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ABSTRACT

Background: Adjuvant chemotherapy following curative resection is the standard treatment for
pancreatic adenocarcinoma (PC). Randomized clinical trials using gemcitabine have shown a
median overall survival (mOS) of 2 years and a 5-year survival rate of 15-20%. However, the effect
of gemcitabine outside these trials is less clear. We examined the effect of postoperative gemcita-
bine on survival in an unselected cohort of patients receiving curative resection for PC in Denmark
during a five-year period.

Material and methods: From 1 May 2011 to 30 April 2016, 731 patients treated with curative resec-
tion were identified in the Danish Pancreatic Cancer Database (DPCD). Thirty patients died within 10
weeks postoperatively; 78 received other regimens or preoperative chemotherapy and were excluded.
Of the remaining 623 patients, the chemotherapy (CT) group (n=409, 66%) received gemcitabine
within 10 weeks after resection, whereas the non-chemotherapy (NCT) group (n=214, 34%) did not
receive CT within 10 weeks.

Results: CT patients were slightly younger than NCT patients but did not otherwise differ in baseline
characteristics. The CT group showed a mOS of 24 months (95% Cl; 21-27) and a 5-year survival rate
of 22% (95% Cl; 17-27); the NCT group had a mOS of 22 months (95% Cl; 16-26, p=.27) and a 5-year
survival rate of 26% (95% Cl; 19-34, p = .66). Most patients (415/623) had lymph node metastases. Of
these patients, those in the CT group (n=280) had significantly longer mOS [20 months (95% Cl;
18-24)] than those in the NCT group (n=135) [14 months (95% Cl; 11-17)].

Conclusions: In this national Danish cohort of PC patients undergoing resection between 2011 and
2016, the survival after postoperative gemcitabine was similar to that reported in previous clinical tri-
als. However, the survival advantage of postoperative gemcitabine was limited to patients with lymph
node metastases.

Background

Pancreatic adenocarcinoma (PC) is the fourth leading cause
of cancer death in both men and women in Europe [1].
However, during the last decade, the overall 5-year survival
rate has improved in many European countries. In Denmark,
the 5-year survival rate increased from 3.8% between
2000-2004 to 8% between 2010-2014 [2]. This improvement
could be due to the implementation of national cancer plans
that focused on the centralized and fast-track handling of
patients in 2000, 2005 and 2011 [3]. However, the majority

of patients with PC are still diagnosed in unresectable locally
advanced or metastatic stages. Surgical resection is a poten-
tially curative treatment but is feasible only in 15-20% of
patients [4]. In Denmark, nearly 1,000 patients are diagnosed
with PC each year [5], but only 150 of these patients
undergo curative surgical procedures [6].

The treatment of PC in Denmark is carried out at four sur-
gical and seven oncological centers [6]. Demographic, diag-
nostic and treatment data are collected and registered
prospectively in the Danish Pancreatic Cancer Database
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(DPCD). The DPCD retrieves data from the Danish Civil
Registry, the Danish National Patient Registry and the Danish
Pathology Registry. These official national registries have
high validity and completeness [7,8].

The impact of adjuvant chemotherapy after PC resection
has been evaluated in several randomized clinical trials (RCTs).
The following results are given with 95% confidence intervals
(95% Cl). In the European Study Group for Pancreatic Cancer
1 study (ESPAC-1), a median overall survival (mOS) of 19.7
months (16.4-22.4) with adjuvant 5-fluorouracil (5-FU) was
reported, while adjuvant chemoradiation resulted in a mOS of
15.5 months (13.5-17.4) [9]. In the Charité Onkologie 001
study (CONKO-001), adjuvant gemcitabine was superior to
observation, with an improved mOS of 22.1 months
(18.4-25.8) versus 20.2 months (17-23.4) and a 5-year survival
rate of 20.7% (14.7-26.6) versus 10.4% (5.9-15.0) [10,11]. In
the ESPAC-3v2 study, adjuvant gemcitabine and adjuvant 5-
FU resulted in comparable survival rates, 23 months
(21.4-26.4) versus 23.6 months (21.1-25.0), but higher toxicity
was reported in the 5-FU arm [12]. Based on these results,
adjuvant gemcitabine after PC resection has been recom-
mended for patients in Denmark since 2006 [13].

