurrence. Site of first recurrence is presented in Table 2. There
was no statistical significant difference in the recurrence pattern
between ACPB, ACInt or DC (p¼ 0.371). Most patients first recurred
at isolated distant sites (n¼ 65, 73.9%), while isolated local recur-
rence was seen in 10 patients (11.4%). The remaining 13 patients
(14.8%) had both a local and distant site as first recurrence location.

The choice of best supportive care or palliative chemotherapy as
Table 1
Clinicopathological characteristics for patients undergoing pancreatoduodenectomy for
adenocarcinoma (n¼ 174).

Variable ACPB n¼ 43

Gender, n (%)
Female 23 (53.5)
Male 20 (46.5)

Age, years, median (range) 64.0 (35.0e88.8)
Tumour stage, n (%)
T1 1 (2.3)
T2 5 (11.6)
T3 18 (41.9)
T4 19 (44.2)

Nodal status n, (%)c

N0 17 (39.5)
N1 26 (60.5)

Lymph node ratio, median (range) 0.06 (0.00e0.60)
Tumour grade, n (%)
G1/G2well-moderate 22 (53.5)
G3/G4 poor-undiff 20 (46.5)

Tumour size, mm, median (range) 25 (10e70)
R¼ Resection margins, n (%)
R0 28 (65.1)
R1 15 (34.9)

Perineural infiltration, n (%)
0 15 (34.9)
1 28 (65.1)
Vascular involvement, n (%)
0 22 (51.2)
1 21 (48.8)
AJCC stage, n (%)c

I 5 (11.6)
II 19 (44.2)
III 19 (44.2)

Adjuvant chemotherapy, n (%)
Yes 22 (51.2)
Flu based 17
Gem based 5

No 21 (48.8)

a Chi square test.
b Median lymph node ratio was calculated with Kruskall Wallis test.
c Lymph node status missing in two patients with ACInt.
treatment options for recurrent disease for ACPB, ACInt and DC did
not differ (44.5% versus 48.1%, 40% versus 56%, 41.7% versus 52.8%
respectively, p¼ 0.947). Five patients with recurrence underwent
surgical intervention (lung resection: ACPB and ACInt, n¼ 2; liver
resection: ACPB, n¼ 1; lymph node resection: DC, n¼ 1) or radio-
frequency ablation of liver metastases (DC, n¼ 1) with curative
intent. The choice of Flu- or Gem-based palliative chemotherapy
regimen for recurrent disease varied considerably among the three
groups (Table 2). When excluding 90 day postoperative mortality
(n¼ 6, two in each group), all deaths among patients with ACPB
were associated with recurrent AC, whereas 29.4% and 23.1% of the
deaths among patients with ACInt and DC were associated with
other cancer-specific or non-cancer related causes (Table 2).
Patient survival and prognostic factors

Median OS was 43.6 (95% CI 23.6e63.6) months for ACPB, 75
(95% CI 18.5e130.7) months for ACInt, and 51 (95% CI 21.6e80.3)
months for DC (p¼ 0.142) (Fig. 1a). When we performed pairwise
comparisons using the Kaplan Meier method, there were no sta-
tistically significant differences in OS between ACInt and DC
(p¼ 0.290) and ACPB and DC (p¼ 0.283). However, ACPB had
significantly shorter OS than ACInt (p¼ 0.036). Median DFS was
29.4 (95% CI 12.1e46.8) months for ACPB, and 30.7 (95% CI 15.9-not
computed) months for DC (p¼ 0.026) (Fig. 1b). For ACInt median
DFS was not reached. Five-year survival was 36% (95% CI 20e50) for
ACPB, 56% (95% CI 42e68) for ACInt, and 49% (95% CI 36e60) for DC
ampullary adenocarcinoma of pancreatobiliary or intestinal subtype, or duodenal

ACInt n¼ 62 DC n¼ 69 p-value

20 (32.3) 36 (52.2) 0.035a

42 (67.7) 33 (47.8)
67.5 (32.0e83.0) 67.0 (40.3e86.0) 0.881b

13 (21) 1 (1.4) <0.001a

34 (54.8) 17 (24.6)
11 (17.7) 29 (42.0)
4 (6.5) 22 (31.9)

36 (60.0) 35 (50.7) 0.122a

24 (40.0) 34 (49.3)
0.00 (0.00e1.00) 0.00 (0.00e0.94) 0.181b

53 (85.5) 50 (72.5) 0.001a

9 (14.5) 19 (27.5)
20 (10e80) 35 (5e80) <0.001b

59 (95.2) 62 (89.9) <0.001a

3 (4.8) 7 (10.1)

