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SUMMARY

Rationale: Pancreatic cancer is projected to become the second leading cause of cancer-
related death by 2030. Approximately 11% of patients present with locally advanced pancreatic
cancer (LAPC), characterized by extensive vascular involvement that precludes upfront
surgical resection. Historically, LAPC was treated with palliative chemotherapy or best
supportive care, resulting in poor survival outcomes. The introduction of multi-agent induction
chemotherapy regimens has significantly improved disease control and survival. Furthermore,
patient selection based on anatomical, biological, and conditional (ABC) parameters has led
to increased resection rates in LAPC and five-year survival rates up to 25% in selected
patients. However, surgical resection is associated with substantial morbidity and mortality,
and up to one-third of patients experience early disease recurrence, indicating possible futile
surgery. The current evidence on the added survival benefit of surgery after induction
chemotherapy is limited by strong selection bias, and international guidelines state that the
long-term survival benefit of surgery in LAPC remains uncertain. In parallel, stereotactic
ablative radiotherapy (SABR), particularly MRI-guided SABR, has emerged as a promising
less invasive alternative, achieving high local control rates with limited toxicity. A randomized
trial is required to assess the benefit of surgery.

Objective: The primary objective of this international randomized clinical trial is to assess the
added value of surgical exploration with intention for resection compared to MRI-guided SABR
in improving overall survival in patients with LAPC who show a favourable biological response
to systemic induction chemotherapy. Secondary objectives include evaluation of failure-free
survival, quality of life, and serious adverse events.

Study design: International, multicentre, open-label, phase Il superiority randomized clinical
trial. Eligible patients are randomized in a 1:1 ratio to either surgical exploration with intention
for resection or MRI-guided SABR (5 fractions of 10 Gy), followed in both arms by completion
of a total of six months of systemic therapy.

Study population: Adult (=18 years) patients with LAPC (2025 National Comprehensive
Cancer Network [NCCN] definition) who, following at least three months of systemic induction
therapy, meet pre-specified anatomical, biological, and conditional (A-B-C) criteria.
Intervention: Patients are randomized between two interventions: surgical exploration with
intention for resection versus MRI-guided SABR (5 fractions of 10 Gy).

Main study parameters/endpoints: Primary endpoint is overall survival (OS) from
randomization. The trial is designed to assess whether surgery improves OS with a clinically
relevant difference in 3-year OS from 20% to 35% as compared to MRI-guided SABR, requiring
a total simple size of 230 patients.

Nature and extent of the burden and risks associated with participation, benefit and
group relatedness: While surgery may improve survival, it carries significant risks, including
major surgical morbidity (17-55%), long-term morbidity including neurogenic diarrhea that
normalizes in only ~50% of patients, endocrine insufficiency (22-100%), and exocrine
insufficiency (12-100%) with negative impact on quality of life, and a risk on futile surgery given
that one-third of patients develop early disease recurrence within six months after surgery.
While MRI-guided SABR may improve survival to a shorter extent compared to surgery, MRI-
guided SABR achieves local disease control via a less invasive alternative associated with a
lower toxicity profile and thereby better quality of life (i.e., serious adverse event rate <5%). To
justify the higher short- and long-term morbidity and risk of early disease recurrence after
surgery compared to SABR, it is expected that surgical exploration with intention for resection
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will increase the three-year overall survival rate from 20% after SABR to 35% after surgical
exploration with intention for resection.
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1. INTRODUCTION AND RATIONALE

Pancreatic ductal adenocarcinoma (hereafter: pancreatic cancer) is predicted to become the
second leading cause of cancer-related death in 2030 in the United States.” The lifetime risk
of developing pancreatic cancer is highest in Western Europe at 2.1%.2 Of those diagnosed
with pancreatic cancer, 11% is diagnosed with locally advanced pancreatic cancer (LAPC),
characterised by extensive vascular involvement.® For decades, patients with LAPC have been
treated with palliative single-agent chemotherapy or best supportive care, associated with a
median overall survival (OS) of only a few months and no prospects for five-year OS.* The
introduction of multi-agent chemotherapy, including (m)FOLFIRINOX (i.e., a [modified]
combination of 5-fluorouracil with leucovorin, irinotecan, and oxaliplatin) and gemcitabine-nab-
paclitaxel, has considerably enhanced systemic and local disease control in patients with
LAPC, associated with a median OS of 19 months.®> Moreover, a paradigm shift has taken
place wherein localized pancreatic cancer is increasingly approached based on anatomical,
biological, and conditional (ABC) parameters rather than on anatomy alone.® These advances
have resulted in surgical resection rates in LAPC up to 23% (95% confidence interval [Cl],"" to

40]),” associated with five-year OS rates up to 25% after resection.>8°

Given its complexity and the associated surgical risks, this advanced pancreatic surgery often
requiring extended resections is mainly performed in high-volume expert centres.’®'" However,
even in highly experienced hands, postoperative in-hospital mortality is 2-3% after pancreatic
resections with portomesenteric venous resection (PVR) and 1-9% after arterial resection
(AR).">'7 Furthermore, this extensive surgery is associated with major complications in 17-
55% of patients,'21416.1819 neyrogenic diarrhoea that can be controlled in about only half of the
patients,?® and endocrine and exocrine pancreatic insufficiency in 22% and 43% after
pancreatoduodenectomy, 23% and 12% after left pancreatectomy, and inevitably 100% after
total pancreatectomy, all of which impair quality of life.?'?* Besides these increased risks of
adverse events, about one-third of patients develop early disease recurrence within six months

after resection, which is considered as futile surgery.?

Collectively, these outcomes underscore the importance of determining whether surgical
resection following chemotherapy provides an additional survival benefit for patients with
LAPC, while also evaluating its impact on quality of life. As generally only patients who
responded well on induction chemotherapy are selected for surgery, based on ABC-
parameters,* the current literature is biased by the selection of patients for surgery.®?® This
uncertainty regarding the added value of surgery in patients with LAPC is illustrated by a recent
bi-national multicentre study including 663 patients with LAPC treated with (m)FOLFIRINOX
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without distant metastases on imaging at restaging. This study found only a limited 7%
improvement in five-year OS, with rates of 18% in LAPC patients undergoing a negative
laparotomy (i.e., no resection) due to vascular involvement compared to 25% in those with
LAPC who underwent resection.?’” This demonstrates that mostly multi-agent chemotherapy
drives the improved survival in patients with LAPC, whereas the added value of subsequent
surgical resection remains unknown and should be confirmed.?® This uncertainty is underlined
by the international 2025 National Comprehensive Cancer Network (NCCN) guideline which

states that the long-term survival benefit of surgery for LAPC is unknown.?®

Simultaneously, the use of image-guided stereotactic ablative body radiotherapy (SABR) is
emerging as an alternative treatment option.*° Following multi-agent induction chemotherapy,
SABR is a promising approach for achieving local disease control and potentially reducing loss
of quality of life in patients with LAPC.3"-3* Particularly magnetic resonance (MRI) linear
accelerators allow visualization of the tumour and critical surrounding organs, as well as the
ability to create a new treatment plan prior to each fraction. This enables to maximize the dose
to the tumour while conforming to the radiosensitive gastrointestinal tract on a fraction-by-
fraction basis. Consequently, MRI-guided SABR has the potential to deliver high ablative
doses safely to the pancreatic tumours without increasing the risk of treatment-related toxicity,
as compared with conventional radiotherapy techniques.3?34 The <5% rate of acute and late
grade 3 toxicities and one- and two-year local control rates of 88% and 69%, respectively, are
encouraging.®>3¢ Recently, the long-term outcomes of a multicentre phase Il study reported a
two-year OS after MRI-guided SABR with the 5-fraction scheme of 10 Gy per fraction of 41%
with an acceptable toxicity profile, including 67% in patients undergoing subsequent resection
and 26% in patients no candidate for surgery, causing selection bias.?” Consequently, ablative
MR-guided radiotherapy (MRIgRT) with dose escalation without increased fractionation is the
most promising less-invasive locoregional treatment approach alternative for surgical resection
for in patients with LAPC.

Due to the lack of level-1 evidence, there is no consensus about the benefit of surgery after
induction chemotherapy in patients with LAPC in terms of OS. This leads to controversy and
scepticism among medical specialists, potentially leading to non-referral of patients with LAPC
for potential resection, illustrated by the fact that about 40% of patients diagnosed with LAPC
does not receive any treatment on a nationwide level.*® Only a randomized trial can answer
the question whether and to what extent surgical exploration with intention for resection is
beneficial in patients with LAPC with an adequate performance status and a good biological
response to induction multi-agent chemotherapy. Therefore, this international randomized
clinical trial (RCT) aims to assess the added value of surgical exploration with intention for
Version number: 2.0, 26-5-2026 15 of 61
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resection compared to MRI-guided SABR to improve OS in patients with LAPC who have a

good biological response to systemic induction therapy.
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2. OBJECTIVES

Primary Objective:
To assess the added value of surgical exploration with intention for resection compared to
MRI-guided SABR to improve overall survival from randomization in patients with LAPC who

have a good biological response to systemic induction therapy.