Reproducing the results from RCTs in general clinical prac-
tice is often difficult, as patients are frequently older and
have severe comorbidity and poor performance status (PS)
[14]. Inclusion criteria thus greatly impacts survival data [15].
Data for real-time registered and unselected PC patients
treated in a daily clinical setting are therefore warranted.

Using data from the DPCD, we assessed the effect of post-
operative gemcitabine on survival in a national Danish com-
prehensive cohort of PC patients treated with curative intent
surgery from 2011-2016.

Material and methods

Data were collected prospectively from 1 May 2011 to 30
April 2016 and registered in the DPCD. The data input and
output protocols have been described elsewhere [16]. Data
regarding demographics, the Charlson comorbidity index
(CCl), surgical interventions, tumor stage, antineoplastic
drugs given and start dates, mortality and survival were
retrieved. The CCl was calculated for each patient using the
codes for diseases within the last 10 years according to the
International Code of Disease, edition 10. The total score of
the weighted index of comorbidity has been described else-
where [17]. No information on the PS of the patients
was available.

Patients

Patients were identified by their unique 10-digit civil per-
sonal registration number and diagnosis as ICD-10 code
C25.%, pancreatic cancer, excluding malignant tumors of the
endocrine pancreas (C25.4). Patients curatively resected for
ductal adenocarcinoma and associated subtypes according
to the WHO criteria were included [18].
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Resection, tumor staging and resection margins

During the study period, Danish guidelines recommended
upfront resection for patients with T1/T2/T3NXMO tumors.
However, for tumors with vein involvement, vein reconstruc-
tion caudal to the tumor should be feasible. For patients
with TANXMO tumors, a resection upfront was not regularly
recommended. For these patients, preoperative chemother-
apy or chemo-radiotherapy were the upfront choice of treat-
ment, with a subsequent reevaluation [13]. Pathological
tumor and lymph node (pTN) staging was based on histo-
pathological reports according to the AJCC/UICC guidelines,
7th edition [19].

In 2015, the Danish national guidelines regarding the
pathological examination of pancreatic resection specimens
were updated, recommending a standardized protocol for
pancreaticoduodenectomy specimen examination. This
protocol uses the precise coding of the minimal distances to
the resection margins (RMs) [13,20]. Prior to 2015, variations
in the definition and coding of the RM (R-status) were pre-
sent. Thus, reporting the R-status was not meaningful in
this study.

Postoperative chemotherapy

During the study period, Danish guidelines recommended
24 weeks of adjuvant gemcitabine monotherapy starting
approximately 4-8 weeks after resection, without consider-
ation of the R-status [13]. Three different gemcitabine sched-
ules were used (data shown in the Supplement Figure 1).
The precise intention to treat (adjuvant or palliative) was not
recorded in the DPCD. Considering that the patients started
gemcitabine treatment within 10 weeks after resection,
most should have been treated adjuvantly. However, some
patients could have experienced early recurrence. Therefore,
we considered gemcitabine treatment to be “postoperative”.

Patients who received preoperative chemotherapy, post-
operative treatment other than monotherapy with gemcita-
bine or died within 10 weeks after resection were excluded.

The overall survival (OS) was calculated and compared
between the two groups: patients starting postoperative
gemcitabine within 10 weeks after resection (CT group) and
patients receiving no chemotherapy of any type within 10
weeks after resection (NCT group).

Subgroup analyses

Subgroup analyses were performed for patients with (pN1)
and without (pNO) lymph node metastases in the surgical
resection specimen.

