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Ten weeks to live: A population-based study on treatment and survival
of patients with metastatic pancreatic cancer in the south
of the Netherlands
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ABSTRACT

Background. A large proportion of patients with pancreatic cancer presents with metastatic disease. We conducted a
population-based study to evaluate trends in treatment and survival of patients with metastatic pancreatic cancer.
Methods. We included all patients diagnosed with pancreatic cancer between 1993 and 2010 in the South of the
Netherlands (N =3099). Multivariable logistic regression analysis was conducted to evaluate trends in treatment with
chemotherapy. Crude overall survival according to period of diagnosis was analyzed, and independent risk factors for
death were identified.

Results. Forty-eight percent of the patients (N = 1494) were diagnosed with metastatic disease. The percentage of
patients being diagnosed with metastatic disease increased during the study period from 35% in 1993-1996 to 59% in
2009-2010 (p<<0.0001). Overall, 18% of these patients received chemotherapy. The prescription of palliative
chemotherapy almost tripled from 10% to 27% (p <0.0001). Treatment largely depended on age, ranging from 38%
among patients aged <50 years [compared to 60-69 years: adjusted odds ratio (OR ;) 2.5 (95% CI 1.4-4.2)] to 1%
among patients aged =80 years [compared to 60-69 years: OR, i 0.04 (95% CI 0.0—O.i)]. Patients were more likely to
receive chemotherapy if they had a high socioeconomic status [OR . 2.0 (95% CI 1.3-3.1)], and if diagnosis was
pathologically verified [no verification vs. verification: OR ;. 0.3 (95% Cl 0.2-0.5)]. The administration of chemotherapy
varied widely between 10 hospitals (5-34%, p<<0.0001). The median overall survival of patients with metastatic
pancreatic cancer remained 9-11 weeks.

Conclusion. A growing proportion of pancreatic cancer patients presented with metastatic disease. Usage of palliative
chemotherapy increased over time, but median survival remained 9—11 weeks. In the near future, it should be evaluated
if the recently introduced regimens have an impact on population-based survival.

Pancreatic cancer is a devastating disease, with a one- for patients with resectable pancreatic cancer

year survival rate ranging from 12% to 28% in
Europe [1]. It is characterized by aggressive tumor
biology with early metastases. As a result, 95% of
pancreatic cancer patients eventually die of the
disease within five years.

The only curative treatment modality for pancre-
atic cancer is surgery. In the last decades, the survival

increased due to technical advances in surgical treat-
ment as well as advances in other surgery-related
factors, such as the establishment of high volume
centers and implementation of adjuvant chemother-
apy [2,3].

However, about 80% of the patients with pancre-
atic cancer is diagnosed with locally advanced or
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metastatic disease and does not qualify for surgical
treatment. Furthermore, the majority of patients
who are treated with pancreatic surgery eventually
relapses and develops local recurrence or distant
metastases [2,4].

Population-based data on treatment and outcome
of metastatic pancreatic cancer are scarce. Recently,
data from the US Surveillance, Epidemiology and
End Result registry (SEER) showed a modest increase
in median overall survival of patients with metastatic
pancreatic cancer in the years 1988-2008 [5].

We conducted a population-based study in order
to evaluate whether the proportion of patients diag-
nosed with metastatic disease shifted over time,
whether treatment patterns changed and to what
degree this had an effect on median survival in the
South of the Netherlands.

Methods
Data collection

For the present study we used data from the
Eindhoven Cancer Registry (ECR), maintained by
the Comprehensive Cancer Centre South. The ECR
is a population-based registry in the Southern part
of the Netherlands. The registry area comprises
about 2.4 million inhabitants and encompasses 10
community hospitals, two radiotherapy institutions
and six pathology departments. The area does not
contain university or specialized cancer hospitals.
Information on patient, tumor and treatment char-
acteristics was routinely extracted from medical
records by trained registrars operating on behalf of
the ECR.