Secondary Objective(s):

1. To compare the failure-free survival (FFS) between surgical exploration with intention
for resection vs. MRI-guided SABR.

2. To compare the global quality of life, functioning, symptom scores, and overall sum-
mary score during the first two years from randomization between surgical exploration
with intention for resection vs. MRI-guided SABR.

3. To compare the serious adverse events (SAEs) within 6 months from randomization
between surgical exploration with intention for resection vs. MRI-guided SABR (ex-
pressed as the number of patients with serious adverse event[s], the number of events,

and type of events).
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3. STUDY DESIGN
This is an international, multicentre phase 3 superiority randomized clinical trial comparing two

interventions for patients with LAPC with a favourable biological response after at least three
months of systemic induction therapy. Patients who meet the eligibility criteria will be random-
ized between two intervention arms: surgical exploration with intention for resection followed
by completing the total of six months systemic therapy [intervention - Surgery] versus MRI-
guided SABR (5x 10 Gy) followed by completing the total of six months systemic therapy [in-
tervention — MRI-guided SABR].

Randomization in a 1:1 ratio is performed (non-blinded), with stratification for centre, serum
CA19-9 at restaging (i.e., <100 U/ml vs. >100 U/ml), and WHO performance status (i.e., 0 vs.
1). The total inclusion period will be four years, followed by a follow-up period of at least three

years.

The sample-size calculation is based on the primary endpoint of overall survival. A sample size
of 230 patients (115 per arm) was estimated to provide 80% power at a two-sided alpha of 5%
to detect a 15% difference in three-year overall survival between surgery and MRI-guided

SABR with expected three-year overall survival rates of respectively 35% and 20%.

Eligible centres have an (1) annual volume of at least ten resections of NCCN LAPC following
systemic induction chemotherapy over the preceding three years; and (2) have experience
with MRI-guided SABR (i.e., defined as one-year experience including 20 treated patients),
either in the centre itself or in a collaborative/affiliated centre in the region with an established

referral collaboration.

Justification for design

Randomization is considered mandatory to adequately compare surgical exploration with
intention for resection versus MRI-guided SABR, minimizing the selection biases caused by
selection and patient preference. After all, the fact that the current literature suggests a survival
benefit of surgery following induction chemotherapy in patients with LAPC compared to non-
surgical management is biased as only patients with a favourable response to chemotherapy
in terms of anatomy-, biology-, and condition-related parameters are selected for surgery. This
is underlined by the international 2025 NCCN guideline stating that the benefit of surgery in
these patients in terms of survival is unclear.?® To achieve homogeneity within the ‘comparator’
arm of surgical exploration with intention for resection, one treatment option from the range of
different standards of care is selected: MRI-guided SABR.
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Alternatively, a randomized trial aimed to determine the value of surgical exploration with in-
tention for resection after induction therapy in patients with LAPC could have included as con-
trol arm the continuation of chemotherapy. However, this was deemed unfeasible given that
the current standard of care covers a spectrum of different treatment options, including contin-
uation with chemotherapy alone, chemoradiotherapy, and radiotherapy alone. Furthermore,
various radiation modalities can be considered. Keeping the choice of treatment in the non-
surgical arm open for the treating physician and the individual patient would have resulted in
substantial heterogeneity in radiation modalities, hampering the interpretation of the results.
Moreover, selecting one option over the other as a control arm would have been debatable as
level-1 evidence comparing chemotherapy alone versus radiotherapy and comparing radiation
modalities is lacking. Therefore, we decided for this two-intervention-arm design comparing

two local treatment modalities without a control arm.

Flowchart overview:
The study follows the steps below:

e Screening: Patients with LAPC treated with systemic induction therapy are screened
by each participating center to assess whether the inclusion criteria are met. Patients
meeting the inclusion criteria will be asked to participate in the trial. Further study infor-
mation and the informed-consent interview will be provided by a member of the re-
search team who is not the patient’s treating physician, to safeguard voluntary partici-
pation.Eventually, patients are discussed in the LAPC Expert Panel that comprises ex-
pert surgeons, radiation oncologists, medical oncologists, and an expert abdominal ra-
diologist.

 Randomization: Eligible patients who sign informed consent will be randomized. Ran-
domization will be performed centrally and in a 1:1 ratio with stratification for center,
tumour marker serum CA19-9 at restaging, and WHO/ECOG performance status.

o Intervention: Patients will be randomized for receiving one of the following two inter-
ventions: (1) surgical exploration with intention for resection or (2) MRI-guided SABR,
in both arms followed by the standard of care which includes the completion of systemic
therapy up to a total of six months.

e Follow-up: From randomization, patients are followed by a minimum of five years, us-

ing the follow-up scheme conform the current standard of care.
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4. STUDY POPULATION

4.1 Population (base)
The population of interest concerns adult patients diagnosed with LAPC according to the 2025

NCCN definition treated with at least three months of systemic induction therapy.

NCCN criteria for locally advanced pancreatic cancer
SMA (C)HA CA SMV/PV
Pancreatic head/ | >180° - >180° Not reconstructable due to
uncinate process tumour involvement or
occlusion
Pancreatic body/tail | >180° CHA involvement >180° Not reconstructable due to
with extension to CA or tumour involvement or
or hepatic artery Any contact together occlusion
bifurcation with aortic involvement
NCCN, National Comprehensive Cancer Network; SMA, superior mesenteric artery; (C)HA, (common) hepatic artery;
CA, coeliac axis; SMV, superior mesenteric vein; PV, portal vein.

4.2 Inclusion criteria
In order to be eligible to participate in this study, a participant must meet all of the following

criteria:

1. Age: 218 years.

2. Diagnosis: Patients diagnosed with pathology proven (WHO 6-7) LAPC according to
the 2025 NCCN guideline.®#” Of note, WHO-3 is allowed for inclusion in case of evi-
dence for neoplasia by molecular analyses if cystic lesions are absent. Chemotherapy
may be started without pathology-proof after a least two attempts via fine-needle biopsy
if the patient has a high radiological and clinical suspicion for pancreatic adenocarci-
noma and consensus has been reached in the responsible multidisciplinary confer-
ence.* Furthermore, patients must meet the following established A-B-C parameters

after at least three months systemic induction therapy.

Anatomy: (1) RECIST non-progressive disease on cross-sectional imaging;
(2) No radiological downstaging to a borderline resectable tumour;
(3) Surgical resection seems potentially feasible according to the local
multidisciplinary team*;
(4) Radiation is technically feasible according to the local multidisciplinary team;
Bioiogy: (1) Serum CA19-9 reduction >40% with an absolute end value <300 U/mL after

induction chemotherapy™*.
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NB1. If non-elevated serum CA19-9 at diagnosis, metabolic response on '®F-FDG PET scan
defined as >30% reduction of SUVmax if >4 at baseline®.

NB2. If non-elevated serum CA19-9 at diagnosis** and on "8F-FDG PET scan an SUVmax <4 at
baseline, non-elevated serum CEA at restaging is required (i.e., <5 ng/ml).

NB3. If serum CA19-9 after chemotherapy is >150 U/ml, a negative staging laparoscopy is
required prior to randomization (unless a staging laparoscopy was already performed prior to
starting systemic therapy). This is based on the PREOPANC-4 cohort wherein such patients had

a 23% risk of peritoneal metastases (vs. 5% with <150 U/ml).4146

Condition:(1) ECOG/WHO performance status 0-1 at restaging, being fit for surgery and

chemotherapy.

NB. If a systemic treatment switch is performed in the setting of induction therapy with
the indication of (biochemical) disease progression, restaging according to the above-
mentioned criteria are performed with using the A-B-C features between the first- and
second-line systemic induction therapy as baseline.

* Patients who require a resection of the superior mesenteric artery (SMA) are only
allowed for inclusion by centres where this is routine practice, as evidenced by a volume
of on average >15 SMA resections for periampullary cancer over the preceding three
years, considering the high risks of complication-related mortality.5*5* This also means
that patients with an SMA string sign (i.e. irregularity of the arterial wall) on cross-
sectional imaging after systemic induction therapycannot be randomized at centers.%®
**At baseline, serum CA19-9 is measured with a total bilirubin as low as possible and
measured as short as possible before the start of chemotherapy. At restaging, serum
CA19-9 is ideally measured in the same lab due to different essays with widely
diverging results.

#Preferably, FDG-PET scan is performed with EARL reconstruction protocol 1 or 2.

3. Informed consent: Competent and willing to provide informed consent in accordance

with the requirements of the ethics committee.

4.3 Exclusion criteria
A potential participant who meets any of the following criteria will be excluded from

participation in this study:

(1) Prior treatment: Prior systemic induction therapy combined with any type of radiother-
apy. Radiotherapy is not used as induction therapy as it has not been proven beneficial
and considering the potential increased risk of major morbidity, although particularly
seen with external beam radiotherapy.®” The only other possible indication for radio-
therapy that is allowed in this trial is a single fraction of 8 Gray in case of tumour bleed-
ing.
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(2) Metastatic disease: Presence of metastatic disease

(3) Comorbidities: Clinical deterioration during systemic induction therapy or increase of
suspected tumour-related pain after excluding other potential causes of pain (e.g., pan-
creatitis, stent dysfunction).