47 (75.8) 41 (59.4) <0.001a

15 (24.2) 28 (40.6)

40 (64.5) 46 (66.7) 0.229a

22 (35.5) 23 (33.3)

31 (51.7) 10 (14.5) <0.001a

25 (41.7) 25 (36.2)
4 (6.7) 34 (49.3)

7 (11.3) 17 (24.6) <0.001a

7 17
0 0
55 (88.7) 52 (75.4)



Table 2
Pattern and treatment of recurrence in patients undergoing pancreatoduodenectomy for ampullary adenocarcinoma of pancreatobiliary or intestinal subtype, or duodenal
adenocarcinoma (n¼ 174).

Variable ACPB n¼ 43 ACInt n¼ 62 DC n¼ 69 p-value

Recurrence, n (%)
Yes 27 (62.8) 25 (40.3) 36 (52.2) 0.073a

No 16 (37.2) 37 (59.7) 33 (47.8)
First site of recurrence (n¼ 88), n (%)
Locoregional 5 (18.5) 2 (8.0) 3 (8.3)
Distant 15 (55.6) 21 (84.0) 29 (80.6) 0.371a b

Liver 6 5 11
Lung 1 1 1
Lymph nodes 1 4 8
Peritoneum 0 0 0
Multiple sites 7 11 9

Locoregional þ distant 7 (25.9) 2 (8.0) 4 (11.1)
Liver 3 1 2
Lung 0 0 0
Lymph nodes 2 1 0
Peritoneum 2 0 1
Multiple sites 0 0 1

Cause of death, (n¼ 98), n (%)
AC or DC- specific death 25 (100) 24 (70.6) 30 (76.9)
Other cancer -specific death 0 (0) 5 (14.7) 3 (7.7)
Non-cancer related death 0 (0) 5 (14.7) 6 (15.4)

Treatment of first recurrence, (n¼ 88), n (%)
BSC 12 (44.5) 10 (40.0) 15 (41.7)
Chemotherapy 13 (48.1) 14 (56.0) 19 (52.8) 0.947a c

Gemcitabine-based 10 8 8
Fluoropyrimidine-based 3 6 11

Surgery or ablation 2 (7.4) 1 (4.0) 2 (5.5)
Postrecurrence survival (n¼ 88), (median, months (95%CI)
Overall 6.9 (4.3e9.5) 9.2 (4.4e14) 7.5 (5.3e9.7)
Best supportive care 4.3 (2.3e6.2) 4.5 (3.5e5.5) 2.1 (0.87e3.28) ACPB: 0.032c

ACInt: 0.076c

DC: <0.001cChemotherapy 10.3 (5.6e14.9) 13.5 (3.5e23.3) 13.9 (7.9e19.8)
Gemcitabine-based 10 9.2 11.9
Fluoropyrimidine-based 7.5 19.5 13.5

a Chi square test.
b Distant and locoregional þ distant versus locoregional.
c Chemotherapy versus best supportive care.

Fig. 1a. Overall survival in patients undergoing pancreatoduodenectomy for ampullary or duodenal adenocarcinoma (n¼ 174).
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Fig. 1b. Disease free survival in patients undergoing pancreatoduodenectomy for ampullary or duodenal adenocarcinoma (n¼ 174).
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(p¼ 0.150). The cumulative mortality by other causes was similar
for DC and ACInt, however the cancer-specific mortality was the
highest for ACPB and lowest for ACInt (Fig. 1c). The difference in
cumulative cancer-specific mortality between the diagnostic
groups did not reach the level of statistical significance.

However, when accounting for stage the difference in OS be-
tween ACPB and ACInt was not statistically significant (Table 3). For
AC, stage (p¼ 0.01) and perineural invasion (p¼ 0.04) were the
only significant factors associated with mortality risk on multivar-
iate analysis, but when adjusted for cancer specific death, stage
(p¼ 0.033) was the only significant factor associatedwithmortality
Fig. 1c. Cancer-specific mortality for patients undergoing pancreatoduodenectomy for ampu
other causes.
risk (Table 3).
PRS for ACPB, ACInt and DC did not differ (6.9 versus 9.2 versus

7.5 months, respectively (p¼ 0.755)) (Fig. 2, Table 2). For ACPB and
DC patients undergoing palliative chemotherapy had significantly
better survival than patients undergoing best supportive care (10.3
vs 4.3 months for ACPB; p¼ 0.03, 13.9 vs 2.1 months for DC;
p< 0.001), whereas there was no significant difference for ACInt
(13.5 vs 4.5 months, p¼ 0.076) (Table 2). No difference between
Gem- or Flu-based palliative chemotherapy on PRS was revealed,
but because of the small study sample in each group (<10 in 4 of the
6 subgroups) conclusions regarding the effect of specific
llary or duodenal adenocarcinoma (n¼ 174) adjusted for the competing risk of death of



Table 3
Uni- and multivariable Cox regression analysis of clinical and histopathologic factors in ampullary adenocarcinoma (n¼ 105) associated with mortality risk.

