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Introduction: Ampullary cancer is rare and as a result epidemiological data are scarce. The aim of this
population-based study was to determine the trends in incidence, treatment and overall survival (OS) in
patients with ampullary adenocarcinoma in the Netherlands between 1989 and 2016.

Methods: Patients diagnosed with ampullary adenocarcinoma were identified from the Netherlands
Cancer Registry. Incidence rates were age-adjusted to the European standard population. Trends in
treatment and OS were studied over (7 years) period of diagnosis, using Kaplan-Meier and Cox regression
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Epidemiology analyses for OS and stratified by the presence of metastatic disease.

Survival Results: In total, 3840 patients with ampullary adenocarcinoma were diagnosed of whom, 55.0% were
Treatment male and 87.1% had non-metastatic disease. The incidence increased from 0.59 per 100,000 in 1989
Trends —1995 to 0.68 per 100,000in 2010—2016. In non-metastatic disease, the resection rate increased from

49.5% in 1989—1995 to 63.9% in 2010—2016 (p < 0.001). The rate of adjuvant therapy increased from 3.1%

Abbreviations: EAPC, estimated annual percentage change; ESP, European
standard population; NCR, Netherlands Cancer Registry; NOS, not otherwise spec-
ified; RESP, revised European standard population; UICC, Union for International
Cancer Control.
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to 7.9%. In non-metastatic disease, five-year OS (95% CI) increased from 19.8% (16.9—22.8) in 1989—1995
to 29.1% (26.0—31.2) in 2010—2016 (logrank p < 0.001). In patients with metastatic disease, median OS
did not significantly improve (from 4.4 months (3.6—5.0) to 5.9 months (4.7—7.1); logrank p = 0.06).
Cancer treatment was an independent prognostic factor for OS among all patients.
Conclusion: Both incidence and OS of ampullary cancer increased from 1989 to 2016 which is most likely
related to the observed increased resection rates and use of adjuvant therapy.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

Ampullary adenocarcinoma (hereafter: ampullary cancer),
clustered in the group of periampullary cancers, is a rare cancer as it
accounts for only 0.2%—0.5% of all gastrointestinal tract tumours
[1—4]. Population-based studies in the United States of America
(USA, 1973—2005), France (1976—2009) and England (1998—2007)
reported age-adjusted incidence rates in men and women of
0.46—0.63 and 0.30—0.40 per 100,000 persons, respectively [5—7].
Over the last decades, the incidence increased in the USA (+0.9%
per year) and among men in France (+4.6% per year), but remained
constant in England [5—7].

In current practice, guidelines of distal biliary tract or pancreatic
cancers are sometimes extrapolated to treat patients with ampul-
lary cancer [8—10]. The standard of care for locoregional ampullary
cancer is pancreatoduodenectomy [2,3,10]. Guidelines from the UK
(2005), Belgium (2009), and the Netherlands (2011) recommend to
restrain (neo-)adjuvant systemic or radiotherapy to study treat-
ments, as the role of (neo-)adjuvant therapy in ampullary cancer is
still debated [9,11—20]. Evidence is limited as most studies are
retrospective and in clinical trials patients with ampullary cancer
are often excluded [13—21].

Longitudinal population-based analyses on ampullary cancer
are limited [5,7,22]. To identify areas for improvement of survival,
surgical and medical oncological treatment and counselling, it is
essential to gain more insight in patient characteristics, therapies
and outcomes in large population-based cohorts. Therefore, the
aim of this study was to determine the trends in incidence, treat-
ment and OS in patients diagnosed with ampullary cancer in the
Netherlands between 1989 and 2016.

Methods
Database

The Netherlands Cancer Registry (NCR) is a population-based
cancer registry in the Netherlands (174 million inhabitants;
2019). All patients with newly diagnosed malignancies are auto-
matically identified through linkage to the national automated
pathological archive (PALGA) and supplemented with data from the
National Registry of Hospital Discharge Diagnosis (clinical diag-
nosis based on hospitalization, outpatient visits or imaging data).
Trained administrators consult the medical records to verify the
diagnosis and register information on diagnosis and treatment.
Completeness of the NCR is estimated to be at least 95% [23]. This
study was approved by the Scientific Committee of the Dutch
Pancreatic Cancer Group (DPCG) and the Privacy Review Board of
the NCR. No approval from an ethics committee was required [24].

Patients
All patients aged 18 years or older diagnosed with ampullary

adenocarcinoma between 1989 and 2016 were identified from the
NCR (International Classification of Disease for Oncology, third
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edition; C24.1 and morphology codes listed in Supplementary
Table A1) [25]. Tumour stage was registered according to the
Union for International Cancer Control (UICC) TNM classification
valid at time of diagnosis [26—28]. The TNM classification for all
patients was converted to TNM 7th edition (Supplementary
Table A2). Tumour stage was based on pathological TNM (pTNM)
classification. If missing, clinical TNM classification (cTNM) was
used. One digit Extent of Disease coding was recorded until 2012 for
not microscopically verified malignancies (Supplementary
Table A3). Patients with registered unknown metastatic disease
status (MX) were categorised as no metastatic disease. Patients
without any registered information on tumour classification, lymph
node involvement and metastatic status were classified as ‘un-
known'. Patients were classified as MO NOS (not otherwise speci-
fied) when patients had no metastatic disease, but could not be
grouped based on tumour classification (TX) and/or lymph node
involvement (NX). Two patients with a tumour without invasion
and without lymph node involvement or metastases were
excluded.

