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GENERAL INTRODUCTION
Pancreatic cancer

1

The incidence of pancreatic ductal adenocarcinoma (PDAC) is continuing to rise; between 2014 and
2018, 5-year overall survival increased from 6 to 9%.1 PDAC is reported to be the seventh cause of
cancer-related deaths worldwide1-3, and is predicted to become the second in the United States by
2030.2 Worldwide, 458,918 new cases of pancreatic cancer were reported in 2018.1 In the same year,
2,625 patients were diagnosed with PDAC in the Netherlands, where a total of 2,892 patients died of
pancreatic cancer (Figure 1).4 In line with the American epidemiology, it is predicted that PDAC will
be the second cause of cancer-related death in the Netherlands by 2030.
There are several explanations for the fact that most patients are diagnosed with PDAC at a late
stage. First of all, various symptoms associated with pancreatic cancer, such as abdominal pain,
anorexia, and weight loss, also have other, more common causes. Second, due to the aggressive
nature of the disease, the early stages usually lack symptoms. As a consequence, by the time
patients have symptoms, many of them are already at an advanced stage.
At diagnosis, only 15–20% of patients have resectable or borderline-resectable disease, and 80%
have irresectable tumors with or without distant metastases.1 Standard treatment for patients with
resectable or borderline-resectable disease is surgery, with resection being followed by adjuvant
chemotherapy. Palliative chemotherapy is offered to patients with locally advanced (irresectable)
PDAC, or to patients with metastases. FOLFIRINOX is often used for clinically fit patients; other
patients usually receive gemcitabine with or without Nab-paclitaxel.5-7 A median survival of between
10 and 32.7 months was reported for patients with locally advanced PDAC who were treated
with FOLFIRINOX, including those who underwent resection of the tumor after FOLFIRINOX.6
Up to 35% of these patients with locally advanced PDAC are down-staged to resectable disease,
and surgery is offered after chemotherapy.8 The median survival reported in these patients is in

Figure 1. Incidence (blue) and mortality (orange) of pancreatic cancer in the Netherlands (NL). Source: iknl.nl/
nkr-cijfers, assessed on January 22th 2021 4
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the order of 30 months.8 However, as these patients are selected after neoadjuvant (otherwise
called preoperative) treatment, there is a high risk of selection bias in these survival numbers. For
patients with metastases, survival is poor, with a median survival of several months, depending on
the type of chemotherapy.5
In this thesis, we focus on the efficacy of neoadjuvant chemoradiotherapy, and the radiotherapeutic
aspects of radiotherapy of patients with resectable or borderline-resectable PDAC.

Resectable and borderline-resectable PDAC
The resectability of PDAC is defined on the basis of the local tumor extension to the superior
mesenteric artery (SMA), the celiac artery (CA), the common hepatic artery (CHA), the superior
mesenteric vein (SMV), the portal vein and the SMV–portal vein confluence. The definitions
for resectability differ worldwide, with the National Comprehensive Cancer Network (NCCN)
criteria being the most common.9,10 In the Netherlands, consensus was reached in 2012 within
the Dutch Pancreatic Cancer Group (DPCG) (Table 1).11 Resectability should be based on a multiphase
computed-tomography (CT) scan of the abdomen, including non-contrast-enhanced, arterial,
venous, and portal contrast phase axial scans. The DPCG defines resectable tumors as tumors
without arterial involvement, and with a venous involvement ≤90°; and borderline-resectable
tumors as tumors with arterial involvement up to ≤90° and/or venous involvement between
90°–270°, without occlusion of the vein.
With regard to venous involvement for the resectable tumors, the DPCG criteria differ from
those of the NCCN, which consider tumors with involvement of the veins between 90-180° to be
resectable. With regard to borderline-resectable tumors, the NCCN criteria state that contact with
the SMA could be up to <180°; and, for the gastroduodenal artery and CHA, that any contact without
involvement of the CA is defined as borderline resectable. With regard to venous involvement,
reconstructable involvement of the SMV/PV despite tumor involvement is defined as a borderlineresectable tumor.

Immediate surgery
Immediate (otherwise called upfront) surgery is the standard treatment in the Netherlands for
patients with resectable or borderline-resectable PDAC. Due to locally advanced disease or
metastatic disease, 20–25% of tumors are found during exploration to be irresectable.12,13 If a tumor

Table 1. Consensus resectability criteria, DPCG, 2012
SMA

Celiac axis

CHA

SMV-PV

Resectable (all four required) No contact No contact No contact ≤90° contact
Borderline resectable
≤90° contact ≤90° contact ≤90° contact 90-270° contact, and no occlusion
(minimally one required)
Irresectable
>90° contact >90° contact >90° contact >270° contact, or occlusion
(minimally one required)
Source: DPCG, Dutch Pancreatic Cancer Group, assessed on January 22th, 2021 11
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is considered during surgery to be resectable, it is then resected. For pancreatic head tumors,
a classical Whipple or pylorus-preserving pancreatoduodenectomy with locoregional lymph node
dissection is performed. Pancreatic tumors in the corpus of tail require a pancreas-tail resection
with or without corpus resection, all according to the statement of the International Study Group
on Pancreatic Surgery.14 Because the splenic vessels are usually involved, these resections are usually
accompanied by splenectomy. The intention of all surgery is to achieve a microscopically complete
resection, in which vital tumor cells are found >1 mm from the resection margins (R0 resection),
which is a strong prognostic factor for overall survival.15 After R0 or R1 resection of the tumor, and
after sufficient recovery after surgery, adjuvant chemotherapy is given.
Due to postoperative complications and the insufficient condition resulting from them, only
about half of patients receive adjuvant chemotherapy after resection.16 While the combination
of adjuvant gemcitabine and capecitabine showed an improvement in overall survival over
gemcitabine alone,17 adjuvant FOLFIRINOX was shown more recently to extend survival to a median
of 54.4 months.18 However, these studies in adjuvant treatment reported only a selected group of
patients: those who had had a resection and had started adjuvant therapy. Due to these differences
in selection, fair comparison with neoadjuvant studies is not feasible.

1

Neoadjuvant chemoradiotherapy
After surgical resection of the tumor, there is a high likelihood of recurrent disease (either
locoregional or in the form of distant metastases). Due to this high chance of recurrence, survival
remains poor. Since the 1980s, investigation of the efficacy of neoadjuvant treatment has steadily
increased.19 The intention of neoadjuvant treatment is to reduce the occurrence of recurrent
disease, and thus to improve survival.20 Its rationale is based on several assumptions; 1.) that it
can downstage the tumor, and reducing the number of positive lymph nodes and increasing
the R0 resection rate; 2.) that it can improve the control of micro-metastases; 3.) that it can
protect patients with early disease progression against futile surgery21 and 4.) that it can improve
treatment compliance of the neoadjuvant chemotherapy or chemoradiotherapy. Although it
has been suggested that more patients can tolerate and complete neoadjuvant treatment than
can tolerate and complete adjuvant treatment, a major concern regarding the neoadjuvant
approach is that it may increase postoperative morbidity and mortality, particularly after
the neoadjuvant radiotherapy.
Most evidence on the efficacy of neoadjuvant treatment is based on small single-arm
retrospective and prospective studies, and also a few large database studies. The SEER database study
of nearly 4000 patients suggested that neoadjuvant radiotherapy prevents PDAC from growing,
and sometimes even shrinks it, resulting in a better R0 resection rate and even improvement of
overall survival relative to that brought by adjuvant radiotherapy or no radiotherapy.22 Several
other studies—mainly small single-arm, single-institution studies—suggested that the R0 rate
improved after neoadjuvant treatment.23-34 The toxicities of the neoadjuvant treatment seemed
to be manageable; a high proportion of patients could complete the neoadjuvant treatment, and
no differences were found in surgical morbidity and mortality relative to those after immediate
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surgery.35 It has been suggested that neoadjuvant radiotherapy is even associated with lower
pancreatic fistula rates.36
As survival data is reported only for patients who eventually underwent pancreatic tumor
resection, a major drawback of most of these studies is selection bias. For a fair, unbiased
comparison of different treatments for the same patient category (such as patients with resectable
or borderline-resectable PDAC), it is essential to analyze the outcomes on the basis of intention
to treat (ITT). Reporting by ITT requires that all patients who are allocated to a specific treatment
are also analyzed for that treatment, regardless of whether or not they received it.37 Since, during
exploration, around 25% of patients turn out to have an irresectable tumor or metastases, and since
only about half actually receive adjuvant treatment, differences in outcome between studies may
be based on variations in that selection. This explains why all studies should report outcomes on
the basis of ITT.
To prove that neoadjuvant treatment is indeed better than immediate surgery followed by
adjuvant treatment, randomized phase III trials are needed. To date, no controlled phase III trial
on the efficacy of neoadjuvant chemoradiotherapy in patients with resectable and borderlineresectable PDAC has completed full accrual. Due to a significant benefit to the neoadjuvant
chemoradiotherapy group, one randomized phase II/III trial in patients with borderline-resectable
pancreatic cancer was terminated early: after the randomization of 50 patients, median overall
survival based on ITT analysis had improved from 12 to 21 months.38 The ESPAC-5F trial, which
randomized 88 patients and only published their abstract so far, found a significant survival benefit
in patients treated with preoperative treatment (neoadjuvant chemotherapy or neoadjuvant
chemoradiotherapy) compared with immediate surgery.39
For resectable pancreatic cancer, the efficacy of neoadjuvant chemoradiotherapy is unclear.40
Most of the available evidence concerns the efficacy of neoadjuvant chemotherapy. The abstract
of the phase III trial that compared neoadjuvant gemcitabine and S-1 with immediate surgery,
both followed by postoperative S-1, showed a significant survival benefit for the patients treated
neoadjuvantly.41 And although, relative to standard treatment, the phase II trial by Reni et al.
found an improvement in efficacy in patients treated with neoadjuvant cisplatin, epirubicin, and
gemcitabine, it did not continue to a phase III trial.42 And due to slow recruitment of patients, two
phase II randomized trials were terminated early.43,44
Slow accrual in clinical trials can produce a number of disadvantages, such as patient samples
that are non-representative, trials whose results are outdated when the trial finally finishes, or trials
that close early. Slow accrual can be caused both by physician-related factors and by patient-related
factors,45,46 which, if they were better understood, might help complete accrual faster and reduce
the selection of patients. For example, it is possible that a physician informs only the fittest patients
about the trial, or has a strong belief in the standard or intervention arm. Something similar may
also apply to patients, who may already be predisposed to one or the two treatments within
the trial. The introduction of such selection into a study would give rise to questions on whether
the trial results were representative of the overall patient group. To answer such questions, external
validity should be tested by analyzing the outcomes of eligible but non-randomized patients and
comparing them with those of the eligible randomized trial patients.
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Radiotherapy of pancreatic cancer
Radiotherapy uses high-energy radiation that is intended to kill cancer cells in a way that

1

simultaneously minimizes the dose to the adjacent organs at risk (OARs). Standard neoadjuvant
radiotherapy is not common practice in the Netherlands for patients with resectable or borderlineresectable PDAC, since no clinical phase III trial to date has proved its benefit. In pancreatic cancer,
however, high-dose radiation is given in patients with locally advanced or recurrent disease,
especially using stereotactic radiotherapy.47-49 For patients with locally advanced and/or metastatic
disease with moderate to severe pain, a short course of palliative radiotherapy is applied.50
Patients with pancreatic cancer are usually treated with a linear accelerator, in which one or
several beams of high-energy (megavoltage) X-rays are delivered to the pancreatic tumor (external
beam radiotherapy). These megavoltage X-rays (photons) cause damage to every cell they
encounter along the beam tract, including the tumor cells and healthy tissue cells. The toxicity of
radiotherapy results from the dose to this healthy tissue, the OARs. The OARs that can cause acute
or late toxicity in pancreatic cancer are the duodenum, stomach, and kidneys.
If contrast is poor between the pancreatic tumor, healthy pancreatic tissue and OARs, it
will be very hard to clearly delineate the pancreatic tumor, resulting in large uncertainties. To
reduce these uncertainties, contrast-enhanced treatment planning CT is used for delineation.
In the Netherlands, the use of intratumoral fiducial markers is also encouraged. These are visible
on the treatment-planning CT scan, and are implanted in the tumor by the gastroenterologist.51,52
New image modalities for better visualizing the tumor are currently being investigated, such as
Magnetic Resonance Imaging (MRI) and Positron Emission Tomography (PET)-CT. Due to its high
soft-tissue resolution, MRI might be especially helpful in tumor delineation.53-55
Delineation is challenging not only due to poor contrast, but also because of the respiratory
motion of the tumor (due to its position close to the diaphragm) and because of the different
possible positions of the tumor itself.51,56 In a superior-inferior direction, the respiratory motion
of the pancreatic tumor can be up to 15 mm.56-58 To account for this, and also for the motion of
the surrounding organs during radiotherapy, four-dimensional treatment planning CT (4DCT)
is used. Enclosing the breathing motion of the tumors in the delineation results in large tumor
volumes. Together with the poor tumor boundaries due to the poor contrast, large volumes are
irradiated, thereby causing more radiotherapy dose to the OARs.
The introduction of intensity-modulated radiotherapy (IMRT) with dynamic multi-leaf
collimators led to the standard use of this type of external beam radiotherapy in pancreatic cancer.
The radiation beam is shaped to the contours of the tumor, providing an extremely precise dose to
the tumor, but also sparing OARs. Nowadays, increasing use is made of volumetric-modulated arc
therapy (VMAT), which combines simultaneous rotation, changing beam shape and dose-delivery.
VMAT results in better dose conformity, steeply reducing the dose to the surrounding tissue and
thus to the OARs. Stereotactic radiotherapy using MRI-guided radiotherapy can deliver an even
higher dose to the tumor, providing even greater sparing of the OARs.47-49 MRI-guided radiotherapy
makes it possible to adapt plans with all fractions. As it also allows better soft-tissue resolution of
the OARs and tumor, small margins can be applied around the tumor.
15
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Before the delivery of every radiotherapy fraction, image-guided radiotherapy (IGRT) is performed
with daily cone-beam CT (CBCT). IGRT compares the daily CBCT with the treatment planning CT
before each fraction. Due to the lower soft-tissue contrast on the CBCT than on the treatmentplanning CT, tumor-based position verification is difficult. Position verification based on bony
anatomy or biliary stent results in large uncertainty margins. This can be resolved by the use of
intratumoral fiducial markers for online position verification; as this reduces position variation,
smaller margins are needed.59
In summary, delineation and radiation delivery in pancreatic cancer present a number of
challenges. As there is no standard indication for radiotherapy, and as no guidelines are available,
daily practice is guided by practical experience. This thesis therefore focuses both on delineation
in the treatment of pancreatic cancer, and on compliance with the radiotherapy protocol within
a phase III trial.

Delineation
Except for high-risk elective lymph nodes in the neoadjuvant setting, there are no standard
guidelines for delineation in pancreatic cancer.60 Although tumor volumes cancer are defined
on a treatment planning CT scan, considerable interobserver variations have been reported
by previous studies in which three-dimensional treatment planning CT (3DCT) was used for
tumor delineation.61,62 One of the primary reasons for this variation is the poor contrast between
the tumor, healthy pancreatic tissue, and the OARs. In a majority of patients, this is complicated by
scattering from the metal stent for biliary drainage, which makes differentiation of the tumor from
surrounding tissue even harder. As the diagnostic CT scan is usually performed before the biliary
drainage, registration of this scan with the 3DCT scan is difficult, if not impossible. The radiation
oncologist delineates the gross tumor volume (GTV) on the 3DCT, and, expands it with a margin
that accounts for microscopic extensions; the clinical target volume (CTV). For the remaining
uncertainties—such as delineation variation, position variation of the tumor, and patient set-up—
an extra margin is added in order to establish the final planning target volume (PTV).
4DCT is now increasingly being used for delineation. To generate an internal GTV (iGTV) using
this approach, the radiation oncologist delineates the GTV for every respiratory phase of the 4DCT.
The iGTV is then extended with a margin to form an iCTV. As in 3DCT delineation, an additional PTV
margin is added (Figure 2).