UNIVARIABLE

Variable HR 95% CI p

Age, years 1.02 1.00e1.04 0.097
Gender (female/male), Ref¼ female 1.02 1.00e1.04 0.501
T (T1/T2 vs T3/T4), Ref¼ T3/T4 3.67 2.09e6.45 <0.001
N (0/1), Ref¼N1 3.51 1.00e6.18 <0.001
Tumour diameter, mm 1.17 1.00e1.36 0.049
Stage (I and II vs III), Ref stage¼ III 3.39 1.87e6.16 <0.001
R (0/1), Ref¼ R1 4.82 2.46e9.44 <0.001
Grade (G1/G2 (well) vs G3/G4 (poor)), Ref¼G3/G4 1.37 0.78e2.42 0.278
Histological subtype (PB/Int), Ref¼ PB 1.75 1.03e2.99 0.039
Perineural infiltration (Yes/No), Ref¼ Yes 2.68 1.58e4.54 <0.001
Vascular involvement (Yes/No), Ref¼ Yes 2.20 1.31e3.71 0.003
Adjuvant chemotherapy (Yes/No), Ref¼ Yes 0.94 0.51e1.72 0.828

MULTIVARIABLE

Variable Overall survival Cancer-specific survial

HR 95% CI p HR 95% CI p

Stage (I and II vs III), Ref¼ III 2.39 1.23e4.64 0.010 2.16 1.07e4.36 0.033
Histological subtype (PB vs Int), Ref¼ PB 1.08 0.56e2.08 0.827 0.86 0.42e1.75 0.675
Perineural infiltration (Yes/No), Ref¼ Yes 2.01 1.03e3.90 0.040 1.99 0.95e4.16 0.066
Vascular involvement (Yes/No), Ref¼ Yes 1.60 0.91e2.81 0.103 1.83 0.99e3.40 0.056

PB¼ pancreatobiliary, Int¼ intestinal.

Fig. 2. Postrecurrence survival in patients undergoing pancreatoduodenectomy for ampullary or duodenal adenocarcinoma stratified by tumour origin and histological subtype
(n¼ 88).
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chemotherapy regimens on survival could not be drawn from this
study (Table 2).

Discussion

The results of the current study show that ACPB was associated
with worse overall survival compared with ACInt and DC. However,
for AC AJCC stage was the only factor associated with mortality risk
on multivariate analysis. The first site of recurrence was predomi-
nantly distant for all groups, and approximately 50% of the patients
started palliative chemotherapy. The study revealed a considerable
variation in the choice of chemotherapy regimen for recurrent
disease for both AC and DC. Initiation of palliative chemotherapy
was associated with improved survival in ACPB and DC, whereas
PRS was not statistically significant between ACPB, ACInt and DC.

Several studies have shown that PB type of differentiation is a
significant prognostic factor for survival in AC, also supported by
earlier studies in smaller case numbers from our group [4,8] and
others [5e7,29,30]. However, the current study including 109 pa-
tients with resected AC supports the findings from the Atlanta
group showing that while ACPB has a worse prognosis than ACInt,
histological subtype is not an independent prognostic factor [9].
Importantly, a significantly higher proportion of patients with ACPB
had AJCC stage III tumours. Thus, the current study emphasizes the
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strong prognostic impact of the anatomic extent of disease in AC
classified according to the AJCC staging system [28].

A significant proportion of patients with ACPB received adjuvant
chemotherapy, most probably due to the anticipated association to
pancreatic ductal adenocarcinoma and worse prognosis [4,8].
However, adjuvant chemotherapy was not associated with
improved survival in AC. A recent study on 4190 patients with AC
from the National Cancer Database showed that the use of adjuvant
therapy was associated with significantly improved OS [31]. Only
one randomized clinical trial has addressed the role of adjuvant
chemotherapy after resection of periampullary adenocarcinomas,
but no clear survival advantage for any of the specific tumour types
was found [18]. However, the dichotomized classification ACPB or
ACInt was not consistently applied within the patient cohort [18]. In
the current study, only 25% of the patients with DC received
adjuvant chemotherapy, that compares well with recent studies
[32,33]. Indication for adjuvant chemotherapy in DC is often
extrapolated from colon cancer and given to AJCC stage III patients,
and a potential survival benefit in this group of patients with DC has
recently been found [33].