Treatment categories for patients with non-metastatic disease
were: A) resection of the primary tumour (local surgical or endo-
scopic excision, pancreatoduodenectomy or not specified), B)
resection of the primary tumour (local surgical or endoscopic
excision, Whipple or pylorus preserving pancreatoduodenectomy
or not specified) combined with (neo-)adjuvant chemo(radio)
therapy, C) chemo- and/or radiotherapy alone, and D) no (anti-
cancer) treatment (including surgical interventions, such as palli-
ative bypass). Categories for patients with metastatic disease were:
A) resection of the primary tumour and/or metastatic site(s)
(location unknown), B) resection of the primary tumour combined
with chemo(radio)therapy, C) chemotherapy alone, D) radiotherapy
alone, and E) no (anti-cancer) treatment. One patient with no in-
formation on treatment was excluded.

OS was defined as time from date of diagnosis to date of death
from any cause and censored at February 1st, 2019 or last follow-up
date in case of emigration. Information on vital status was obtained
through annual linkage of the NCR with the Municipal Adminis-
trative Database.

To evaluate trends in treatment and OS, four seven-year time
periods of diagnosis were defined: 1989—1995, 1996—2002,
2003—2009 and 2010—2016.

Statistics

Annual incidence rates for the period 1989—2016 were calcu-
lated as number of new cases per 100,000 person-years, overall and
stratified by sex. The incidence rates were age-standardised to the
European standard population (ESP) from 1976 and to the revised
ESP (RESP) from 2013. Change in incidence in 1989—-2016 was
evaluated by calculating the estimated annual percentage change
(EAPC). Trends in treatment over time were analysed, stratified by
metastatic disease status using Chi-square test for trend. OS was
calculated with the Kaplan-Meier method for the total study pop-
ulation and stratified by metastatic disease status and by resection
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within the group of patients with non-metastatic disease, using log
rank tests for trend to compare OS between periods of diagnosis.
Multivariable Cox-regression analyses to assess the effect of period
of diagnosis on OS were performed with and without treatment
modality in all patients and in non-metastatic disease, adjusted for
age, differentiation grade and TNM-stage. Variables with a p-value
<0.10 in the univariable regression analyses were selected for the
multivariable regression analyses. In case of multicollinearity, the
most relevant parameter to represent a certain variable family was
selected based on the -2log likelihood. A p-value <0.05 was
considered to be statistically significant. Data were analysed using
IBM SPSS Statistics for Windows, version 25 (IBM Corp., Armong,
NY, USA).

Results

Of the 3840 patients included, median age at diagnosis was 72
years [IQR 63—79] and 55.0% of the patients were male (Table 1).
The majority of the ampullary cancer cases were pathologically
confirmed (89%). In total, 87.1% of the patients had non-metastatic
disease, 12.1% had metastatic disease and in 0.9% (n = 33) data were
lacking. The median follow-up at last follow-up was 12.3 years.

Incidence rate

The incidence increased from 0.59 per 100,000 in 1989—1995 to
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0.68 per 100,000 in 2010—2016. The overall incidence rate (ESR)
was 0.66 per 100,000 between 1989 and 2016, with an estimated
annual percentage of change (EAPC) of +0.63% (95% CI: 0.39—0.88)
from 1989 to 2016 (ESP-based, p = 0.02, Fig. 1). The RESP-based
incidence increased with a similar EAPC of +0.61 (Supplementary
Fig. A1). The increase in incidence was smaller in males than in
females, with an EAPC of respectively +0.47% (ESP-based, p = 0.13)
and +0.68% (ESP-based, p = 0.04).

Trends in treatment

Of patients with non-metastatic disease (MO0), the proportion of
patients who underwent resection of the primary tumour without
(neo-)adjuvant therapy increased over time from 49.5% in 1989—1995
to 63.9% in 2010—2016 (p < 0.001, Fig. 2A). Resection plus (neo-)
adjuvant chemo(radio)therapy increased from 3.2% in 1989—1995 to
7.9% in 2010—2016 (p < 0.001). The majority of the resected patients
underwent a pancreatoduodenectomy and only a small proportion
underwent endoscopic (n = 17) or surgical local (n = 22) resection
(Supplementary Table A4). Within the group of (neo-)adjuvant ther-
apy plus resection (n = 157), 0.6% (n = 1) received neoadjuvant
radiotherapy, 75.8% received adjuvant chemotherapy, 3.1% adjuvant
radiotherapy, and 20.3% adjuvant chemoradiotherapy between 1989
and 2016. No patients received neoadjuvant chemotherapy. Only few
patients with non-metastatic disease received chemotherapy, radio-
therapy, or chemoradiotherapy without resection of the primary