(4) History of other malignancies: A past medical history of malignancy, except under
the following conditions: no evidence of disease, diagnosis more than three years ago
before the diagnosis of pancreatic cancer, and life expectancy of more than five years
from date of inclusion. Of note, a past medical history of non-melanoma skin cancer,
pancreatic neuroendocrine tumour <2 cm, and gastrointestinal stroma tumour (GIST),
or any other cancer with a life expectancy beyond five years are no exclusion criteria.
Lastly, lesions on CT thorax that are too small to characterize are not considered met-
astatic disease. The last exclusion criterium is tumours directly invading gastrointestinal

hollow organs, except the duodenum.

4.4 Sample size calculation
The sample-size calculation is based on the primary endpoint of OS. A sample size of 230

patients (115 per arm) was estimated to provide 80% power at a two-sided alpha of 5% to
detect a 15% difference in three-year OS between intervention arm A (Surgery) and
intervention arm B (MRI-guided SABR), with expected three-year OS rates of respectively
35% and 20% (based on previous literature; Appendix A), and using a stratified modestly-
weighted log-rank test to compare OS between the trial arms.8 The sample-size calculation
accounted for non-proportional hazards by assuming that the OS curves would only separate
after one year (i.e., a delayed-effect scenario). This conservative assumption was deemed
acceptable to ensure that the sample size would be sufficient in case of both proportional
hazards (which would have required a lower sample size) and non-proportional hazards.
Additional assumptions in the sample size calculation were: an accrual period of four years, a
minimum follow-up duration of three years (i.e., a total trial duration of at least seven years),
and 2% loss-to-follow-up in each arm. Sample size calculations were performed by simulating
the trial 50.000 times under the previously specified assumptions, and statistical power was
determined by calculating the proportion of ‘positive’ trials when using a stratified modestly-
weighted log-rank test.3* The final analyses will take place if at least 194 events of the primary

endpoint occurred or if at least three-year follow-up is completed for all patients.
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5. TREATMENT OF RESEARCH PARTICIPANTS

5.1 Investigational product/treatment

Intervention — Surgery

Surgical exploration starts with a staging laparoscopy, unless already performed previsouly.*®
Hereafter, exploration is typically performed via laparotomy. Although heterogeneity exist in
surgical techniques, the following general surgical principles are considered state-of-the-art:

(1) Artery-first approach in case of potential arterial involvement®;

(2) Arterial divestment in case of radiological signs of (former) involvement without current
signs of arterial wall ingrowth (and negative biopsy of peri-arterial tissue) during surgery
to remove all (former) tumour tissue. In case of SMA divestment, the perivascular nerve
plexus is removed but the arterial wall is left fully intact.5®>°° In case of positive biopsy
of the peri-arterial tissue or suspected ingrowth into the arterial wall, an arterial resec-
tion is performed to obtain a radical resection. If this concerns the SMA, it is strongly
recommended to not proceed with the resection if possible. The TRIANGLE between
the SMA, coeliac axis, and common hepatic artery is cleared, including arterial divest-
ment and full ymphadenectomy.®°

(3) In case of vascular reconstruction that requires a patch or interposition graft, an autol-
ogous (e.g., veins, peritoneal / falciform patch, splenic artery) or biological (e.g., bovine
patch) graft is strongly preferred over synthetic prosthesis considering its risk for occlu-
sion and infection.®" For the portomesenteric venous axis, the need for an interposition

graft is reduced by performing a Cattell-Braasch maneuver.5?

In case of surgery and postoperative functional recovery, adjuvant systemic therapy is
completed for a total of six months (i.e., six months treatment duration of systemic induction
therapy plus systemic adjuvant therapy together), starting within three months after surgery.®®
After completing the above-mentioned treatment course, patients are allowed later on to
receive any tumour-directed treatment in case of disease progression or recurrence. In case
of suspicion for postoperative neurogenic diarrhoea, a step-up approach will be advocated to

manage this complication.?°

Intervention — MRI-guided SABR

Patients randomized to the [intervention — MRI-guided SABR] will receive MRI-guided SABR,
followed by systemic therapy up to a total of six months (i.e., six months treatment duration of
systemic induction therapy plus post-radiation systemic therapy together). If applicable,
systemic therapy should be started within three months after completing the MRI-guided

SABR.
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MRI-guided SABR must be initiated within four weeks after randomization and is delivered in
a hypofractioned regimen of 50 Gy in five fractions of 10 Gy, prescribed to 95% of the planning
target volume (PTV). Treatment will be administered on alternative days, two or three times
per week, with an intended overall treatment duration of two weeks (i.e., 14 days). All patients
will undergo an MR (and CT scan at the department’s discretion) for radiotherapy planning.
The gross tumour volume (GTV) will be defined based on those imaging datasets and the

restaging imaging. A PTV margin of 3mm is applied.

Two MRI-guided SABR platforms are allowed. First, the Unity system (1.5 Tesla MR-Linac)
that employs Comprehensive Motion Management (CMM) using high-quality anatomy-specific
cine-MRI with template-based tracking and automatic beam gating, offering direct real-time
target racking, respiratory gating, and drift correction. The second is the MRIdian system (0.35
Tesla MR-Linac) delivering MRI-guided respiratory-gated intensity modulated radiotherapy
(IMRT), using real-time cine-MRI for motion tracking and gating during delivery. Radiotherapy
dose constraints for surrounding organs at risk will be standardized and applied uniformly

across both systems.

All patients will receive a proton pump inhibitor (oral) once daily during MRI-guided SABR,
continued for three months afterwards to reduce gastrointestinal toxicity. Additionally, patients
may receive pre-medication two hours before each fraction to minimize radiation-induced side
effects: proton pump inhibitor (oral) to prevent nausea and dexamethasone (oral) in case of

pain due to local tumour ingrowth.

In both treatment arms, it is allowed that systemic therapy pre- and post-randomisation is
administered in a centre not performing the surgery or MRI-guided SABR, as the systemic

therapy is the current standard of care and therefore not considered study treatment.

5.2 Use of co-intervention (if applicable)
In view of the uncertainties regarding potential combined toxicity, surgical resection after

SABR (i.e., cross-over) is strongly discouraged, but clinically unavoidable in exceptional

cases.%
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6. INVESTIGATIONAL PRODUCT
Not applicable

6.1 Name and description of investigational product(s)

6.2 Summary of findings from non-clinical studies

6.3 Summary of findings from clinical studies

6.4 Summary of known and potential risks and benefits

6.5 Description and justification of route of administration and dosage

6.6 Dosages, dosage modifications and method of administration

7. NON-INVESTIGATIONAL PRODUCT
Not applicable

7.1 Name and description of non-investigational product(s)

7.2 Summary of findings from non-clinical studies

7.3 Summary of findings from clinical studies

7.4 Summary of known and potential risks and benefits

7.5 Description and justification of route of administration and dosage
7.6 Dosages, dosage modifications and method of administration

7.7 Preparation and labelling of Non Investigational Medicinal Product

7.8 Drug accountability
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8. METHODS

8.1 Study parameters/endpoints

8.1.1 Main study parameter/endpoint
Overall Survival (OS) measured from the date of randomization to the date of

death or last follow-up.

8.1.2 Secondary study parameters/endpoints (if applicable)
- Failure-free survival (FFS) measured from date of randomization, defined as ab-

sence of local relapse/recurrence, local progression, regional relapse/recurrence, re-
gional progression, appearance/occurrence of distant metastases, second pancreatic
cancer, or death related to primary cancer, related to a second cancer, related to
protocol treatment, or related to any other/unknown cause. Of note, end of protocol

treatment is not included in this definition.”

- Global quality of life, functioning, and symptoms scores and the summary score
during the first two years from randomization, using the EORTC QLQ-C30 (version
3.0) and -PAN26 questionnaires.®7°

- Six-months serious adverse events (SAEs) that occur from randomization, defined
following the NCI Common Terminology Criteria for Adverse Events (CTCAE) (ver-
sion 5.0) (grade >llI),”" expressed as the number of patients with serious adverse

event(s), the number of events, and type of events.

8.1.3 Other study parameters (if applicable)

8.1.4 In-hospital/90-day major morbidity, defined as Clavien—Dindo
classification grade 2llla.”

- In-hospital/90-day clinically relevant pancreatic surgery—specific
complications, including post-pancreatectomy hemorrhage, postoperative
pancreatic fistula, post-pancreatectomy acute pancreatitis, delayed gastric

emptying, chyle leak, and bile leak (grade B/C),”>® as well as death.

- In-hospital and 90-day vascular thrombosis rate, including severity according to
the Clavien-Dindo classification, in patients who underwent extended vascular
resection with reconstruction (according to the 2014 ISGPS definition), stratified for

venous and arterial resections.
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- RO resection rate, defined according to the 1-mm rule following the Royal College

of Pathologists and International Collaboration on Cancer Reporting (ICCR)

recommendations, except for the anterior surface where a 0-mm rule will be

applied, and stratified for surgical and pathological margins in accordance with the
2025 ISGPS-ISGPP statement.