The start of gemcitabine treatment after resection was
considered potentially important for OS. Therefore, the
results of the CT group were further analyzed by two sub-
groups: patients starting gemcitabine <6 weeks and patients
starting gemcitabine >6 weeks after surgery.

Completion of the fully scheduled postoperative gemcita-
bine regimen was also considered a potentially important
factor for OS. Patients who received >22 weeks of the
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planned gemcitabine regimen were considered to have com-
pleted the fully scheduled postoperative treatment. This def-
inition was chosen because all treatment schedules used
included at least 22 weeks of active treatment.

Statistical methods

The direct comparison of time from diagnosis to death of any
cause between individuals in the CT and NCT groups and indi-
viduals receiving <22 and >22 weeks of chemotherapy is
problematic, as individuals in the CT group and >22 weeks
group remain immortal for some time compared to those in
the NCT group and <22 weeks group, respectively. This gives
them an unfair survival advantage, which might lead to the
so-called immortal time bias [21].

An established solution to this problem is to stratify the
individuals at a fixed point in time, called a landmark, based
on the data available only prior to the defined landmark and
remove patients with events or censoring before the land-
mark from the analysis [22].

The first landmark was set at 10 weeks after surgery. This
landmark was used to ensure correct stratification with
regards to the start of postoperative chemotherapy.

A second landmark was set at 32 weeks (10 + 22) after
the operation. This landmark was used solely to stratify
patients receiving postoperative chemotherapy with regards
to the length of the treatment.

The OS was calculated from the decided landmark dates
to the date of death from any cause or until 10 September
2017. A p-value <.05 was considered statistically significant.
A Cl of 95% was used. Categorical data were analyzed using
Fisher’'s exact test, and continuous data were analyzed with
the Mann-Whitney U-test. For survival analysis, Kaplan-Meier
plots, log-rank tests and Cox proportional hazards regres-
sion models were used. A nearest neighbor propensity
score matching method was applied to reduce bias in the
assessment of the treatment effect on survival. For all statis-
tical analyses, Stata v. 15 (StataCorp LLC, TX, USA)
was used.

Ethics

The study was approved by the Danish Data Protection
Agency (2008-58-0028) and the Danish Patient Safety Authority
(3-3013-1678/1/).

Results

The patients in the NCT and CT groups treated between
2011 and 2013 were compared with those in the correspond-
ing cohorts treated between 2014 and 2016. No differences
in the OS were observed (data not shown). For further analy-
ses, all data from 2011-2016 were considered one cohort.
Three different gemcitabine schedules were used in the
study period. These regimens showed no differences in OS
(p = .09) (data shown in Supplement Figure 1). For further
analyses, the data for the three gemcitabine schedules were
also considered one cohort.

Patient characteristics and clinical outcomes

The characteristics of the PC study cohort are shown in
Figure 1. The resection rate was 17.2%. At the 10 weeks after
surgery landmark, 623 patients were still alive and thus eli-
gible for further analysis. The CT group consisted of 409
(66%) patients starting gemcitabine within 10 weeks of
resection; the NCT group consisted of 214 (34%) patients
who did not receive any chemotherapy within 10 weeks
of resection.

Pancreatic cancer
N = 4260

No curative resection

N= 3497

Curative resection
N =763
Non-ductal
adenocarcinoma of the
pancreas*
N=32
Curative resection for ductal