Our study included all patients who were diag-
nosed with a neoplasm of the pancreas [International
classification of Disease for Oncology (ICD-0O), 2nd
edition, topography code 157 and 3rd edition, code
C25] between 1 January 1993 and 31 December
2010. We decided to restrict the morphology to
adenocarcinoma and excluded patients with neu-
roendocrine tumors, sarcomas or blastomas of the
pancreas. However, tumors without histological
confirmation were included.

The registrars classified all adenocarcinomas
according to the Tumor Lymph Node Metastasis
(TNM) classification and staged them following the
recommendations of the International Union Against
Cancer in the respective period. The clinical Extent
of Disease (cEOD) was used for staging if the tumor
was not histologically confirmed. We categorized
tumors as locoregional (confined to the pancreas,
with or without extension to surrounding organs or

locoregional lymph nodes) or metastatic pancreatic
cancer.

Vital status of patients was assessed at 1 January
2012 through linkage with civil municipal registries
and the central bureau for genealogy. The latter is an
institution that collects data on all deceased Dutch
citizens. Survival was calculated based on all-cause
mortality.

Statistical analysis

We described proportions of patients who received
chemotherapy according to gender, age, socioeco-
nomic status, number of comorbid conditions, histo-
logic subtype, site of metastases, period of diagnosis
and hospital of treatment (A-]). Differences in the
administration of systemic chemotherapy between
subgroups were tested by means of a y2-test. Trends
in treatment across the five periods (1993-1996,
1997-2000,2001-2004,2005-2008 and 2009-2010)
were analyzed by means of a Cochran-Armitage
trend test. Furthermore, the independent influence
of these variables on the administration of chemo-
therapy was evaluated by means of a logistic
regression analysis. Missing values were included as
separate dummies in the analyses in order not to lose
statistical power.

Survival time was defined as the time from diag-
nosis to death or 1 January 2012, for patients who
were still alive. The significance of differences between
survival curves were evaluated by means of a log rank
test. Independent risk factors for death were discrim-
inated by multivariable proportional hazard regres-
sion modeling. In order to investigate the effect of
chemotherapy on the hazard ratios (HRs) of dying
according to period of diagnosis and hospital of
diagnosis, the model was run with and without treat-
ment variable (chemotherapy yes vs. no).

SAS Statistical software (version 9.3, SAS insti-
tute, Cary, NC, USA) was used to perform the
statistical analyses. For all analyses, a two-sided
p-value <0.05 was considered statistically significant.

Results

A total of 3099 patients were diagnosed with
pancreatic cancer between 1 January 1993 and
31 December 2010. Forty-eight percent of the
patients (N = 1494) were diagnosed with metastatic
disease (pathological or clinical). This percentage
increased over time, from 35% in 1993-1996 to 59%
in 2009-2010 (p<0.01).