Radiotherapy protocol compliance
Since the potential role of neoadjuvant radiotherapy in resectable or borderline-resectable PDAC
is investigated in trials, guidelines in delineation and treatment planning are needed. Failure to
comply with radiotherapy guidelines in pancreatic cancer may be associated with reduced overall
survival and may influence study outcomes.63 In principle, unified guidelines in tumor delineation—
i.e., elective lymph nodes, biliary stents, margins—and treatment planning would reduce
the heterogeneity of treatment between different institutions.
To minimize interobserver and inter-institution variation, it might be beneficial to conduct
a dummy-run procedure before the start of accrual of a clinical phase II or III trial. In a dummy-run,
16
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Figure 2. Tumor delineation in a patient with a resectable PDAC participating in the PREOPANC study. Yellow =
GTV; orange = iGTV; blue = iCTV and red = PTV

institutions participating in a trail would be provided with images of a dummy patient, and would be
asked to delineate the tumor and supply a treatment plan according to the protocol instructions.
Dummy-run procedures have been followed in various trials, ensuring optimal treatment delivery
and adaptation, and optimal compliance with the protocol.64-66

OUTLINE OF THIS THESIS
The objectives of the studies within this thesis are to investigate the role of neoadjuvant
chemoradiotherapy in patients with resectable and borderline-resectable PDAC, and to investigate
the delineation aspects of radiotherapy in this patient group.
The thesis comprises three main parts:
Part I provides an investigative overview of the efficacy of neoadjuvant treatment, in
which Chapter 2 presents the results of a meta-analysis and systematic review that, on
the basis of ITT, compares the outcomes of neoadjuvant treatment with those of immediate surgery.
Chapter 3 outlines the protocol of the Dutch National Phase 3 PREOPANC trial performed by
the DPCG, in which patients with resectable and borderline-resectable PDAC were randomized
between neoadjuvant chemoradiotherapy and immediate surgery.
Part II reports the outcomes of the quality assurance and delineation studies performed
within the PREOPANC trial. In Chapter 4, presents the results of the dummy-run conducted within
the PREOPANC trial. Chapter 5 presents the results of our delineation study on 3DCT and 4DCT,
which involved eight observers of four patients with resectable or borderline-resectable PDAC.
The same observers and patients feature in Chapter 6, where we present the results of adding MRI
to the 3DCT and 4DCT.
17
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Part III reports on the evidence on the efficacy of neoadjuvant chemoradiotherapy. Chapter 7
presents the final results of the DPCG Phase III PREOPANC trial. Chapter 8 compares and discusses
both the external validity of the results of the PREOPANC trial, and also the outcomes of eligible but
non-randomized and eligible randomized patients to immediate surgery.
Finally, in Chapter 9 we summarize and discuss the results of the previous 8 chapters, and also
discuss the future perspectives on the efficacy of neoadjuvant chemoradiotherapy.
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A B S T R AC T
Background

2

Studies comparing upfront surgery with neoadjuvant treatment in pancreatic cancer may report
only patients who underwent resection and so survival will be skewed. The aim of this study was
to report survival by intention to treat in a comparison of upfront surgery versus neoadjuvant
treatment in resectable or borderline-resectable pancreatic cancer.

Methods
MEDLINE, Embase and the Cochrane Library were searched for studies reporting median overall
survival by intention to treat in patients with resectable or borderline-resectable pancreatic
cancer treated with or without neoadjuvant treatment. Secondary outcomes included overall
and R0 resection rate, pathological lymph node rate, reasons for unresectability and toxicity of
neoadjuvant treatment.

Results
In total, 38 studies were included with 3484 patients, of whom 1738 (49.9%) had neoadjuvant
treatment. The weighted median overall survival by intention to treat was 18.8 months for
neoadjuvant treatment and 14.8 months for upfront surgery; the difference was larger among
patients whose tumours were resected (26.1 versus 15.0 months respectively). The overall resection
rate was lower with neoadjuvant treatment than with upfront surgery (66.0 versus 81.3%; P<0.001),
but the R0 rate was higher (86.8 (95% CI, 84.6 to 88.7) versus 66.9% (64.2 to 69.6); P<0.001). Reported
by intention to treat, the R0 rates were 58.0 and 54.9% respectively (P=0.088). The pathological
lymph node rate was 43.8% after neoadjuvant therapy and 64.8% in the upfront surgery group
(P<0.001). Toxicity of at least grade III was reported in up to 64% of the patients.

Conclusion
Neoadjuvant treatment appears to improve overall survival by intention to treat, despite lower
overall resection rates for resectable or borderline-resectable pancreatic cancer.
PROSPERO registration number: CRD42016049374.
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INTRODUCTION
Pancreatic cancer is recognized as having an overall poor prognosis and low resection rate.
Long-term survival remains limited even after tumour resection. Surgical resection with
adjuvant chemotherapy is the current standard of care.1 Recent trials have reported improved
median overall survival to 24.5–28 months with adjuvant treatment.1,2 However, these trials did
not report how many eligible patients were fit enough to be randomized to receive adjuvant
chemotherapy. Currently, the strongest predictors of survival include surgery with curative intent,
early-stage disease and complete (R0) resection.3,4 None of these predictors are influenced by
adjuvant treatment.
In patients with resectable pancreatic cancer, a recent study of Surveillance, Epidemiology, and
End Results (SEER) data from nearly 4000 patients suggested a survival benefit with neoadjuvant
radiotherapy with or without chemotherapy over upfront surgery with or without adjuvant
treatment.5 However, randomized controlled trials (RCTs) of neoadjuvant treatment compared
with upfront surgery are lacking. Non-randomized studies evaluating neoadjuvant treatment of
patients with either borderline-resectable or upfront resectable pancreatic cancer often suffer
from selection bias because they report survival data only for patients who eventually underwent
pancreatic resection. Patients with disease progression or severe toxicity who did not undergo
resection are often excluded. Moreover, patients found to have metastatic or unresectable disease
at exploratory surgery are also excluded.5,6
The aim of this study was to perform a systematic review of studies comparing median overall
survival of patients who underwent upfront surgery versus those who underwent neoadjuvant
treatment in intention-to-treat analyses.

2

METHODS
The systematic review was performed according to the PRISMA guidelines.7 The review was
registered at PROSPERO (registration number: CRD42016049374).

Search strategy
The literature was reviewed systematically by searching in MEDLINE, Embase and the Cochrane
Library for studies published between 1 January 2000 and 6 December 2016. The search strategy
included the following domains of Medical Subject Heading (MeSH) terms: ‘pancreatic neoplasm’,
‘survival’, ‘mortality’ and ‘survival analysis’; these were combined with ‘AND’ or ‘OR’. No language
restrictions were used. For the MEDLINE and Embase searches, a McMaster specific prognosis
filter was applied, completed with the authors’ own terminology to cover the survival concept of
the search strategy. A full description of the search is available in the Supplementary Data.

Eligibility
Studies including patients with resectable or borderline-resectable pancreatic cancer, either
treated by upfront surgery or with neoadjuvant treatment, and reporting median overall survival by
intention to treat (based on the initial treatment assignment and not on the treatment eventually
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an overlapping cohort, the most recent study was included.
received) were included. No selection was made based on adjuvant treatment. Excluded were
review articles, notes, letters, case reports (5 or fewer patients), animal studies, studies that did
Methodological
qualityoverall survival by intention to treat, and studies that reported on only specific
not report median
groups of patients (for example, those with renal impairment, older than 70 years, or with poor
performance
status). Studies
didusing
not report
medianlistoverall
separately
for resectable
All studies
were assessed
for risk that
of bias
a standard
of 11 survival
potential
risks of bias,
based on the
and borderline-resectable pancreatic tumours were also excluded.
Oxford Centre for Evidence‐Based Medicine (CEBM) Critical Appraisal Skills Programme checklists for

Study selection

RCTs and observational cohort studies, and the Cochrane Collaboration’s tool for assessing risk of
Two authors screened the titles and abstracts independently for eligibility. After the first two rounds
of screening,
screening
was carried
Disagreements
were
All studiesfull-text
were graded
according
to theout.
Oxford
CEBM levels
of resolved
evidence.by12 discussion and
bias.8‐11
consensus achieved. Primary and secondary outcomes were extracted from the full text. If studies
had an overlapping cohort, the most recent study was included.
Outcome measures

Methodological quality
The primary
outcome,
median
survival,
extracted
from
the included
Data on
All studies
were assessed
foroverall
risk of bias
usingwas
a standard
list of
11 potential
risks ofarticles.
bias, based
on the Oxford Centre for Evidence-Based Medicine (CEBM) Critical Appraisal Skills Programme
numbers of patients with resectable or borderline‐resetable pancreatic cancer, resectability criteria
checklists for RCTs and observational cohort studies, and the Cochrane Collaboration’s tool for
8-11
12
assessing risk
of bias.
studies Comprehensive
were graded according
the Oxford
CEBM levels
of evidence.
(for example,
those
of the All
National
CancertoNetwork
(NCCN)
and American
Hepato‐

Outcome measures
Pancreato‐Biliary
Association (AHPBA)), and types of neoadjuvant treatment and adjuvant treatment
The primary outcome, median overall survival, was extracted from the included articles. Data
wereon
obtained.
were:orresection
rate, completeness
of cancer,
resection
(R0 resection
numbersSecondary
of patientsoutcomes
with resectable
borderline-resetable
pancreatic
resectability
criteria (for example, those of the National Comprehensive Cancer Network (NCCN) and American
rate, only for patients undergoing resection), pathological lymph node rate, reasons for
Hepato-Pancreato-Biliary Association (AHPBA)), and types of neoadjuvant treatment and adjuvant
treatment were
obtained.
outcomes
resection treatment.
rate, completeness of resection
at least grade
III afterwere:
neoadjuvant
unresectability,
and toxicity
ofSecondary
(R0 resection rate, only for patients undergoing resection), pathological lymph node rate, reasons
for unresectability, and toxicity of at least grade III after neoadjuvant treatment.
Statistical analyses
Statistical analyses
The weighted
median
overall
survival
was
information for
The weighted
median
overall
survival
wascalculated
calculatedfor
forthe
thestudies
studies reporting
reporting this
this information
for groups with and without neoadjuvant treatment. The weighted estimate of median survival
groups with and without neoadjuvant treatment. The weighted estimate of median survival (mp) of
(mp) of both groups was derived by the formula used by Gillen and colleagues in a previous
both systematic
groups wasreview:
derived by the formula used by Gillen and colleagues in a previous systematic review:
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where mi denotes the median survival in a study population i (with i ranging from 1 to k, where k is
the number of included studies) and wi refers to a study-specific weight function.13 The number of
study participants (divided by the total number of evaluable patients) was used as the weight.
The overall resection rate and the R0 rate for both groups were also calculated. The R0 rate was
calculated for all patients and also for those who actually underwent resection of the pancreatic
cancer. For both the overall resection rate and the R0 rate, the 95% confidence interval was
calculated using a proportion calculator.14 The significance of differences in proportions was
assessed by means of two-tailed Fisher’s exact test, with a significance level α=0.050, using SPSS®
version 22.0.0.2 (IBM, Armonk, New York, USA).

2

R E S U LT S
A total of 18,828 records were identified, of which 122 screened were fully. Finally, 38 studies were
included, with 3484 patients (Figure 1).15-52
Study characteristics are summarized in Tables 1 and 2. Three RCTs, nine phase I or II trials, 12
prospective cohort studies and 14 retrospective cohort studies were included. The range of median

Figure 1. PRISMA flow chart showing selection of articles for review
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age was 61.9–69.0 years in the upfront surgery group and 59–73 years in the neoadjuvant group
(Tables 3 and 4). Overall, neoadjuvant treatment was administered to 1723 of 1738 patients (99.1%).
All studies used at least chemotherapy as neoadjuvant treatment, usually including gemcitabine (26
of 35 studies). Radiotherapy was given as part of the neoadjuvant treatment in 29 of 35 studies. No
study used radiotherapy as the sole neoadjuvant treatment. The radiation dose ranged from 30 to
54 Gy. Adjuvant therapy was initiated in ten of 12 upfront surgery studies, and 68.6% of patients who
underwent resection started adjuvant treatment. In the neoadjuvant treatment group, adjuvant
therapy was initiated in 18 of 35 studies, and 31% of patients who had resection of the pancreatic
tumour started adjuvant therapy. Fewer studies reported the numbers of patients who completed
adjuvant therapy (Tables 1 and 2).

Methodological quality
Results of the methodological quality assessment of all studies are reported in Tables S1–S3
(Supplementary Data). Most studies were retrospective (14) or prospective (12) cohort studies.
The studies showed heterogeneity in treatment and potential bias in collecting data. A common
risk of bias was the heterogeneity of neoadjuvant and adjuvant treatments within and between
the studies. Furthermore, there was wide variation in the duration of follow-up; in eight studies
the follow-up was shorter than 12 months. In addition, different criteria were used for resectability,

Table 1. Characteristics of 12 included studies that reported median overall survival after upfront surgery

Reference

No. of
patients Country

Study design

R0
Adjuvant
Adjuvant
criteria treatment
treatment
Tumour (mm)* initiated (%)† completed (%)

Casadei et al.15
Golcher et al.16
Bao et al.17
Raptis et al.18
Tzeng et al.19
Fujii et al. 20
Fujii et al. 21
Barbier et al. 22
Papalezova et al. 23

20
33
78
102
52
71
233
85
92

Italy
Germany
USA
UK
USA
Japan
Japan
France
USA

RCT
RCT
Prospective
Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective

R
R
R
R
R
BR
R
R
R

>1
n.s.
n.s.
n.r.
n.s.
>1
>1
>1
n.s.

Kato et al. 24

624

Japan

Retrospective BR

n.s.

22
44
78
n.r.
n.r.
100
69
58
Adjuvant CRT:
66
78.7

0
n.s.

Adjuvant CT
only: 69.9
BR-A: 84.5
48

Hirono et al. 25
331
Murakami et al. 26 25

Japan
Japan

Retrospective R + BR
Retrospective BR

n.r.
n.r.
n.r.
n.r.
60
42
45.6
n.r.
n.r.
n.r.

76
n.r.

*Definition of R0: > 1, more than 1 mm clearance from each margin; 0, no cancer cells along any margin. †Among patients
who underwent resection of pancreatic cancer. R, resectable; n.r., not reported; n.s., not specified; prospective, prospective
cohort study; BR, borderline resectable; retrospective, retrospective cohort study; CRT, chemoradiotherapy; CT,
chemotherapy; BR-A, borderline resectable with arterial involvement.
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No. of
patients

50
18
33
86
28
41
34
17
13
62
38
13
15
38
22
38
141
115
21
40
11
18
32
88
18
144
57

Reference

Palmer et al. 27
Casadei et al. 15
Golcher et al.16
Evans et al. 28
Heinrich et al. 29
Le Scodan et al. 30
Turrini et al. 31
Small et al. 32
Esnaola et al. 33
Kim et al. 34
O’Reilly et al. 35
Shaib et al36
Calvo et al. 37
Ohigashi et al. 38
Katz et al. 39
Oh et al.40
Tzeng et al.41
Tzeng et al.19
Fujii et al. 20
Fujii et al. 21
Ielpo et al. 42
Masui et al.43
Takai et al.44
Barbier et al. 22
Patel et al.45
Papalezova et al. 23
Chuong et al.46

UK
Italy
Germany
USA
Switzerland
France
France
USA
USA
USA
USA
USA
Spain
Korea
USA
Korea
USA
USA
Japan
Japan
Spain
Japan
Japan
France
USA
USA
USA

Country
RCT
RCT
RCT
Phase II
Phase II
Phase II
PhaseII
Phase II
Phase II
Phase II
Phase II
Phase I
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Study design
R
R
R
R
R
R
R
R + BR
BR
R + BR
R
BR
R
BR
BR
BR
BR
R
BR
R
BR
BR
R
R
BR
R
BR

Tumour
n.s.
>1
n.s.
0
n.s.
n.s.
0
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
0
n.s.
n.s.
n.s.
>1
>1
n.s.
>1
n.s.
>1
0
n.s.
0

R0 criteria
(mm)*
CT
CRT
CRT
CRT
CT
CRT
CRT
CRT
Mixed
CRT
CT
CRT
CRT
CRT
CRT
CRT
CRT
CRT
CRT
CRT
CT
CT
CRT
CRT
CRT
CRT
CRT

Neoadjuvant
treatment

Table 2. Characteristics of the 35 included studies that report median overall survival after neoadjuvant treatment

n.r
75
37
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
63
96
n.r.
n.r.
100
67
61
n.r.
7.8
100
83
100
93
n.r.
n.r.
n.r.
32.9
84

Adjuvant treatment
initiated (%)†
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
92
89
n.r.
n.r.
100
90
n.r.
n.r.
n.r.
56
56
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.
n.r.

Adjuvant treatment
completed (%)
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33

34

50
61
64
14
99

121
46
52

Dholakia et al.47
Boone et al.48
Rose et al.49
Moningi et al.50
Sho et al.51

Rashid et al.52
Hirono et al. 25
Murakami et al. 26

USA
Japan
Japan

USA
USA
USA
USA
Japan

Country

Retrospective
Retrospective
Retrospective

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Study design

BR
BR
BR

BR
R + BR
BR
BR
R + BR

Tumour

0
0
n.s.

0
n.s.
>1
n.s.
n.s.

R0 criteria
(mm)*

CRT
Mixed
CT

CRT
Mixed
CT/CRT
CRT
CT/CRT

Neoadjuvant
treatment

n.r.
85
79

42
n.r.
90
n.r.
n.r.