In the current study, patients receiving palliative chemotherapy
for ACPB and DC showed significantly better PRS than patients
receiving best supportive care only for recurrent disease. Of note
PRS in the three groups was similar to that reported in recurrent
pancreatic ductal adenocarcinoma [34]. The choice of chemo-
therapy regimen varied considerably among the three groups [17].
The median PRS of 10e14 months in patients initiating palliative
chemotherapy are comparable to prior evidence from selected re-
ports in the literature summarized in Table 4. Some authors
consider that Gem-based regimens is not generally effective for
carcinomas of Int origin [7]. Furthermore, it is suggested that it may
be reasonable to apply current treatment guidelines for pancreatic
ductal adenocarcinoma to periampullary PB type cancers [7]. Thus,
Table 4
Summary of selected single or multi-institutional studies from the last decade reportin
metastatic ampullary or duodenal adenocarcinoma.

Study Year Number of patients Chemothera

Overman [39] 2008 30 DC, 50 JIC Flu þ platin
Flu based: 4
Non-Flu bas

Overman [40] 2009 12 AC, 7 DC, 11 JIC CAPOX: 30
Valle [41] 2010 20 AC

241 Cholangiocarcinoma
149 Gallbladder cancer

Gem: 11
GemCis: 9

Kim [20] 2010 29 AC GemCis: 9, F
Zaanan [35] 2010 55 DC, 38 JIC 5FU/LV: 10

FOLFOX: 48
FOLFIRI: 19
5FU/LV-Cis:

Koo [42] 2011 28 DC, 12 JIC Flu based: 4

Zhang [43] 2011 34, DC/JIC FOLFOX: 28
CAPOX: 6

Xiang [44] 2012 33, DC/JIC FOLFOX: 33
McWilliams [45] 2012 9 DC, 19 JIC CAPOX þ Ir
Jiang [3] 2013 64 AC Flu based: 4

Gem based:
Shoji [21] 2014 26 AC Flu based: 1

Gem based:
Lothe (current study) 2018 27 AC Flu based: 9

Gem based:
Lothe (current study) 2018 19 DC Flu based: 1

Gem based:

AC¼ ampullary adenocarcinoma, DC¼ duodenal adenocarcinoma, JIC¼ jejunal-ilea
CAPOX¼ capecitabine and oxaliplatin, FOLFOX¼ 5-fluorouracil, leucovorin and oxaliplat
leucovorin.

a No survival analysis of AC alone performed due to small sample size.
b No statistical analysis of AC subgroups based on chemotherapy regimen performed
there has been a tendency to vary the treatment of patients with AC
based on whether the tumour displayed a PB or Int histological
phenotype [18]. The literature is scarce on this topic and there is
only low level evidence to support such an approach for AC.
However, FOLFOX seems to be a promising first-line chemotherapy
regimen for unresectable or recurrent DC [35,36]. Most studies on
adjuvant and palliative chemotherapy for DC include ileal and je-
junal adenocarcinomas (Table 4) [33]. Patients with tumours
located in the duodenum are often slightly older, and have shown
to have more advanced disease stages and a different metastatic
pattern compared to ileal and jejunal adenocarcinomas [32]. Thus,
it could be questioned whether these tumours should be consid-
ered as one entity.

No difference in PRS between Gem- or Flu-based chemotherapy
was revealed in this study, but the small study sample did not
permit a statistically meaningful result. Thus, it is difficult to draw
conclusions regarding the effect of specific chemotherapy regimens
on PRS from this study. Given all the reports on the better prognosis
for ACInt and DC, a window of opportunity to treat recurrent dis-
ease in the same way as for metastatic colorectal cancer has been
expected. Consequently, the possibility of resection of liver me-
tastases has been considered in ACInt and DC [15,16]. However, the
current study showed no significant difference in PRS between the
three groups. Interestingly, two patients with ACInt and ACPB who
developed lung metastases 10 and 24 months after surgery un-
derwent lung resection for recurrent disease. The patients are still
alive and free of recurrence 69 and 98 months after PD. This sug-
gests a favorable outcome of patients with isolated lung metastases
[37]. Given the rarity of AC and DC, it is difficult to perform well-
powered randomized controlled clinical trials to evaluate the role
of different chemotherapy regimens or a potentially curative sur-
gical approach for recurrent disease. Interestingly, Mafficini et al.
recently identified a subset of patients with AC that might benefit
g chemotherapy regimen and postrecurrence survival in patients with recurrent or