General characteristics by period are depicted in
Table I. Fifty-five percent of our study population
was male and 68% of the patients had their diagno-
sis confirmed by pathological examination. The
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Table I. Characteristics of patients with metastatic pancreatic cancer, by period of diagnosis (N = 1494).
Total 1993-1996 1997-2000 2001-2004 2005-2008 2009-2010
N (%) N (%) N (%) N (%) N (%) N (%)  p-Value
Sex
Male 820 (55.5) 119 (63.3) 135 (49.6) 171 (55.7) 250 (56.9) 154 (53.5) 0.46
Female 665 (44.5) 69 (36.7) 137 (50.4) 136 (44.3) 189 (43.1) 134 (46.5)
Age (years)
<50 93 (6.2) 22 (11.7) 15 (5.5 20 (65 26 (590 10 (3.5)  0.03
50-59 241 (16.1) 36 (19.1) 54 (19.9) 50 (16.3) 67 (15.3) 34  (11.8)
60-69 512 (34.3) 57 (30.3) 92 (33.8) 110 (35.8) 151 (34.4) 102 (35.4)
70-79 469 (31.4) 53  (28.2) 87 (32.0) 91 (29.6) 140 (31.9) 98 (34.0)
=80 179 (12.0) 20 (10.6) 24 (8.8) 36 (11.7) 55  (12.5) 44 (15.3)
Socioeconomic status (SES)
Low 372 (24.9) 42 (223) 85 (31.3) 75 (24.4) 102 (23.2) 68 (23.6) <0.01
Intermediate 584 (39.1) 59 (31.4) 99 (36.4) 118 (38.4) 187 (42.6) 121 (42.0)
High 424 (28.4) 57 (30.3) 70  (25.7) 97 (31.6) 127 (28.9) 73 (25.3)
Institutions 72 (4.8 14 (75 16 (5.9 13 (42) 13  (3.0) 16 (5.6
Unknown 42 (2.8) 16 (8.5) 2 0.7) 4 1.3) 10 (2.2) 10 (3.5)
No. of comorbid conditions
0 712 (47.7) 105 (55.9) 151 (55.5) 141 (45.9) 198 (45.1) 117 (40.6) <0.01
1 469 (31.4) 34 (18.1) 70 (25.7) 100 (32.6) 155 (35.3) 110 (38.2)
=2 179 (12.0) 14 (7.4) 22 8.1) 30 9.8) 60 (13.7) 53 (18.4)
Unknown 134 (9.0) 35 (18.6) 29 (10.7) 36 (11.7) 26  (5.9) 8 (2.8
Histologic subtype
Adenocarcinoma 1023 (68.5) 134 (71.3) 175 (64.3) 197 (64.2) 303 (69.0) 214 (74.3) 0.12
No histology 471 (31.5) 54 (28.7) 97 (35.7) 110 (35.8) 136 (31.0) 74 (25.7)
Metastatic site
Liver 840 (56.2) 114 (60.6) 165 (60.7) 192 (62.5) 232 (52.8) 137 (47.6) <0.01
Peritoneal 124 (83) 16 (85 31 (11.4) 15 (49 32  (7.3) 30 (10.4)
Lung 47  (3.1) 7 3.7 6 (2.2) 9 (2.9) 10 (2.3) 15 (5.2)
Lymph nodes 45 (3.0 4 @21 12 @44 9 (29 14 (3.2) 6 (2.1
Other / unknown 78 (5.2) 22 (L7 15 (5.5 17 (55 18 (4.1 6 (2.1
2 organs 270 (18.1) 18  (9.6) 40 (14.7) 43 (14.0) 108 (24.6) 61 (21.2)
=3 organs 90 (6.0) 7 3.7 3 (1.1) 22 (7.2) 25 5.7 33  (11.5)
Hospital of diagnosis
Hospital A 228 (15.3) 21 (11.2) 46 (16.9) 41  (13.4) 69  (15.7) 51 (17.7) 0.01
Hospital B 85 (5.7) 16 (85 11 (400 26 (85 13  (3.0) 19 (6.6
Hospital C 154 (10.3) 13 (6.9) 26  (9.6) 29  (9.4) 45 (10.3) 41 (14.2)
Hospital D 119 (8.0) 14 (7.4) 25 9.2) 26 (8.5) 36 (8.2) 18 (6.3)
Hospital E 72 (4.8) 11 (5.9 12 (44 18 (5.9) 19 (43) 12 (4.2)
Hospital F 217 (145) 23 (12.2) 38 (14.0) 38 (12.4) 76 (17.3) 42 (14.6)
Hospital G 236 (15.8) 33 (17.6) 35 (12.9) 43 (14.0) 77 (17.5) 48 (16.7)
Hospital H 131 (8.8) 17 (9.0) 23 (85 37 (12.1) 32  (1.3) 22  (71.6)
Hospital I 107 (7.2) 21 (11.2) 24 (88 17 (55) 29 (6.6) 16 (5.6
Hospital J 145  (9.7) 19 (10.1) 32 (11.8) 32 (10.4) 43 9.8) 19 (6.6)
Chemotherapy
Yes 272 (18.2) 18  (9.6) 26  (9.6) 60 (19.5) 90 (20.5) 78 (27.1) <0.01
No 1222 (81.8) 170  (90.4) 246 (90.4) 247 (80.5) 349 (79.5) 210 (72.9)
Total 1494 188  (12.6) 272 (18.2) 307 (20.6) 439 (29.4) 288 (19.3)