adenocarcinoma of the
pancreas

N=731

Chemotherapy before
resection

N=49
Postoperative
chemotherapy with

regimens other than
gemcitabine

GemPac: N=13
FOLFIRINOX: N=8

GemCap: N=2
GemS1: N=1
Other: N=5

Died within 10 weeks of
resection
N =30

Eligible for analysis at the
landmark of 10 weeks after
resection

N=623

Died within 32 weeks of
resection

N=81
Eligible for analysis at the

landmark of 32 weeks after
resection

N=542

Figure 1. Flowchart showing the inclusion and exclusion of patients registered in
the Danish Pancreatic Cancer Database (DPCD) from 2011-2016. The histopatho-
logical data for 72 patients were reviewed due to the missing status of the data in
the DPCD. *Data shown in the Supplement Table 1. GemPac: Gemcitabine and nab-
paclitaxel; FOLFIRINOX: 5-Fluorouracil, leucovorin, irinotecan and oxaliplatin; GemCap:
Gemcitabine and capecitabine; GemS1: Gemcitabine and tegafur/gimeracil/oteracil.
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Table 1. Comparison of the variables between patients receiving (CT group) or not receiving (NCT group) postoperative
gemcitabine within 10 weeks after resection (landmark of 10 weeks).

CT group NCT group p-value
No. of patients 409 214
Age Mean (range in years) 67 (35-85) 70 (46-86) <.01
Age group 30-49 18 (5%) 9 (4%) <01
50-69 237 (59%) 89 (42%)
70- 154 (37%) 116 (54%)
Gender Female 196 (48%) 102 (48%) 61
Male 213 (52%) 112 (52%)
ca 0 177 (43%) 90 (42%) 33
1-2 151 (37%) 71 (33%)
>=3 81 (20%) 53 (24%)
Type of resection Pancreaticoduodenectomy 291 (71%) 147 (69%) .69
Total pancreatectomy 67 (16%) 41 (19%)
Distal pancreatectomy 51 (12%) 26 (12%)
Vein resection No 339 (83%) 178 (83%) 93
Yes 70 (17%) 36 (17%)
T stage T1 14 (3%) 12 (6%) 18
T2 53 (13%) 23 (11%)
T3 322 (79%) 160 (75%)
T4 15 (4%) 13 (6%)
Missing 5 (1%) 6 (3%)
N stage NO 119 (29%) 71 (33%) 33
N1 280 (68%) 135 (63%)
Missing 10 (2%) 8 (4%)
AJCC/UICC classification la 12 (3%) 9 (4%) 43
Ib 26 (6%) 13 (6%)
lla 81 (20%) 46 (22%)
Ilb 266 (65%) 125 (58%)
1] 15 (4%) 13 (6%)
Missing 9 (2%) 8 (4%)

CCl: Charlson comorbidity index; T stage: Tumour stage; N stage: Lymph node stage; AJCC/UICC classification: 7th edi-

tion [19].

The comparison of the two groups is presented in Table 1.
The mean age (67 years) of the CT group was significantly
lower than that of the NCT group (70 years) (p < .01). No
difference was observed between the groups regarding
gender, comorbidity, tumor stage, resection type or vein
resection frequency.

After a median follow-up of 34 months (range 16-76), 134
(33%) patients in the CT group and 74 (35%) patients in the
NCT group were still alive. The estimated survival curves and
data, starting at the 10 weeks after surgery landmark, are
shown in Figure 2 and Table 2. No significant differences in
the mOS and 3-year survival were observed between the

Overall Survival

1.00

Survival fraction
050 0.75

w
N
(=]
o
Q_ -
o Y T T T : 2 :
0 12 24 36 48 60 72
Number at risk Follow-up (months)
— NCT 214 140 81 44 19 10 1
- CT 409 310 179 92 47 18 2

Figure 2. OS at the landmark of 10 weeks according to patients receiving (CT
group) or not receiving (NCT group) postoperative gemcitabine within 10
weeks after resection.

two groups. Only the CT subgroup of pN1 patients showed
significantly longer survival, with a mOS of 20 months versus
14 months in the NCT subgroup of pN1 patients (p = .01).

As shown in Table 3, gender, stage, CCl, resection type
and vein resection status were significantly associated with
survival, whereas age was not. No significant association of
postoperative gemcitabine treatment with survival was
observed in either the univariate or multivariate analysis. No
differences in OS between the time periods 2011-2013 and
2014-2016 were observed (data not shown).

A propensity score analysis matching for age, comorbidity, lymph
node status, and resection type between the CT and NCT groups
was performed, and there was still no significant effect of
postoperative chemotherapy on survival.