- Overall survival measured from imaging-based cancer-diagnosis.

- Blood samples are collected and stored before, during, and after treatment. After

completion of the trial, these samples will be used for future biomarker studies to

improve personalized cancer treatment. In addition, CT scans performed at

baseline, during treatment and follow-up are collected to enable future studies.

8.2 Randomisation, blinding and treatment allocation

Patients are randomised in a 1:1 ratio between surgical resection and SABR.

Randomisation is stratified for centre, serum CA19-9 at restaging (<100 U/ml vs. >100

U/ml), WHO performance status (0 vs. 1). This is an open-label trial.

8.3 Study procedures

All study procedures are part of standard oncological care for patients with LAPC and

are performed according to the trial protocol.

8.3.1 Screening and eligibility assessment
Eligible patients are adults diagnosed with LAPC according to the 2025 NCCN defini-

tion.?® After at least three months of systemic induction therapy, patients are assessed

for eligibility based on predefined anatomical, biological, and conditional (ABC) criteria

(see section 4.2).

Eligibility assessment includes:

Review of cross-sectional imaging (CT abdomen and thorax) at time of diagno-

sis and at restaging

Serum CA19-9 measurement (and, if applicable, FDG-PET imaging or serum

CEA) at time of diagnosis and at restaging
Assessment of performance status (ECOG/WHO) at restaging

Multidisciplinary team evaluation of feasibility of both surgery and MRI-guided-
SABR
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If serum CA19-9 after systemic induction therapy is >150 U/mL a negative staging lap-
aroscopy is required prior to randomization (unless a staging laparoscopy was already
performed prior to starting systemic therapy). This is based on the PREOPANC-4 co-
hort wherein such patients had a 23% risk of peritoneal metastases (vs. 5% with <150
U/mL).46:57

Eligible patients may be discussed in an online multidisciplinary LAPC Expert Panel,
which evaluates eligibility, surgical feasibility, and feasibility for radiotherapy. Currently,
this expert panel includes at least one surgeon from each of the seven university DPCG
centres together with a medical oncologist and an abdominal radiologist. The panel
meets online every other week. For the PREOPANC-4 RCT, the LAPC Expert Panel
will be expanded to include a representative surgeon/medical oncologist, radiation on-
cologist, and an abdominal radiologist from the respective and/or interested interna-
tional centre. By having an abdominal radiologist from the international centre present
in the panel, transfer of imaging across the country borders is not required. If needed,
the frequency of the LAPC Expert Panel can be increased up to a weekly meeting. For
every 30 included patients, the cross-sectional imaging of each included patient at di-
agnosis and at restaging will be evaluated via central review. In case the eligibility cri-
teria (i.e., prior to randomization) are clearly not met retrospectively, those patients will
be excluded from the study and will be replaced by a new patient. This quality control

will be performed by an independent, blinded radiologist.

8.3.2 Randomization
After confirmation of eligibility followed by verbal and written informed consent, pa-
tients are randomized in a 1:1 ratio using a centralized web-based system (Castor

EDC). Randomization is stratified by:
o Participating centre
e Serum CA19-9 level at restaging (<100 U/mL vs >100 U/mL)
e ECOG/WHO performance status (0 vs 1)

Randomization occurs within four weeks after completion of systemic induction ther-

apy.

8.3.3 Study interventions

After randomization, the allocated treatment should start within two to four weeks.
Cross-sectional imaging and serum CA19-9 measurements should be available from
within four weeks prior to randomization and within four weeks before the start of the

allocated treatment. If repeat imaging reveals metastatic disease after randomization,
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but prior to the start of the allocated treatment, this patient will be excluded and
replaced by another patient. Patients with unexpected M1 disease found during
surgical exploration with intention for resection or found on MRI at the start of SABR
will not be excluded according to the modified intention-to-treat principle.
Nevertheless, these patients will drop out the trial’s treatment protocol and the per-

protocol analysis.

Intervention - Surgery

Patients randomized to the surgical arm undergo surgical exploration, usually via lap-
arotomy, with the intention to perform resection if technically feasible. Surgical tech-
niques follow state-of-the-art principles, including artery-first approaches, arterial di-
vestment or resection if indicated, lymphadenectomy, and vascular reconstruction

when required (see section 5.1).

At the end of the resection phase, intraoperative pictures are made from the full op-
eration field to enable independent assessment of adequate divestment and resec-
tion. This picture will be uploaded in an eCRF, together with registration of specific

procedural details by the leading surgeon immediately after surgery.

For the histopathological assessment of the resected specimen, it is recommended
to completely sample the abnormal pancreas parenchyma, aiming to optimize the as-
sessment of residual tumour, according to the CAP or MD Anderson Classification.®3
Assessment of residual disease in the resection margins and surfaces (R status) has
to be examined following the Royal College of Pathologists,®* stratified for surgical

and pathological margins according to the 2025 ISGPS-ISGPP statement paper®.

Postoperative recovery is followed by completion of systemic therapy to a total dura-
tion of six months (induction plus adjuvant therapy). After completing the above-men-
tioned treatment course, patients are allowed later on to receive any tumour-directed

treatment in case of disease progression or recurrence.
Intervention - MRI-guided SABR

Patients randomized to the radiotherapy arm receive MRI-guided SABR; SABR is de-
livered as 50 Gy in five fractions of 10 Gy, administered on alternating days over ap-

proximately two weeks (see section 5.1).

All patients undergo MRI-based treatment planning (and CT planning at the discretion
of the treating centre). The gross tumour volume and planning target volume are de-
fined according to protocol, with standardized margins and dose constraints for or-

gans at risk.
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During SABR, patients receive proton pump inhibitor prophylaxis and may receive
additional premedication according to protocol. After completion of SABR, systemic

therapy is continued to a total treatment duration of six months.
8.3.4 Follow-up and assessment

From randomization, patients are followed for a minimum of five years (at 2, 6, 12, 18,
24, 36, 48, and 60 months from randomization). The 2-month visit is planned after the
intervention has been performed; the 2-month moment of follow-up is the first
postintervention visit to the clinic. This may therefore be delayed depending on patient
recovery. Prior to each visit, a CT thorax and abdomen and tumour marker CA19-9 and
CEA are determined. Patients who discontinue with the study treatment early will be
followed for the primary endpoint (i.e., OS). After randomization, additional imaging and
tumour marker measurement next to the follow-up scheme can be considered
necessary for treatment response evaluation. If local protocols oblige a more frequent
follow-up scheme, this will be allowed. Questionnaires assessing quality of life,
functioning, and symptoms will be filled in at baseline (i.e., at time of randomization)
and thereafter at 3, 6, 12, 18 and 24 months from randomization. Patients who are
randomized but do not receive the study treatment or discontinue with the study
treatment will still be followed for the primary outcome based on the intention-to-treat
principle. Potential disease recurrence will be confirmed, if technically feasible, by

biopsy.

8.3.5 Safety monitoring
Serious adverse events (SAEs) according to the NCI CTCAE version 5.0 definitions

(i.e., grade >IIl) will be recorded.”" The local investigator will report SAEs within one
working day to the lead institution. This will not include common complications of
pancreatic surgery (i.e., postoperative pancreatic fistula, delayed gastric emptying,
postpancreatectomy hemorrhage, chyle leak, bile leak, postpancreatectomy acute
pancreatitis),”>’"°" but will include intensive care admission, readmission, and patient
death. The lead institution will report SAEs to the national CCMO with annual line listing
for the common SAEs of pancreatic surgery. Suspected Unexpected Serious Adverse
Reactions (SUSARSs) are reported to the medical ethical committee. During the study
period, a monitor team will monitor the study, aiming to evaluate the study progress,
ensure adequate data collection, and check compliance with the current study protocol.
A Data Safety Monitoring Board (DSMB) is not needed as both surgical exploration with

intention for resection as well as MRI-guided SABR are used in the daily clinical
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practice. A planned interim evaluation will be performed when 50% of the events for
the primary endpoint OS are reached. Then, also the secondary endpoint on serious

adverse events will be analysed.

Data collection

All data collected from patients included in the PREOPANC-4 RCT will be
pseudonymized and transmitted securely to comply with the General Data Protection
Regulation (GDPR) and the Dutch Act on Implementation of the General Data. The
Castor audit trial is equipped with a feature to review all trial events and changes made
during the study. The Castor platform ensures data pseudonymization and access
minimization. Only the study coordinators and principal investigators will have access

to the pseudonymized data from all included patients.

Per centre, the local investigator is responsible for prospective data registration,
including all events. From time of randomization, local investigators are responsible for
scheduling the treatment and follow-up according to the trial scheme, as well as for the
distribution and registration of quality-of-life questionnaires and registration of serious
adverse events, disease-progression / recurrence, and survival status. The quality-of-
life questionnaires can be distributed to the patient either online via Castor or on paper
via mail, depending on the patient’s preference. Both methods are coordinated by the
local investigator. In the Netherlands, the nationwide infrastructure of the PAncreatic
CAncer Project (PACAP) will be used to distribute and collect these questionnaires.”
Participating centres from countries outside the Netherlands will distribute the

qguestionnaires themselves.

