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ORIGINAL ARTICLE

Detection, Treatment, and Survival of Pancreatic Cancer
Recurrence in the Netherlands

A Nationwide Analysis
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Objective: To evaluate whether detection of recurrent pancreatic ductal adeno-
carcinoma (PDAC) in an early, asymptomatic stage increases the number of
patients receiving additional treatment, subsequently improving survival.
Summary of Background data: International guidelines disagree on the
value of standardized postoperative surveillance for early detection and
treatment of PDAC recurrence.

Methods: A nationwide, observational cohort study was performed including
all patients who underwent PDAC resection (2014-2016). Prospective base-
line and perioperative data were retrieved from the Dutch Pancreatic Cancer
Audit. Data on follow-up, treatment, and survival were collected retrospec-
tively. Overall survival (OS) was evaluated using multivariable Cox regression
analysis, before and after propensity-score matching, stratified for patients
with symptomatic and asymptomatic recurrence.

Results: Eight hundred thirty-six patients with a median follow-up of
37 months (interquartile range 30-48) were analyzed. Of those, 670 patients

(80%) developed PDAC recurrence after a median follow-up of 10 months
(interquartile range 5—17). Additional treatment was performed in 159/511
patients (31%) with symptomatic recurrence versus 77/159 (48%) asymp-
tomatic patients (P < 0.001). After propensity-score matching on lymph node
ratio, adjuvant therapy, disease-free survival, and recurrence site, additional
treatment was independently associated with improved OS for both symp-
tomatic patients [hazard ratio 0.53 (95% confidence interval 0.42-0.67); P <
0.001] and asymptomatic patients [hazard ratio 0.45 (95% confidence interval
0.29-0.70); P < 0.001].

Conclusions: Additional treatment of PDAC recurrence was independently
associated with improved OS, with asymptomatic patients having a higher
probability to receive recurrence treatment. Therefore, standardized postop-
erative surveillance aiming to detect PDAC recurrence before the onset of
symptoms has the potential to improve survival. This provides a rationale for
prospective studies on standardized surveillance after PDAC resection.
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P ancreatic ductal adenocarcinoma (PDAC) has a 5-year survival
of only 12%—17% after resection.!~* Despite the introduction of
(neo)adjuvant systemic therapy, almost all patients develop disease
recurrence.*® Recent advancements in treatment of PDAC have
resulted in more potent systemic and local treatment options, such as
fluorouracil, leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX)
chemotherapy and stereotactic body radiation therapy.®~!? Prospec-
tive studies evaluating the efficacy, timing, and impact on quality of
life of these therapies in patients with PDAC recurrence are, however,
lacking. Hence, the true benefit of standardized postoperative sur-
veillance for the early detection and treatment of PDAC recurrence
remains unclear.!?

The few, small retrospective studies on this subject suggest
that treatment of PDAC recurrence prolongs survival including
survival with good quality of life."*~!7 This benefit mainly seems
to apply to patients with asymptomatic PDAC recurrence, detected
during routine imaging surveillance.'>'¢ Postoperative surveillance
using cross-sectional imaging at regular intervals hypothetically
leads to earlier detection of PDAC recurrence, possibly improving
eligibility for recurrence-oriented treatment. Consequently, standard-
ized surveillance with routine imaging is increasingly being consid-
ered by pancreatic cancer clinicians worldwide.'8=2%

However, standardized surveillance has several drawbacks.
Routine diagnostic testing may increase the patient’s fear of cancer
recurrence and worsen quality of life.2!>? Furthermore, when disease
progression is diagnosed in an asymptomatic patient, it is yet unclear
whether immediate treatment improves survival. Quality of life may
only worsen when chemotherapy is started in asymptomatic patients.
Moreover, dubious findings on imaging, not necessarily indicative of
disease recurrence, could also negatively impact quality of life.
Current European PDAC guidelines therefore do not recommend
standardized postoperative surveillance, whereas US and Asian
guidelines support a standardized follow-up program.'8-20-23-27 This
has led to widely varying surveillance and treatment strategies in
daily clinical practice.

The aim of this nationwide, multicenter observational cohort
study was to evaluate whether detection of PDAC recurrence in an
early, asymptomatic stage increases the number of patients receiving
additional treatment, subsequently improving survival rates.