median age at time of diagnosis was 68 years (range
32-99). Overtime the proportion of elderly patients
diagnosed with metastatic pancreatic cancer
increased.

The liver (76%) and the peritoneal cavity (18%)
were the most common metastatic sites. Twenty-four
percent of the patients had metastases in two or
more organs, this proportion increased overtime.
Patients with liver metastases were more likely to
have multiple organs affected compared to patients
with non-liver metastases (p = 0.03).

The use of chemotherapy among patients with
metastatic pancreatic cancer increased, from 10% in
1993-1996 to 27% in 2009-2010 (p<0.001)
(Figure 1). Several factors influenced the probability
of receiving chemotherapy. Table II shows the
crude proportions of patients treated with chemo-
therapy according to relevant patient and tumor
characteristics, and the adjusted odds of being treated
with chemotherapy. Chemotherapy was adminis-
tered more often to younger patients and patients
with a high socioeconomic status (SES). In contrast,
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Figure 1. Administration of chemotherapy for patients diagnosed
with metastatic pancreatic cancer between 1993 and 2010 in the
southern Netherlands according to period of diagnosis
(N =1494).

older patients and patients without pathological
confirmation received chemotherapy less frequently.
Furthermore, there was a large inter-hospital varia-
tion in the prescription of chemotherapy (5-34%);
this variation was not related to the size of the
hospital.

The overall survival of patients with metastatic
pancreatic cancer did not change in the course of
time. The prognosis remained dismal, with one-year
survival rates between 4% and 7% and a median
overall survival between 9 and 11 weeks (Figure 2).
Patients treated with palliative chemotherapy exhib-
ited a median overall survival of 25 weeks (one-year
survival rate 17%), compared to eight weeks in those
not treated with chemotherapy (one-year survival
rate 3%) (Table III). Other beneficial prognostic fac-
tors identified by multivariable survival analysis were
female sex, single site metastases in extra regional
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Figure 2. Overall survival of patients diagnosed with metastatic

pancreatic cancer between 1993 and 2010 in the southern
Netherlands according to period of diagnosis (N = 1494).

lymph nodes, and dissemination limited to the lungs.
Factors associated with poor survival included older
age (70-79 years or 80+). Patients without micro-
scopically verified pancreatic cancer carried the same
dismal prognosis as patients with verified pancreatic
cancer.

Without adjustment for chemotherapy in the
multivariable survival analysis, the risk of dying
remained similar across the different study periods.
After adjustment for chemotherapy the risk of dying
increased significantly over time. Patients diagnosed
in hospital B and G had a better survival, but after
adjustment for chemotherapy this difference was not
observed anymore.

Discussion

This population-based study showed that an increasing
proportion of pancreatic cancer patients presented with
metastatic disease. The administration of palliative che-
motherapy in these patients increased drastically, and
large inter-hospital variations in the administration
were noted. In the course of time, the population-based
median overall survival remained dismal.