Adjuvant treatment
initiated (%)†

BR-A: 31
n.r.
61
n.r.

BR-V: 49

n.r.
n.r.
n.r.
n.r.
R: 75

Adjuvant treatment
completed (%)

*Definition of R0: > 1, more than 1 mm clearance from each margin; 0, no cancer cells along any margin. †Among patients who underwent resection of pancreatic cancer. R, resectable; n.s., not
specified; CT, chemotherapy; CRT, chemoradiotherapy; BR, borderline resectable; prospective, prospective cohort study; retrospective, retrospective cohort study; n.r., not reported; BR-V,
borderline resectable with venous involvement; BR-A, borderline resectable with arterial involvement.

No. of
patients

Reference

Table 2. (continued)
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although most studies used the NCCN guidelines. Three RCTs were included, one27 of which
randomized between neoadjuvant gemcitabine or gemcitabine combined with capecitabine in
patients with resectable pancreatic cancer. The other two trials randomized between neoadjuvant
chemoradiotherapy and upfront surgery, but both were terminated early owing to poor accrual.15,16

2

Primary outcome
The weighted median overall survival by intention to treat was 18.8 months in the neoadjuvant
group and 14.8 months in the upfront surgery group.

Upfront surgery
Twelve studies reported the median overall survival of 1746 patients undergoing upfront surgery
for resectable or borderline-resectable pancreatic cancer by intention to treat (Table 3; Figs 2 and
3).15-26 Overall, 81.3% of 1746 patients underwent resection, with an overall weighted median overall
survival of 14.8 (range 11.6–25.3) months.
The weighted median overall survival of 819 patients with resectable pancreatic cancer was 17.7
(12–25.3),15-19,21-23,25 compared with 12.8 (11.6–16.3) months for 927 patients with borderline-resectable
pancreatic cancer (Figs 2 and 3). 20,24-26 In the largest (retrospective) study of Kato and colleagues,
63 of 624 patients (10.1%) with borderline-resectable pancreatic cancer also received neoadjuvant
treatment and the median overall survival of these patients was not available separately.24
The outcome of the subgroup of patients who actually underwent resection was reported in seven
of 12 studies; the weighted median overall survival was 15.0 months for these 1048 patients (not by
intention to treat).16,18,22-26

Neoadjuvant treatment
Thirty-five studies reported median overall survival after neoadjuvant treatment of 1738 patients
with resectable or borderline-resectable pancreatic cancer (Table 4).15,16,19-23,25-31 32-52 The neoadjuvant
regimens used are shown in Table 2. The weighted median overall survival was 18.8 (range 9.4–50.2)
months after neoadjuvant treatment.
For the 18 studies that reported the median overall survival of 857 patients with resectable
pancreatic cancer, the weighted median overall survival was 18.2 (10–50.2) months (Fig. 2).15,16,19,2123,27-32,34,35,37,44,48,51
In the 21 studies reporting the median overall survival after neoadjuvant treatment
in 881 patients with borderline-resectable cancer, the weighted median overall survival was 19.2
(11–32) months (Fig. 3).20,25,26,32-34,36,38-43,45-52
The outcome for the subgroup of patients who actually underwent resection was reported in
19 studies, and the weighted median overall survival was 26.1 months for these 764 patients (not by
intention to treat).16,19,22,23,25-31,34,37,40,41,44,46,47,52

Neoadjuvant chemotherapy versus chemoradiotherapy
Of all studies including patients who received neoadjuvant treatment, six used chemotherapy
alone, 24 used chemoradiotherapy, and five used neoadjuvant chemotherapy in some patients
and chemoradiotherapy in others. The weighted median overall survival was 20.9 (range 13.6–27.2)
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Table 3. Median overall survival, resection rate and R0 rate after upfront surgery reported in 12 studies

2

Reference

No. of
Median age
patients (years)

Median OS Resection rate, R0 rate*
(months) ITT (%)
(%)

Patients with
positive lymph
nodes (%)*

Casadei et al.15
Golcher et al.16
Bao et al.17
Raptis et al.18
Tzeng et al19
Fujii et al. 20
Fujii et al. 21
Barbier et al. 22
Papalezova et al. 23
Kato et al. 24kato
Hirono et al. 25

20
33
78
102
52
71
233
85
92
624
331

67.5
65.1
68†
64‡
61.9
63
67
64
65†
63.8
R: n.r.

19.5
14.4
17.9
12
25.3
13.1
23.5
17
13
12.6
R: 20.9

75
70
77
32.7
92
70
87.6
79
74
86.4
R: 89.5

33
70
75
n.r.
81
40
70.1
67
79
65.9
R: n.r.

87
57
58
n.r.
81
92
71
64
62
57
R: n.r.

BR-V: n.r.

BR-V: 16.3

BR-V: 92

BR-V: n..r.

BR-V: n..r.

Murakami et al. 26
Total

25
1746

BR-A: 69§
BR-A: 12.4
67§
11.6
Range 61.9–69 14.8

BR-A: 83.1
BR-A: 62.1
BR-A: 74.8
92
17
78
81.3 (79.4, 83.1) 66.9 (64.2, 69.6) 64.8 (62.0, 67.5)

Values in parentheses are 95% confidence intervals. *Among patients who underwent resection of pancreatic cancer. †Mean
age. ‡Including patients with unresectable pancreatic tumours, who were not reported separately. §Including patients
who received neoadjuvant treatment. OS, overall survival; ITT, intention to treat; R, resectable; n.r., not reported; BR-V,
borderline resectable with venous involvement; BR-A, borderline resectable with arterial involvement.

months for patients who received chemotherapy alone26,27,29,35,42,43 and 17.8 (range 9.4–32) months for
chemoradiotherapy alone.15,16,19-23,28,30-32,34,36-41,44-47,50,52 Because of the heterogeneity between radiation
dose and chemotherapy schedules, subset analyses should be interpreted with caution.

Secondary outcomes
Resection rate and R0 rate
The overall resection rate was lower in patients who had neoadjuvant treatment than in those who
had upfront surgery (66.0 versus 81.3%; P<0.001).
After upfront surgery, the resection rate in all 1746 patients was 81.3% (95%CI 79.4 to 81.3) (range
32.7–92). For patients with resectable pancreatic cancer, the resection rate was 76.8% (95%CI
73.8 to 79.7), compared with 85.3% (82.9 to 87.5) for those with borderline-resectable pancreatic
cancer (P<0.001).
For patients who received neoadjuvant treatment, the resection rate was reported in 35 studies
and was 66.0% (95% CI 63.7 to 68.2) (range 29–100).15,16,20-23,25-31,32-52 For patients with resectable
pancreatic cancer, the resection rate was 67.0% (95% CI 63.7 to 70.1), compared with 65.0% (61.8
to 68.2) for those with borderline resectable pancreatic cancer (P=0.418). The resection rate for
patients in the neoadjuvant group who underwent an exploratory laparotomy was 91.2%.
The R0 resection rate (only for patients who underwent resection) was higher in patients who
had neoadjuvant treatment (86.8 versus 66.9%; P<0.001). The R0 resection rate was also higher
36
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Table 4. Median overall survival, resection rate and R0 rate after neoadjuvant treatment reported in 35 studies

Reference

No. of
Median age Median OS
patients (years)
(months)

Resection
rate ITT
(%)

R0 rate
(%)*

Patients with
positive lymph
nodes (%)*

Palmer et al. 27
Casadei et al.15
Golcher et al16
Evans et al. 28
Heinrich et al. 29
Le Scodan et al. 30
Turrini et al. 31
Small et al. 32

50
18
33
86
28
41
34
17

66
71.5
62.5
65.8
59
59.3
61.5†
62‡

13.6
22.4
17.4
22.7
26.5
9.4
15.5
R: 10.2

54
61
58
74
89
63
50
R: 43

74
64
90
89
80
81
100
n.r.

56
55
32
38
64
50
24
0

Esnaola et al. 33
Kim et al. 34

13
62

60
64‡

BR: 11.2
24.1
R: 26.5

BR: 30
69
R: 57

92
85

n.r.
44

O’Reilly et al. 35
Shaib et al. 36
Calvo et al. 37
Ohigashi et al. 38
Katz et al. 39
Oh et al.40
Tzeng et al.41
Tzeng et al.19
Fujii et al. 20
Fujii et al. 21
Ielpo et al.42
Masui et al.43
Takai et al.44
Barbier et al. 22
Patel et al.45
Papalezova et al. 23
Chuong et al.46
Dholakia et al.47
Boone et al.48

38
13
15
38
22
38
141
115
21
40
11
18
32
88
18
144
57
50
61

73
64
61
66
64
59
63
65.5
66
65
61.8†
63
61.8
65
67
64
64‡
63.5
64‡

BR: 18.4
27.2
11
10
32
21.7
21.2
19.1
28
29.1
24.9
20
21.7
19.2
15
15.6
15
16.4
17.2
R: 20

BR: 72
71
62
60
82
68
61
59.6
82.6
86
90
73
83
75
43
50
53
56
58
R: 95

74
n.r.
78
97
93
78
91.7
89.5
100
86
100
87
n.r.
92
89
78
97
93
R: 86

67
13
n.r.
10
33
4
48.8
51.5
17
39
n.r.
33
n.r.
29
n.r.
25
34
28
n.r.

Rose et al.49
Moningi et al.50
Sho et al.51

64
14
99

66
67.2‡
R: 66.4†

BR: 22
23.6
14.4
R: 50.2

BR: 83
48
29
R: 100

BR: 70
87
100
R: 98

58
n.r.
n.r.

BR-V: 66.3†

BR-V: 26.6

BR-V: 97

BR-V: 97

BR-A: 66.0†
67
69§

BR-A: 18
17
18

BR-A: 84
45.5
87

BR-A: 81
98.4
80

Rashid et al.52
Hirono et al. 25

121
46

2

63.6
78
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Table 4. (continued)

2

Reference

No. of
Median age Median OS
patients (years)
(months)

R0 rate
(%)*

Patients with
positive lymph
nodes (%)*

90

72

72

Murakami et al. 26 52

67§

Total

Range 59–73 18.8 months 66.0 (63.7, 68.2) 86.8 (84.6, 88.7) 43.8 (40.6, 47.1)

1738

27.1

Resection
rate ITT
(%)

Values in parentheses are 95% confidence intervals. *Among patients who underwent resection of pancreatic cancer. †Mean
age. ‡Including patients with unresectable pancreatic tumours, who were not reported separately. §Including patients
who received upfront surgery. OS, overall survival; ITT, intention to treat; R, resectable; BR, borderline resectable; n.r., not
reported; BR-V, borderline resectable with venous involvement; BR-A, borderline resectable with arterial involvement.

Figure 2. Median overall survival, with 95% confidence intervals, for patients with resectable pancreatic cancer
after upfront surgery and after neoadjuvant treatment. The square of radius of the spheres is related to number
of patients in the study.
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with neoadjuvant treatment when the results were reported by intention to treat (58.0 versus
54.9%; P=0.088). This difference is obviously smaller, because it is the resection rate multiplied by
the R0 rate.
The R0 resection rate was reported in 11 studies after upfront surgery and was 66.9% (95% CI
64.2 to 69.6) (range 17–81).15-17,19-26 After upfront surgery, the R0 resection rate was 71.4% for patients
with resectable pancreatic cancer, and 63.9% for those with borderline-resectable pancreatic
cancer. For patients treated with neoadjuvant therapy who underwent exploratory laparotomy
followed by resection, the R0 resection rate was 86.8% (95% CI 84.6 to 88.7) (range 38.9–100). After
neoadjuvant treatment, the R0 resection rate was 85.0% among patients with resectable pancreatic
cancer and 88.6% for those with borderline-resectable cancer.

2

Figure 3. Median overall survival, with 95% confidence intervals, for patients with borderline-resectable
pancreatic cancer after upfront surgery and after neoadjuvant treatment. The square of radius of the spheres
is related to number of patients in the study. *Borderline resectable owing to venous involvement; †borderline
resectable owing to arterial involvement.
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Pathological lymph node rate

2

The pathological lymph node rate was reported in 11 studies after upfront surgery and was 64.8%
(95% CI 62.0 to 67.5)15-17,19-26, compared with 43.8% (40.6 to 47.1) after neoadjuvant treatment in 27
studies.15,16,19-23,25-32,34-36,38-41,43,46,47,49,52 This difference in pathological lymph node rates between the two
groups was significant (P<0.001).

Reasons for not performing surgery
Of the 35 neoadjuvant therapy studies, 29 reported the reason for not performing exploratory
surgery. In total, 306 patients (17.8%) did not proceed to exploratory surgery. Progression of disease
(locally advanced or metastasis) was the most common reason for not undertaking exploratory
surgery in 64.4% of these patients. In total, 55 patients (18.0%) could not undergo surgery because
of severe side-effects or deterioration of performance after neoadjuvant treatment, representing
3.2% of all patients starting neoadjuvant treatment. For the remaining patients there were other
reasons, or the reason was not known. The reasons for not performing tumour resection during
exploratory surgery were reported in 23 of the 35 studies (Supplementary Data). Resection was not
undertaken in at least 532 patients (15.3% of all 3484 included patients). The most common reason
for this was distant metastasis in 42.5% of these patients. Disease progression was the reason for
not resecting the tumour in 25.6%.

Toxicity
There was a wide range of reported toxicity of neoadjuvant treatment across studies. The most
common reported adverse events were gastrointestinal (emesis, nausea and diarrhoea) and
haematological (thrombopenia, leucopenia). Toxicity of at least grade III was reported in 21
studies, with a rate of up to 64%, involving mostly leucopenia, thrombocytopenia, nausea and
fatigue.15,16,20,25,27-34,36-39,42-44,46,50 Katz and colleagues reported a grade III toxicity rate of 64%, in a study
in which FOLFIRINOX (leucovorin, 5-fluorouracil, irinotecan and oxaliplatin) chemotherapy was
combined with radiotherapy at a dose of 50.4 Gy.39 Grade IV toxicity was reported in 13 studies, and
consisted mostly of haematological adverse events.

DISCUSSION
In this systematic review, median overall survival was 18.8 months after neoadjuvant treatment
versus 14.8 months after upfront surgery of resectable or borderline-pancreatic cancer in intentionto-treat analysis. The R0 resection rate and pathological lymph node rate were also improved in
the neoadjuvant group. These results suggest the superiority of neoadjuvant treatment over
upfront surgery. Previous studies reported outcomes of patients who actually underwent resection,
rather than reporting by intention to treat, thus introducing a survival bias.13,53
Median survival times for patients who actually underwent resection were 26.1 months in
the neoadjuvant group and 15.0 months for upfront surgery in this review. This difference in
median overall survival between the groups (11.1 months) is much bigger than the difference in
the intention-to-treat analysis (4.0 months). Reporting by intention to treat reduces potential bias
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in treatment effect as not all patients proceed to surgery, and a large proportion of patients do not
receive adjuvant chemotherapy owing to postoperative complications. Prospective phase II studies
investigating the role of neoadjuvant treatment have to report on all patients included in the trial
by intention to treat.54 Therefore, for a fair comparison, upfront surgery studies and observational
studies of neoadjuvant treatment should also report by intention to treat.
In the present review, 17.8% of patients who had neoadjuvant treatment did not undergo
exploratory surgery. This selects out patients with an aggressive pancreatic cancer that would
probably have progressed in a short time after surgery anyway, thus avoiding a potentially harmful
operation. In the upfront surgery group, the resection rate for patients with borderline-resectable
pancreatic cancer was significantly higher than that for patients with resectable tumours (85.3
versus 76.8% respectively). This is a counterintuitive finding, as one would expect the resection rate
to be higher for resectable pancreatic cancer. There is no good explanation for this finding, but
the different criteria being used worldwide for assessing resectability or suboptimal preoperative
assessment on CT may play a role. Centralization of pancreatic surgery has led to increased
resection rates, but this was not investigated here.55
The R0 resection rate among patients actually undergoing tumour resection was significantly
better in the neoadjuvant treatment group, which is in line with the hypothesis that neoadjuvant
treatment provides higher R0 rates than surgery alone.56 The R0 resection rate after upfront
surgery is comparable to rates of 29–81%, depending on the R0 criteria being used, in recent large
series of pancreatic cancer resection.1,57,58 The pathological lymph node rate was also significantly
different between the upfront surgery and neoadjuvant treatment groups, which may be the result
of the neoadjuvant treatment causing regression of lymph node metastases.59
No difference in surgical morbidity and mortality has been reported in studies comparing
neoadjuvant treatment with upfront surgery.60-62 A possible advantage of neoadjuvant radiation
is the development of pancreatic fibrosis, which may be associated with reduced occurrence of
pancreas fistula after resection.60,61,63 Adjuvant chemotherapy is the current standard of care after
resection of pancreatic cancer1, but this treatment is often not given, or not completed, owing
to a prolonged complicated postoperative course, or the preference of the patient or doctor.
Data from the Netherlands Cancer Registry revealed that only 54% of all patients undergoing
pancreatoduodenectomy received adjuvant chemotherapy, because of toxicity, age and other
factors.64 In the present review, the toxicity reported most frequently consisted of adverse
gastrointestinal and haematological events. Overall, treatment-related toxicity was given as
the reason for not proceeding to exploratory surgery in only 3.2% of the 1723 patients who started
neoadjuvant treatment.
Median overall survival varied widely across the studies, which may be explained by the different
criteria used for resectability. Most studies used the NCCN or MD Anderson Cancer Center criteria
for resectability, but some studies used neither of these.65,66 Objective definitions of resectability
are critical for the conduct of clinical trials of neoadjuvant treatment. Another explanation for
the heterogeneity may be the variation in neoadjuvant treatment regimens across studies.
The difference in receipt of postoperative adjuvant treatment (68.6% in the upfront surgery group
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versus 31% in the neoadjuvant group) may in part be explained by the fact that these patients had
already received part or all of their systemic therapy before surgery.
The expert consensus statement of the AHPBA indicates that neoadjuvant therapy provides
a rational alternative to an upfront surgery approach and could be considered in all patients with
resectable pancreatic cancer.67 Evidence from RCTs is still lacking. The Dutch Pancreatic Cancer
Group has just finished accrual of the multicentre randomized PREOPANC trial (EU Clinical
Trials Register: 2012-003181-40) of neoadjuvant chemoradiotherapy versus upfront surgery.68
The hypothesis is that neoadjuvant chemoradiotherapy may result in an increase in R0 resection
rate and overall survival in patients with resectable or borderline-resectable pancreatic cancer.68
The trial has randomized the required 248 patients during a 4-year interval and the first results are
expected in 2018. Five other randomized trials are ongoing in Germany, Switzerland and Norway
to investigate the role of neoadjuvant treatment in resectable pancreatic cancer.69-73 Two previous
RCTs from Italy and Germany were terminated early because of poor accrual.15,16
Some limitations of the present systematic review must be taken into account. First, the quality
of the included studies is moderate; the majority are retrospective studies, with high suspicion of
bias. Only three studies were RCTs, and only two of these, with a total of 104 patients, randomized
between upfront surgery and neoadjuvant treatment followed by surgery. Both these studies
were terminated early. Owing to the clinical and methodological heterogeneity, no network
analysis could be performed. Despite the limitations, the results provide the most reliable
survival data, reported by intention to treat, in patients with resectable or borderline-resectable
pancreatic cancer.
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S U P P L E M E N TA RY DATA
Appendix 1