On-site monitor visits will be conducted in all participating centres, as dictated by local
regulations, during the study period to ensure that privacy of the patients is protected
and that the reported data is complete, accurate and verifiable from the source
documents. Hereby, data will be managed according to the ICH E6(R1) Guideline for
Good Clinical Practice. Data analysts responsible for examining the data during follow-
up will be precluded from retracting data back to any specific included patient. Close-
out visits will take place to verify complete data collection and the presence of source
documents. Each centre will then receive information regarding long-term data

archiving and other possible inspections.
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8.4 Withdrawal of individual research participants
Participants can leave the study at any time for any reason without any consequences

if they wish to do so. Nevertheless, those patients will be followed for the primary

outcome based on the intention-to-treat principle.

8.4.1 Specific criteria for withdrawal (if applicable)
o Discovery of metastatic disease (M1) after randomization but prior to the start of the

allocated treatment, in which case the patient will be excluded and replaced.

e For every 30 included patients, the cross-sectional imaging of each included patient at
diagnosis and at restaging will be evaluated via central review. In case the eligibility
criteria (i.e., prior to randomization) are clearly not met retrospectively, those patients

will be excluded from the study and will be replaced by a new patient.

8.5 Replacement of individual research participants after withdrawal
o Discovery of metastatic disease (M1) after randomization but prior to the start of the

allocated treatment, in which case the patient will be excluded and replaced.

e For every 30 included patients, the cross-sectional imaging of each included patient at
diagnosis and at restaging will be evaluated via central review. In case the eligibility
criteria (i.e., prior to randomization) are clearly not met retrospectively, those patients

will be excluded from the study and will be replaced by a new patient.

8.6 Follow-up of research participants withdrawn from treatment
Participants who are randomized but do not receive the allocated study treatment or
discontinue with the study treatment will still be followed for the primary outcome based on

the intention-to-treat principle.

8.7 Premature termination of the study
An interim analysis will be performed once 50% of the required 194 events will have

occurred. The Lan-DeMets alpha spending function with O’Brien—Fleming stopping
boundaries will be used to control the type | error rate across the interim and final analysis.
No analysis for futility will be performed as this is the first RCT to address this topic with
the aim to quantify the effect of surgery and MRI-guided SABR as precisely as possible.

Version number: 2.0, 26-5-2026 32 of 61



NL-010805 PREOPANC-4 RCT

9. SAFETY REPORTING

9.1 Temporary halt for reasons of research participant safety
In accordance to section 10, subsection 4, of the WMO, the sponsor will suspend the study

if there is sufficient ground that continuation of the study will jeopardise participant health
or safety. The sponsor will notify the review committee without undue delay of a temporary
halt including the reason for such an action. The study will be suspended pending a further
positive decision by the review committee. The investigator will take care that all

participants are kept informed.
9.2 AEs, SAEs

9.2.1 Adverse events (AEs)
Adverse events are defined as any undesirable experience occurring to a participant

during the study, whether or not considered related to [the investigational product / trial
procedure/ the experimental intervention]. All adverse events reported spontaneously

by the participant or observed by the investigator or his staff will be recorded.

9.2.2 Serious adverse events (SAEs)
A serious adverse event is any untoward medical occurrence or effect that

- results in death;

- is life threatening (at the time of the event);

- requires hospitalisation or prolongation of existing inpatients’ hospitalisation;

- results in persistent or significant disability or incapacity;

- is a congenital anomaly or birth defect; or
any other important medical event that did not result in any of the outcomes listed
above due to medical or surgical intervention but could have been based upon
appropriate judgement by the investigator.

An elective hospital admission will not be considered as a serious adverse event.

Adverse Events (AEs), Serious Adverse Events (SAEs), and Suspected Unexpected
Serious Adverse Reactions (SUSARSs) will be recorded by the investigator as soon as

they occur.

All adverse events will be documented in the case report form (CRF), and follow-up
information will be obtained to assess the outcome of the event, including whether it

was resolved or ongoing.

The investigator will use NCI Common Terminology Criteria for Adverse Events

(CTCAE) to assess the severity of AEs and SAEs. The investigator will ensure that AEs
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are recorded during all study visits, including pre-treatment, during treatment, and

follow-up visits.

The investigator will report all SAEs to the sponsor without undue delay after

obtaining knowledge of the events, except for the following SAEs:

The sponsor will report the SAEs through the web portal Research Portal to the
review committee that approved the protocol, within 7 days of first knowledge for
SAEs that result in death or are life threatening followed by a period of maximum 8
days to complete the initial preliminary report. All other SAEs will be reported within a
period of maximum 15 days after the sponsor has first knowledge of the serious

adverse events.

9.3 Follow-up of adverse events
All AEs will be followed until they have abated, or until a stable situation has been reached.

Depending on the event, follow up may require additional tests or medical procedures as
indicated, and/or referral to the general physician or a medical specialist.

SAEs need to be reported till end of study within the Netherlands, as defined in the protocol.

9.4 [Data Safety Monitoring Board (DSMB) / Safety Committee]
During the study period, a monitor team will monitor the study, aiming to evaluate the study

progress, ensure adequate data collection, and check compliance with the current study
protocol. A Data Safety Monitoring Board (DSMB) is not needed as both surgical explora-
tion with intention for resection as well as MRI-guided SABR are used in the daily clinical
practice. A planned interim evaluation will be performed when 50% of the events for the
primary endpoint OS are reached. Then, also the secondary endpoint on serious adverse

events will be analysed.
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10. STATISTICAL ANALYSIS
The sample-size calculation is based on the primary endpoint of OS. A sample size of 230

patients (115 per arm) was estimated to provide 80% power at a two-sided alpha of 5% to
detect a 15% difference in three-year OS between [intervention — Surgery] and intervention
= MRI-guided SABR), with expected three-year OS rates of respectively 35% and 20%
(based on previous literature), and using a stratified modestly-weighted log-rank test to
compare OS between the trial arms.®® The sample-size calculation accounted for non-
proportional hazards by assuming that the OS curves would only separate after one year
(i.e., a delayed-effect scenario). This conservative assumption was deemed acceptable to
ensure that the sample size would be sufficient in case of both proportional hazards (which
would have required a lower sample size) and non-proportional hazards. Additional
assumptions in the sample size calculation were: an accrual period of four years, a minimum
follow-up duration of three years (i.e., a total trial duration of at least seven years), and 2%
loss-to-follow-up in each arm. Sample size calculations were performed by simulating the trial
50.000 times under the previously specified assumptions, and statistical power was
determined by calculating the proportion of ‘positive’ trials when using a stratified modestly-

weighted log-rank test.®*

10.1 Primary study parameter(s)
The analyses will adhere to the intention-to-treat principle for investigating the primary and

secondary endpoints. This concerns modified intention-to-treat analyses as patients clearly
not meeting the eligibility criteria according to the central review will be replaced by new
patients. Three-year OS rates estimated using the Kaplan—Meier method, will be reported,
but the primary efficacy analysis will use a modestly-weighted log-rank test with a t of 12
months, stratified for the stratification factors used in the randomization procedure.
Heterogeneity in effect of the intervention on OS and failure-free survival will be explored
in two types of analyses. First, we will estimate effects among pre-specified sub-groups
known at time of randomization using flexible parametric survival models (adjusted for the
stratification factors) with treatment-covariate interaction terms, four knots to model the
baseline hazard, and a time-varying coefficient (one degree of freedom) for the treatment
assignment variable. Prespecified sub-groups concern the performance status (i.e., WHO
0 vs. 1), absolute value of serum CA19-9 at restaging (tested as continuous variable on a
logarithmic scale), systemic induction regimen, and tumour location (i.e., pancreatic
head/neck/uncinate process vs. body/tail). Interaction P values will be derived using
likelihood ratio tests for the interaction term. The difference in three-year OS will be
estimated in each subgroup separately using regression standardization, with the delta

method to obtain 95% Cls. Second, in accordance with the PATH statement,®® a risk-based
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subgroup analysis will be performed. To this end, an internal prognostic model will be
developed using the following pre-specified set of variables: performance status (i.e., WHO
0 vs. 1), absolute value of serum CA19-9 at restaging (tested as continuous variable on a
logarithmic scale), systemic induction regimen, and tumour location (i.e., pancreatic
head/neck/uncinate process vs. body/tail). Continuous variables will be modelled with
restricted cubic splines (three knots) to account for potential nonlinear covariate-outcome
relationships. Next, to investigate differences in treatment effect across baseline risk, a
flexible parametric survival model will be fitted with the arm variable, linear predictor
variable (based on the internal prognostic model), and an arm-linear predictor interaction
term. The flexible parametric model will include three knots to model the baseline hazard
and a time-varying coefficient for the treatment variable (1 degree of freedom). An
interaction test P value will be calculated using a likelihood ratio test for the model with and
without the interaction term; however, the primary inferential emphasis will be placed on
differences in the effect of surgery vs MRI-guided SABR on three-year OS across baseline
risk. The difference in three-year OS between the randomization arms will be estimated
across linear predictor values using regression standardisation; confidence intervals will be

estimated using the delta method.