The increasing proportion of pancreatic cancer
patients to present with metastatic disease is consis-
tent with previous reports [6,7]. The improvements
in the accuracy of the current computed tomography
(CT) scans and the development of new diagnostic
tools are major contributing factors. Once (meta-
static) pancreatic cancer is suspected on imaging
studies, pathologic confirmation is required to estab-
lish the definitive diagnosis. In 68% of the patients
with metastatic pancreatic cancer the definitive diag-
nosis was verified by pathological examination. Low
overall proportions of verification are common in
pancreatic cancer. The EUROCARE-4 study, a study
that gathered data from 93 European cancer regis-
tries between 1995 and 2002, found a verification
rate of 63% (range 30-91%) in all patients with
pancreatic cancer [8]. Our data suggest that the
rate is especially low in non-metastatic pancreatic
cancer. Obtaining tissue in the absence of metastases
can be difficult, since the pancreas is situated in the
retroperitoneum and the abundant presence of des-
moplastic stroma in pancreatic tumors may hamper
the identification of malignant tumor cells [8,9]. In
case of metastatic disease, healthcare practitioners
often refrain from diagnostic biopsies in patients
who are considered unfit for systemic treatment.
Although in several population-based studies, patho-
logically unverified tumors were not taken into
account [10,11], we included these patients into our
study, in order to obtain a true reflection of the
outcome of daily clinical practice in pancreatic can-
cer care. Since the overall survival of patients with
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Table II. Crude percentages, unadjusted and adjusted odds for receiving chemotherapy among patients
diagnosed with metastatic pancreatic cancer between 1993 and 2010 in the southern Netherlands?

Univariate odds
ratio (95% CI)

Multivariate odds
ratio (95% CI)

(N = 1494).
Crude
percentage %
Sex
Male 19.7
Female 16.4
Age (years)
<50 37.6
50-59 29.0
60-69 21.5
70-79 11.7
=80 1.1
Socioeconomic status (SES)
Low 13.4
Intermediate 17.8
High 25.9
Number of comorbid conditions
0 21.5
1 17.3
=2 14.0
Histologic subtype
Adenocarcinoma 23.7
No histology 6.4
Site of metastases
Liver 18.6
Peritoneal 17.7
Lung 12.8
Extraregional nodes 15.6
Other 12.8
2 organs 18.9
3 + organs 22.2
Period of diagnosis
1993-1996 9.6
1997-2000 9.6
2001-2004 19.5
2005-2008 20.5
2009-2010 27.1
Hospital of diagnosis
Hospital A 14.9
Hospital B 29.4
Hospital C 18.2
Hospital D 5.0
Hospital E 13.9
Hospital F 11.1
Hospital G 34.3
Hospital H 15.3
Hospital I 22.4
Hospital ] 13.8

1.00 (reference)
0.80 (0.61-1.05)

2.21 (1.38-3.53)
1.50 (1.06-2.12)
1.00 (reference)
0.49 (0.34-0.69)
0.04 (0.01-0.17)

1.00 (reference)
1.40 (0.97-2.01)
2.26 (1.56-3.26)

1.00 (reference)
0.76 (0.57-1.03)
0.59 (0.38-0.94)

1.00 (reference)
0.22 (0.15-0.33)

1.00 (reference)
0.95 (0.58-1.55)
0.64 (0.27-1.54)
0.81 (0.35-1.84)
0.65 (0.33-1.28)
1.02 (0.72-1.45)
1.25 (0.74-2.12)

1.00 (reference)
1.00 (0.53-1.88)
2.29 (1.31-4.02)
2.44 (1.42-4.17)
3.51 (2.02-6.09)

1.00 (reference)
2.38 (1.32-4.30)
1.27 (0.73-2.19)
0.30 (0.12-0.74)
0.92 (0.43-1.97)
0.71 (0.41-1.24)
2.98 (1.90-4.69)
1.03 (0.56-1.87)
1.65 (0.92-2.95)
0.91 (0.50-1.66)

1.00 (reference)
0.91 (0.67-1.24)

2.43 (1.41-4.18)
1.68 (1.13-2.49)
1.00 (reference)
0.49 (0.33-0.73)
0.04 (0.01-0.18)

1.00 (reference)
1.18 (0.78-1.79)
2.05 (1.34-3.13)

1.00 (reference)
0.77 (0.54-1.09)
0.69 (0.41-1.16)

1.00 (reference)
0.33 (0.21-0.51)