Table 2. Median OS according to postoperative gemcitabine treatment (CT
group) or no treatment (NCT group) within 10 weeks after resection in all
patients and in the subgroups with and without lymph node metastases, as
well as the OS for all patients at 1, 3, and 5 years of follow-up (landmark of
10 weeks).

CT group NCT group
N mOS (n N mOS (C)  pvalue

All patients 409 24 (21-27) 214 22 (16-26) 27
NO 119 40 (24-67) 71 37 (26-61) .55
N1 280 20 (18-24) 135 14 (11-17) .01
All patients N Survival % ((@)] N Survival % ((@)]

1 year 310 76% (71-80) 140 65% (59-71) .01
3 years 92 35% (30-40) 44 35% (28-42) 1.00
5 years 18 22% (17-27) 10 26% (19-34) .66

N: Patients at risk; mOS: Median overall survival (months); Cl: 95% confi-
dence interval; NO: Without lymph node metastases; N1: With lymph
node metastases.
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Table 3. Univariate and multivariate Cox regression analyses of the prognostic
factors associated with survival (landmark of 10 weeks).

Univariate Multivariate
HR cl p-value HR cl p-value
Treatment group  NCT 1 27 1 12
CcT 09 0.7-11 0.8 0.7-1.0
Gender Female 1 <01 1 .01
Male 1.3 1.1-16 1.3 1.1-16
Age group 30-49 1 .05 1 22
50-69 14 08-24 1.2 0.7-21
70- 1.7 1.0-29 14 08-24
AJCC/UICC la 1 <01 1 <.01
classification
b 2.1 0.8-57 23 0.9-6.4
lla 36 14-88 34 14-86
llb 6.2 2.6-15.1 6.4 2.6-15.8
1] 36 1.3-97 3.7 1.3-10.2
Missing 4.2 1.5-12.0 41 14-11.8
ca 0 1 <01 1 .02
1-2 1.1 09-14 1.1 09-13
>=3 1.5 1.2-20 14 11-18
Type of resection Whipple 1 <01 1 <.01
Distal 1.2 09-16 1.5 1.1-20
Total 1.6 1.2-20 14 1.1-19
Vein resection No 1 <01 1 .01
Yes 1.6 1.3-2.1 14 1.1-18

HR: Hazard ratio for mortality; Cl: 95% confidence interval; CT: Postoperative
gemcitabine; NCT: No postoperative gemcitabine. AJCC/UICC 7th edition [19],
CCI: Charlson comorbidity index.

No difference was found in the mOS between patients
who started gemcitabine <6 weeks (228 patients (56%)) and
those who started gemcitabine >6 weeks (181 patients
(44%)) after surgery or between the subgroups with and
without lymph node metastases.

A total of 542 patients were alive at the 32 weeks after
surgery landmark and gemcitabine treatment. Between the
landmarks at 10 and 32 weeks, 81 patients died. Thirty-seven
of these patients had started postoperative chemotherapy
and were excluded from the survival analysis. The 191 CT
patients who received gemcitabine for at least 22 weeks
showed significantly improved survival compared to that of
the 181 patients who did not complete the postoperative
gemcitabine regimen, p = .01 (see Figure 3).

Overall survival

Survival fraction
50

0.25
L

0.00
L

T T T

T
0 12 24 36 48 60 72

T Follow-up (months)

—Gem <22 weeks 181 135 69 34 17 7 1
- Gem 2 22 weeks 191 175 110 58 30 11 1

Figure 3. OS according to patients who received gemcitabine <22 weeks
(incomplete treatment) or >22 weeks (complete treatment) at the landmark of
32 weeks. Gem: Gemcitabine.