METHODS

Study Design

A nationwide, multicenter observational cohort study was
performed in all 16 Dutch centers for pancreatic cancer surgery.
Institutional review board approval of each participating center was
obtained. All patients registered within the prospective, mandatory
Dutch Pancreatic Cancer Audit who underwent resection of histo-
logically proven PDAC between 2014 and 2016 were included.?®
Exclusion criteria were a macroscopically positive resection margin
(R2 resection) and death within 90 days after resection. Outcomes of
interest were incidence of PDAC recurrence, timing, and location
of recurrence, symptoms at time of recurrence diagnosis, type of
treatment for recurrence versus best-supportive-care, overall survival
(OS), and disease-free survival (DFS). Within the Netherlands,
follow-up after PDAC resection commonly consists of a periodic,
symptomatic follow-up without routine serum tumor marker testing
or imaging. Patients are informed and instructed to report to the
center for cross-sectional imaging in case of symptoms suggestive of
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disease recurrence. However, based on shared-decision making, or as
part of a study-specific follow-up or local protocols, a proportion of
patients receives standardized serum carbohydrate antigen (CA) 19-9
testing and cross-sectional imaging during postoperative surveil-
lance >*2°

Data Collection

Prospective baseline and perioperative data were retrieved
from the clinical audit database. Additionally, data on follow-up,
detection, and treatment of PDAC recurrence, and survival were
collected retrospectively from the patients’ records within each
participating hospital. Information on height and weight was used
to calculate the body mass index (BMI) for each patient; the Charlson
age-comorbidity index (CACI) was calculated using the MDCalc
CACI calculator.® Serum CA 19-9 levels of >37 U/mL were deemed
elevated. The TNM-status was assessed according to the seventh
American Joint Committee on Cancer guidelines.?! Resection mar-
gin status was considered positive (R1) if tumor cells were present
within 1 mm of the resection margin at pathological examination. RO
resection was defined as a margin clearance of >1mm. Major
postoperative complications were defined as complications requiring
a surgical or radiological intervention, intensive care unit admittance,
single- or multi-organ failure, or patient demise. Diagnostic testing
focused on the detection of PDAC recurrence was counted during the
follow-up period from the date of primary resection until the date of
recurrence diagnosis. Follow-up CA 19-9 measurements and/or
imaging procedures were considered standardized if they were
performed with a certain frequency, for instance every 3 or 6 months.

Outcomes

OS was defined as the time from the date of operation to death
from any cause or last follow-up. DFS was defined as the time from
the date of resection to the date of diagnosis of PDAC recurrence.
PDAC recurrence was either pathologically proven, or suspected
through cross-sectional imaging, preferably confirmed by consen-
sus during a multidisciplinary meeting. Symptomatic recurrence
was defined as the presence of symptoms suggestive for PDAC
recurrence at recurrence diagnosis. This group included patients
with and without standardized follow-up imaging in whom PDAC
recurrence was discovered due to a patient-reported symptom which
prompted or expedited further diagnostic testing. Symptoms con-
sidered suggestive for disease recurrence were abdominal pain, back
pain, weight loss, jaundice, dyspnea, nausea or vomiting, abdominal
distension, change of stool, loss of appetite, malaise, and fatigue or
weakness. If PDAC recurrence was detected in absence of suspected
symptoms, disease recurrence was defined as asymptomatic.

Statistical Analysis

Baseline characteristics were summarized using descriptive
statistics. Missing baseline and follow-up data were considered to be
missing at random and handled using multiple imputation with the
iterative Markov chain Monte Carlo method (5 imputations; 10
iterations).>? In case of missing information on vital status, partic-
ipants were censored from the date of their last follow-up appoint-
ment. Kaplan-Meier survival curves were used to assess OS, and the
log-rank test was used to compare groups. To assess the association
between routine follow-up imaging and OS, compared to no routine
follow-up imaging, multivariable Cox proportional hazard analysis
was performed, adjusting for potential confounders. The association
between treatment for recurrence and OS, as compared to best-
supportive-care, was evaluated using multivariable Cox proportional
hazard analysis in a propensity-score-matched sample. Propensity-
score matching was performed using the “‘nearest neighbor’” method
to create pairs of patients who received either additional treatment for
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recurrence or best-supportive-care (1:1) with comparable individual
patient and tumor characteristics. The propensity-score model
included variables that were found to be related to the outcome
(i.e., OS) in Cox-proportional hazard analysis.>3-** The standardized
mean difference (SMD) in propensity-scores was diminished, with
an SMD of <0.100 representing adequate balance.>> Consequently,
patients outside the joint range of propensity-scores were excluded.
Remaining potential confounders were included in the multivariable
Cox regression model. Survival analyses were stratified for symp-
tomatic and asymptomatic patients. Statistical analysis was per-
formed using SPSS version 24.0 (IBM Corp., Armonk, NY) and
R language environment (version 1.1.463, ‘“‘mice,” ‘“‘Matchlt,”
“cobalt,” and ‘“‘survival” packages; http://www.R-project.org). A
P-value <0.05 was considered statistically significant.