1.00 (reference)
0.78 (0.45-1.37)
1.01 (0.38-2.68)
0.81 (0.32-2.03)
0.76 (0.35-1.63)
0.81 (0.54-1.22)
0.80 (0.44-1.48)

1.00 (reference)
1.71 (0.85-3.46)
4.08 (2.15-7.73)
4.61 (2.48-8.58)
7.40 (3.87-14.15)

1.00 (reference)
4.08 (2.05-8.14)
1.36 (0.74-2.50)
0.39 (0.15-1.02)
1.07 (0.47-2.44)
0.87 (0.48-1.58)
5.27 (3.15-8.82)
1.22 (0.63-2.35)
1.86 (0.98-3.55)
1.04 (0.55-1.98)

2Adjusted for all variables listed. Included in the analysis but results not shown, SES institutionalised,

SES unknown and comorbidity unknown.

histologically unverified pancreatic cancer was poor,
the likelihood that these patients indeed suffered
from pancreatic cancer is high. We believe it is of
clinical relevance to report on the outcome of these
patients, as they constitute a significant proportion
of pancreatic cancer patients.

Although no considerable progress has been made
in the chemotherapeutic treatment of metastatic pan-
creatic cancer during the study period, the prescrip-

tion of chemotherapy increased from 10% 1993-1996
to 27% 2009-2010. Since 1997, gemcitabine mono-
therapy has been the reference regimen for patients
with metastatic pancreatic cancer. Although initial
studies suggested a low response rate (6-11%), gem-
citabine was approved for first-line treatment on the
basis of significant improvement in ‘clinical benefit’
(pain relief, improved performance status, or both) and
prolongation of survival (5.6 months in gemcitabine-
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Table III. Crude median overall survival, crude 1-year survival, unadjusted and adjusted hazard ratios for
patients diagnosed with metastatic pancreatic cancer between 1993 and 2010 in the southern Netherlands?

Crude 1-year
survival (%)

Univariate
HR (95%)

Multivariable
HR (95% CI)

(N =1494).
Crude median
survival (weeks)
Sex
Male 9.4
Female 9.9
Age (years)
<50 14.3
50-59 12.0
60-69 11.1
70-79 7.9
=80 5.1
Socioeconomic status (SES)
Low 8.7
Intermediate 9.4
High 10.9
Number of comorbid conditions
0 10.0
1 9.0
=2 9.0
Histologic subtype
Adenocarcinoma 10.4
No histology 7.6
Site of metastases
Liver 9.7
Peritoneal 8.2
Lung 17.9
Extra regional nodes 21.6
Other 10.6
2 organs 7.1
3 or more organs 5.6
Period of diagnosis
1993-1996 10.9
1997-2000 8.7
2001-2004 9.7
2005-2008 9.7
2009-2010 9.0
Hospital of diagnosis
Hospital A 10.4
Hospital B 12.6
Hospital C 9.4
Hospital D 7.1
Hospital E 9.3
Hospital F 8.9
Hospital G 10.2
Hospital H 8.1
Hospital 1 9.1
Hospital ] 10.1
Chemotherapy
No 7.6
Yes 25.3