Table 1
Patient and tumour characteristics of patients diagnosed with ampullary cancer in the Netherlands in 1989—2016.
Total (n = 3840) 1989—-1995 1996—2002 2003—-2009 2010—-2016 p-value
(n=785) (n = 834) (n=1061) (n =1160)
N % N % N % N % N %
Sex 0.405
Male 2113 55 420 54 445 53 598 56 650 56
Female 1727 45 365 47 389 47 463 44 510 44
Age (median [IQR]) 72 [63—79] 72 [63—80] 72 [63-79] 72 [62—79] 72 [64—79] -
Age (categorical) 0.033
<65 years 1096 29 230 29 246 30 328 31 292 25
65—75 years 1350 35 269 34 279 34 352 33 450 39
>75 years 1394 36 286 36 309 37 381 36 418 36
T-classification® <0.001
T1 948 25 224 29 240 29 277 26 207 18
T2 719 19 120 15 121 15 199 19 279 24
T3 835 22 153 20 202 24 216 20 264 23
T4 224 6 0 0 0 0 83 8 141 12
Unknown 1114 37 288 32 271 27 286 23 269 29
N-classification® <0.001
NO 1760 46 298 38 336 40 562 53 564 49
N1 1108 29 147 19 195 23 296 28 470 41
Nx 740 19 224 29 236 28 166 16 114 10
Unknown 232 6 116 15 67 8 37 4 12 1
M-classification <0.001
MO 3344 87 709 90 735 88 913 86 987 85
M1 463 12 56 71 88 11 146 14 173 15
Unknown 33 1 20 3 11 1 2 0 0 0
TNM stage <0.001
Stage | 1195 31 261 33 274 33 345 33 315 27
Stage II 1145 30 212 27 258 31 298 28 377 33
Stage III 201 5 0 0 0 0 72 7 129 11
MO NOS 803 21 236 30 203 24 198 19 166 14
Stage IV 463 12 56 7 88 11 146 14 173 15
Unknown 33 1 20 3 11 1 2 0 0 0
Grade 0.152
Well differentiated 321 8 84 11 73 9 72 7 92 8
Moderately differentiated 1244 32 244 31 287 34 340 32 373 32
Poorly differentiated 755 20 151 19 164 20 205 19 235 20
Unknown” 1520 40 306 39 310 37 444 42 460 40

NOS, not otherwise specified; IQR, interquartile range.

@ Classification based on pathological classification, supplemented with clinical classification and extent of disease respectively.
b Grade of differentiation is unknown because this is not reported in the pathological specimen, or because the patient had no pathological diagnosis.
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Fig. 1. Age-standardised incidence rates of ampullary cancer in the Netherlands between 1989 and 2016 based on the European standard population (p-value indicates significance

of estimated annual percentage of change).
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Fig. 2. Treatment of patients with (A) non-metastatic and (B) metastatic ampullary cancer in the Netherlands between 1989 and 2016.

tumour (n = 27, 0.8% of all MO0). Patients receiving no (anti-tumour)
treatment decreased over time from 46.4% in 1989—1995 to 27.5% in
2010—2016 (p < 0.001).

For patients with metastatic disease, chemotherapy use
increased from 3.6% (n = 2) in 1989—-1995 to 28.3% (n = 49) in
2010—2016 (p < 0.001), while radiotherapy use remained nihil over
time with none in 1989—1995 and 0.6% (n = 1) in 2010—2016
(p = 0.91), Fig. 2B).

Trends in overall survival

Median OS of the total population was 16.1 months (95% CI
15.2—17.1) and increased over time from 14.2 months (95% CI
12.0-16.3) in 1989—1995 to 18.3 months (95% CI 16.4—20.2;
p < 0.001) in 2010—2016 (Fig. 3A). Regardless of the period of
diagnosis, median OS decreased with a more advanced TNM-stage
(Supplementary Fig. A2).

In non-metastatic disease, 1- and 5-year OS increased from
58.3% (95% CI 54.6—61.9) and 19.8% (95% Cl 16.9—22.8) in
1989—-1995 to 67.3% (95% CI 64.3—70.2) and 29.1% (95% CI
26.0—32.1) in 2010—2016, respectively (logrank p < 0.001, data not
shown). Patients with non-metastatic disease who underwent
resection had better OS compared to patients with non-metastatic
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disease without resection, a 5-year OS of 39.3% (95% CI 36.4—32.3)
and 3.0% (95% CI 0.0—6.1) respectively (Fig. 3B and C). In patients
who also received (neo-)adjuvant therapy, the 5-year OS was 28.5%
(95% CI 21.3—35.7). Multivariable Cox regression analyses showed
that patient age, T- and N-classification and differentiation grade
were prognostic factors for OS in non-metastatic ampullary cancer
(Supplementary Table A5). In patients with metastatic disease, the
median OS (95%) was 4.4 months (3.6—5.1) in 1989—1995 and 5.9
months (4.7—7.1) in 2010—2016 (logrank p = 0.06, Fig. 3D).

Better OS among all patients was observed after adjusting for
period of diagnosis, age, sex, T- and N-classification and differen-
tiation grade for patients diagnosed in 2003—2009 (HR = 0.88,
p = 0.020), and 2010—2016 (HR = 0.80, p < 0.001) when compared
with 1989—-1995 (Table 2). After including treatment in the multi-
variable model, the period effects (expressed as HRs) on OS
decreased and were no longer statistically significant.