RESULTS

Study Population and Follow-up

A total of 836 patients who underwent resection of PDAC
were included, with a median follow-up of 37 months [interquartile
range (IQR) 30—48 months] (Supplementary Data File — Appendix I,
http://links.lww.com/SLA/C248). In total, 670 patients (80%) devel-
oped PDAC recurrence after a median of 10 months (IQR 5-17
months) (Supplementary Data File — Table 1, http://links.Iww.com/
SLA/C250). CA 19-9 was measured during postoperative follow-up
in 489 patients (73%), of whom 77 patients (16%) had routine CA 19-
9 testing with a certain frequency. A total of 649 patients (97%)
underwent imaging with computed tomography, magnetic resonance
imaging or positron emission tomography-computed tomography for
the detection of PDAC recurrence during follow-up, with a median
number of 1 scan (IQR 1-3 scans) per patient. In 88 of these patients
(14%), imaging was performed routinely.

Detection of Recurrence

A total of 136 patients (20%) were diagnosed with isolated
local recurrence after a median interval of 12 months (IQR 8-21
months) (Supplementary Data File — Table 1, http://links.lww.com/
SLA/C250). Liver- and lung-only metastases occurred in 112
patients (17%) and 35 patients (5%) after a median interval of
5 months (IQR 2-9 months) and 19 months (IQR 10-33 months),
respectively. In about half of the patients [n = 354 (53%)], PDAC
recurrence occurred at multiple sites after a median interval of
9 months (IQR 6—16 months). The remaining 32 patients (5%)
had other isolated distant metastases after a median interval of
10 months (IQR 3-20 months).

The first sign suggestive for PDAC recurrence was new onset
of symptoms in 474 patients (71%), suspected findings on imaging in
153 patients (23%), and elevation of CA 19-9 in 43 patients (6%). At
the time of recurrence diagnosis, 511 patients (76%) experienced
symptoms suggestive for PDAC recurrence, whilst 159 patients
(24%) were asymptomatic (Supplementary Data File — Fig. 1,
http://links.Iww.com/SLA/C249).

Treatment for Recurrence

In total, 236 patients (35%) underwent some form of treatment
for PDAC recurrence, as compared with 434 patients (65%) who
received best-supportive-care (Supplementary Data File — Table 1,
http://links.lww.com/SLA/C250). Additional treatment was admin-
istered in 159 patients (31%) with symptomatic recurrence and in 77
patients (48%) with asymptomatic recurrence (P < 0.001). Reasons
for best-supportive-care were patient’s wish (40%), poor overall
performance status (30%), and other reasons (30%). PDAC recur-
rence was pathologically proven in 115 patients (49%) who under-
went additional treatment. Of 136 patients with isolated local PDAC

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

recurrence, 50 patients (37%) received chemotherapy; 10 patients
(7%) radiotherapy; and 3 patients (1%) other therapies. Three
patients with isolated local recurrence received local ablative therapy
with stereotactic body radiation therapy (n = 1) or irreversible
electroporation (n = 2) in addition to chemotherapy. Out of 534
patients with distant metastases, respectively 139 patients (26%), 16
patients (3%), and 17 patients (3%) received chemotherapy, radio-
therapy, and other therapies. The most frequently administered
chemotherapy regimen was FOLFIRINOX (68%); 7% of patients
received gemcitabine monotherapy; 18% gemcitabine with nab-
paclitaxel; and 7% of patients received other regimens. Of patients
receiving additional treatment, 36% finished treatment per protocol
and 21% experienced progression during treatment. In respectively
13%, 16%, and 5% of patients, treatment was terminated early due to
toxicity, a poor overall performance status, and the patients’ wish.