The final analyses will take place if at least 194 events of the primary endpoint occurred or

if at least three-year follow-up is completed for all patients.

10.2 Secondary study parameter(s)
See statistical analyses for failure-free survival are described in section 10.2. Furthermore,

the EORTC manual will be used to assess the outcome of the EORTC QLQ-C30 and -PAN26
questionnaires.”®’! The global health status and functioning, symptom and summary scores
will be analysed using longitudinal analysis of covariance models to estimate average marginal
effects (‘estimated marginal means’).”? The models will account for clustering on the patient
level, and the following fixed effects: treatment assignment, time, a treatment-by-time
interaction term, the baseline value (imputed using mean-value imputation per trial arm in case
of missing data), and the stratification factors.®® In addition, the clinical relevance of eventual
differences between both study arms will be presented.®® A likelihood ratio test will be used to
test whether the effect of surgery vs. MRI-guided SABR on quality-of-life outcomes varies over
time. If this test shows no evidence for time trends, the primary inferential emphasis will be
placed on the adjusted difference in quality-of-life outcomes, on average over time. However,
if there is evidence that the difference in quality-of-life outcomes between the surgery and MRI-
guided SABR arm varies over time, this trajectory will be illustrated by showing the difference

and 95% CI between the trial arms at specific timepoints. All quality-of-life analyses will be
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performed using a while-alive estimand and will avoid implicitly imputing outcomes for patients

after truncating intercurrent events such as death.%°!

10.3 Other study parameters
The other secondary endpoints will be presented in proportions with percentages, without

further statistical analyses.

For the primary and secondary endpoints, pre-specified per-protocol sub-group analysis will
be performed, stratifying for the type of received tumour-directed therapy (e.g., resection, MRI-
guided SABR, and systemic therapy).

10.4 Interim analysis (if applicable)
An interim analysis will be performed once 50% of the required 194 events will have

occurred. The Lan-DeMets alpha spending function with O’Brien—Fleming stopping
boundaries will be used to control the type | error rate across the interim and final analysis.
No analysis for futility will be performed as this is the first RCT to address this topic with

the aim to quantify the effect of surgery and SABR as precisely as possible.
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11.ETHICAL CONSIDERATIONS
11.1 Regulation statement

This study will be conducted according to the principles of the Declaration of Helsinki (64’[h
WMA General Assembly, Fortaleza, Brazil, October 2013), in accordance with the WMO,
GDPR and this study protocol.

11.2 Recruitment and consent
Informed consent will be obtained prior to any study related procedures being undertaken

at screening. Informed consent will be written, dated and signed by the person performing
the interview. Further study information and the informed-consent interview will be provided
by a member of the research team who is not the patient’s treating physician, to safeguard
voluntary participation.. The investigator or his/her representative will explain the nature of
the study to the subject or his or her legally designated representative and answer all
questions regarding this study. In the interview it will be verified that the subject has
understood the information. The subject or, where the subject is not able to give informed
consent, his or her legally designated representative will be provided with a copy of the
document (or the record) by which informed consent has been given. The informed consent
will be documented. Adequate time will be given for the subject or his or her legally
designated representative to consider his or her decision to participate in the clinical trial.
After written informed consent has been obtained, patients will be randomized using a

computer-based randomization system.

11.3 Objection by minors or incapacitated research participants (if applicable)
Not applicable

11.4 Benefits and risks assessment, group relatedness
Resection of LAPC is associated with morbidity and mortality, including short-term major

complication in 17-55%, mortality of 2-3% after concomitant venous resections and 1-9%
after arterial resections, long-standing neurogenic diarrhea that can be controlled in about
only half the patients, and endocrine and exocrine insufficiency in 22% and 43% after
pancreatoduodenectomy, 23% and 12% after left pancreatectomy, and 100% after total
pancreatectomy, which all impair quality of life. Besides these risks and adverse events,
about one-third of patients develop early disease recurrence within six months after
resection, which is considered as futile surgery. Surgical resection of LAPC is associated
with prolonged overall survival with five-year survival of about 25%. However, only patients
with favourable response to chemotherapy are selected for surgery. Thereby, it remains

unknown whether surgical resection itself results in prolonged survival. This illustrates the
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importance of establishing the additional survival benefit of surgical resection with

chemotherapy in patients with LAPC including assessment of quality of life.

Benefit-risk analysis

o Surgery: While surgery may improve survival, it carries significant risks, including
major surgical morbidity (17-55%), long-term morbidity including neurogenic diar-
rhoea that normalizes in only ~50% of patients, endocrine insufficiency (22-100%),
and exocrine insufficiency (12-100%) with negative impact on quality of life, and a
risk on futile surgery given that one-third of patients develop early disease recur-
rence within six months after surgery.

e MRI-guided SABR: While SABR may improve survival to a shorter extent com-
pared to surgery, SABR achieves local disease control via a less invasive alterna-
tive associated with a lower toxicity profile and thereby better quality of life (i.e.,

serious adverse event rate <5%).

To justify the higher short- and long-term morbidity and risk of early disease recurrence
after surgery compared to SABR, it is expected that surgical exploration with intention for
resection will increase the three-year overall survival rate from 20% after SABR to 35%

after surgical exploration with intention for resection.

11.5 Compensation for injury
The sponsor/investigator has a liability insurance which is in accordance with article 7 of

the WMO.

The sponsor (also) has an insurance which is in accordance with the legal requirements
in the Netherlands (Article 7 WMO). This insurance provides cover for damage to
research participants through injury or death caused by the study.

The insurance applies to the damage that becomes apparent during the study or within 4

years after the end of the study.

11.6 Incentives (if applicable)
Not applicable
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12. ADMINISTRATIVE ASPECTS, MONITORING AND PUBLICATION

12.1 Handling and storage of data and documents
The web-based software tool Castor EDC (https://www.castoredc.com) will be used for

randomization and data collection. The randomization procedure will be performed by the
study coordinator. All patients will provide verbal and written informed consent before
randomization and participation in the trial. All data collected from patients included in the
PREOPANC-4 RCT will be pseudonymized and transmitted securely to comply with the
General Data Protection Regulation (GDPR) and the Dutch Act on Implementation of the
General Data. The Castor audit trial is equipped with a feature to review all trial events and
changes made during the study. The Castor platform ensures data pseudonymization and
access minimization. Only the study coordinators and principal investigators will have

access to the pseudonymized data from all included patients.

Per centre, the local investigator is responsible for prospective data registration, including
all events. From time of randomization, local investigators are responsible for scheduling
the treatment and follow-up according to the trial scheme, as well as for the distribution and
registration of quality-of-life questionnaires and registration of serious adverse events,
disease-progression / recurrence, and survival status. The quality-of-life questionnaires
can be distributed to the patient either online via Castor or on paper via mail, depending on
the patient’s preference. Both methods are coordinated by the local investigator. In the
Netherlands, the nationwide infrastructure of the PAncreatic CAncer Project (PACAP) will
be used to distribute and collect these questionnaires.”® Participating centres from

countries outside the Netherlands will distribute the questionnaires themselves.

On-site monitor visits will be conducted in all participating centres, as dictated by local
regulations, during the study period to ensure that privacy of the patients is protected and
that the reported data is complete, accurate and verifiable from the source documents.
Hereby, data will be managed according to the ICH E6(R1) Guideline for Good Clinical
Practice. Data analysts responsible for examining the data during follow-up will be
precluded from retracting data back to any specific included patient. Close-out visits will
take place to verify complete data collection and the presence of source documents. Each
centre will then receive information regarding long-term data archiving and other possible

inspections.

Data sharing between the participating parties will be covered in the Consortium
Agreement. Data will be handled confidentially and coded. The handling of personal data
will comply with the Regulation (EU) 2016/679 of the European Parliament and of the
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Council of 27 April 2016 on the protection of natural persons with regard to the processing
of personal data and on the free movement of such data (General Data Protection
Regulation). A subject identification code list will be used to link the data to the subject.
These codes will not be based on the patient initials and birth date. The coordinating

investigator will safeguard the key to this code. The data will be kept for 15 years.

12.2 Monitoring and Quality Assurance
To assure quality and validity of the research data, monitoring will be performed by the trial

office of Amsterdam UMC. The monitoring will be performed according to the Dutch
Federation of University Medical Centers (NFU). The monitoring plan is included as a
separate file in the submission.

Monitoring will be performed by means of on-site and remote monitoring over a total study
duration of approximately 8 years, with an inclusion period of approximately 3 years. For
Amsterdam UMC, approximately 42 hours of on-site monitoring are planned over the
course of the study, including preparation and reporting, followed by approximately 2 hours
of remote close-out monitoring using a standardized checklist. For participating external
sites, approximately 630 hours of on-site monitoring are planned over the study period,
including preparation and reporting, followed by approximately 45 hours of remote close-
out monitoring, calculated as approximately 2 hours per site.