Discussion

In this nationwide, population-based study, 623 patients
underwent curative intent resection for ductal adenocarcin-
oma of the pancreas between 2011 and 2016. The resection
rate in our study was 17.2%, which is comparable to the rate
in the Netherlands (17.9%) and higher than that in Norway
(13%) [23]. The overall resection rate of PC in Denmark
increased from 12.0%-17.6% from 2011-2012 to 2013-2014
[23]. Four centers in Denmark perform PC resections, with an
annual volume of 13-82 patients. Thus, each center should
have sufficient surgical volume, a variable known to influ-
ence mortality [24].

The mean age of the whole cohort was similar to that in
other literature reports [25]. The mean age (67 years) of the
CT group was significantly lower than that of the NCT group
(70 years), reflecting the selection of younger patients for CT.
The CT group treated with postoperative gemcitabine con-
sisted of 409 (66%) patients. These figures are comparable to
those in several other studies reporting initiation rates of
50-70% [26,27]. Severe postoperative complications have
previously been described as a reason for omitting adjuvant
treatment [28]. These factors, as well as poor PS, patient pref-
erence and early recurrence, could explain why 34% of
patients did not receive postoperative gemcitabine.

The mOS of 24 months in the CT group was similar to the
mOS (22.3-25.5 months) of the gemcitabine-treated cohorts
in most previously published RCTs [10,12,29,30]. The mOS of
22 months in the NCT group of patients was slightly longer
than the mOSs of 20.2 and 18.4 months reported for the
observation groups in previous RCTs [10,29]. Thus, no signifi-
cant differences in the mOS were observed between the
two groups.

The estimated 5-year survival rate of 22% in the CT group
was comparable to the 5-year survival rates reported in pre-
vious RCTs (16.3-23.6%), which reported patients treated
during different time periods, including 1998-2004,
2002-2005, 2000-2007 and 2008-2014 [10-12,29,30]. Hence,
over nearly two decades, the estimated 5-year survival rates
after adjuvant gemcitabine in PC have not improved. The 5-
year survival rate of the NCT group was 26% compared to
the 10.4% and 10.6% 5-year survival rates reported for the
observation groups in two previous studies [11,29].
Improvements in palliative chemotherapy and best support-
ive care might explain the higher mOS. However, these fac-
tors likely have only a limited effect on the improved 5-year
survival rate. In the current study, we did not investigate the
impact of subsequent treatment at recurrence.

Several retrospective studies investigating PC cohorts
from 2000-2015 have reported improved survival with adju-
vant chemotherapy compared to observation [26,31] whereas
other studies have not [32,33]. Only one study reported the
type of adjuvant chemotherapy as gemcitabine [31]. One
study calculated the survival time from the date of resection
but did not consider immortal time bias. This approach could
contribute to an overestimation of the survival benefit of
adjuvant treatment [31]. One study used a landmark Kaplan-
Meier OS analysis that excluded patients dying within 6
months of surgery. This study showed no significant



difference in OS between patients receiving adjuvant chemo-
therapy and those receiving no adjuvant treatment, with a 5-
year survival rate of 21% versus 17%, respectively [32].

The present study showed no difference in mOS between
patients who started chemotherapy within or later than 6
weeks after surgery, in agreement with previous studies
[26,34]. Notably, one study suggested that the initiation of
adjuvant chemotherapy <20 days after PC resection signifi-
cantly improved 5-year survival compared with that achieved
by initiating treatment >20 days after resection [35].
However, the patients in this study received different treat-
ment regimens (gemcitabine and S-1). The results of previous
publications and our findings indicate that initiating adjuvant
gemcitabine as late as 6-8 weeks after surgery does not
influence the survival rate.

The patients receiving complete gemcitabine treatment
had significantly longer survival than patients who did not,
in line with the results of a previous study reporting the
completion of all 6 cycles of adjuvant chemotherapy as an
independent prognostic factor for prolonged survival [34].