Discussion

This population-based study showed an increase in the inci-
dence, resection rate and use of adjuvant therapy. Most impor-
tantly, 5-year OS improved from 19.8% in 1989—1995 to 29.1% in
2010—2016. In metastatic disease, chemotherapy was administered
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Fig. 3. Overall survival by period of diagnosis of (A) all, (B) non-metastatic resected, (C) non-metastatic non-resected, and (D) metastatic patients diagnosed with ampullary cancer

in the Netherlands between 1989 and 2016.

more often over time, but without any clinically relevant or sta-
tistically significant impact on OS. The multivariable analysis in all
patients showed that the change in administered therapies could
explain the improved OS over time.

In the present study, the incidence rates were higher compared
with the ESR in England in 1998—2007 [7]. Better diagnostic mo-
dalities over time and distinguishing ampullary cancer from other
periampullary cancers more often probably explain the increase
over time in the present study (+0.63%) [6,7].

Approximately 4% of all patients with non-metastatic disease in
1989—-2016 received adjuvant chemo- and/or radiotherapy in the
current study. This is lower than the 8.9% observed in France in
1976—2009 but appears to be in line with recommendations in the
guidelines to limit the use to study treatments [5]. Also in the most
recent time periods, patients with non-metastatic disease received
adjuvant therapy less often (5.1% and 7.9% in 2003—2009 and
2010—2016, respectively) compared with a population-based study
from the USA presenting an increase in use of adjuvant chemo-
therapy in resected ampullary cancer patients from 29% in
2004—-2006 to 46% in 2010—2012 [22]. Higher rates of adjuvant
chemo(radio)therapy in ampullary cancer were also reported in
retrospective single centre studies in the USA in 1977—2016
[29—32]. Due to the small number of patients treated with surgery
plus adjuvant therapy and the risk of confounding by indication,
the benefit of adjuvant therapy on OS could not be assessed in this
study. In a population-based study in the USA an improvement in
survival (2004—2012) was seen in patients with surgically resected
ampullary cancer, together with an increased use of adjuvant
chemo(radio)therapy. The improved OS could mirror this increased
use, but no analyses were done to confirm this association and the
impact of other factors on OS [22]. Randomized controlled trials on
adjuvant therapy, in which only limited numbers of patients with
ampullary cancers are enrolled, report mixed results [13,17,18].

Regarding neoadjuvant therapy in ampullary cancer, only retro-
spective studies are available [33—35]. Therefore, the value of both
neoadjuvant and adjuvant therapy in patients with ampullary
cancer remains unknown and subject to further prospective
studies. To obtain highest level of evidence on the efficacy of (neo)
adjuvant therapy in patients with ampullary cancer in specific, a
multi-centre prospective randomized controlled trial is needed.
The provided results will contribute to evidence-based adaptations
in international guidelines.

The multivariable analysis performed in all patients showed that
the higher use of surgery (with or without (neo)adjuvant therapy)
explained most of the improved OS over time. However, other
factors might also explain the improved OS. First, a more accurate
diagnosis of ampullary cancer, as diagnostic modalities got better
over time, could have resulted in a better distinction between
periampullary cancers. As the prognosis of ampullary cancer is
better, compared with the periampullary cancers, a more homo-
geneous group results in a higher OS [2,22,36]. Second, advance-
ment of both surgical techniques and postoperative support itself
over time may have led to an increase in OS [37,38]. Third, improved
surgical care and more expertise due to centralization and a min-
imal hospital volume requirement of pancreatic surgery, which was
initiated in the 2000s and officially regulated from 2013 and on-
wards, might explain the improved outcome [39]. The effect of
stage migration on OS is believed to be small as the increase in OS in
patients with metastatic disease was not statistically significant
over time.

The reported OS for the total population in the current study
with one out of five patients alive after five years is comparable
with the 27.7% and 20.8% in previously reported data from cohorts
of France (1976—2009) and England (1998—2007), respectively
[5,7]. On the contrary, the 5-year OS in patients with non-
metastatic disease in the present study was lower compared to
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Table 2
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Uni- and multivariable analysis for overall survival of patients with ampullary cancer with and without including treatment.

N Median survival in months (95%CI) Univariable analysis Multivariable analysis Multivariable analysis
(without treatment) (with treatment)
HR (95%CI) p-value HR (95%CI) p-value HR (95%CI) p-value

Period of diagnosis

1989—-1995 785 14.2 (12.0-16.3) Ref. Ref. Ref.

1996—2002 834 14.4(12.5-164) 0.99 (0.90—1.10) 0.863  0.98 (0.88—1.08) 0.674 1.01 (0.92—1.12) 0.807

2003—-2009 1061 16.4 (15.5—18.3) 0.85(0.77—0.94) 0.001 0.88 (0.80—0.98) 0.020 0.94 (0.85—1.05) 0.261

2010—2016 1160 18.3 (16.4—20.2) 0.81 (0.74—0.90) <0.001 0.80 (0.72—0.90) <0.001 0.94 (0.84—1.05) 0.288
Age

<65 years 1096 26.5(23.7-29.3) Ref. Ref. Ref.