py/Number of patients Disease status Overall survival (months)

um: 29
1
ed: 10

Not specified Flu þ platinum: 14.8
Flu based: 12
Non-Flu based: 12 p¼ 0.10

Not specified 20.4 (overall)
Not specified Gem: 8.1

GemCis: 11.7 p< 0.001a

luCis: 20 Not specified 12.5 in both groups p¼ 0.91

16

Not specified 5FU/LV: 13.5
FOLFOX: 17.8
FOLFIRI: 10.6
5FU/LV-Cis: 9.3 p¼ 0.25

0 Recurrent: 19
Metastatic: 21

11.8 (overall)

Not specified 14.2 (overall)

Metastatic 15.2 (overall)
inotecan: 28 Not specified 12.7 (overall)
0
24

Recurrent: 50
Metastatic: 14

Flu based: 19.1
Gem based: 12.3 p¼ 0.06

1
15

Recurrent:14
Metastatic: 12

Flu based: 8.0
Gem based: 12.3 p¼ 0.29

18
Recurrent: 27 11 (overallb)

1
8

Recurrent:19 13.9 (overallb)

l adenocarcinoma, Flu¼ fluoropyrimidine, Gem¼ gemcitabine, Cis¼ cisplatin,
in, FOLFIRI¼ 5-fluorouracil, leucovorin and irinotecan, 5FU/LV¼ 5-fluorouracil and

due to small sample size.
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from therapies targeted to activating mutations of ERBB, PI3K, or
WNT signaling pathways [13]. Perhaps, as our understanding of the
molecular and genetic origins of AC will improve, more targeted
therapeutic strategies will contribute to a better outcome.

Certain limitations of this study must be acknowledged. First,
this was a retrospective analysis of patients treated at a single
institution with all the inherent biases associated with this study
design. However, the clinical database used was prospectively
maintained and provided complete follow-up data on adjuvant and
palliative chemotherapy administration, pattern of recurrence, and
cause of death. Second, given the rarity of AC, the sample size was
small. Despite the limitations of the small sample size, this is one of
the largest series to date evaluating the effect of systemic chemo-
therapy for recurrent AC and DC after pancreatoduodenectomy
(Table 4). Last, and most important, AC shows mixed phenotypes in
20e40% of cases which may cause substantial subjectivity in their
histologic designation [9,13]. Thus, due to limitations in interob-
server agreement linked to the assessment of hematoxylin-eosin
stained slides and the lack of reliable diagnostic criteria a histo-
morphological classification on a predominant, dichotomized
pattern approach (PB or Int) may be questioned [9,38].

In conclusion, this study confirmed that although ACInt carries a
better prognosis than ACPB, the histological subtype is not an in-
dependent prognostic factor when accounting for stage. The
optimal chemotherapy in patients with recurrent AC and DC re-
mains undefined. Large, multicentre studies evaluating the optimal
chemotherapy for AC and DC are needed.

Conflicts of interest

The authors declare that they have no conflict of interest.

Funding

There is no specific funding source for this study.

References

[1] Verbeke CS, Gladhaug IP. Resection margin involvement and tumour origin in
pancreatic head cancer. Br J Surg 2012;99:1036e49.

[2] He J, Ahuja N, Makary MA, Cameron JL, Eckhauser FE, Choti MA, et al. 2564
resected periampullary adenocarcinomas at a single institution: trends over
three decades. HPB 2014;16:83e90.

[3] Jiang ZQ, Varadhachary G, Wang X, Kopetz S, Lee JE, Wang H, et al.
A retrospective study of ampullary adenocarcinomas: overall survival and
responsiveness to fluoropyrimidine-based chemotherapy. Ann Oncol
2013;24:2349e53.

[4] Westgaard A, Pomianowska E, Clausen OP, Gladhaug IP. Intestinal-type and
pancreatobiliary-type adenocarcinomas: how does ampullary carcinoma
differ from other periampullary malignancies? Ann Surg Oncol 2013;20:
430e9.

[5] Bronsert P, Kohler I, Werner M, Makowiec F, Kuesters S, Hoeppner J, et al.
Intestinal-type of differentiation predicts favourable overall survival: confir-
matory clinicopathological analysis of 198 periampullary adenocarcinomas of
pancreatic, biliary, ampullary and duodenal origin. BMC Canc 2013;13:428.