Survival Analysis

Median OS in 836 patients within the original cohort was
19 months [95% confidence interval (CI) 17—-21 months]. In 670
patients with disease recurrence after primary resection, median OS
from the date of primary resection was 15 months (95% CI 14-17
months). Median OS was 25 months (95% CI 21-31 months) in 88
patients receiving routine follow-up imaging, as compared with
15 months (95% CI 13-16 months; P < 0.001) in 582 patients
undergoing a symptomatic follow-up, during which imaging was
only performed when considered indicated based on symptoms
associated with recurrence (Fig. 1). After adjustment for potential
confounders, routine follow-up imaging was found to be indepen-
dently associated with improved survival [hazard ratio (HR) 0.52
(95% CI 0.37-0.73); P < 0.001] (Table 1).

Variables selected for propensity-score matching were lymph
node ratio, administration of adjuvant therapy, DFS, and recurrence
site (Table 1). All 236 patients who underwent additional treatment
for recurrence were matched with 236 patients who received best-
supportive-care (Supplementary Data File — Table 3, http:/link-
sww.com/SLA/C251). As a result, differences in patient and tumor
characteristics were balanced between the 2 groups and the SMD in
propensity-scores was diminished (SMD 0.084). Within the matched
sample, median OS in patients who underwent additional treatment
for recurrence was 26 months (95% CI 23-29 months), as compared
with 15 months (95% CI 13—17 months) for patients who received
best-supportive-care (P < 0.001) (Fig. 2). Subsequently, multivari-
able Cox regression analysis showed that treatment for recurrence
was independently associated with longer survival, as compared with
best-supportive-care [HR 0.54 (95% CI1 0.44—0.66); P < 0.001]. This
applied to both patients with symptomatic PDAC recurrence [HR
0.53 (95% C10.42-0.67); P < 0.001] and asymptomatic recurrences
[HR 0.45 (95% CI10.29-0.70); P < 0.001] (Table 2). Eventually, this
resulted in a median OS from the date of primary resection of
15 months (95% CI 13—16 months) for all 511 patients with
symptomatic PDAC recurrence and 20 months (IQR 16-25 months)
for all 159 asymptomatic patients (P < 0.001).

DISCUSSION

This study shows that treatment of both symptomatic and
asymptomatic PDAC recurrence is independently associated with
improved OS in an unselected, nationwide cohort of patients reflect-
ing daily clinical practice in the Netherlands. Moreover, patients with
asymptomatic disease recurrence were more likely to receive addi-
tional treatment, and routine follow-up imaging was significantly
associated with improved survival. These findings suggest that
standardized postoperative surveillance, intended to detect PDAC
recurrence in an early, asymptomatic stage, increases the number of
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FIGURE 1. Kaplan-Meier curve comparing overall survival in patients who received routine follow-up imaging versus a non-

standardized, symptomatic follow-up.

TABLE 1. Pooled Cox-proportional Hazard Analysis After Multiple Imputation to Select Variables for Propensity-score Matching
That are Related to Overall Survival in Patients With Recurrence of PDAC

HR 95% CI P-value
Sex (male vs female) 1.08 0.92-1.27 0.353
CACI (>4 vs <4) 1.08 0.91-1.28 0.360
Neoadjuvant therapy
FOLFIRINOX chemotherapy versus none 0.90 0.54-1.48 0.667
Gemcitabine chemo (radio)therapy versus none 1.59 0.94-2.71 0.086
Preoperative serum CA 19-9 (continuous) 1.00 0.99-1.01 0.276
Location tumor (body/tail vs head) 1.08 0.85-1.38 0.527
Vascular resection (yes vs no) 1.16 0.95-1.43 0.141
Tumor size in cm (continuous) 0.99 0.94-1.06 0.923
Tumor differentiation (poor vs well/moderate) 1.17 0.95-1.44 0.140
Microscopic lymphovascular invasion (yes vs no) 1.15 0.89-1.49 0.295
Microscopic perineural invasion (yes vs no) 1.21 0.78—1.87 0.405
Lymph node ratio (>0.2 vs <0.2) 1.27 1.05-1.54 0.018
Resection margin status (R1 vs RO) 1.12 0.94-1.35 0.207
Major postoperative complications (yes vs no) 1.02 0.82-1.26 0.863
Adjuvant chemotherapy (yes vs no) 0.77 0.62-0.95 0.021
Disease-free survival® (>12 months vs <12 months) 0.11 0.09-0.14 <0.001
Recurrence location
Liver-only vs local-only 1.24 0.83-1.84 0.303
Lung-only vs local-only 0.59 0.35-1.00 0.055
Multiple-site vs local-only 1.61 1.17-2.20 0.009
Other isolated distal site vs local-only 1.72 0.91-3.24 0.121
Routine follow-up imaging (yes vs no) 0.52 0.37-0.73 <0.001

“Disease-free survival was measured from the date of primary resection until the date of recurrence diagnosis.
CA 19-9 indicates carbohydrate antigen 19-9; CACI, Charlson age-comorbidity index; CI, confidence interval; HR, hazard ratio; FOLFIRINOX, fluorouracil, leucovorin,
irinotecan, oxaliplatin; PDAC, pancreatic ductal adenocarcinoma.