65—75 years 1350 17.6 (15.8—19.5) 1.39 (1.27—-1.52) <0.001 1.36(1.24—1.48) <0.001 1.27 (1.16—1.39) <0.001

>75 years 1394 10.1(9.2—10.9) 2.35(2.15-2.57) <0.001 1.92(1.73—2.12) <0.001 1.34(1.20—1.49) <0.001
Sex

Men 2113 16.2 (14.9-175) Ref. not included not included

Women 1727 15.8 (14.4—17.3) 0.99 (0.93—1.06) 0.785
Differentiation grade

Good 321 32.9(264-394) Ref. Ref. Ref.

Moderate 1244 26.9 (24.2—29.6) 1.04 (0.91-1.19) 0.591 1.02 (0.89—1.17) 0.763  1.05(0.92—1.21) 0.456

Poor or undifferentiated 755 13.3(11.7-14.8) 1.61 (1.39-1.86) <0.001 1.43(1.23—1.65) <0.001 1.40 (1.21-1.63) <0.001

Unknown 1520 10.2 (9.4—11.0) 1.96 (1.72—2.24) <0.001 1.30(1.13—1.50) <0.001 0.97 (0.84—1.12) 0.719
T-classification”

T1 948 26.4 (23.1-29.6) Ref. Ref. Ref.

T2 719 33.0 (28.0—37.9) 0.86 (0.77—0.97) 0.010 0.91(0.81-1.02) 0.120  1.04 (0.92—1.16) 0.559

T3 835 19.5(17.4-21.6) 1.30 (1.17-1.43) <0.001 1.26 (1.13(1.40) <0.001 1.47 (1.32—1.65) <0.001

T4 224 15.6(13.4-17.8) 1.56 (1.33—1.83) <0.001 1.49(1.26—1.77) <0.001 1.68 (1.41—-2.00) <0.001

Unknown 1114 6.8 (6.1-7.6) 3.31(3.01-3.65) <0.001 1.95(1.74—2.18) <0.001 1.19(1.06—1.33) 0.002
N-classification”

NO 1760 26.6 (24.0—29.3) Ref. Ref. Ref.

N1 1108 17.5(16.3—18.8) 1.48 (1.36—1.61) <0.001 1.50(1.37—1.64) <0.001 1.67 (1.53—1.83) <0.001

Nx 740 6.51(5.61-7.41) 2.67 (243—-2.92) <0.001 1.49 (1.34—1.66) <0.001 1.26 (1.14—1.40) <0.001

Unknown 232 4.67 (3.64-5.69) 3.72 (3.23—4.29) <0.001 1.20(1.01-1.43) 0.042 1.25(1.05—1.49) 0.014
M-classification

MO 3344 19.5(18.3—-20.6) Ref. Ref. Ref.

M1 463 5.1 (4.6-5.6) 3.22(2.91-3.57) <0.001 2.46 (2.20—2.75) <0.001 1.74 (1.55—1.96) <0.001

Unknown*® 33  0(0.0-0.0) 5.14 (3.64—7.25) <0.001 2.72(1.87—-3.95) <0.001 1.40—-2.96) <0.001
Treatment

No (anti-tumour) treatment 1632 6.6 (6.0—-7.2) Ref. not included Ref.

Resection primary tumour 1940 35.8 (32.3—-394) 0.23 (0.21-0.25) <0.001 0.23 (0.20—0.26) <0.001

Resection + chemo- and/or radiotherapy 164 30.0 (24.7—35.3) 0.28 (0.23—-0.33) <0.001 0.22 (0.18—0.27) <0.001

Chemo- and/or radiotherapy 104 10.3(8.4—12.0) 0.80 (0.66—0.98) 0.030 0.59 (0.48—0.73) <0.001

NOS, not otherwise specified; CI, confidence interval.

@ 22 of 33 patients classified as unknown stage were diagnosed at autopsy, hence median OS was zero months.
b Variables were chosen to avoid multicollinearity between t/n-classification and TNM-stage.

the OS data in the USA (5-year OS from 20% to 50%) between 2004
and 2012 [22]. Possibly this could be explained by the inclusion of
patients with unknown clinical or pathological staging, differences
in selection of histologic subtypes, and differences in treatment.
Survival of patients with metastatic ampullary cancer in the
present study remained poor. Our 1-year OS of 20% is lower
compared with the 1-year OS of 44% in France (outcome for the
total non-resected group) and approximately 38% in the USA [5,6].
Both the French and American study did not report patient char-
acteristics and treatment modalities in detail hampering objective
comparisons. Possibly the current cohort is contaminated with
patients with other tumours originating around the pancreatic
head as pathological confirmation of the diagnosis is often missing
in metastatic disease. Furthermore, the increased use of chemo-
therapy did not seem to improve OS. This, however, should be
interpreted with caution as the analysis was statistically under-
powered with no more than 3% of the patients receiving chemo-
therapy. Although chemotherapy is not recommended in the Dutch
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guideline, clinicians might decide otherwise and prescribe
chemotherapeutic agents approved for pancreatic and/or biliary
tract cancer.