6.0 1.00 (Reference) 1.00 (Reference)
5.4 0.97 (0.88-1.07) 0.89 (0.80-0.99)
8.6 0.85 (0.68-1.06) 1.02 (0.81-1.28)
7.1 0.92 (0.79-1.07) 1.00 (0.86-1.18)
7.6 1.00 (Reference) 1.00 (Reference)
3.2 1.36 (1.20-1.54) 1.20 (1.05-1.37)
3.4 1.75 (1.48-2.08) 1.38 (1.14-1.67)
3.8 1.00 (reference) 1.00 (Reference)
4.8 0.93 (0.82-1.06) 0.97 (0.85-1.11)
8.7 0.79 (0.68-0.91) 0.87 (0.75-1.00)
6.6 1.00 (Reference) 1.00 (Reference)
4.7 1.15 (1.02-1.29) 1.03 (0.91-1.17)
2.8 1.27 (1.07-1.49) 1.05 (0.88-1.24)
6.5 1.00 (Reference) 1.00 (Reference)
4.0 1.26 (1.13-1.40) 1.02 (0.90-1.16)
5.6 1.00 (Reference) 1.00 (Reference)
5.7 1.06 (0.88-1.28) 1.05 (0.86-1.27)
6.4 0.69 (0.52-0.93) 0.56 (0.41-0.75)
20.0 0.60 (0.44-0.81) 0.50 (0.37-0.69)
6.4 0.89 (0.71-1.12) 0.84 (0.66-1.06)
4.1 1.17 (1.02-1.35) 1.13 (0.99-1.31)
3.3 1.46 (1.17-1.81) 1.65 (1.32-2.07)
3.7 1.00 (reference) 1.00 (Reference)
5.9 1.16 (0.96-1.39) 1.25 (1.03-1.52)
7.2 1.03 (0.86-1.23) 1.19 (0.99-1.44)
5.0 1.05 (0.89-1.25) 1.21 (1.01-1.45)
6.3 1.05 (0.87-1.26) 1.32 (1.08-1.61)
5.3 1.00 (Reference) 1.00 (Reference)
7.1 0.84 (0.66-1.08) 0.92 (0.71-1.20)
7.1 0.92 (0.75-1.12) 0.86 (0.70-1.07)
4.2 1.12 (0.90-1.40) 1.00 (0.79-1.25)
6.9 0.96 (0.74-1.26) 0.86 (0.65-1.12)
3.7 1.09 (0.91-1.32) 0.98 (0.81-1.19)
5.9 0.91 (0.76-1.10) 1.01 (0.84-1.23)
3.8 1.20 (0.96-1.48) 1.15 (0.92-1.43)
9.4 0.94 (0.75-1.19) 1.02 (0.80-1.30)
6.2 1.04 (0.85-1.28) 0.97 (0.78-1.20)
3.1 1.00 (reference) 1.00 (Reference)
17.3 0.41 (0.36-0.47) 0.39 (0.34-0.46)

2Adjusted for all variables listed. Included in the analysis but results not shown, SES unknown, comorbidity

unknown, and tumor differentiation grade unknown.

treated patients vs. 4.4 months in 5-FU-treated
patients) [12]. In numerous trials over the years,
many different (drug) regimens have been tested.
Until recently, none of these trials demonstrated a
statistically significant survival benefit, except for
gemcitabine plus erlotinib which was associated with
a very modest, clinically irrelevant increase in overall

survival of two weeks [13]. In the course of time, the
prescription of palliative chemotherapy increased
drastically, possibly because physicians became
more familiar with the use of chemotherapy in pan-
creatic cancer after the publication by Neoptolemos
et al. [14] in 2001 of adjuvant gemcitabine chemo-
therapy in patients with resected pancreatic cancer
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[15]. A similar phenomenon has been observed in
patients with metastasized gastric cancer, after the
introduction of perioperative chemotherapy [16].

In our study the odds of receiving chemotherapy
was influenced by several patient- and tumor-related
factors. First, an inverse relationship between the
administration of chemotherapy and age was found,
which is consistent with findings from previous
reports [17]. Second, patients with a higher socio-
economic status were more likely to receive chemo-
therapy [6,7]. This treatment selection according to
SES has also been described by Krzyzanowska et al.
[17] for elderly patients with advanced pancreatic
cancer and by Chueng et al. [18] for a cohort of
patients living in the state of Florida. Third, patients
without microscopically verified pancreatic cancer
had lower odds for receiving chemotherapy. This is
not surprising, since most guidelines recommend ‘a
positive biopsy’ before systemic treatment is started,
and a biopsy can only be omitted when patients are
not fit for treatment.