Monitoring activities will focus on informed consent procedures, protocol adherence, and
the completeness and accuracy of study data. The frequency and intensity of monitoring
are risk-based and further specified in the monitoring plan. For participating sites outside
the Netherlands, monitoring will be delegated to local qualified monitoring bodies or local
ethics committees in accordance with national regulations. Overall responsibility for

monitoring remains with the trial office of Amsterdam UMC.

12.3 Amendments
Amendments are changes made to the research after a favourable opinion by the review

committee has been given. All amendments will be notified to the review committee that
gave a favourable opinion. Non-substantial amendments will not be notified to the review

committee but will be recorded and filed by the sponsor.

12.4 Annual progress report
The sponsor/investigator will submit a summary of the progress of the trial to the review

committee once a year. Information will be provided on the date of inclusion of the first
participant, numbers of participants included and numbers of participants that have

completed the trial, serious adverse events, other problems, and amendments.

Version number: 2.0, 26-5-2026 41 of 61



NL-010805 PREOPANC-4 RCT

12.5 Temporary halt and (prematurely) end of study report
The investigator/sponsor will notify the review committee of the end of the study within a

period of 8 weeks. The end of the study is defined as the last patient’s last visit.

The sponsor will notify the review committee immediately of a temporary halt of the study,

including the reason of such an action.

In case the study is ended prematurely, the sponsor will notify the review committee within
15 days, including the reasons for the premature termination. Within one year after the end
of the study, the investigator/sponsor will submit a final study report with the results of the

study, including any publications/abstracts of the study, to the review committee.

12.6 Public disclosure and publication policy
No arrangements have been made concerning public disclosure or publication of the re-
search data. The study will be registered prior to patient inclusion. The results of this study

will be submitted to a peer-reviewed journal regardless of the outcome.

Co-authorship will be assigned in accordance with international guidelines and must fulfil
the ICMJE criteria. In addition to the protocol committee, co-authorship will be granted
based on patient inclusion per participating site as follows: sites that include at least 3 pa-
tients will be entitled to one co-authorship, sites that include 6 patients to two co-author-

ships, and sites that include 9 or more patients to three co-authorships.

Clinicians who do not meet the criteria for co-authorship will be listed as collaborators, and
the journal will be requested to index the collaborators in PubMed. The study coordinator

will serve as first author, and the principal investigator will be the final author.
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13. STRUCTURED RISK ANALYSIS

13.1 Potential issues of concern
a. Level of knowledge about mechanism of action

The mechanism of action for the two interventions, surgical resection, and stereotactic

ablative body radiotherapy (SABR) is well established.

Surgery
Surgical resection aims to remove the tumour from the body, providing an opportunity for
cure, as illustrated by the large body of literature in terms of surgical safety in high-volume

expert centers and potential long-term survival benefit.”8

MRI-guided SABR
SABR works by delivering high doses of radiation directly to the tumour. This induces irrep-
arable DNA damage, leading to tumour cell death and subsequent inhibition of tumour

growth and disease progression, thereby leading to prolonged overall survival.8%%

b. Previous exposure of human beings with the test product(s) and/or products with a

similar biological mechanism

Surgery

Surgical resection for LAPC has been performed worldwide over the past 10-15 years.”?
International expert centers have demonstrated that surgery for LAPC following induction
chemotherapy can be performed safely, with acceptable rates of surgical morbidity and
mortality.”® Building on these developments, the Dutch Pancreatic Cancer Group success-
fully conducted the PREOPANC-4 implementation study between 2021 and 2024. This
study aimed to implement international best practices for LAPC surgery in the Netherlands
and met the predefined benchmarks for surgical safety, including short-term complication
rates requiring reintervention of less than 50% and postoperative mortality rates below
5%.4?

MRI-guided SABR

SABR has been used in the treatment of various cancer types, including pancreatic cancer,
providing substantial clinical experience and safety data in human patients.3'*-3" For pan-
creatic cancer, it has been suggested that a biologically effective dose (BED) of at least 100
Gy is required to achieve an ablative effect.®®*® However, delivering such high radiation
doses in close proximity to radiosensitive organs, such as the duodenum and stomach,
inherently carries a risk of serious toxicity.®'** In pancreatic tumours, dose delivery is further

constrained by respiratory motion, daily variations in the position and shape of adjacent
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luminal organs, and limited soft-tissue visualization with conventional computed tomogra-
phy—guided radiotherapy techniques.3*3%3% These limitations have historically prevented the

safe delivery of truly ablative radiation doses.3%

The recent introduction of online adaptive magnetic resonance—guided radiotherapy
(MRgRT) may overcome these challenges.?*343” MR linear accelerators enable superior
visualization of the tumour and surrounding organs at risk and allow for the creation of an
individualized treatment plan prior to each fraction.3%3%34 This approach facilitates maximal
dose delivery to the pancreatic tumour while conforming the dose to adjacent gastrointesti-
nal structures on a fraction-by-fraction basis. As a result, MRI-guided SABR has the poten-
tial to deliver high ablative doses without increasing treatment-related toxicity compared
with conventional radiotherapy techniques. Previous studies have demonstrated that deliv-
ery of a total dose of 50 Gy in five fractions—corresponding to a BED of 100 Gy, assuming
an a/p ratio of 10—is feasible and safe using MRI-guided SABR.35-%"

c. Can the primary or secondary mechanism be induced in animals and/or in ex-vivo

human cell material?

Mechanism of action in animals or ex-vivo is not applicable for surgical resection and for

MRI-guided SABR as both are already extensively studied in humans.

d. Selectivity of the mechanism to target tissue in animals and/or human beings

Surgery

Surgical resection targets the tumour with high specificity by physically excising malignant
tissue, including involved vasculature, when necessary, while preserving surrounding
healthy structures as much as possible. Tumour selectivity is achieved through preoperative
imaging, tumour biology-based selection, and intraoperative assessment, allowing precise
removal of tumour tissue in patients with the lowest chance on micro-metastatic dis-

ease.3,4,6,10,11

MRI-guided SABR

SABR achieves high tumour specificity through precise spatial targeting rather than bio-
logical or receptor-mediated mechanisms. Using real-time MRI guidance and online adap-
tive planning, high radiation doses are delivered conformally to the tumour while minimiz-
ing exposure to surrounding organs at risk, such as the stomach and duodenum.30:33:34
The superior soft tissue contrast of MRI and daily treatment plan adaptation enable accu-

rate tumour delineation and account for anatomical variations and organ motion.3%* As a
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result, SABR provides high local dose delivery to the tumour with limited irradiation of ad-

jacent healthy tissues, thereby reducing the risk of gastrointestinal toxicity.3'"323°

e. Analysis of potential effect

The effect of local treatment on overall survival in pancreatic cancer is inherently difficult to
predict for both surgical resection and MR-guided SABR.®?® Despite advances in
multimodal treatment, pancreatic cancer is characterized by early invisible systemic spread
and biological heterogeneity, which limits the ability to accurately predict which patients will

derive a survival benefit from a local intervention.®

To mitigate this uncertainty, patients in the present study are pretreated with systemic
induction therapy.*%4* Besides the treatment of potentially present micrometastatic disease,
this approach serves as selection tool to identify patients with favourable tumour biology,
reflected by at least disease stability on imaging, biochemical response (e.g. reduction in
tumour marker CA19-9), and preserved/improved performance status.**® Only patients who
meet predefined anatomical, biological, and conditional (ABC) criteria after induction

therapy are considered eligible for a local treatment strategy. '’

Surgery

Surgical resection following induction chemotherapy offers the potential for long-term sur-
vival in selected patients with LAPC. International expert centers have reported five-year
overall survival rates of up to 25% after resection in patients with LAPC who demonstrate
a favourable biological response to systemic therapy.5%15181° However, the added survival
benefit of surgery beyond that achieved with modern multi-agent chemotherapy remains
uncertain and is the primary question addressed by the PREOPANC-4 RCT.*'

Surgical resection is associated with substantial short-term risks. In the nationwide
PREOPANC-4 implementation study, in-hospital/30-day major morbidity (Clavien—Dindo
grade 2llla) occurred in 44% of patients, while postoperative mortality was 0.6%, both
meeting predefined safety benchmarks (<50% morbidity and <5% mortality).*>"2 In patients
meeting NCCN criteria for LAPC, major morbidity and mortality rates were 49% and 2%,
respectively.*>8 In addition to short-term surgical risks, long-term morbidity may occur
including neurogenic diarrhoea, endocrine and exocrine pancreatic insufficiency and
thereby impaired quality of life.?>?* Furthermore, approximately one-third of patients
develop early disease recurrence within six months after surgery, which may limit the long-

term oncological benefit of the procedure.®
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MRI-guided SABR

SABR aims to achieve durable locoregional tumour control with a less invasive approach.
In patients with LAPC treated with MRI-guided SABR using an ablative dose regimen of 50
Gy in five fractions (corresponding to a biologically effective dose 2100 Gy,,), one- and two-
year local control rates of approximately 88% and 69%, respectively, have been reported.3*-
37 These high rates of locoregional control are clinically relevant, as local tumour progres-
sion is an important cause of morbidity, pain, and loss of quality of life in patients with
LAPC.?