[6] Zhou Y, Li D, Wu L, Si X. The histopathologic type predicts survival of patients
with ampullary carcinoma after resection: a meta-analysis. Pancreatology
2017;17:273e8.

[7] Williams JL, Chan CK, Toste PA, Elliott IA, Vasquez CR, Sunjaya DB, et al. As-
sociation of histopathologic phenotype of periampullary adenocarcinomas
with survival. JAMA Surg 2017;152:82e8.

[8] Westgaard A, Tafjord S, Farstad IN, Cvancarova M, Eide TJ, Mathisen O, et al.
Pancreatobiliary versus intestinal histologic type of differentiation is an in-
dependent prognostic factor in resected periampullary adenocarcinoma. BMC
Canc 2008;8:170.

[9] Reid MD, Balci S, Ohike N, Xue Y, Kim GE, Tajiri T, et al. Ampullary carcinoma is
often of mixed or hybrid histologic type: an analysis of reproducibility and
clinical relevance of classification as pancreatobiliary versus intestinal in 232
cases. Mod Pathol 2016;29:1575e85.

[10] Sandhu V, Bowitz Lothe IM, Labori KJ, Lingjaerde OC, Buanes T, Dalsgaard AM,
et al. Molecular signatures of PACmRNAs and miRNAs as prognostic bio-
markers in pancreatobiliary and intestinal types of periampullary adenocar-
cinomas. Mol Oncol 2015;9:758e71.
[11] Yachida S, Wood LD, Suzuki M, Takai E, Totoki Y, Kato M, et al. Genomic
sequencing identifies elf3 as a driver of ampullary carcinoma. Cancer Cell
2016;29:229e40.

[12] Gingras MC, Covington KR, Chang DK, Donehower LA, Gill AJ, Ittmann MM,
et al. Ampullary cancers harbor elf3 tumor suppressor gene mutations and
exhibit frequent wnt dysregulation. Cell Rep 2016;14:907e19.

[13] Mafficini A, Amato E, Cataldo I, Rusev BC, Bertoncello L, Corbo V, et al. Ampulla
of vater carcinoma: sequencing analysis identifies tp53 status as a novel in-
dependent prognostic factor and potentially actionable erbb, pi3k, and wnt
pathways gene mutations. Ann Surg 2018;267:149e56.

[14] Overman MJ, Zhang J, Kopetz S, Davies M, Jiang ZQ, Stemke-Hale K, et al. Gene
expression profiling of ampullary carcinomas classifies ampullary carcinomas
into biliary-like and intestinal-like subtypes that are prognostic of outcome.
PLoS One 2013;8, e65144.

[15] De Jong MC, Tsai S, Cameron JL, Wolfgang CL, Hirose K, van Vledder MG, et al.
Safety and efficacy of curative intent surgery for peri-ampullary liver
metastasis. J Surg Oncol 2010;102:256e63.

[16] Page AJ, Weiss MJ, Pawlik TM. Surgical management of noncolorectal cancer
liver metastases. Cancer 2014;120:3111e21.

[17] Leo JM, Kalloger SE, Peixoto RD, Gale NS, Webber DL, Owen DA, et al.
Immunophenotyping of ampullary carcinoma allows for stratification of
treatment specific subgroups. J Clin Pathol 2016;69:431e9.

[18] Neoptolemos JP, Moore MJ, Cox TF, Valle JW, Palmer DH, McDonald AC, et al.
Effect of adjuvant chemotherapy with fluorouracil plus folinic acid or gem-
citabine vs observation on survival in patients with resected periampullary
adenocarcinoma: the ESPAC-3 periampullary cancer randomized trial. J Am
Med Assoc 2012;308:147e56.

[19] Nagaraj G, Zarbalian Y, Flora K, Tan Jr BR. Complete response and prolonged
disease-free survival in a patient with recurrent duodenal adenocarcinoma
treated with bevacizumab plus folfox6. J Gastrointest Oncol 2014;5:E1e6.

[20] Kim ST, Lee J, Lee KT, Lee JK, Lee KH, Choi SH, et al. The efficacy of frontline
platinum-based combination chemotherapy in advanced adenocarcinoma of
the ampulla of vater. Med Oncol 2010;27:1149e54.

[21] Shoji H, Morizane C, Hiraoka N, Kondo S, Ueno H, Ohno I, et al. Twenty-six
cases of advanced ampullary adenocarcinoma treated with systemic chemo-
therapy. Jpn J Clin Oncol 2014;44:324e30.