Lymph node involvement is reported to be the most
important prognostic factor in patients with resected PC [36].
In the present study, a significantly better mOS was shown
for pN1 patients in the CT group (20 months) than that for
those in the NCT group (14 months). This finding is in line
with a population-based study from the US, where the effect
of adjuvant chemotherapy was most pronounced in patients
with poorly differentiated tumors and lymph node metasta-
ses [37]. As PC has a tendency to develop early distant
metastases, micrometastases after resection could be more
frequent in patients in the pN1 subgroup than in patients
with stage pNO [38]. The elimination of micrometastases
may explain the effect of gemcitabine in these patients.

Future aspects

Improvements in the effects of adjuvant chemotherapy in PC
have been reported recently. Significantly prolonged mOS
was shown for combined treatment with gemcitabine and
capecitabine compared to gemcitabine monotherapy (28 ver-
sus 25 months, respectively) [30]. An impressive treatment
effect with modified FOLFIRINOX compared to gemcitabine
showed an increased mOS of 54.4 versus 35 months, respect-
ively [15]. Tegafur/gimeracil/oteracil (S-1) compared to gem-
citabine has also shown an increased mOS of 45.5 versus
25.5 months, respectively, in Japanese patients [39]. Adjuvant
therapy with the combination of gemcitabine and capecita-
bine was implemented in Denmark in autumn 2016 and
then with modified FOLFIRINOX in autumn 2018. Combination
chemotherapy improves clinical outcomes but worsens side
effects, making the selection of patients with a good PS
necessary [15]. Obviously, there will still be a subgroup of
patients who can only be offered gemcitabine monotherapy.
In light of the new standard therapies, the results of the pre-
sent study will be useful as a clinical reference in the future
for comparing the OS in unselected PC patients receiving
new adjuvant combination chemotherapy regimens. Danish
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national real-time register data will be available in the DPCD
during the next three years.

Several randomized trials exploring neoadjuvant/peri-
operative treatment with FOLFIRINOX, GemPac and other
types of combination chemotherapy for resectable PC
patients are ongoing [40-42]. By delivering chemotherapy
prior to surgical resection, the chance of receiving both
modalities might increase. Moreover, neoadjuvant chemo-
therapy should enable the early treatment of micrometasta-
ses and lower the risk for recurrence.

Strengths of this study

This national register study included all Danish patients
receiving curative resection for ductal adenocarcinoma of the
pancreas during a clearly defined 5-year period. The real-
time data collected from the DPCD made it possible to
retrieve all treatment data. The relatively large nation-based
cohort allowed us to divide the patients into homogenous
groups. We used defined landmarks to reduce immortality
time bias. The clinical follow-up time was adequate, and no
patients were lost to follow-up.

Limitations of this study

This study is a nonrandomized register study, and bias due
to imbalances in known and unknown variables influencing
survival differences among groups cannot be excluded. Data
regarding postoperative complications, reasons for the omis-
sion of postoperative gemcitabine, and information about
recurrence were not accessible in the DPCD. Furthermore,
PS data were not assessable, but PS is known to influence
survival [43].

The impact of R-status on OS was not meaningful to ana-
lyze in this study. Methods for the pathological handling of
surgical PC specimens and the categorization of the R-status
vary widely [20,44]. In addition, the R1 rate (microscopic
tumor involvement of the RMs) varies from 20% to 80%.
Consequently, the impact of R1 on survival differs consider-
ably in published studies [20]. An international consensus
definition of the minimum RM clearance in PC is needed.

In conclusion, in a large comprehensive national Danish
cohort undergoing curative resection for ductal adenocarcin-
oma of the pancreas between 2011 and 2016, patients
receiving postoperative gemcitabine (66%) had an OS rate
comparable to the OS rate in the adjuvant gemcitabine arms
in previously published RCTs. Patients not treated with post-
operative gemcitabine (34%) had a similar outcome, which
was significantly better than that reported in the control
arms of previous RCTs. The patients with lymph node meta-
stases, who composed the majority of the patients in this
study who were treated with postoperative gemcitabine,
fared significantly better than those not treated, whereas no
significant difference was found for PC patients without
lymph node metastases.
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