2

The final update of the search was done on December 6th 2016.

1. Search strategy PubMed
(((“Pancreatic Neoplasms”[Mesh] OR pancreatic cancer[tw] OR pancreatic neoplasm*[tw] OR
“cancer of the pancreas”[tw] OR pancreatic head cancer[tw] OR pancreatic carcinoma[tw] OR
pancreatic adenocarcinoma[tw]) AND (borderline[tw] OR resectab*[tw] OR resection[tw] OR
pancreatico*[tw] OR pancreatect*[tw] OR whipple[tw])) NOT (animals[mh] NOT humans[mh]))
AND (Prognosis/Broad[filter] OR “Survival”[Mesh] OR survival[tw] OR “Mortality”[Mesh] OR
mortalit*[tw] OR death rate*[tw] OR “mortality”[Subheading] OR cox regression[tw] OR “Survival
Analysis”[Mesh] OR proportional hazard[tw] OR kaplan[tw])

2. Search strategy EMBASE Classic + EMBASE 1947 to Present, Ovid interface
1.exp pancreas cancer/
2.(pancreatic neoplasm? OR pancreatic carcinoma).ab,kw,ti
3.(pancreatic adenocarcinoma).ab,kw,ti
4.(cancer ADJ3 pancreas).ab,kw,ti
5.(pancreatic ADJ2 cancer).ab,kw,ti
6.or/1-5
7.borderline.ab,ti,kw
8.(resectab* OR resection OR pancreatico* OR pancreatect* OR whipple).ab,ti,kw
9.or/7-8
10.6 and 9
11.(prognos: OR survival).tw [McMaster specifiek filter]
12.exp survival/
13.survival.ab,kw,ti
14.exp mortality/
15.(mortalit* OR death rate*).ab,ti,kw.
16.(cox regression OR (cox ADJ2 analys*)).ab,kw,ti
17.proportional hazard?.ab,kw,sh,ti
18.kaplan.ab,kw,ti
19.or/11-18 [survival]
20.10 and 19
21.exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal 22.tissue/
or animal cell/ or nonhuman/
23. human/ or normal human/ or human cell/
24.21 and 22
25.21 not 23
26.20 not 24
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3. Search strategy The Cochrane Library, Wiley interface
“pancreatic cancer” AND “resectable”
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Table 2. Critical appraisal of studies reporting on median overall survival of patients with resectable or borderline-resectable pancreatic cancer after upfront surgery or
neoadjuvant treatment followed by surgery

*According the Oxford Centre for Evidence-Based Medicine levels of evidence12 ; –, no; +, yes; N.R= not reported; N.A.=not applicable.

Level of
evidence*
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Table 3. Critical appraisal of studies reporting on median overall survival of patients with resectable or borderline-resectable pancreatic cancer after neoadjuvant treatment
followed by surgery
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Murakami

Palmer
Evans
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0
0
0
0
1
0
0
7
0
0
0
1
0
0

Other
5
2
10
10
18
69
4
8
21
1
29
3
18
13
24
25
85
20
2
3
18
9
1
10

No
resection
3
2
10
10
5
N.R.
N.R.
N.R.
5
1
4
0
5
9
8
11
N.R.
N.R.
0
0
N.R.
0
1
N.R

Disease
progression
2
0
0
0
13
N.R.
N.R.
N.R.
16
0
25
3
13
3
16
14
64
NR
2
3
N.R.
9
1
N.R

Metastasis

Reason

0
0
0
0
0
N.R.
N.R.
N.R.
0
0
0
0
0
1
0
0
N.R.
N.R.
0
0
N.R.
0
0
N.R

Other

2

1746

8
N.R
20
3
2
6
4
13
7
11
12
N.R
3
8
4
10
N.R
26
10
N.R
N.R
306

11

No
exploratory
surgery

NAT= neoadjuvant treatment; N.R= not reported

Oh
Tzeng
Ielpo
Masui
Takai
Patel
Dholakia
Boone
Rose
Moningi
Sho
Rashid
Total

17
12
62
38
13
15
38
57
22
38
141
7
18
32
18
50
78
64
14
99
94
1723

Small
Esnoala
Kim
O’Reilly
Shaib
Calvo
Ohigashi
Chuong

NAT

34

US

Turrini

Study

Table 4. (continued)

1
N.R
4
0
1
3
1
N.R
1
0
0
N.R
2
1
0
6
N.R
10
N.R
N.R
N.R
60

2

Disease
progression

2
N.R
4
0
0
2
3
N.R
5
11
0
N.R
1
6
4
13
N.R
4
N.R
N.R
N.R
137

9

Metastasis

Reason

0
N.R
4
0
0
1
0
N.R
0
0
12
N.R
0
0
0
1
N.R
4
N.R
N.R
N.R
55

0

Side effects
NAT

0
N.R
0
1
0
0
0
N.R
0
0
0
N.R
0
1
0
0
N.R
0
0
N.R
N.R
11

0

Other

4
10
8
3
3
12
4
50
N.R
5
11
N.R
8
N.R
N.R
532

6

No
resection

N.R
N.R
5
0
1
5
N.R
37
N.R
4
6
N.R
3
N.R
N.R
136

1

Disease
progression

N.R
N.R
3
3
2
7
N.R
13
N.R
1
3
N.R
5
N.R
N.R
226

5

Metastasis

Reason

N.R
N.R
0
0
0
0
N.R
0
N.R
0
2,
N.R
0
N.R
N.R
3

0

Other

META-ANALYSIS COMPARING UPFRONT SURGERY WITH NEOADJUVANT TREATMENT

2

53

P R E O P E R AT I V E R A D I O C H E M OT H E R A PY V E R S U S
I M M E D I AT E S U R G E RY F O R R E S E C TA B L E A N D
B O R D E R L I N E - R E S E C TA B L E PA N C R E AT I C C A N C E R
( P R E O PA N C T R I A L ) : S T U DY P R OTO C O L F O R
A M U LT I C E N T E R R A N D O M I Z E D C O N T R O L L E D T R I A L

Eva Versteijne, Casper H. J. van Eijck, Cornelis J. A. Punt,
Mustafa Suker, Aeilko H. Zwinderman, Miriam A. C. Dohmen,
Karin B.C. Groothuis, Oliver R. Busch, Marc G. Besselink,
Ignace H. J. T. de Hingh, Albert J. ten Tije, Gijs A. Patijn,
Bert A. Bonsing, Judith de Vos-Geelen, Joost M. Klaase,
Sebastiaan Festen, Djamila Boerma, Joris I. Erdmann,
I. Quintus Molenaar, Erwin van der Harst, Marion B. van der Kolk,
Coen R. N. Rasch, Geertjan van Tienhoven, and for the Dutch
Pancreatic Cancer Group (DPCG)

A version of this manuscript was published in Trials
Trials (2016) 17:127 DOI: 10.1186/s13063-016-1262-z

A B S T R AC T
Background

3

Pancreatic cancer is the fourth largest cause of cancer death in the United States and Europe with
over 100,000 deaths per year in Europe alone. The overall 5-year survival ranges from 2–7% and
has hardly improved over the last two decades. Approximately 15% of all patients have resectable
disease at diagnosis, and of those, only a subgroup has a resectable tumour at surgical exploration.
Data from cohort studies have suggested that outcome can be improved by preoperative
radiochemotherapy, but data from well-designed randomized studies are lacking. Our PREOPANC
phase III trial aims to test the hypothesis that median overall survival of patients with resectable or
borderline-resectable pancreatic cancer can be improved with preoperative radiochemotherapy.

Methods
The PREOPANC trial is a randomized, controlled, multicenter superiority trial, initiated by the Dutch
Pancreatic Cancer Group. Patients with resectable or borderline-resectable pancreatic cancer
are randomized to A: direct explorative laparotomy or B: after negative diagnostic laparoscopy,
preoperative radiochemotherapy, followed by explorative laparotomy. A hypofractionated
radiation scheme of 15 fractions of 2.4 gray (Gy) is combined with a course of gemcitabine, 1,000
mg/m2/dose on days 1, 8 and 15, preceded and followed by a modified course of gemcitabine.
The target volumes of radiation are delineated on a 4DCT scan, where at least 95% of the prescribed
dose of 36 Gy in 15 fractions should cover 98% of the planning target volume. Standard adjuvant
chemotherapy is administered in both treatment arms after resection (six cycles in arm A and four
in arm B). In total, 244 patients will be randomized in 17 hospitals in the Netherlands. The primary
endpoint is overall survival by intention to treat. Secondary endpoints are resection rate, radical
(R0) resection rate, disease-free survival, time to locoregional recurrence or distant metastases
and perioperative complications. Secondary endpoints for the experimental arm are toxicity and
radiologic and pathologic response.

Discussion
The PREOPANC trial is designed to investigate whether preoperative radiochemotherapy improves
overall survival by means of increased (R0) resection rates in patients with resectable or borderlineresectable pancreatic cancer.

Trial registration
Trial open for accrual: 3 April 2013
The Netherlands National Trial Register – NTR3709 (8 November 2012)
EU Clinical Trials Register – 2012-003181-40 (11 December 2012)
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B AC KG R O U N D
Pancreatic cancer is the fourth largest cause of cancer death in the United States and Europe with
over 100,000 deaths per year in Europe alone.1,2 The overall 5-year survival ranges from 2–7% and
has hardly improved over the last two decades.1,3,4 Surgery is the main treatment option that may
lead to cure. After radical resection the median survival is about 15–20 months and the 5-year overall
survival ranges from 8–25%.5-8 The outcome may be improved by preoperative radiochemotherapy,
but data from well-designed randomized studies are lacking.9 Recently, a monocentric randomized
controlled trial on preoperative radiochemotherapy was terminated early because of poor
recruitment.10 Research should be focused on a coordinated multidisciplinary approach to improve
results for patients with resectable and borderline-resectable pancreatic cancer.
Pancreatoduodenectomy is the commonly accepted surgical treatment for resectable cancer
of the pancreatic head. The goal of pancreatoduodenectomy is to perform a microscopically
complete (R0) resection of the tumour. A microscopically incomplete resection (R1) worsens
the prognosis.11-14 The resection rate depends upon the preoperative radiologic workup with high
quality CT scan, MRI and/or laparoscopy, and is reported as 60% without and 82% with laparoscopy.15
The R0 resection rate varies from 25–84% and depends upon the dissection technique and
pathological workup.16
In the 2014 Dutch National Audit 33% of patients appeared to have an irresectable tumour at
explorative laparotomy after radiologic assessment.17 The most important prognostic factors are
tumour size and vascular involvement; large tumours (>2 cm) have a worse prognosis than smaller
tumours.11,18 Tumours ≤2 cm without vessel involvement, classified as T1 according to the UICC TNM
classification, have the best chance of an R0 resection and may not benefit from preoperative
radiochemotherapy. Encasements of the celiac axis, superior mesenteric artery (SMA) or common
hepatic artery (CHA) are considered contraindications for resection. Resectability in the case of
involvement of the portal vein and/or the superior mesenteric vein (PV/SMV) is under debate.
Surgical series vary in criteria for resectability. Series of patients undergoing curative surgery
tend to focus on survival data of the patients who actually underwent a successful resection.
Reporting data by intention to treat, that is, on all patients who were selected for explorative
surgery, whether or not the resection was performed at all, would provide more relevant data.
Data from studies reporting the survival of patient by intent to treat after preoperative therapy
report a median overall survival (mOS) of 17 months.19-25 Studies of explorative surgery without
preoperative treatment analysing survival by intention to treat report mOS between 10 and 12
months.22,26,27 These survival rates are not comparable with those of studies on postoperative
adjuvant chemotherapy or chemoradiotherapy. In this last category, the median survival is better
due to selection bias, since in these studies only patients who were fit enough after a successful
resection participated. In the systematic review of Gillen et al., the actual resection rates are in
the order of 70–85% of patients who were considered to have a resectable tumour at preoperative
workup (with or without preoperative radiochemotherapy). Reporting data by intention to treat
seems advisable and would change outcome figures of surgical series significantly.9 Therefore,
future studies in patients with resectable pancreatic cancer should have a prospective randomized
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design, with analyses by intention to treat, to be able to investigate not only the improvement of
the prognosis as such, but also the potential improvement of the resection rate.
The rationale for preoperative therapy in pancreatic cancer is multifold. First,
radiochemotherapy administered before surgery to non-dissected, well-oxygenated tissue may

3

maximize any potential benefit of both radiation and chemotherapy, as compared to postoperative
radiochemotherapy. Second, preoperative radiochemotherapy may decrease tumour volume,
thus improving resectability and minimize regional nodal disease, hence reducing the risk of
loco-regional recurrence. Third, it may downstage disease by sterilizing the peripheral extent of
tumour infiltration, resulting in an increased proportion of R0 resections. Randomized controlled
trials investigating the effect of postoperative adjuvant radiochemotherapy were all negative. 28-32
A number of prospective, single arm, single centre studies suggested an improved resectability
rate as well as a higher proportion of R0 resections by preoperative radiochemotherapy.19-23,33-38
Although the numbers of patients are too small for firm conclusions, the results of studies in
patients with borderline-resectable tumours who received preoperative treatment suggest that
this strategy is not inferior and may even be better compared with patients who had a resection
without preoperative treatment.22 This was also the conclusion of a meta-analysis of Gillen et al.,
which included 111 studies of preoperative treatment, 56 of which were performed in patients
with tumours that were initially considered irresectable. In these studies, of 147 patients with
initially irresectable tumours, 33% of patients underwent a successful resection after preoperative
therapy. Remarkably, the R0 resection rate (79%) and the median survival (20.5 months) in this
group were similar to the results of studies in patients with primarily resectable tumours.9 Artinyan
et al. performed a population-based regional retrospective review of 354 patients with resected
pancreatic cancer and observed a better median survival for adjuvant therapy (34 versus 19 months,
respectively, HR 0.57, P=0.013)39; keep in mind that these are different groups.
The hypothesis that preoperative radiochemotherapy may improve the outcome of resectable
and borderline-resectable pancreatic cancer is worth testing.40 In a recent European consensus,
preoperative radiochemotherapy was considered as one of the main directions for future clinical
research.41 Within the Dutch Pancreatic Cancer Group (DPCG), this concept has been further
developed into the clinical randomized, controlled, multicentre, randomized phase III PREOPANC
trial. This trial tests the hypothesis that preoperative radiochemotherapy followed by explorative
surgery compared to direct explorative surgery may improve the survival of patients with resectable
or borderline -resectable pancreatic cancer. This trial will be analysed by intention to treat.