Bold indicates statistical significance.
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FIGURE 2. Kaplan-Meier curve after propensity-score matching comparing overall survival in patients who received additional

treatment versus best-supportive-care.

patients receiving additional treatment, potentially improving sur-
vival outcomes.

Our study provides the best available evidence with regard to
the impact of different surveillance and treatment strategies, using
propensity-score matching and multivariable regression analysis to
adjust for potential confounders. Similar to our study, Tzeng et al
found that patients with asymptomatic PDAC recurrence were
treated more often, and that additional chemotherapy and radiation
therapy were associated with a longer post-recurrence survival.'
Nordby et al and Tjaden et al also reported on the importance of the

detection of asymptomatic PDAC recurrence, which might facilitate
patients’ eligibility for additional treatment potentially improving
prognosis.'*!5 In these small, single-center studies, however, all
patients received standardized follow-up imaging at a 3—6 monthly
interval. Consequently, the additional value of routine follow-up
imaging for the detection of asymptomatic recurrence could not be
evaluated. A single-center study of Groot et al showed that with a
follow-up waiting for clinical symptoms, without routine imaging,
PDAC recurrence was mostly diagnosed at a late stage.>® This
potentially limits patients to undergo additional treatment for

TABLE 2. Stratified Survival Analyses for Patients With Symptomatic and Asymptomatic PDAC Recurrence

Symptomatic Recurrence

Asymptomatic Recurrence

Total Additional Treatment BSC Total Additional Treatment BSC
Number of patients (%) 511 (76) 159 (31)* 352 (69) 159 (24) 77 (48)* 82 (52)
Disease-free survival in months, 10 9-11)f 12 (11-14) 8 (8-9) 10 (8—11)f 10 (8—-14) 9 (7-11)
median (95% CI)
Overall survival in months, 15 (13-16) 25 (21-29) 12 (11-13) 20 (16-25) 26 (22-32) 14 (13-18)

median (95% CI)
Hazard ratio (95% CI); P-value®

0.530 (0.420-0.670); <0.001

0.446 (0.285-0.698); <0.001

*Chi-square: P < 0.001.
fKaplan-Meier: P = 0.810.
{Kaplan-Meier: P < 0.001.

§Cox-proportional hazard analysis after propensity-score matching comparing overall survival between patients who underwent additional treatment and patients who received
best-supportive-care, adjusted for sex, neoadjuvant therapy, preoperative serum CA 19-9, tumor size, tumor differentiation, resection margin status, microscopic perineural invasion, and

microscopic lymphovascular invasion.

BSC indicates best supportive care; CI, confidence interval; PDAC, pancreatic ductal adenocarcinoma.
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recurrence. Just one small, retrospective study investigated the direct
impact of imaging surveillance after PDAC resection on survival. In
line with our findings, this study found that routine imaging surveil-
lance was associated with prolonged OS in a multivariable model.”

A cost-effectiveness analysis of surveillance strategies, how-
ever, found that limited surveillance every 6 months was the most
cost-effective.’” This proposed strategy consisted of clinical evalua-
tion and serum CA 19-9 testing every 6 months and imaging in case
of symptoms, clinical findings or CA 19-9 elevation. Nevertheless,
this study was performed before the introduction of more effective
and individualized therapies, such as FOLFIRINOX and gemcitabine
with nab-paclitaxel. Therefore, novel analyses of the cost-effective-
ness or, more importantly, cost-utility of an increased frequency and
intensity of postoperative surveillance for patients after PDAC
resection are warranted. Furthermore, two previous studies that
focused on the impact of standardized imaging surveillance on
quality of life suggested indirect quality of life benefits of standard-
ized surveillance. These studies showed that standardized surveil-
lance contributes to the induction or modification of oncological and
symptom-directed treatment, including relevant burdens as exocrine
and endocrine pancreas insufficiency.'*?!