We observed a large hospital variation in prescrip-
tion of palliative chemotherapy after adjusting for
casemix. In the Netherlands, the treatment guide-
lines state that palliative chemotherapy should be
considered in case of metastatic pancreatic cancer
[19]. However a recent study found that this consid-
eration is strongly influenced by the physicians’
amount of experience and their judgment about the
benefit of treatment and performance status of the
patient [20]. This could explain the large hospital
variation observed in our study.

In the present study, the median overall survival
for patients who were treated with chemotherapy was
25 weeks compared to eight weeks for untreated
patients. In our multivariable proportional hazard
analyses, chemotherapy was found to reduce the risk
of death by 61%. This is high in comparison with the
results from a meta-analysis of chemotherapy for
locally advanced and metastatic pancreatic cancer. In
this meta-analysis the risk of death was reduced by
36% [21]. The difference can be explained by the
observational character of our study and underscores
the influence of selection: fitter patients or patients
with less advanced disease, i.e. those with a better
overall survival beforehand, more often received
chemotherapy. Unfortunately information on addi-
tional confounders such as performance status and
disease related symptoms are lacking due to the
population-based nature of our data.

Although patients treated with systemic chemo-
therapy had a better overall survival, increased
administration of chemotherapy did not improve
population-based overall survival. Perhaps, popula-
tion-based improvement was not achieved because
the proportion of metastatic pancreatic cancer

patients treated with chemotherapy was too small, or
the impact of the regimen on overall survival was too
little to achieve population-based improvement.
However, in our multivariable survival analysis we
found that before inclusion of chemotherapy (yes vs.
no) in to the model survival significantly worsened
in the course of time, an effect which disappeared
after adding this variable. This might be interpreted
as the increased rates of chemotherapy have had a
beneficial effect on an otherwise even increasingly
detrimental prognosis of this patient group.

Fortunately treatment options for metastatic
pancreatic cancer increased, with the introduction of
new drugs and multidrug regimens. For instance
FOLFIRINOX, introduced in 2011, was the first
regimen to result in a median overall survival of
almost one year in patients with metastatic pancre-
atic cancer [22,23]. The regimen is, however, more
toxic than gemcitabine and may therefore only be
administered to younger patients with a good perfor-
mance status [22]. Recently, a new combination of
nab-paclitaxel and gemcitabine was introduced by
van Hoff et al. this regimen also showed a clinically
meaningful improvement in overall survival of
patients with metastatic pancreatic cancer and may
be less toxic than FOLFIRINOX [24]. As mentioned
before, the impact of a regimen on population-based
overall survival depends on the proportion of patients
eligible to receive the regimen and the efficacy of
the regimen. Although FOLFIRINOX is currently
the most effective treatment in metastatic pancreatic
cancer, its use is restricted to a selected group of
patients [22]. Nab-paclitaxel plus gemcitabine can be
used more widely, but improved the median overall
survival with only 1.8 months compared to gemcit-
abine alone [24]. It is questionable if these regimens
have enough impact to improve population-based
overall survival in the near future.

However, considering these new treatment modal-
ities the aforementioned large hospital variation in
chemotherapy prescription rates might be of concern.
The availability of new, more toxic, treatment regi-
mens warrants more appropriate selection of patients,
and possibly treatment by a medical oncologist with
more experience with these regimens. It may be
hypothesized that — similar to the centralization of
surgical care for patients with resectable pancreatic
cancer which has had tremendous impact on treat-
ment outcome, and is now generally accepted in
Europe [2,25] — also patients eligible for chemother-
apeutical treatment might benefit from centralization
by medical oncologists. Local tumor boards might
offer a solution until centralization is achieved.

In conclusion, the median survival of patients
with metastatic pancreatic cancer between 1993 and
2010 remained 10 weeks in spite of a significant
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increase in the proportion of patients being treated
with palliative chemotherapy. In the near future, it
should be evaluated if the recently introduced regi-
mens have an impact on population-based survival.
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