METHODS/DESIGN
Design
The PREOPANC trial is a randomized, controlled, multicentre trial, initiated by the DPCG. Patients
with resectable or borderline-resectable tumours (see Table 1) are randomized to arm A: direct
explorative laparotomy or arm B: preoperative radiochemotherapy, followed by explorative
laparotomy. In both arms patients receive standard adjuvant chemotherapy after resection.
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Table 1. Consensus resectability criteria, DPCG, 2012
SMA

Celiac axis

CHA

SMV-PV

Resectable

no contact

no contact

no contact

≤ 90° contact

(all four required)
Borderline-resectable

≤ 90° contact

≤ 90° contact

≤ 90º contact

90°-270° contact,

contact > 90°

and no occlusion
contact > 270°

(minimally one required)
Irresectable
(minimally one required)

contact > 90°

contact > 90°

3

or occlusion

The aim of the study is to investigate whether preoperative radiochemotherapy will improve
the overall survival by intention to treat for patients with resectable or borderline-resectable
pancreatic adenocarcinoma through improvement of the resection rate and improvement of
the R0 resection rate.

Study endpoints
The primary endpoint is overall survival by intention to treat. Secondary endpoints include
the resection rate, the R0 resection rate, disease-free survival, time to locoregional recurrence or
distant metastases and postoperative complications. A loco-regional failure is any persistent or new
sign of tumour in the original tumour location or in the N1 lymph node areas. Secondary endpoints
for the patients in the preoperative radiochemotherapy arm also include the toxicity according
to Common Terminology Criteria for Adverse Events (CTC-AE) version 442, as well as response to
radiochemotherapy according to radiologic Response Evaluation Criteria in Solid Tumors (RECIST)
criteria version 1.143 and pathologic response rates after preoperative radiochemotherapy.44

Statistical aspects
The median overall survival by intention to treat is estimated to be 11 months in patients treated
by explorative laparotomy without preoperative treatment.22,26,27 The study is designed to show
a benefit in median overall survival for radiochemotherapy of 6 months (to 17 months), which
corresponds to a hazard ratio of 0.651, based on previous studies reporting survival by intention to
treat with preoperative radiochemotherapy.19-25
To achieve 80% power for the expected median survival difference, taking into account
the planned interim analysis and assuming 10% dropouts, the calculated sample size of the study
is 122 patients in each group, adding up to a total of 244 patients, with a total number of 176 events
required. The total duration of patient accrual is expected to exceed the initially intended 36
months by about 15 months. The sample size is not separately calculated for both stratification
groups (resectable/borderline resectable), but subset analyses for these strata are planned.
A formal interim analysis of all-cause survival will be performed by an independent data monitoring
committee at appointed time points to be able to stop the study in case of an unexpectedly
high efficacy difference or futility. All analyses will be performed primarily by intention to treat.
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The stratified log rank test statistics will be used to compare the Kaplan-Meier survival curves of
the two randomization groups. The comparison of the time to loco-regional failure and the time to
distant metastases between the randomization groups will be analysed by a competing risk model.
Subset analyses of the resectable and borderline-resectable tumours are planned.

3

Study population
Patients meeting the DPCG definitions for resectable or borderline-resectable pancreatic
adenocarcinoma are eligible. In this study, borderline-resectable tumours are tumours with
arterial abutment less than 90° contact and/or venous involvement (90 270° contact but without
vessel occlusion; Table 1) on CT/MRI. There is currently consensus throughout the Netherlands
about these strict criteria. The definition for resectable and borderline- resectable pancreatic
tumours differs from those of other countries and the National Comprehensive Cancer Network
(NCCN) definition.

Inclusion criteria
Inclusion criteria are: histologically or cytologically confirmed adenocarcinoma of the pancreas;
primarily resectable or borderline-resectable tumours (Table 1), with the ability to undergo surgery
and radiochemotherapy (WHO ≤1 and normal blood count, leucocytes, platelets, haemoglobin and
adequate renal function), with provision of written informed consent.

Exclusion criteria
Exclusion criteria are: T1 resectable tumours, locally advanced, irresectable tumours or distant
metastases; cytologically proven N2 lymph node metastases; carcinoma of the papilla of Vater or
distal bile duct; previous active malignancy shorter than 5 years before diagnosis of pancreatic
cancer or co-morbidity or previous treatment precluding surgery or radiochemotherapy.

Randomization
After confirmation of eligibility including written informed consent, patients are randomized,
and stratified for resectability (resectable versus borderline resectable) and for the participating
institution. Randomization is between arm A: (standard) explorative laparotomy with resection
if possible, followed by adjuvant chemotherapy, and arm B: (experimental) preoperative
radiochemotherapy after diagnostic laparoscopy, to rule out small liver or peritoneal metastases
followed by explorative surgery with resection if possible followed by the remaining adjuvant
chemotherapy. The minimum requirements for a successful laparoscopy are visualization of
the peritoneum, liver surface, diaphragm and base of the large bowel mesenterium. In both study
arms the indications not to continue with a resection will be based upon the finding of distant
metastases or the loco-regional extension of the disease, in particular vascular involvement. In
case of irresectability or metastasis, such a resection is considered impossible or inappropriate, and
it is left to the discretion of the treating surgeon how to proceed with the operation. For instance,
palliative bypass surgery may be performed. In the experimental arm, after radiochemotherapy an
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exploration is performed unless post radiochemotherapy imaging reveals distant metastases or
clear-cut loco-regional progression to irresectable disease.

Treatment
Arm A: direct explorative laparotomy
The explorative laparotomy will be performed within 4 weeks after randomization. The indication
to continue with a resection will be based upon the absence of distant metastases and the locoregional extension of the disease, in particular massive vascular involvement. Suspected metastases
or invasion of vascular structures, if suspected, must be proven histologically by frozen section.
If resection is performed, the standard procedure depending on the location of the cancer is
the pylorus preserving pancreatoduodenectomy (PPPD) with removal of lymph nodes at the right
side of the portal vein or a distal pancreatectomy. Both procedures are performed according to
a consensus statement by the International Study Group on Pancreatic Surgery.45
After resection, adjuvant gemcitabine is given. Gemcitabine is administered at 1,000 mg/m2/
dose on days 1, 8, and 15 in six cycles of 28 days (4 weeks) each.25,38,46

3

Arm B: preoperative radiochemotherapy followed by explorative laparotomy
Diagnostic laparoscopy is performed after randomization but prior to the start of
radiochemotherapy to rule out peritoneal or small liver metastases that are not visible with imaging.
The first chemotherapy cycle has to start not later than 4 weeks after randomization. If needed,
preoperative biliary drainage will be performed, preferably with self-expandable metal stents.
A hypofractionated scheme radiotherapy of 15 fractions of 2.4 Gy in 3 weeks will be applied,
combined with a course of full dose gemcitabine, 1,000 mg/m2/dose on days 1, 8 and 15 followed
by one week rest. This course is preceded and followed by a modified course of gemcitabine,
1,000 mg/m2/dose on days 1 and 8 followed by one week rest, as described previously. 25 The target
volumes are delineated on a 4DCT scan with intravenous contrast enhancement. The target
volumes include the gross tumour volume (GTV), which includes the pancreatic tumour plus
pathologic neighbouring lymph nodes, as described on the diagnostic CT scan. The clinical target
volume (CTV) includes the GTV plus possible tumour extension of 5 mm. The internal target volume
(ITV) is the sum of the individual defined CTVs in all phases of respiration on the 4DCT scan. Finally,
the planning target volume (PTV) is composite, including the ITV plus 10 mm margin. No elective
lymph node areas are included in the target volumes. This delineation is done with the diagnostic
CT scan (and/or MRI) available in close cooperation between the radiation oncologist and
diagnostic radiologist. Scans should be matched when possible with pre-treatment diagnostic CT
or MR images if these provide better delineation of the tumour than the dedicated CT scan. At least
95% of the prescribed dose of 36 Gy in 15 fractions should cover 98% of the PTV. The preoperative
radiochemotherapy schedule is depicted in Fig. 1. Four weeks after the end of radiochemotherapy
a CT scan or MRI is repeated to rule out disease progression by distant metastases and/or overt
loco-regional progression and to measure the response according to the RECIST criteria. Thereafter
the patient is discussed again by the multidisciplinary team and the exploratory laparotomy is
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planned, provided that there is no progression. Explorative laparotomy must be performed not
earlier than 14 weeks and no later than 18 weeks after randomization. After resection, the remaining
gemcitabine is administered at 1,000 mg/m2/dose on days 1, 8, and 15 in four cycles of 28 days
(4 weeks) each to complete a total of seven courses, two of which (courses 1 and 3) are modified in
arm A.

Follow-up
Postoperative care takes place according to the institutions’ routine guidelines. After randomization
the patients will be followed up at 6 weeks, 3 months, 6 months and every 6 months thereafter,
or more often if the situation of the patient requires so. In both arms there will be follow-up CT
scans (or MRIs, at the discretion of the participating institution) at 6, 12, 18 and 24 months, and
yearly thereafter.

Safety
All participating institutions will be monitored for conduct of the trial according to good clinical
practice (GCP) standards, at least on a yearly basis.47 An independent data monitoring committee
(IDMC) will monitor the safety of the trial subjects by qualitative analyses of feasibility, accrual
rate, and toxicity/morbidity in the first years of the trial, after inclusion of the first 30 patients and
thereafter, whenever it is considered appropriate. One formal interim analysis for efficacy or futility
is planned after 100 patients have been followed until death or for at least 12 months after inclusion.
Serious adverse events will be collected and recorded according to the GCP throughout the study
period, defined as from randomization of the first patient through 28 days after the last treatment
of the last patient.

Figure 1. Treatment schedule
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Quality assurance radiotherapy
Every site will be asked to fill out a questionnaire and provide data on a radiation plan of a patient
with pancreatic cancer of whom the CT data are provided (a dummy run). The quality assurance
team (consisting of at least two experienced radiation oncologists and a physicist) will decide
whether the provided plan is adequate, and if not, give recommendations on how to improve it.
The results of this dummy run are in preparation for publication.

3

Ethics
The study is performed in accordance with the declaration of Helsinki and the Dutch Medical
Research Involving Human Subjects Act (WMO).48,49 The protocol has been approved by the Medical
Ethical Committee of the Erasmus Medical Centre (MEC-2012- 249; date 11-12-2012).

DISCUSSION
The PREOPANC trial investigates whether the addition of preoperative radiochemotherapy
to the standard treatment, consisting of explorative laparotomy (if possible resection via
pancreatoduodenectomy or distal pancreatectomy) followed by adjuvant chemotherapy,
improves the overall survival (by intention to treat) of patients with resectable or borderlineresectable pancreatic cancer (DPCG definition, Table 1). Preoperative radiochemotherapy may
improve resection rates as well as R0 resection rates and hence improve overall survival.19-23,33-38
A major difficulty in the interpretation of this literature is that most studies are single- arm studies
that often only report on the subset of patients actually undergoing a resection. This hampers
comparison of study results and disables proper analysis of a potential increase in resection rate.
From the literature it is suggested that both patients with resectable and borderline-resectable
tumours may benefit, but it is hard to distinguish if this potential benefit differs between these
groups. Hence, the sample size in this study is not calculated for both groups separately. Patients
are stratified by resectability status, and subset analyses are planned for all endpoints, possibly
leading to observational data on a differential effect.
The treatment schedule in this study consists of full dose gemcitabine (1,000 mg/m2) combined
with radiation, adopted from previous phase II studies. 25,46 In these studies this radiochemotherapy
regimen was well tolerated and safe in patients with pancreatic cancer. It also showed a favourable
response rate in the pathologic evaluation after resection.46 The schedule is based on the rationale
that the chemotherapy dose in classical radiochemotherapy schedules was considered too low for
the large proportion of early systemic failures in pancreatic cancer. Hence full dose chemotherapy
was standard, and a phase I dose-escalating study was performed concerning the dose of radiation,
leading to the relatively low dose of radiation of 36 Gy in 15 fractions during the middle course
of chemotherapy.
In the experimental arm, a diagnostic laparoscopy is performed before the preoperative
radiochemotherapy, to avoid a toxic, yet unnecessary treatment in patients with peritoneal or
small liver metastases that are not visible with imaging. Previous studies showed that laparoscopic
staging avoided laparotomy in 35–40% of the patients with pancreatic cancer.50,51 All randomized
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patients who do not undergo a resection for whatever reason are considered a failure for
the resection rate endpoint. The only way to evaluate the role of preoperative radiochemotherapy
in improving resection rate, R0 resection rate and thus overall survival is to perform a randomized
study, analysing the results by intention to treat.37

3

T R I A L S TAT U S
The PREOPANC trial is a Dutch randomized, controlled, multicentre trial, designed to investigate
a potential improvement in overall survival for patients with resectable and borderline- resectable
pancreatic cancer treated with preoperative radiochemotherapy, followed by explorative
laparotomy. The study was opened in April 2013 with two active institutions. At the time of
submission of this paper (February 2016) 15 institutions were actively recruiting and 2 pending.
A total of 148 patients were accrued in the trial on 6 March 2016.
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A B S T R AC T
Background

4

The Dutch Pancreatic Cancer Group initiated the national, multicentre, controlled PREOPANC trial,
randomising between preoperative radiochemotherapy and direct explorative laparotomy for
patients with resectable or borderline-resectable pancreatic cancer. The aim of this dummy run is
to evaluate compliance with the radiotherapy protocol of this trial, and the quality of delineation
and radiation plans.

Methods
Eleven radiation oncology departments open for accrual of patients in the PREOPANC trial were
provided with all necessary information of a selected ‘dummy’ patient. Each institute was asked
to delineate the target volumes, including gross tumour volume, internal gross tumour volume,
internal clinical target volume, and planning target volume. The institutions were also asked to
provide a radiation treatment plan in accordance with the PREOPANC trial protocol.

Results
The range of the iGTV was 19.3–77.2 cm³ with a mean iGTV of 41.5 cm³ (standard deviation 14.8
cm³). Nine institutions made a treatment plan using an arc technique for treatment delivery, one
an intensity modulated technique and one a 3-field conformal technique. All institutions reached
the prescribed target coverage, without exceeding the organs-at-risk constraints. The institution
with the 3-field conformal technique was advised to use a more sophisticated technique (e.g.
volumetric modulated arc therapy) to reduce the dose to the spinal cord.

Conclusion
All institutions showed acceptable deviations from the PREOPANC trial protocol and achieved an
acceptable quality of delineation and radiation technique. All institutions were allowed to continue
participation in the PREOPANC trial.
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B AC KG R O U N D
Pancreatic cancer is the fourth largest cancer-related cause of death worldwide, with an
overall 5-year survival rate of 2–7%.1-4 Although approximately 15% of patients are diagnosed
with a seemingly resectable tumour, 10–35% of these tumours prove to be irresectable during
explorative laparotomy.5 Also, although some studies suggest that the percentage of resectable
tumours may be increased by preoperative radiochemotherapy, those studies were mainly singlearm phase II trials and many did not report using the intention-to-treat approach.5
The Dutch Pancreatic Cancer Group (DPCG) started the multicentre, randomised, controlled
PREOPANC trial (Netherlands Trial Registry: NTR 3709), which became open for accrual in April
2013.6 In this phase III trial, patients with resectable or borderline-resectable pancreatic tumours are
randomised between (1) direct explorative laparotomy and (2) preoperative radiochemotherapy
followed by explorative laparotomy.
For pancreatic cancer, it is well known that target volume delineation can be difficult.7 In our
department, the planning CT scan is combined with a contrast medium and a four-dimensional
CT scan (4DCT) to determine the respiratory-induced motion of the tumour and neighbouring
organs.8 Because of the large day-to-day variation in tumour position, in our clinic we currently use
intratumoural fiducial markers for delineation and daily online position verification.8-12 The radiation
oncologist delineates the gross tumour volume (GTV) on the CT scan and expands this volume to
encompass the GTV in all respiratory phases. This expanded volume is defined as the internal gross
tumour volume (iGTV). The iGTV combined with an additional margin forms the internal clinical
target volume (iCTV), which is then expanded to create the planning target volume (PTV).
A dummy-run procedure at the beginning of a clinical trial is a good tool to improve protocol
compliance with the radiotherapy prescriptions and to improve uniformity of the treatment. In
multicentre trails, a dummy run can diminish heterogeneity in treatment quality and can also be
used to detect correctable variations in treatment.13-18
The aim of this dummy-run procedure was to evaluate compliance with the radiotherapy
protocol, and the uniformity of delineation and treatment planning, among institutions
participating in the DPCG PREOPANC trial.