Several studies suggest that PDAC recurrence has a highly
heterogeneous biological behavior and that recurrence location and
timing can reflect tumor aggressiveness.>*$3° Hence, it might be
possible that the prolonged survival in asymptomatic patients, as
found in our study, is a result of a more favorable tumor biology.
However, stratification of survival analyses showed no significant
difference in DFS between patients with asymptomatic and symp-
tomatic PDAC recurrence. Therefore, it seems unlikely that in
patients with symptomatic recurrence, aggressive tumor biology
alone accounts for decreased survival. More likely, patients with
asymptomatic PDAC recurrence have a more favorable Eastern
Cooperative Oncology Group (ECOG) performance state at time
of recurrence diagnosis, which is known to be one of the most
important predictors for survival.** In our cohort, asymptomatic
patients had a mean ECOG performance score of 1.94+0.7 at
recurrence diagnosis as compared with a mean ECOG score of
2.3£0.9 in symptomatic patients (P < 0.001). This could increase
the eligibility for treatment in asymptomatic recurrence, thereby
improving survival in these patients.

Survival benefits in patients with asymptomatic PDAC recur-
rence, however, do not necessarily reflect survival benefits of recur-
rence-focused surveillance. Patients receiving standardized imaging
surveillance may still develop symptomatic PDAC recurrence between
surveillance intervals. Of the 88 patients in our cohort who received
standardized follow-up imaging, 43 patients (49%) had symptomatic
PDAC recurrence and 45 patients (51%) had asymptomatic recur-
rences. Therefore, the true value of recurrence-focused follow-up has
yet to be established. Moreover, patients who are willing to receive
standardized surveillance and additional treatment in case of disease
recurrence might reflect a different patient group with a more favorable
prognosis. In our cohort, 64/88 patients (73%) receiving routine
follow-up imaging were included in clinical studies with a study-
specific follow-up. This might have affected the prognosis of patients
in the routine follow-up imaging group. Of these 64 patients, only 24
patients received protocol-related treatment. Survival analysis after
excluding these patients still showed a significant survival benefit for
patients that received imaging surveillance. Consequently, study-
related treatment was not expected to be responsible for the assessed
survival benefit of routine imaging.

This study has several limitations. First, although a prospec-
tive database was used for baseline and perioperative data, data on
follow-up and recurrence treatment were collected retrospectively.
This might have led to different types of bias, such as confounding by

774 | www.annalsofsurgery.com

indication. In this context, it might be possible that patients who
received follow-up imaging and additional treatment for recurrence
had a better a priori prognosis. Moreover, not all patients received
standardized follow-up imaging, and the intervals and frequency of
standardized follow-up imaging varied between patients. Conse-
quently, only selected patients had the potential to be diagnosed
with PDAC recurrence in an asymptomatic stage. This was mainly
the case for patients participating in specific clinical trials, who
accordingly received a study-specific, standardized follow-up. Sur-
vival benefits of additional treatment for recurrence as shown in this
study could be subjected to guarantee-time bias. To adjust for these
potential biases, we performed propensity-score matching. As a
result, the probability to receive additional treatment for recurrence
was comparable in both the treatment and best-supportive-care
groups. Unfortunately, we were not able to include the ECOG
performance score at time of recurrence diagnosis for propensity-
score matching, due to the considerable number of missing data
(48%). To avoid potential lead-time bias when reporting on post-
recurrence survival, the main outcome of the study was OS, calcu-
lated from the date of primary resection. As shown in our results,
however, DFS was comparable between symptomatic and asymp-
tomatic patients and lead-time bias seems unlikely. Second, not all
patients in whom PDAC recurrence was detected through abdominal
imaging received additional imaging of the thorax to screen for
pulmonary metastases. This should be taken into account when
interpreting the distribution of the specific recurrence-sites within
the study population.

In conclusion, the results of this nationwide, multicenter
observational cohort study show that treatment of PDAC recurrence
is associated with improved survival, with asymptomatic patients
having a higher probability to receive recurrence treatment. This
suggests that recurrence-focused surveillance, aiming to detect dis-
ease recurrence before the onset of symptoms, might increase the
number of patients receiving additional treatment, with potential
survival benefits. The optimal timing for treatment of recurrence,
however, remains unclear. To guide future surveillance recommen-
dations and to enable selection of patients who might benefit of
recurrence-focused follow-up the most, a prospective intervention
study is needed.
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