The toxicity profile of MRI-guided SABR is favourable. Acute and late grade 23
gastrointestinal toxicities have been reported in fewer than 5% of patients, reflecting the
benefit of real-time MRI guidance and online adaptive planning that enables safe dose
escalation near radiosensitive organs.3?-3 In a multicentre phase Il study, two-year overall
survival after MRI-guided SABR was approximately 41%, although these results were

influenced by patient selection and subsequent surgical resection in a subset of patients.®”

Collectively, SABR offers the potential for effective local tumour control with a low risk of
severe toxicity and preservation of quality of life, while surgical resection offers a potential
for long-term survival at the cost of higher short- and long-term morbidity.6%3':32 The
PREOPANC-4 randomized frial is designed to directly compare these two strategies in
terms of overall survival, failure-free survival, quality of life, and safety in patients with LAPC

demonstrating a favourable biological response to induction chemotherapy.*!

f. Pharmacokinetic considerations

Not applicable

g. Study population

The trial population consists of adult patients (age >18 years) with LAPC according to the
2025 NCCN guideline who have shown a favorable biological response to systemic
induction therapy. These patients are typically considered at high risk due to the nature of
their disease. Patients must meet the established anatomy-, biology-, and condition-related
(A-B-C) parameters after at least three months systemic induction therapy, which is
considered according to international practices to be a suitable candidate for a local therapy

(see section 4.2 for a detailed description of the eligibility criteria).

h. Interaction with other products

Not applicable
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i. Predictability of effect

The effect of local treatment on overall survival in pancreatic cancer is inherently difficult to
predict for both surgical resection and MR-guided SABR.®?® Despite advances in
multimodal treatment, pancreatic cancer is characterized by early invisible systemic spread
and biological heterogeneity, which limits the ability to accurately predict which patients will

derive a survival benefit from a local intervention.®

To mitigate this uncertainty, patients in the present study are pretreated with systemic
induction therapy.*54* Besides the treatment of potentially present micrometastatic disease,
this approach serves as selection tool to identify patients with favourable tumour biology,
reflected by at least disease stability on imaging, biochemical response (e.g. reduction in
tumour marker CA19-9), and preserved/improved performance status.**® Only patients who
meet predefined anatomical, biological, and conditional (ABC) criteria after induction

therapy are considered eligible for a local treatment strategy. %!’

Within this carefully selected population, both surgical resection and SABR aim to provide
effective locoregional disease control.8®' Surgical resection offers the potential for
prolonged survival in selected patients, although the magnitude of its added benefit beyond
systemic therapy remains uncertain.®®?® SABR, particularly when delivered using MR-
guided adaptive techniques, has demonstrated high rates of local tumour control, but its
impact on long-term survival is also not fully established.®>*” The PREOPANC-4 RCT is
designed to directly compare these two local treatment strategies in a population enriched

for patients most likely to benefit from locoregional intervention.*'

i. Can effects be managed?

Not applicable

13.2 Synthesis
The direct risks to participants in the PREOPANC-4 RCT are related to the surgical
intervention and MR-guided SABR. These risks are well-understood and managed through

existing medical protocols.

Surgical risks

Surgical resection for LAPC is associated with substantial procedure-related risks. In the

Dutch nationwide PREOPANC-4 implementation study, in-hospital/30-day major morbidity

(Clavien—-Dindo grade 2llla) occurred in 44% of patients, while postoperative mortality was

0.6%, both within predefined safety benchmarks. In the subset of patients meeting interna-

tional NCCN criteria for LAPC, rates of major morbidity and mortality were 49% and 2%,
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respectively. Frequently observed surgical complications include clinically relevant post-
pancreatectomy hemorrhage (19%), postoperative pancreatic fistula (14%), and delayed

gastric emptying (17%).

In addition to short-term risks, long-term morbidity is common after pancreatic surgery.
Endocrine pancreatic insufficiency occurs in approximately 22% of patients after
pancreatoduodenectomy and 23% after left-sided pancreatic resection, while exocrine
pancreatic insufficiency is reported in approximately 43% and 12%, respectively; both
complications are inevitable after total pancreatectomy. Furthermore, neurogenic diarrhoea
may develop after extensive perivascular dissection in about 60-80% of patients with
involvement of the superior mesenteric artery and can only be adequately controlled in
about half of affected patients. These long-term sequelae may significantly impair quality of

life.

To minimize surgical risks, the PREOPANC-4 RCT restricts participation to high-volume
expert centres. Eligible centres must have performed a minimum annual average of ten
LAPC resections over the preceding three years and adhere to standardized surgical
protocols following international best-practices. In addition, patients are carefully selected
after induction chemotherapy based on predefined anatomical, biological, and conditional
(ABC) criteria, ensuring that only patients with favourable tumour biology and adequate

performance status are exposed to surgical intervention.

MRI-guided SABR risks

MRI-guided SABR is a less invasive local treatment option compared to surgery, but carries
specific risks related to high-dose irradiation near radiosensitive gastrointestinal organs.3'-34
The most relevant treatment-related adverse events are acute and late gastrointestinal tox-
icities, including duodenal ulceration, bleeding, and gastritis.?'32 However, when delivered
using MR-guided adaptive techniques allowing more precise radiation with a dose regimen
of 50 Gy in five fractions, the incidence of grade =3 gastrointestinal toxicity has been re-

ported to be below 5%.32-35-37

Risk mitigation strategies include strict dose constraints for organs at risk, real-time MRI
guidance with daily adaptive treatment planning, respiratory motion management, and
standardized supportive care.03334 All patients receive prophylactic proton pump inhibitors
during treatment and for three months thereafter, and additional premedication may be

administered to reduce nausea and radiation-related discomfort.3".34
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16. APPENDIX
A.
Literature used for the sample size calculation
Study |3-year (0} |Study cohort |Inc|usion criteria
Surgery
TAPS cohort! [44% (from diagnosis) [Exploration with intention forre- |[NCCN LAPC at diagnosis, fol-
section (resection rate 72%) lowed by (m)FOLFIRINOX of

at least 1 cycle, having RECIST non-
progressive disease at restag-

ing without clinical deterioration.
Amsterdam [33% (from diagnosis) [Exploration with intention for re- [DPCG LAPC at diagnosis, fol-

uMC: section (resection rate 79%) lowed by induction chemother-
apy, undergoing surgical explora-
tion with intention for resection

No surgery (t radiotherapy)
TAPS cohort! [35% (from diagnosis) [Exploration with intention forre- [NCCN LAPC at diagnosis, fol-

section, but negative laparot- lowed by (m)FOLFIRINOX of
omy based on vascular involve- at least 1 cycle, having RECIST non-
ment progressive disease at restag-
ing without clinical deterioration
25% (from diagnosis) |No laparotomy with inten- NCCN LAPC at diagnosis, fol-
tion for resection lowed by (m)FOLFIRINOX of

at least 1 cycle, having RECIST non-
progressive disease at restag-

ing without clinical deterioration
IAmsterdam [13% (from diagnosis) [Negative laparotomy based on vas- [DPCG LAPC at diagnosis, fol-

umC2 cular involvement / M1 lowed by induction chemother-
apy, undergoing surgical explora-
tion with intention for resection
PELICAN 10-15% (from resta-  [RECIST non-progressive disease af- [DPCG LAPC at diagnosis, fol-

trial® ging) ter 2 months induction chemother- lowed by 2 months of (m)FOLFIRI-
apy, undergoing RFA + chemother- [NOX / gemcitabine-nab-
apy vs. chemotherapy alone paclitaxel, having RECIST non-pro-

gressive disease at restaging and re-
gardless of biochemical response,
but no candidate for surgical resec-

tion.
DPCG cohort* [10% (from diagnosis) [SABR after induction (m)FOLFIRI- |DPCG LAPC at diagnosis, with RECIST
5% (from start SABR) |NOX non-progressive disease after 4-8 cy-

cles (m)FOLFIRINOX, regardless of bi-
ochemical response

CROSSFIRES |0% (from randomiza- |RECIST non-progressive dis- ITNM stage Ill at diagnosis, with RE-
tion) ease and tumour size <50 mm af-  [CIST non-progressive disease after 3-
ter 3-8 cycles (m)FOLFIRINOX, ran- |8 cycles (m)FOLFIRINOX, regard-
domized between SABR (5x8 Gy) vs.|less of biochemical response
CT-guided IRE
CT, computed tomography; DPCG, Dutch Pancreatic Cancer Group; Gy, Gray; IRE, irreversible electroporation; LAPC, lo-
cally advanced pancreatic cancer; M1, metastatic disease; (m)FOLFIRINOX, (a modified) combination of 5-fluoroura|
cil with leucovorin, irinotecan, and oxaliplatin; NCCN, National Comprehensive Cancer Network; OS, overall survival; RE
CIST, Response Evaluation Criteria for Solid Tumours; SABR, stereotactic ablative body radiotherapy; TNM, Tu-
mour Node Metastasis.
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2024;26(1):536-S37;
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ted]—2024;

s Timmer FEF, Geboers B, Ruarus AH, et al. MRI-guided stereotactic ablative body radiotherapy versus CT-guided percutane-
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