4

METHODS
General
All 11 radiation oncology departments participating in the PREOPANC trial were asked to participate
in the dummy run and were encouraged to complete the dummy run before the start of patient
accrual. The opening for accrual varied between the different institutions: the first opened in April
2013 and the last in November 2015. In the PREOPANC trial, the preoperative radiochemotherapy
consists of a total dose of 3600 cGy in 15 fractions of 240 cGy (5 fractions/week), with concurrent
gemcitabine (1000 mg/m²/dose on days 1, 8 and 15) preceded and followed by a cycle of
gemcitabine (1000 mg/m²/dose on days 1 and 8) with one week rest in between the three cycles.6
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Dummy run procedure
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The ‘dummy’ patient had a borderline-resectable pancreatic tumour in the pancreatic tail and was
selected by the Quality Assurance team (QA team). This team consisted of one radiation oncologist
(GT), one radiation oncology resident (EV), two medical physicists (AB, JV) and two researchers
(EL, AH). Institutions were provided with a set of images and clinical data of this ‘dummy’ patient
to be uploaded to the local delineation and treatment planning system. The data contained
the diagnostic CT scan (4 phases with vascular contrast) with the radiological report, the planning
CT scans, including a contrast-enhanced 3DCT (fast scan) and a 4DCT, the dummy-run instructions
and a questionnaire.
Prior to the planning CT scan, the patient had three intratumoural fiducial markers (Visicoil,
Core Oncology, Santa Barbara, CA, USA) implanted by the gastroenterologist during endoscopic
ultrasound. In our institution, intratumoural fiducial markers are standard practice for daily position
verification of the tumour with cone beam CT.11,12 The planning CT scan images were acquired using
a GE LightSpeed RT16 scanner (General Electric Co., Waukesha, WI, USA): slice thickness 2.5 mm.
First, the CT scan with vascular contrast was obtained (fast scan), followed by a 4DCT scan which
provided the respiratory-induced motion of the tumour in 10 respiratory phase scans. In addition,
a maximum intensity projection and an average intensity projection (Ave-IP) were reconstructed
from the data of the 10 respiratory phase scans. On the provided planning CT scan, the organs at
risk (OARs; kidneys, liver and spinal cord) were already delineated to exclude dosimetric differences
due to differences in OAR delineation.
The responsible radiation oncologists were instructed to delineate and expand the target
volumes (GTV, iGTV, iCTV and PTV) and supply a radiation plan according to the PREOPANC trial
protocol.6 The radiation oncologists received this protocol at the moment the institution had
received approval for inclusion of patients in the PREOPANC trial. Furthermore, the responsible
radiation oncologists were asked to fill out a questionnaire concerning treatment facilities and
procedures. The QA team performed the quality evaluation of all submissions.

Delineation prescriptions
Observers were asked to delineate the GTV on the Ave-IP projection according to the protocol.6
This GTV had to be expanded to encompass the tumour on all respiratory phases of the 4DCT scan,
thus creating the iGTV. The iCTV was defined as the iGTV with a 5-mm uniform margin to account
for possible microscopic tumour extensions. An alternative (but more time consuming) possibility
was to delineate the GTV in all respiratory phases, expanding each of these GTVs with 5-mm and
summing these volumes, forming the internal target volume (ITV). The PTV included the iCTV (or
ITV) plus a 10-mm uniform margin. Consultation of a diagnostic radiologist during the delineation
process was allowed.

Treatment planning technique
In the PREOPANC trial, at least a 3D conformal treatment delivery technique was required.6 More
sophisticated techniques, such as intensity-modulated radiation therapy (IMRT) and volumetric
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modulated arc therapy (VMAT) were also allowed. The dose of 3600 cGy in 15 fractions should
be specified according to the International Commission on Radiation Units and Measurements
(ICRU) guidelines; at least 95% of the prescribed dose should cover ≥98% of the PTV.19-21 For
the OARs, the prescriptions in the PREOPANC trial were recommended in equivalent doses
(fraction dose of 200 cGy). Due to a fraction dose of 240 cGy, we also supplied the physical doses
of the constraints for the OARs to calculate treatment planning. If the mean physical dose to one
kidney exceeded 1680 cGy, irradiation of the contralateral kidney should be avoided as much as
possible. The mean physical dose of the liver was not to exceed 2640 cGy. Since the total dose in
the slightly hypofractionated schedule of 3600 cGy is relatively low, the dose to the spinal cord will
(at maximum) be well below the tolerance. Similarly, the dose constraints for stomach and small
bowel will not be exceeded.

4

Dummy run assessment
For assessment of the first three institutions, we arranged a meeting with all members of the QA
team to ensure that the procedure of evaluating the target delineation and treatment planning/
dosimetry was uniform, and conform the dummy-run protocol. The first five delineations were
evaluated by the senior radiation oncologist (GT) and the radiation oncology resident (EV)
together (both experienced in delineation of pancreatic tumours). This evaluation determined
whether the delineation was adequate with respect to the iGTV location and delineation,
compared with the tumour seen on the diagnostic CT and described in the diagnostic report. After
a standard procedure of evaluating the delineations was drafted between the radiation oncologist
and the resident, the radiation oncology resident alone assessed the remaining six delineations.
The mean volumes of the iGTV and PTV, as well as the ratio of the smallest and largest iGTV and
PTV, were calculated.
The treatment plans were evaluated based on dose coverage of the PTV, dose to the OARs,
and the radiation delivery technique used. The conformity index (CI) described by the Radiation
Oncology Therapy Group (RTOG), defined as the ratio between the volume enclosed by
the reference isodose (95%) and the PTV,22 was used as a measure for conformity with the high-dose
region to the PTV. The first three submitted treatment plans were evaluated by the entire QA
team to assess the standard procedure that was drafted for this dummy run in the protocol.
After evaluating the procedure, the remaining treatment plans and dosimetric parameters were
evaluated by one of the researchers (EL) and the radiation oncology resident (EV).
An overall conclusion concerning protocol compliance was made for each institution.
Feedback was provided to each participating institution on an individual basis within 6 weeks
after submission. In case of deviations that occur in the majority of the participating institutions,
the protocol instructions were to be modified.
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R E S U LT S
All 11 institutions submitted the delineation and treatment plan for the ‘dummy’ patient and
the questionnaire.

Questionnaire

4

Only three institutions indicated they treated >10 patients per year (Table 1). The delineation
of the target volumes for the ‘dummy’ patient was experienced as moderately difficult. Most
institutions (8 of 11) used 4DCT scans for delineation in patients with pancreatic cancer. In three
institutions, fiducial markers were placed in the tumour as part of the routine treatment; two of
those use 3–4 Visicoil
intratumoural markers per patient; one of these institutions used fiducial markers only for
stereotactic treatment of the pancreas. In this institution 3 fiducials are consecutively placed in
the tumour or close to the tumour (within 3 cm).

Target volume delineation
The range of the iGTV was 19.3–77.2 cm³ (Fig. 1), with a mean iGTV of 41.5 cm³ (standard deviation
[SD] 14.8 cm³). The ratio between the largest to the smallest iGTV was 4.0. The range of the PTV
volume was 162.4–341.6 cm³ (Fig. 2), with a mean PTV volume of 251.4 cm³ (SD 48.7 cm³; Fig. 3). In
most cases, the iGTV was found to be smaller than expected when compared with the tumour seen
on the diagnostic CT scan and described in the diagnostic report (Fig. 1). In 8 of the 11 institutions,
in some CT slices, the ventral side of the tumour was delineated with tight borders. All these
tumour borders were included in the iCTV, even though the iCTV is not the correct target volume
for macroscopic tumour volume. One institution delineated the tumour larger than described on
the diagnostic CT (especially in the caudal direction) and had the largest iGTV of all the institutions.

Table 1. Questionnaire outcomes
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Institution Indication radiotherapy

Patients
treated/year

Image modalities for
delineation

Delineation time
(min)

1
2
3
4
5
6

Palliative intent only
Irresectable tumours
Not applicable
Palliative setting only
Not applicable
Palliative/neoadjuvant

Not stated
2
0
Not stated
0
30

180
45
45
45
90
120

7

Not stated

15

8
9
10
11

Irresectable tumours
Not applicable
Long course radiotherapy
Not stated

5
0
5
15

Diagnostic CT, 4DCT, MRI
Diagnostic CT, PETCT
Not applicable
4DCT scan
Diagnostic CT, 4DCT
Diagnostic CT, 4DCT,
MRI, PET/CT
Diagnostic CT, 4DCT,
ultrasound
Diagnostic CT, 4DCT
Not applicable
4DCT, PETCT
4DCT

60
60
90
60
120
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Figure 1. Gross tumour volumes (GTVs) of one institution (red) and internal gross tumour volumes (iGTVs)
of 10 institutions projected on the average scan of the four-dimensional computed tomography (4DCT). One
intratumoural fiducial marker is visible within the delineated target. Colours: institution 1: orange; 2: yellow; 3:
light blue; 4: green; 5: pink; 6: dark green; 7: brown; 8: dark blue; 9: black; 10: red, 11: purple

Figure 2. Planning target volumes (PTVs) of the 11 institutions projected on the average scan of the fourdimensional computed tomography (4DCT), with one intratumoural fiducial marker visible within the PTVs.
Colours: institution 1: orange; 2: yellow; 3: light blue; 4: green; 5: pink, 6: dark green; 7: brown; 8: dark blue; 9:
black; 10: red; 11: purple.

77

4

Figure 3. Box plots of a the conformity index (CI) of the treatment plan, b the volume of internal gross tumour
volumes (iGTVs) and planning target volumes (PTV) and c the doses to the organs at risk (OARs) of the 11
institutions. Boxes: median value and upper and lower quartiles; whiskers: lowest and highest data point within
1.5 × interquartile range; dots: outliers

For one institution (institution #10), the iGTV was created after a margin of 5mm was added
to the GTV for the CTV. In this case, the respiration motion of the tumour was accounted for in
the iCTV; therefore, no iGTV was available and we included the GTV as delineated in Figs. 1 and 3. All
institutions used the correct margins to obtain iCTV and PTV.

Treatment planning/dosimetry
The majority of institutions (82%) used VMAT for treatment delivery. Institution #7 used IMRT and
institution #2 used a 3-field conformal technique. The dose prescription to the PTV (V95% ≥ 98%)
was achieved in all treatment plans. The mean CI was 1.16 (range 1.04–1.52), with the largest CI
in the 3-field conformal plan (Fig. 3a). The doses to the OARs are shown in Fig. 3c. The mean left
kidney dose was 579 cGy (range 326–849 cGy) and the mean right kidney dose was 283 cGy (range
68–564 cGy). The mean liver dose was 519 cGy (range 394–690 cGy), and the mean maximum dose
to the spinal cord was 1724 cGy (range 1214–3016 cGy). The highest dose to the spinal cord was
observed in the 3-field conformal treatment plan.

Verification of the protocol
Some minor recommendations concerning these delineations were given as feedback to the
institutions. In most of the institutions (8 of 11), suggestions for the delineations concerned
the tight borders of the iGTV in ventral direction; it was advised to include these borders in the iGTV
(Table 2). We advised institution #7 to use a more sophisticated technique in order to reduce
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Table 2. Reported feedback and recommendations
Institution Recommendation
1
2

Large iGTV compared to other institutions
Some CT slices with tight borders iGTV in ventral direction

5
6
7

Conformal technique (3D conformal); advised to use a more sophisticated technique to lower
the dose to the spinal cord
Tight borders iGTV in medial, lateral and ventral direction
Tight borders iGTV in all directions; smallest iGTV of all the institutions. Not all fiducials
incorporated in iGTV
Tight borders iGTV in ventral and medial direction
No recommendations for delineation
Tight borders iGTV in ventral direction (only central part of the tumour)

8
9
10

Used IMRT technique (6MV), advised to use 10 MV energy
Tight borders iGTV in ventral directions
Tight borders iGTV in ventral and dorsal direction
Tight borders GTV in dorsal direction

11

GTV expansion for ten respiratory phases after adding 5 mm margin for CTV
Tight borders iGTV in ventral direction

3
4

4

iGTV internal gross tumour volume, CTV clinical target volume, IMRT Intensity-Modulated radiation therapy, VMAT
Volumetric Modulated Arc Therapy

the dose to the spinal cord. Any recommendations for the delineation, treatment planning, or
further questions for assessment, were included in the feedback. No adaptations to the PREOPANC
protocol prescriptions were required.

DISCUSSION
In multicentre clinical trials, variation in protocol interpretation and noncompliance are well-known
pitfalls that may lead to protocol deviations and discrepancies between participating institutions.
A modern protocol prescription of radiotherapy leaves some freedom with regard to radiation
technique, but clearly describes target volumes, dose requirements and constraints for OARs.23
Quality assurance in the form of a dummy run can be beneficial because this can minimise clinical
variations in treatment within the trial. Previous dummy-run studies (in various tumour groups)
showed that a dummy run ensures optimal radiotherapy delivery based on recommendations and
protocol adaptations.13,15,16 Our results showed acceptable deviations, i.e. essentially, inevitable
interobserver variations in target delineation, and no prescription adaptations were required for
the PREOPANC protocol. Because no adaptations to the protocol were required we did not repeat
the dummy run and did not perform a central review of individual patients prospectively.
In the present dummy run, we considered our assessment (EV, GT) as the standard for evaluation
of the pancreatic tumour delineations of the ‘dummy’ patient. Consultation between the QA team
and the diagnostic radiologist concerning the borders of the tumour took place before evaluation
of the delineations. We are aware that no gold standard is available for the delineation of pancreatic
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tumours and that evaluation of the delineations by two clinicians is subjective and prone to error.
Creating a consensus delineation with more observers as a gold standard may be helpful, as was
shown in cervical cancer.24 In pancreatic cancer, the study of Carvatta et al. proposed guidelines
for high risk nodal areas and CTV delineation, showing acceptable interobserver variation.25
No guideline is available for the GTV delineation in pancreatic cancer and large interobserver
variation in pancreatic cancer delineation is reported.26,27 For that reason, we did not provide
a reference contour.
The volumes of GTV and iGTV can be used as an objective measure to indicate variation. 28 Our
results show that, for this ‘dummy’ patient, the mean iGTV volume of the pancreatic tumour was
41.5 cm³, with a ratio between the largest and the smallest iGTV of 4.0. Two earlier dummy runs, in
three different cases of pancreatic cancer, reported ratios of the largest to the smallest GTV volume
of 9, 3 and 6.8.29,30 In the present study, the questionnaire revealed that there is little experience in
the Netherlands with preoperative radiotherapy of pancreatic tumours. The variation in delineation
between observers may decrease in time when institutions gain more experience.
Tumour extension outside the pancreas is an important problem in the delineation of the GTV.
Tumour extension may result in only slight differences in density compared with the surrounding fat
tissue.29 Also, no delineation guidelines are available for pancreatic cancer, only for postoperative
radiotherapy of pancreatic cancer.31
In our study, institution #10, applied the CTV margin before expanding the GTV to account
for respiratory motion. This suggested that the CTV was manually expanded in the 10 respiratory
phases to include the visible tumour; this means that the microscopic tumour extensions are not
properly accounted for in the CTV. As a result, the PTV margin used may be insufficient to account
for all remaining uncertainties. In this institution, the PTV volume (241 cm3) was not the smallest
of all the institutions. On an annual basis, this institution treats (on average) only 5 patients with
pancreatic cancer, implying that the experience in delineation can be considered only moderate as
compared with the other institutions. Unfortunately we only noticed this deviation in a later stage
of the study, so this feedback was reported in a later stage of the dummy run to the concerned
institution. The consequences of the minor deviations in iGTV delineation for the PREOPANC
trial outcome are unclear, as the impact of interobserver variation on a trial outcome is not yet
fully explored.28 However, by producing a clear protocol and using a dummy run to test protocol
compliance we aimed to reduce this variation between institutions. RTOG studies reporting on
deviations in delineation in pancreatic trials showed unacceptable deviations in around 5% of
the cases in a total of four studies, without knowing the impact on outcome.32 In a multivariate
analysis, one study showed that the radiation therapy quality assurance (per protocol failure of
adherence to guidelines) was significant for survival of patients with pancreatic tumours.33
One of our institutions used conformal 3-field treatment planning, with a CI of 1.52 and higher
doses to the spinal cord and left kidney compared with the other institutions. This illustrates that
conformity and OAR sparing can be improved with techniques such as VMAT or IMRT, as described
by Nabavizadeh et al.34 These latter authors showed that the conformity for both VMAT and IMRT
techniques was superior compared with a 3D-CRT technique. VMAT provided a comparable CI to
IMRT, with reduced mean doses to the PTV and an overall reduction in treatment time.34
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It is known that respiratory-induced abdominal tumour motion can be substantial. Almost
all our institutions used 4DCT in the treatment of patients with pancreatic cancer, taking into
account the differences in position of the GTV during the respiratory cycle. This can result in better
coverage of the pancreatic tumour within one fraction. Intratumoural fiducial markers and daily
online position verification are used to compensate for day-to-day position variation.11,35 The abovementioned procedures in radiotherapy of pancreatic cancer are recommended in the PREOPANC
trial. Also, the interobserver variation in pancreatic tumour delineation is currently being quantified
in the Netherlands, by means of a study comparing delineation on 3DCT and 4DCT.
Unfortunately, no quantitative evaluation of the variation in delineations, such as the kappa
index, could be performed with the software used for the present study. This is a limitation
of this study. The kappa index can be used for measuring observer agreement when there is
no gold standard.36 However the added value of the kappa index in this study would be limited
since we only had a single dummy patient. No other radiotherapy quality assurance measures
were undertaken, as the compliance to protocol prescriptions was acceptable and the observed
deviations were inevitable interobserver variations in target delineation. Although guidelines are
available for the postoperative setting,31 no gold standard exists for preoperative target delineation
for pancreatic cancer. Also, since extensive QA procedures are known to hamper accrual,37 we
considered the value of adding prospective individual case review (or other measures) to be too
small to implement them.