[22] Chandrasegaram MD, Chen JW, Price TJ, Zalcberg J, Sjoquist K, Merrett ND.
Advances in molecular pathology and treatment of periampullary cancers.
Pancreas 2016;45:32e9.

[23] von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP,
et al. The strengthening the reporting of observational studies in epidemi-
ology (strobe) statement: guidelines for reporting observational studies.
Lancet 2007;370:1453e7.

[24] Kleive D, Sahakyan MA, Berstad AE, Verbeke CS, Gladhaug IP, Edwin B, et al.
Trends in indications, complications and outcomes for venous resection
during pancreatoduodenectomy. Br J Surg 2017;104:1558e67.

[25] Westgaard A, Tafjord S, Farstad IN, Cvancarova M, Eide TJ, Mathisen O, et al.
Resectable adenocarcinomas in the pancreatic head: the retroperitoneal
resection margin is an independent prognostic factor. BMC Canc 2008;8:5.

[26] Kimura W, Futakawa N, Yamagata S, Wada Y, Kuroda A, Muto T, et al. Different
clinicopathologic findings in two histologic types of carcinoma of papilla of
vater. Jpn J Canc Res 1994;85:161e6.

[27] Albores-Saavedra J, Henson DE, Klimstra D. Malignant epithelial tumors of the
ampulla. In: Tumors of the gallbladder, extrahepatic bile ducts, and ampulla of
Vater Washington, D.C. Armed Forces Institute of Pathology; 2000.
p. 259e316.

[28] Edge SB, Byrd DR, Compton CC, et al. AJCC cancer staging manual. seventh ed.
New York (NY): Springer; 2010.

[29] Chang DK, Jamieson NB, Johns AL, Scarlett CJ, Pajic M, Chou A, et al. Histo-
molecular phenotypes and outcome in adenocarcinoma of the ampulla of
vater. J Clin Oncol 2013;31:1348e56.

[30] Carter JT, Grenert JP, Rubenstein L, Stewart L, Way LW. Tumors of the ampulla
of vater: histopathologic classification and predictors of survival. J Am Coll
Surg 2008;207:210e8.

[31] Nassour I, Hynan LS, Christie A, Minter RM, Yopp AC, Choti MA, et al. Asso-
ciation of adjuvant therapy with improved survival in ampullary cancer: a
national cohort study. J Gastrointest Surg 2018;22:695e702.

[32] Legue LM, Bernards N, Gerritse SL, van Oudheusden TR, de Hingh IH,
Creemers GM, et al. Trends in incidence, treatment and survival of small
bowel adenocarcinomas between 1999 and 2013: a population-based study in
The Netherlands. Acta Oncol 2016;55:1183e9.

[33] Ecker BL, McMillan MT, Datta J, Mamtani R, Giantonio BJ, Dempsey DT, et al.
Efficacy of adjuvant chemotherapy for small bowel adenocarcinoma: a pro-
pensity score-matched analysis. Cancer 2016;122:693e701.

[34] Nordby T, Hugenschmidt H, Fagerland MW, Ikdahl T, Buanes T, Labori KJ.
Follow-up after curative surgery for pancreatic ductal adenocarcinoma:
asymptomatic recurrence is associated with improved survival. Eur J Surg
Oncol 2013;39:559e66.

[35] Zaanan A, Costes L, Gauthier M, Malka D, Locher C, Mitry E, et al. Chemo-
therapy of advanced small-bowel adenocarcinoma: a multicenter ageo study.
Ann Oncol 2010;21:1786e93.

[36] Tsushima T, Taguri M, Honma Y, Takahashi H, Ueda S, Nishina T, et al.
Multicenter retrospective study of 132 patients with unresectable small
bowel adenocarcinoma treated with chemotherapy. Oncologist 2012;17:
1163e70.