The current study has several limitation, inherent to the retro-
spective study design. First, data such as information on TNM-stage,
histological subtype (i.e. pancreatobiliary or intestinal type), time
between diagnosis and treatment, the presence of pre-existing
comorbidities and recurrences, were partly missing, incomplete
or could have been misclassified. Especially data on histological
subtype would have been of extra value in survival analyses as
these are prognostic factors [3]. Second, risk of residual con-
founding might explain part of the observed improvement in OS
over time. Third, diagnosis of ampullary cancer is difficult, leading
to presumed (radiological or histological) misclassification in both
surgically and non-surgically treated patients [36,40,41]. It is ex-
pected that more patients with ampullary cancer are misclassified
as other periampullary cancers than vice-versa, resulting in an
underestimation of the true incidence and possibly distorted OS.
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In conclusion, this population-based study showed a small in-
crease in incidence and overall survival of patients with non-
metastatic ampullary cancer over the last three decades in the
Netherlands, among an expansion of applied surgery with and
without (neo-)adjuvant chemotherapy in non-metastatic disease.
Survival of patients with metastatic disease remained poor, despite
higher proportions of patients being treated with chemotherapy in
the more recent years.

Declaration of competing interest

Drs. de Vos-Geelen reports grants, personal fees and non-
financial support from Servier, personal fees from AstraZeneca,
personal fees from MSD, personal fees from Pierre Fabre, personal
fees from Amgen, outside the submitted work.

Dr. ir. Geurts reports grants from Roche, grants from Pfizer,
grants from Novartis, grants from Eisai, grants from Lilly, outside
the submitted work.

Dr. Haj Mohammad reports non-financial support from Servier,
non-financial support from MSD, non-financial support from BMS,
non-financial support from Eli Lily, non-financial support from
Astra Zeneca, outside the submitted work.

Dr. van Laarhoven reports grants and non-financial support
from BMS, grants and non-financial support from Celgene, grants
and non-financial support from Lilly, grants and non-financial
support from Nordic, grants and non-financial support from Serv-
ier, grants from Bayer, grants from Merck Serono, grants from MSD,
grants from Philips, outside the submitted work.

Dr. Tjan-Heijnen reports grants and personal fees from Roche,
grants and personal fees from Novartis, grants and personal fees
from Pfizer, grants and personal fees from Lilly, personal fees from
Accord Healthcare, grants from AstraZeneca, grants from Eisai,
grants from Daiichi Sankyo, outside the submitted work.

Dr. Valkenburg-van lersel reports non-financial support from
Servier, non-financial support from Pierre Fabre, non-financial
support from Roche, outside the submitted work.

Dr. Wilmink reports grants and non-financial support from
Servier, non-financial support from MSD, non-financial support
from AstraZeneca, grants and non-financial support from Celgene,
grants from Halozyme, grants from Merck, grants from Roche,
grants from Pfizer, grants from Amgen, grants from Novartis,
outside the submitted work.

The other authors have declared no conflicts of interests.

Acknowledgments

The authors thank the registration team of the Netherlands
Comprehensive Cancer Organisation (IKNL) for the collection of
data for the Netherlands Cancer Registry as well as IKNL staff for
scientific advice.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejs0.2021.02.028.

CRediT author statement

EJ.M. de Jong: Conceptualization, Methodology, Software,
Validation, Formal analysis, Investigation, Writing - Original Draft,
Project administration S.M.E. Geurts: Conceptualization, Method-
ology, Software, Validation, Formal analysis, Investigation, Writing
— Original Draft, Supervision. L.G. van der Geest: Conceptualiza-
tion, Methodology, Software, Validation, Formal analysis, Investi-
gation, Writing - Review & Editing. M.G. Besselink: Resources,

1748

European Journal of Surgical Oncology 47 (2021) 1742—1749

Writing - Review & Editing. S.A.W. Bouwense: Resources, Writing -
Review & Editing. J. Buijsen: Resources, Writing - Review & Editing.
CHC Dejong: Resources, Writing - Review & Editing L.R. Heij: Re-
sources, Writing - Review & Editing B. Groot Koerkamp: Resources,
Writing - Review & Editing. I.LHJ.T. de Hingh: Resources, Writing -
Review & Editing.

C. Hoge: Resources, Writing - Review & Editing. G. Kazemier:
Resources, Writing - Review & Editing. HHW.M. van Laarhoven:
Resources, Writing - Review & Editing. V.E. de Meijer: Resources,
Writing - Review & Editing. N. Haj Mohammad: Resources, Writing
- Review & Editing. M. Strijker: Resources, Writing - Review &
Editing. K.C.A.A. Timmermans: Resources, Data curation, Writing -
Review & Editing. L.B.J. Valkenburg-van Ilersel: Resources, Writing
- Review & Editing. J.W. Wilmink: Resources, Writing - Review &
Editing. V.C.G. Tjan-Heijnen: Conceptualization, Methodology,
Writing - Review & Editing, Supervision, Funding acquisition. J. de
Vos-Geelen: Conceptualization, Methodology, Software, Validation,
Formal analysis, Investigation, Writing Original Draft,
Supervision.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Data availability

The data that support the findings of this study are available
from the corresponding author upon request.

References

[1] Goodman MT, Yamamoto J. Descriptive study of gallbladder, extrahepatic bile

duct, and ampullary cancers in the United States, 1997-2002. Cancer Causes

Control 2007;18:415-22.