4

CONCLUSION
In this dummy run, all participating institutions were allowed to continue participation in
the PREOPANC trial since their compliance to the radiotherapy protocol had acceptable
deviations, all of which were due to inevitable interobserver variation in target delineation. A few
recommendations were made. Further studies are required to improve visualisation of pancreatic
cancer and the delineation tools used, in order to decrease target delineation variation between
individual clinicians.
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A B S T R AC T
Background
The delineation of pancreatic tumors on CT is challenging. In this study, we quantified
the interobserver variation for pancreatic tumor delineation on 3DCT as well as on 4DCT.

Methods

5

Eight observers (radiation oncologists) from six institutions delineated pancreatic tumors of four
patients with resectable or borderline resectable pancreatic cancer. The study consisted of two
stages. In the 3DCT-stage, the gross tumor volume (GTV) was delineated on a contrast-enhanced
scan. In the 4DCT-stage, the internal GTV (iGTV) was delineated, accounting for the respiratory
motion. We calculated the volumes of the (i)GTV, the overlap of the delineated volumes (expressed
as generalized conformity index: CIgen), the local observer variation (local standard deviation: SD)
and the overall observer variation (overall SD). We compared these results between GTVs and
iGTVs. Additionally, observers were asked to fill out a questionnaire concerning the difficulty of
the delineation and their experience in delineating pancreatic tumors.

Results
The ratios of the largest to the smallest delineated GTV and iGTV within the same patient were 6.8
and 16.5, respectively. As the iGTV incorporates the GTV during all respiratory phases, the mean
volumes of the iGTV (40.07 cm³) were larger than those of the GTV (29.91 cm³). For all patients,
CIgen was larger for the iGTV than for the GTV. The mean overall observer variation (root-meansquare of all local SDs over four patients) was 0.63 cm and 0.80 cm for GTV and iGTV, respectively.
The largest local observer variations were seen close to biliary stents and suspicious pathological
enlarged lymph nodes, as some observers included them and some did not. This variation was
more pronounced for the iGTV than for the GTV. The observers rated the 3DCT-stage and 4DCTstage equally difficult and treated on average three to four pancreatic cancer patients per year.

Conclusions
A considerable interobserver variation in delineation of pancreatic tumors was observed. This
variation was larger for 4D than for 3D delineation. The largest local observer variation was found
around biliary stents and suspicious pathological enlarged lymph nodes.
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B AC KG R O U N D
The aim of radiotherapy is delivering a high radiation dose to the tumor while minimizing the dose
to organs at risk (OARs). For pancreatic tumors, this is challenging due to day-to-day position
variation, respiratory motion, and uncertainties in delineation of the tumor.1-4
The radiation oncologist can delineate the gross tumor volume (GTV) on a three-dimensional
CT (3DCT). The GTV is expanded with a margin to account for microscopic extensions, resulting
in the clinical target volume (CTV). For the remaining uncertainties, such as organ motion and
set-up uncertainties, an additional margin is added to form the planning target volume (PTV).
Nowadays, a four-dimensional CT (4DCT) scan is increasingly used to account for tumor motion
during respiration1,2, for example combined with the internal target volume (ITV)5 or midventilation approach.6 For pancreatic cancer patients treated at our department, we combine
4DCT with a modified ITV approach. In this approach, the radiation oncologist delineates
the GTV on the average scan of the 4DCT and expands that on all respiratory phases of the 4DCT
to generate an internal GTV (iGTV). A 5 mm margin is then added to define the internal CTV (iCTV).
An additional PTV margin is added, to account for remaining set-up uncertainties. This PTV margin
can be smaller compared with 3DCT delineation since respiratory motion uncertainty is accounted
for in this 4D approach. In both the 3DCT and 4DCT approaches it is important that appropriate
margin size is used as too small a margin leads to under-treatment of the target volume whereas
too large a margin leads to unnecessarily high doses to the OARs. The CTV or iCTV to PTV margins
currently used to account for the delineation uncertainties in pancreatic cancer are largely based
on assumptions of these uncertainties. To investigate whether these assumptions are correct we
performed a delineation study.
Previous delineation studies quantified the interobserver delineation uncertainties for several
tumor sites.7-11 These studies resulted in standardized delineation protocols for those organs. For
pancreatic cancer, such a protocol is available in both postoperative setting and preoperative
setting.12,13 In the study of Caravatta et al., standard criteria for CTV delineation of high risk elective
lymph node areas in preoperative or definitive treatment with radiotherapy were developed.13 Both
guidelines were promoted and evaluated in a multicenter dummy run, and showed an acceptable
interobserver variation in delineation of these elective CTVs.14 Only two other multi-institutional
studies on the delineation of pancreatic tumors are available.15,16 All three studies show large
interobserver variation in GTV delineation, with ratios of the largest to the smallest GTV volume of
6.8 14, 9 15 and 3 16. Two of these studies were quality control studies of a clinical trial.15,16 Those studies
only used 3DCT and included 1–2 patients with locally advanced pancreatic cancer.15,16 The third
was a delineation study which included two patients and only investigated the interobserver
variation using 3DCT.14 All of these studies reported limited quantitative information (i.e., standard
deviations, SD and generalized conformity index, CIgen).14-16
The aim of this study was to quantify the interobserver variation for GTV (3DCT) and iGTV
(4DCT) delineations. The study included four patients with resectable or borderline resectable
pancreatic cancer, and eight radiation oncologists from six institutions.

5
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METHODS
Radiation oncologists (observers) from all nine institutions participating in the PREOPANC
trial were asked to participate in this delineation study. Eight observers from six institutions
actually participated.

Patients’ characteristics

5

The data of four patients with histologically proven resectable or borderline resectable pancreatic
tumors were used and anonymized. All patients gave written informed consent for both
the PREOPANC trial (EudraCT number 2012-003181-40) and MIPA (NCT01989000) study and were
the first four patients that randomized for preoperative radiochemotherapy at the Academic
Medical Center (AMC) within the PREOPANC trial.17 Both studies were approved by the local medical
ethics committee (PREOPANC: Erasmus Medical Center, Rotterdam; MIPA: AMC, Amsterdam).17
Preoperative radiochemotherapy consisted of 15 fractions of 2.4 Gy combined with gemcitabine
1000 mg/m² once a week for three weeks, preceded and followed by a modified course of
gemcitabine 1000 mg/m², once a week for two weeks. Between the three cycles there was one
week rest.17

CT scans
Diagnostic CT scan
All patients had a contrast-enhanced diagnostic CT scan in the referring hospital, which was
considered to be of adequate diagnostic quality by abdominal radiologists from the AMC with
extensive experience in pancreatic cancer. The scans included an axial scan in arterial contrast phase
(on average 35s after injection, all patients), venous contrast phase (on average 60s after injection,
patients 1,2 and 4) and/or a portal contrast phase (on average 240s after injection, patients 1 and 4)
with or without reconstructed coronal views. Two experienced radiologists from the AMC reported
the studies. The radiology report of patient 2 described two suspicious locoregional lymph
nodes; the radiology report of patient 4 described some enlarged lymph nodes, which were not
further characterized.

Planning CT scan
The planning CT scans were obtained at the radiation oncology department of the AMC with a GE
LightSpeed RT 16 scanner (General Electric Company, Waukesha, WI) using a standard acquisition
protocol (slice thickness of 2.5 mm). Patients were scanned in treatment position: supine on a flat
table top with arms raised above their heads.
First, a 3DCT scan was obtained during free breathing after intravenous Iodine contrast
injection. During the same CT session, a few minutes after the 3DCT scan, a 4DCT scan was
obtained. The patient’s breathing motion was monitored and synchronized to the CT acquisition
by the respiratory gating system RPM (Real-Time Position Management, Varian Oncology Systems,
Palo Alto, CA). For the 4DCT, images were captured during continuous respiration and divided into
ten respiratory bins, resulting in ten image sets of the respiratory cycle. Also, a maximum intensity
projection (MIP) and an average intensity projection (Ave-IP) were reconstructed from the ten
90
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phase scans. The planning CT scan was obtained during the first modified course of gemcitabine
(mean eight days after the first administration of gemcitabine), and on average six weeks (46–62
days, mean 53 days) after the diagnostic CT. The 3DCT and 4DCT scans were registered to each
other but not to the diagnostic CT scans.

Fiducial markers and biliary stents
All four patients had intratumoral fiducial markers, which were placed under the guidance of
endoscopic ultrasound (eus), for position verification during radiotherapy.18,19 Patients 1, 3 and 4 had
a pancreatic head tumor and had received three intratumoral Visicoil fiducial markers (RadioMed,
Barlett, TN). For patient 2, two Gold Anchor fiducial markers (Naslund Medical AB, Huddinge,
Sweden) and one Visicoil fiducial marker had been placed, but mistakenly in the pancreas head
instead of in the corpus tumor. Also, all patients had biliary drainage: patients 1–3 had fully covered
metal biliary stents, patient 4 had external percutaneous biliary drainage. All markers, biliary stents
and percutaneous biliary drainage had been placed after the diagnostic CT scans and were thus
only visible on the planning CT scan.

5

Delineation software
The Big Brother software, dedicated to radiotherapy delineation studies was used, recording
delineations as well as observer-computer interactions.8 Each observer received a USB stick
containing all CT scans, the radiology report, the Big Brother software, and delineation instructions.
These instructions were identical to those in the PREOPANC trial protocol.17

Delineation protocol
The study consisted of a 3DCT-stage and a 4DCT-stage.
In the 3DCT-stage, the observers were asked to delineate the GTV on the 3DCT scan, which
was displayed on the main window. The GTV was defined as the macroscopically visible tumor and
neighboring suspicious pathological lymph nodes. A separate window was available for viewing
the diagnostic CT scans. A margin of 5 mm was automatically applied to create the CTV.
In the 4DCT-stage, the Ave-IP reconstruction was displayed in the main window. The observers
were asked to delineate the GTV on the Ave-IP reconstruction and then create an iGTV defined
as the volume encompassing the GTV on all ten respiratory phase image sets of the 4DCT.
The diagnostic CT scan, 3DCT scan, and remaining 4DCT images including the MIP reconstruction
were available in a separate window. As the 3DCT and 4DCT scans from the planning CT were
obtained in the same session, the 3DCT and 4DCT scans were linked to the Ave-IP reconstruction
displayed in the main window. Furthermore, a copy of the cursor (linked cursor) was displayed
at the corresponding location in the secondary window when these scans were displayed. Once
finished with the iGTV delineations, a margin of 5 mm was automatically applied to create the iCTV.
Completed delineations were sent back to the investigators by email.
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Questionnaire
Observers were asked to fill out a questionnaire containing eight questions about the delineation
process. These multiple choice questions about the delineation process included answers
ranging from very easy to very difficult in five steps. In addition, there were three questions about
the experience of the observer in delineating pancreatic tumors as well as the number of pancreatic
cancer patients the observers treated yearly within and outside the PREOPANC study.

Data analysis

5

The data were analyzed using the Big Brother software.8 The following analyses were repeated
for the GTV, iGTV, CTV and iCTV data. Scatterplots were generated in GraphPad Prism (version
5.00, GraphPad Software, San Diego, CA) to present the range of delineated volumes. Using
the Big Brother software we calculated the average volume of the (i)GTV and CIgen for each patient.20
The CIgen is a measure of overlap of the delineated volumes and is defined as the ratio of the sum
over all observer pairs of the volumes common to both observers and the sum over all observer
pairs of the encompassing volumes (volume delineated by at least one of the two observers).20 CIgen
ranges from 0–1, where 1 indicates full overlap of the delineated volumes from all observers and 0
indicates no overlap. To assess the accuracy of CIgen we repeated its calculation a number of times
equal to the number of observers, leaving out one different observer at each repetition. The range
of results from this leave-one-out procedure was reported. To test for significant differences in
average volumes, we used a two-sided Wilcoxon signed-rank test (32 pairs, significance level
α = 0.05) using SPSS (version 22.0.0.2, IBM, New York).
To determine the local observer delineation variation per specific area of the (i)GTV/(i)CTV, we
calculated for each patient the median surface, i.e., the surface of the volume that was included by
at least 50% of the observers.21 The median surface was sampled with approximately equidistant
points at ~0.5 mm distance. For each point on the median surface, the perpendicular distance
to each delineated (i)GTV/(i)CTV was measured. When a delineated surface was not within 2 cm
perpendicular to a point on the median surface, the closest distance from that delineated surface to
the reference point on the median surface was used instead. For each point on the median surface,
the local observer variation was calculated, defined as the SD of the obtained distances at that
point (local SD). Per patient, the overall observer variation (overall SD) was calculated. The overall
SD was defined as the root-mean-square of the local SDs. Similar as for the CIgen, the overall SD was
repetitively calculated in a leave-one-out procedure and the range was reported.
The answers to the questionnaire were plotted in a scatterplot using GraphPad Prism and
the ratings of the difficulty of the delineation between both stages were compared.

R E S U LT S
Eight observers from six different institutions submitted all GTV and iGTV delineations. The analyses
of the delineations reported in this results section were performed on the (i)GTV. The results from
the (i)CTV are presented in the Supplementary Data.
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Delineations
Visual inspection of the delineations revealed considerable interobserver variations (Figure 1 and
2). The ratio of the largest to the smallest delineated GTV and iGTV was 6.8 and 16.5, respectively,
both in patient 3. The iGTV volumes were significantly larger than the GTV volumes by 34%
(P=0.036). However, for two observers, the delineated iGTV was smaller than the delineated GTV
in all four patients (observers 2 and 5; Figure 3) and for patient 2 two additional observers (6 and
7) also delineated a smaller iGTV than GTV. Observer 7 reported that his/her iGTV was not based
on the ten separate respiratory phases of the 4DCT, due to poor image quality. As the iGTV was
delineated on the Ave-IP of the 4DCT, the iGTV still contained 4DCT information. The CIgen was
larger for the GTV (mean CIgen=0.37) than for the iGTV (mean CIgen=0.27) for all four patients,
indicating a better overlap of volumes in 3D delineation than in 4D delineation (Table 1).

5

Figure 1. For the four patients, delineations of GTV projected onto an axial 3DCT slice (left) and iGTV projected
onto an axial 4DCT Ave-IP slice (right) for all eight observers. Colors are related to observers and are similar for
Figure 2, 3 and 5.
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Figure 2. For the four patients, the expansion of the CTV projected onto an axial 3DCT slice (left) and iCTV
projected onto an axial 4DCT Ave-IP slice (right) for all eight observers. Colors are related to observers and are
similar for Figure 1, 3 and 5.

Local observer variation
The local observer variation (local SD) reflects the variation locally projected on the (i)GTV.
There was a large local SD at the laterodorsal borders of the GTV and iGTV of patients 1–3
(Figure 1 and 4a–b), reflecting the location of the biliary stent. Some observers did, and some did
not include the biliary stent in the GTV/iGTV. The biliary stent was included most often in patient
3: by six observers in the GTV and by four observers in the iGTV (Supplementary Data). Especially
in patient 2, large local variation was seen. The suspicious pathologically enlarged lymph node
in the portocaval space was incorporated in the GTV by five (observers 1-5) and in the iGTV by
four (observers 1,3,4 and 8) observers. The suspicious pathologically enlarged lymph node along
the common hepatic artery was included in the GTV by three (observers 2–4) and in the iGTV
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Figure 3. Scatterplots of GTV (left) and iGTV (right) of all four patients with the median and 25th and 75th
percentile represented by the horizontal lines. Colors are related to observers and are similar for Figure 1, 2
and 5.