http://refhub.elsevier.com/S1424-3903(19)30020-1/sref1
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref1
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref1
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref2
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref2
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref2
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref2
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref3
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref3
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref3
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref3
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref3
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref4
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref4
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref4
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref4
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref4
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref5
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref5
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref5
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref5
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref6
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref6
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref6
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref6
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref7
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref7
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref7
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref7
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref8
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref8
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref8
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref8
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref9
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref9
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref9
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref9
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref9
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref10
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref10
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref10
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref10
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref10
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref11
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref11
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref11
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref11
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref12
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref12
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref12
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref12
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref13
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref13
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref13
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref13
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref13
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref14
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref14
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref14
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref14
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref15
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref15
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref15
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref15
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref16
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref16
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref16
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref17
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref17
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref17
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref17
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref18
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref18
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref18
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref18
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref18
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref18
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref19
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref19
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref19
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref19
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref20
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref20
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref20
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref20
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref21
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref21
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref21
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref21
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref22
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref22
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref22
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref22
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref23
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref23
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref23
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref23
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref23
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref24
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref24
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref24
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref24
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref25
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref25
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref25
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref26
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref26
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref26
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref26
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref27
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref27
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref27
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref27
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref27
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref28
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref28
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref29
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref29
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref29
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref29
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref30
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref30
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref30
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref30
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref31
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref31
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref31
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref31
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref32
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref32
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref32
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref32
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref32
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref33
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref33
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref33
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref33
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref34
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref34
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref34
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref34
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref34
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref35
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref35
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref35
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref35
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref36
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref36
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref36
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref36
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref36


I.M. Bowitz Lothe et al. / Pancreatology 19 (2019) 316e324324
[37] Kruger S, Haas M, Burger PJ, Ormanns S, Modest DP, Westphalen CB, et al.
Isolated pulmonary metastases define a favorable subgroup in metastatic
pancreatic cancer. Pancreatology 2016;16:593e8.

[38] Fernandez Moro C, Fernandez-Woodbridge A, Alistair D'souza M, Zhang Q,
Bozoky B, Kandaswamy SV, et al. Immunohistochemical typing of adenocar-
cinomas of the pancreatobiliary system improves diagnosis and prognostic
stratification. PLoS One 2016;11. e0166067.

[39] Overman MJ, Kopetz S, Wen S, Hoff PM, Fogelman D, Morris J, et al. Chemo-
therapy with 5-fluorouracil and a platinum compound improves outcomes in
metastatic small bowel adenocarcinoma. Cancer 2008;113:2038e45.

[40] Overman MJ, Varadhachary GR, Kopetz S, Adinin R, Lin E, Morris JS, et al. Phase
ii study of capecitabine and oxaliplatin for advanced adenocarcinoma of the
small bowel and ampulla of vater. J Clin Oncol 2009;27:2598e603.

[41] Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A, et al.
Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N Engl J
Med 2010;362:1273e81.
[42] Koo DH, Yun SC, Hong YS, Ryu MH, Lee JL, Chang HM, et al. Systemic

chemotherapy for treatment of advanced small bowel adenocarcinoma with
prognostic factor analysis: retrospective study. BMC Canc 2011;11:205.

[43] Zhang L, Wang LY, Deng YM, Wang FH, Feng F, Chen YC, et al. Efficacy of the
folfox/capox regimen for advanced small bowel adenocarcinoma: a three-
center study from China. J BUON 2011;16:689e96.

[44] Xiang XJ, Liu YW, Zhang L, Qiu F, Yu F, Zhan ZY, et al. A phase ii study of
modified folfox as first-line chemotherapy in advanced small bowel adeno-
carcinoma. Anti Cancer Drugs 2012;23:561e6.

[45] McWilliams RR, Mahoney MR, Marchello BT, Jatoi A, Krewer KD, Ames MM,
et al. Pharmacogenetic dosing by ugt1a1 genotype as first-line therapy for
advanced small-bowel adenocarcinoma: a north central cancer treatment
group (ncctg) trial. J Clin Oncol 2012;30. 314-314.

http://refhub.elsevier.com/S1424-3903(19)30020-1/sref37
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref37
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref37
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref37
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref38
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref38
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref38
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref38
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref39
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref39
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref39
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref39
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref40
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref40
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref40
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref40
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref41
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref41
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref41
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref41
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref42
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref42
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref42
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref43
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref43
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref43
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref43
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref44
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref44
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref44
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref44
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref45
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref45
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref45
http://refhub.elsevier.com/S1424-3903(19)30020-1/sref45

	Clinical relevance of pancreatobiliary and intestinal subtypes of ampullary and duodenal adenocarcinoma: Pattern of recurre ...
	Introduction
	Material and methods
	Study population and data collection
	Histopathological evaluation
	Follow up
	Statistical analysis

	Results
	Patient characteristics
	Pattern and treatment of recurrence
	Patient survival and prognostic factors

	Discussion
	Conflicts of interest
	Funding
	References