Fernandez-Cruz L. Periampullary carcinoma. In: RG H, editor. Surgical treat-

ment: evidence-based and problem-oriented. City: Zuckschwerdt; 2001.

Klein F, et al. Prognostic factors for long-term survival in patients with

ampullary carcinoma: the results of a 15-year observation period after pan-

creaticoduodenectomy. HPB Surg 2014;2014:970234.

[4] Jemal A, et al. Cancer statistics, 2008. CA A Cancer ] Clin 2008;58:71—96.

[5] Rostain F, et al. Trends in incidence and management of cancer of the ampulla
of Vater. World ] Gastroenterol 2014;20:10144—-50.

[6] Albores-Saavedra ], et al. Cancers of the ampulla of vater: demographics,

morphology, and survival based on 5,625 cases from the SEER program. J Surg

Oncol 2009;100:598—605.

Coupland VH, et al. Incidence and survival for hepatic, pancreatic and biliary

cancers in England between 1998 and 2007. Canc Epidemiol 2012;36:

e207—-14.

Miyakawa S, et al. Flowcharts for the management of biliary tract and

ampullary carcinomas. ] Hepatobiliary Pancreat Surg 2008;15:7—14.

Pancreatric Section BSoG, et al. Guidelines for the management of patients

with pancreatic cancer periampullary and ampullary carcinomas. Gut

2005;54(Suppl 5):v1—16.

Panzeri F, et al. Management of ampullary neoplasms: a tailored approach

between endoscopy and surgery. World ] Gastroenterol 2015;21:7970—87.

Pancreascarcinoom. Landelijke richtlijn, Versie 2.0. In: City: Netherlands

comprehensive cancer organisation (IKNL); 2011.

Peeters M, et al. Wetenschappelijke ondersteuning van het College voor

Oncologie: een nationale praktijkrichtlijn voor de aanpak van pancreaskanker.

Good Clinical Practice. KCE reports 105A. City: Federaal Kenniscentrum voor

de Gezondheidszorg (KCE); 2009.

Bakkevold KE, et al. Adjuvant combination chemotherapy (AMF) following

radical resection of carcinoma of the pancreas and papilla of Vater-results of a

controlled, prospective, randomised multicentre study. Eur | Canc 1993;29A:

698—703.

Bonet M, et al. Adjuvant therapy for true ampullary cancer: a systematic re-

view. Clin Transl Oncol 2020;22(8):1407—13.

Kwon J, et al. Survival benefit of adjuvant chemoradiotherapy in patients with

ampulla of vater cancer: a systematic review and meta-analysis. Ann Surg

2015;262:47-52.

Morak M]J, et al. Adjuvant intra-arterial chemotherapy and radiotherapy

versus surgery alone in resectable pancreatic and periampullary cancer: a

prospective randomized controlled trial. Ann Surg 2008;248:1031—41.

[17] Neoptolemos JP, et al. Effect of adjuvant chemotherapy with fluorouracil plus

2

[3

[7

(8

[9

[10]
[11]

[12]

[13]

[14]

[15]

[16]


https://doi.org/10.1016/j.ejso.2021.02.028
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref1
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref1
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref1
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref1
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref2
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref2
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref3
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref3
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref3
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref4
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref4
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref5
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref5
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref5
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref6
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref6
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref6
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref6
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref7
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref7
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref7
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref7
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref8
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref8
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref8
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref9
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref9
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref9
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref9
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref10
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref10
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref10
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref11
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref11
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref12
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref12
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref12
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref12
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref13
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref13
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref13
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref13
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref13
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref14
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref14
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref14
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref15
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref15
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref15
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref15
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref16
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref16
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref16
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref16
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref17

EJ.M. de Jong, S.M.E. Geurts, L.G. van der Geest et al.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

folinic acid or gemcitabine vs observation on survival in patients with
resected periampullary adenocarcinoma: the ESPAC-3 periampullary cancer
randomized trial. ] Am Med Assoc 2012;308:147—56.

Takada T, et al. Is postoperative adjuvant chemotherapy useful for gallbladder
carcinoma? A phase IIl multicenter prospective randomized controlled trial in
patients with resected pancreaticobiliary carcinoma. Cancer 2002;95:
1685—-95.

Valle J, et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract
cancer. N Engl ] Med 2010;362:1273—81.

Smeenk HG, et al. Long-term survival and metastatic pattern of pancreatic and
periampullary cancer after adjuvant chemoradiation or observation: long-
term results of EORTC trial 40891. Ann Surg 2007;246:734—40.

Klinkenbijl JH, et al. Adjuvant radiotherapy and 5-fluorouracil after curative
resection of cancer of the pancreas and periampullary region: phase III trial of
the EORTC gastrointestinal tract cancer cooperative group. Ann Surg
1999;230:776—82. discussion 82-4.

Hester CA, et al. Incidence and comparative outcomes of periampullary can-
cer: a population-based analysis demonstrating improved outcomes and
increased use of adjuvant therapy from 2004 to 2012. J Surg Oncol 2019;119:
303—-17.

van der Sanden GA, et al. Cancer incidence in The Netherlands in 1989 and
1990: first results of the nationwide Netherlands cancer registry. Coordinating
Committee for Regional Cancer Registries. Eur ] Canc 1995;31A:1822-9.
Strijker M, et al. Establishing and coordinating a nationwide multidisciplinary
study group: lessons learned by the Dutch pancreatic cancer group. Ann Surg
2020;271:e102—4.

Percy C, et al. International classification of diseases for oncology. 1990.
Sobin LH, Fleming ID. TNM classification of malignant tumors. fifth ed. 1997.
p. 1803—4. Union Internationale Contre le Cancer and the American Joint
Committee on Cancer. Cancer 1997;80.

Sobin LH, Wittekind C. International union against cancer (UICC). TNM clas-
sificaiton of malignant tumors. sixth ed. New York: John Wiley & Sons. Inc;
2002.

Hermanek P, Sobin LH. UICC. TNM classification of malignant tumors. fourth
ed. Berlin: Springer-Verlag; 1987.

1749

[29]
(30]

[31]

[32]

(33]

(34]

(351

[36]

(371

[38]

(39]

[40]

[41]

European Journal of Surgical Oncology 47 (2021) 1742—1749

Al-Jumayli M, et al. Clinical outcome of ampullary carcinoma: single cancer
center experience. ] Oncol 2019;2019:3293509.

Bhatia S, et al. Adjuvant therapy for ampullary carcinomas: the Mayo Clinic
experience. Int ] Radiat Oncol Biol Phys 2006;66:514—9.

Chavez MT, et al. Management and outcomes following pan-
creaticoduodenectomy for ampullary adenocarcinoma. Am J Surg 2017;214:
856—-61.

Lee JH, et al. Outcome of pancreaticoduodenectomy and impact of adjuvant
therapy for ampullary carcinomas. Int J Radiat Oncol Biol Phys 2000;47:
945-53.

Manoukian G, et al. Neoadjuvant therapy for adenocarcinomas of the duo-
denum and ampulla of Vater. ] Clin Oncol 2011;29:279.

Leonard-Murali S, et al. Neoadjuvant chemotherapy versus upfront resection
in ampullary adenocarcinoma stratified by stage: a retrospective analysis
using the National Cancer Database. ] Clin Oncol 2019;37:318.

Cloyd JM, et al. Influence of preoperative therapy on short- and long-term
outcomes of patients with adenocarcinoma of the ampulla of vater. Ann
Surg Oncol 2017;24:2031-9.

Sarmiento JM, et al. Periampullary cancers: are there differences? Surg Clin
2001;81:543—-55.

de Rooij T, et al. Minimally invasive versus open pancreatoduodenectomy:
systematic review and meta-analysis of comparative cohort and registry
studies. Ann Surg 2016;264:257—67.

Coolsen MM, et al. Implementing an enhanced recovery program after pan-
creaticoduodenectomy in elderly patients: is it feasible? World ] Surg
2015;39:251-8.

Gooiker GA, et al. Impact of centralization of pancreatic cancer surgery on
resection rates and survival. Br J Surg 2014;101:1000—5.

Chandrasegaram MD, et al. Ampullary cancer of intestinal origin and duodenal
cancer - a logical clinical and therapeutic subgroup in periampullary cancer.
World ] Gastrointest Oncol 2017;9:407—15.

Pomianowska E, et al. Reclassification of tumour origin in resected peri-
ampullary adenocarcinomas reveals underestimation of distal bile duct can-
cer. Eur ] Surg Oncol 2012;38:1043—50.


http://refhub.elsevier.com/S0748-7983(21)00119-0/sref17
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref17
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref17
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref17
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref18
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref18
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref18
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref18
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref18
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref19
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref19
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref19
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref20
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref20
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref20
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref20
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref21
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref21
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref21
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref21
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref21
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref22
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref22
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref22
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref22
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref22
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref23
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref23
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref23
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref23
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref24
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref24
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref24
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref24
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref25
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref26
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref26
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref26
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref26
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref27
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref27
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref27
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref27
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref28
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref28
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref29
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref29
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref30
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref30
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref30
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref31
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref31
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref31
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref31
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref32
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref32
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref32
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref32
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref33
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref33
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref34
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref34
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref34
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref35
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref35
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref35
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref35
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref36
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref36
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref36
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref37
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref37
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref37
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref37
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref38
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref38
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref38
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref38
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref39
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref39
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref39
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref40
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref40
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref40
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref40
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref41
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref41
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref41
http://refhub.elsevier.com/S0748-7983(21)00119-0/sref41

	A population-based study on incidence, treatment, and survival in ampullary cancer in the Netherlands
	Introduction
	Methods
	Database
	Patients
	Statistics

	Results
	Incidence rate
	Trends in treatment
	Trends in overall survival

	Discussion
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	CRediT author statement
	Funding
	Data availability
	References