5

Table 1. The average delineated target volumes, overall SDs and CIgen for all 4 patients
Patient
1

2

3

4

Overall for all patients

Average volume (cm³)
Overall SD (cm)
CIgen
Average volume (cm³)
Overall SD (cm)
CIgen
Average volume (cm³)
Overall SD (cm)
CIgen
Average volume (cm³)
Overall SD (cm)
CIgen
Average volume (cm³)
Overall SD (cm)†
CIgen

GTV - range

iGTV - range

36.71 (14.02–75.87)
0.70 (0.47–0.72)
0.34 (0.31–0.37)
20.26 (7.06–45.21)
0.84 (0.70–0.88)
0.22 (0.20–0.27)
10.36 (2.91–19.92)
0.48 (0.42–0.51)
0.34 (0.30–0.37)
52.32 (34.18–76.72)
0.43 (0.38–0.44)
0.59 (0.57–0.62)
29.91
0.63
0.37

41.80 (11.85–89.99)
0.71 (0.60–0.72)
0.29 (0.26–0.31)
20.57 (4.67–67.86)
0.90 (0.37–0.90)
0.20 (0.17–0.27)
32.38 (5.67–93.58)
0.89 (0.77–0.94)
0.16 (0.12–0.19)
65.52 (21.48–119.09)
0.68 (0.58–0.70)
0.45 (0.42–0.50)
40.07‡ (P=0.036)
0.80
0.27

Abbreviations: GTV, gross tumor volume; iGTV, internal gross tumor volume; SD, standard deviation; CIgen, generalized
conformity index.* Range over eight delineations (average volume) or over results of the leave-one-out analysis (overall SD
and CIgen). †Note that this overall SD was calculated as the root-mean-square of the four overall SDs from the four patients.
‡Two-sided Wilcoxon signed-rank test

by two (observers 3 and 4) observers (Supplementary Data). Also for patient 2, only observer 2
included all the misplaced fiducial markers in the GTV and only observer 1 included all the fiducial
markers in the iGTV. For all patients, there was some variation in including the fiducial markers in
the delineated volume (Supplementary Data). Finally, the caudal side of tumors had larger local SDs
than the other areas of the tumors (Figure 4a–d).
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Figure 4. For the four patients, the local observer variation in color expressed in local SD (centimeters) of
the delineations of GTV in posterior (a) and caudal view (c) and the iGTV in posterior (b) and caudal view (d)
projected onto the median surface. Red indicates a local SD≥0.94 cm.

Overall observer variation
The overall observer variation, represented by the overall SDs of the (i)GTV, was smaller for the GTV
delineations (SD=0.63 cm) compared with the iGTV delineations (SD=0.80 cm) for all four patients
(Table 1). Due to the observed discrepancy in including the suspicious pathologically enlarged
lymph nodes in patient 2, we recalculated the overall SD while excluding the portocaval lymph
node; the overall SD decreased from 0.84 to 0.72 cm for the GTV and from 0.90 to 0.49 cm for
the iGTV.

Questionnaire
Seven observers filled out the structured part of the questionnaire; eight observers the open
questions. With a mean score of 3.6 for the difficulty of the delineations in both the 3DCT-stage and
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4DCT-stage (Figure 5), the observers did not consider the iGTV (4DCT) delineation more difficult
than the GTV (3DCT) delineation. Of the eight observers that filled out the open questions, one
radiation oncologist only just started to treat patients with pancreatic cancer. The remaining seven
observers treat on average three to four pancreatic cancer patients per year at their institution
(range 1–7.5) and on average they had 5.4 years of experience in delineating pancreatic tumors
(range 2–12.5). On average, the observers treated one patient (range 0–4) with pancreatic cancer
within the PREOPANC trial. Two observers mentioned in the remarks section that the long interval
between the diagnostic scan and planning CT scan (average six weeks) made interpretation
more challenging.

5

Figure 5. Scatterplot of the delineation difficulty rating by seven observers (observer 2 missing), showing
the range, the median, 25th, 75th percentile for eight delineations. Rating varied between 1=very easy; 2=easy;
3=moderate; 4=difficult; 5=very difficult. Colors are related to observers and are similar for Figure 1, 2 and 3.
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This multi-institutional delineation study is the first to quantify the interobserver variation on
both 3DCT and 4DCT. Also, contrary to earlier studies, this study is performed with more than two
patients with (borderline) resectable pancreatic cancer. A considerable variation among observers
was observed in both GTV (3DCT) and iGTV (4DCT) delineations. The ratio of the largest to
the smallest delineated volume was far larger for iGTV than for GTV, with significantly larger average
volumes for the iGTV. Furthermore, the GTV delineations had larger CIgen and smaller overall SDs
in all patients compared to the iGTV. The largest variation in delineation was seen close to biliary
stents and suspicious pathologically enlarged lymph nodes. Previous studies in pancreatic cancer
also showed a large interobserver variation on 3DCT with a comparable ratio of largest to smallest
GTV of 3–9.14-16 The observed interobserver variation is large compared to studies performed in
several other organs such as breast, larynx, and rectal cancer, which reported a CI of 0.6–0.82.9,22,23
The average iGTV volumes were significantly larger than the GTV volumes by 34%. This is
similar compared to previous studies in pancreatic cancer, where the iGTV was 25–27.6% larger
than the GTV.2,24 As the iGTV should incorporate the GTV in all respiratory phases, this result can
be expected. However, unexpectedly, in several cases in our study, observers delineated a smaller
iGTV than GTV. This may be a result of a large intraobserver variation, which was not specifically
assessed in this study. Alternatively, it could be a result of a difference in image quality between
the 3DCT and 4DCT images. It is known that inaccuracies in delineation of the tumor may be due to
poorly defined tumor edges on the planning CT images.1,2,14-16
The 4DCT delineations had a larger interobserver variation than the 3D delineations, as
reflected in the larger overall SDs of the iGTV compared to the GTV in all four patients and
the smaller CIgen. This may be the result of poor visibility of the tumor on the various respiratory
phases of the 4DCT. Poor visibility can lead to bigger uncertainty and thus larger target volumes and
variation in the delineation. The larger interobserver variation on 4DCT counteract the advantage
of the ITV concept: accounting for the respiratory motion. Other delineation approaches with
improved contrast between tumor and surrounding tissue to define the tumor borders and
including the respiration motion should be investigated such as midventilation and particularly
the midposition approach. Previous research showed that a midventilation approach results in
significant PTV reduction and significant dose reductions to OARs compared to the iGTV approach,
although the delineation process had not been investigated yet.6
The largest local variation was seen at the laterodorsal side of the (i)GTV, corresponding to
the location of the biliary stent. Some observers included the stent in the (i)GTV, whereas others
excluded the stent. Also, some observers included the stent only in the GTV but not in the iGTV. In
the literature, there is no guideline prescribing to include or exclude the biliary stent in the (i)GTV
and none was given in the protocol instructions of the PREOPANC trial. The caudal side of the (i)
GTV also showed large variations in delineations, similar to a previous study of Caravatta et al.14
Also, large variations in the delineation of the suspicious pathologically enlarged lymph
nodes around the tumor were seen. The protocol prescribes to include all neighboring suspicious
pathological lymph nodes. The reason for the large local variation that was found around suspicious
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pathologically enlarged lymph nodes could be due to misinterpretation or ambiguity of protocol
instructions, or poor compliance with the protocol instructions. This could also result in the wide
range of the separate delineations, with ratios of the largest to the smallest GTV and iGTV of 6.8 and
16.5. For the GTV these ratios are similar compared to previous studies,14-16 for the iGTV there is no
data to compare. To increase interobserver agreement, consensus on the delineation of pancreatic
tumors, pathologically enlarged lymph nodes, and biliary stents should be achieved among
radiation oncologists. The proposed guidelines of the high risk nodal areas and CTV delineation
described by Carvatta et al. might be used to reduce delineation variation in elective CTVs.13,14
The lack of guidelines concerning the GTV margin could be an important cause of increased
variation of the boost CTV compared to the elective CTV.14 Also in the postoperative setting,
guidelines serve to develop appropriate radiation fields in the setting of very difficult anatomy
in the postoperative setting and to ensure that areas at risk are included in the field while organs
at risk are spared.12 Previous research in other organs showed that national consensus guidelines
and a delineation atlas may result in reduction of the interobserver delineation variation.10,25
Especially for a clinical trial, improvement of interobserver agreement is important. The study of
Abrams et al. showed that failure to adhere to specified radiation guidelines was associated with
inferior survival.26
To optimize tumor visibility, the repetition of the diagnostic scan in treatment position after
stenting and placement of the fiducial markers may be a step forward. For the patients in our
study, registration between the diagnostic CT and the planning CT was not performed because of
a different position of the patient and a different anatomy as a result of the placement of the biliary
stents and fiducial markers between both scans. Image registration between a diagnostic scan and
planning CT scan may improve accuracy in target delineation and reduce interobserver variation as
seen for other tumor sites.27-29
It is well known that pancreatic tumors are difficult to distinguish from normal pancreas tissue
on diagnostic CT scans.2,30,31 Therefore, exploitation of other imaging modalities, such as MRI and
PET-CT may be a step forward to reduce the variation in delineation of pancreatic tumors. Indeed,
other studies have shown that additional imaging, such as MRI and PET-CT, may be helpful in
the delineation of pancreatic tumors.32,33

5

Limitations
Delineations were only performed once, and we could not investigate the intraobserver variation.
Furthermore, we had a limited number of responding observers, and only a limited number of
patients were included. Also, the observers had little experience in the delineation of pancreatic
tumors, due to the small number of pancreatic cancer patients eligible for radiotherapy. However,
this is typical for many radiation oncologists and hence the found observer variations should be
representative for such radiation oncologists.
The time interval between diagnostic CT and planning CT scan was on average six weeks and
the patients were not scanned in treatment position; therefore, anatomical changes (including
placement of the biliary stent) occurred between both scans and scans were not registered. This
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made it challenging to delineate the (i)GTV. However, this is a typical situation in clinical practice in
many hospitals since the diagnostic CT is obtained before histological diagnosis, while therapeutic
measures such as stenting are performed after the diagnostic CT scan. The fiducial markers in
patient 2 were mistakenly not placed inside the tumor, which may have put some observers on
the wrong track and contributed to the large interobserver variation seen in this patient.

CONCLUSION

5

This study showed a considerable interobserver variation in delineation of pancreatic tumors, larger
for 4DCT than for 3DCT delineation. The local variation was largest around the biliary stent and
suspicious pathologically enlarged lymph nodes. In the future, better guidelines and the addition of
other imaging modalities, such as PET or MRI may help decrease observer variation.
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S U P P L E M E N TA RY DATA
Table 1. The volumes, overall standard deviations and conformity indexes of all 4 patients of the CTV and iCTV
Patient
1

2

3

4

Overall for
all patients

Average volume (cm³)
Overall SD (cm)
CIgen
Average volume (cm³)
Overall SD (cm)
CIgen
Average volume (cm³)
Overall SD (cm)
CIgen
Average volume (cm³)
Overall SD (cm)
CIgen
Average volume ( cm³)
Overall SD (cm)§
CIgen

CTV (range *)

iCTV (range *)

79.21 (36.04–145.96)
0.75 (0.60–0.77)
0.43 (0.41–0.46)
52.99 (24.97–106.90)
0.90 (0.80–0.95)
0.32 (0.29–0.37)
28.66 (11.85–46.76)
0.52 (0.45–0.55)
0.46 (0.43–0.50)
103.86 (75.13–147.46)
0.44 (0.39–0.46)
0.65 (0.63–0.67)
66.18
0.68
0.46

89.15 (31.70–165.48)
0.82 (0.69–0.85)
0.38 (0.35–0.41)
53.05 (16.59–131.79)
1.05 (0.39–1.05)
0.30 (0.27–0.34)
68.26 (19.36–169.21)
0.99 (0.88–1.04)
0.23 (0.19–0.26)
126.75 (49.2–204.04)
0.72 (0.62–0.74)
0.50 (0.47–0.54)
84.30‡ (P=0.045)
0.91
0.35

5

Abbreviations: CTV, clinical target volume; iCTV, internal clinical target volume; SD, standard deviation; CIgen, generalized
conformity index.* Range over 8 delineation (average volume) or results of leave-one-out analysis (overall SD and CIgen). †
Note that the overall SD was calculated as the root-mean-square of the four SDs from the four patients. ‡Two-sided Wilcoxon
signed-rank test

Figure 1. Scatterplots of CTV (left) and iCTV (right) of all four patients with the median, 25th and 75th percentile
represented by the horizontal lines. Colors are related to observers and are similar for Figure 3 in the paper.
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Suspicious pathological lymph nodes, stents, and fiducials
Table 2. Number of observers who included the suspicious pathological lymph nodes in the (i)GTV according
the diagnostic CT report.
Patient

Location suspicious pathological lymph node

GTV

iGTV

2
2
4

Portocaval
Along common hepatic artery
Along tumor, not characterized

5
3
2

4
2
2

5
Table 3. Number of observers who included the biliary stent or percutaneous biliary drainage in the (i)GTV at
least 50% of the stent in at least three slices.
Patient

GTV-CT

iGTV-CT

1
2
3
4

3
2
6
8

5
1
4
7

Table 4. The number of (i)GTV including the fiducial over the number of fiducials multiplied by number of observers
(3×8=24). Partly included fiducials were counted as delineated.
Patient

GTV-CT

iGTV-CT

1
2*
3
4

24/24 (100 %)
5/24 (21 %)
22/24 (92 %)
24/24 (100 %)

23/24 (100 %)
4/24 (17 %)
16/24 (67 %)
21/24 (88 %)

* In patient 2, the fiducials were mistakenly not implanted in the tumor
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A B S T R AC T
Purpose
To assess the effect of additional magnetic resonance imaging (MRI) alongside the planning
computed tomography (CT) on target volume delineation in pancreatic cancer patients.

Material and methods

6

Eight observers (radiation oncologists) from six institutions delineated the gross tumor volume
(GTV) on 3DCT, and internal GTV (iGTV) on 4DCT of four pancreatic cancer patients, while MRI
was available in a second window (CT+MRI). Variations in volume, generalized conformity index
(CIgen), and overall observer variation, expressed as standard deviation (SD) of the distances
between delineated surfaces, were analyzed. CIgen is a measure of overlap of the delineated
(iGTVs (1=full overlap, 0=no overlap). Results were compared with those from an earlier study that
assessed the interobserver variation by the same observers on the same patients on CT without
MRI (CT-only).

Results
The maximum ratios between delineated volumes within a patient were 6.1 and 22.4 for the GTV
(3DCT) and iGTV (4DCT), respectively. The average (root-mean-square) overall observer variations
were SD=0.41 cm (GTV) and SD=0.73 cm (iGTV). The mean CIgen was 0.36 for GTV and 0.37 for iGTV.
When compared to the iGTV delineated on CT-only, the mean volumes of the iGTV on CT+MRI were
significantly smaller (32%, Wilcoxon signed-rank, P<0.0005). The median volumes of the iGTV on
CT+MRI were included for 97% and 92% in the median volumes of the iGTV on CT. Furthermore,
CT+MRI showed smaller overall observer variations (root-mean-square SD=0.59 cm) in six out of
eight delineated structures compared to CT-only (root-mean-square SD=0.72 cm). Yet, observer
variations remained close to biliary stents and pathological lymph nodes, indicating issues with
instruction compliance.

Conclusions
The availability of MRI images during target delineation of pancreatic cancer on 3DCT and 4DCT
resulted in smaller target volumes and reduced the interobserver variation in six out of eight
delineated structures.
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INTRODUCTION
Radiotherapy for pancreatic cancer aims at delivering a high radiation dose to the tumor while
minimizing the dose delivered to the organs at risk (OARs). Several developments have improved
the accuracy of radiotherapy of pancreatic cancer. The introduction of intensity modulated
radiotherapy and volumetric modulated arc therapy enabled steep dose gradients close to
the tumor, reducing the dose to OARs.1 Also, patient alignment has greatly improved with
the introduction of intratumoral fiducial markers combined with daily cone-beam computed
tomography (CBCT).2,3 Furthermore, motion management has been improved with the introduction
of 4D computed tomography (CT)4 and breath holding.5 One of the remaining major challenges in
radiotherapy for pancreatic cancer patients is precise and accurate target volume definition.6-9
So far, studies on delineation accuracy investigated delineations on 3DCT in 1–2 patients with
11–25 observers6-8, except for one recent study in which clinical delineations of 60 patients were
compared to a gold standard defined by a team of experts.9 However, no quantitative information
was reported on the interobserver conformity of the delineated volumes, or on local and overall
observer variations expressed as standard deviations (SD). Such parameters are especially relevant
for determining appropriate planning treatment volume margins10 and quantifying improvement
in interobserver variation after intervention.11 In an earlier study with eight observers and four
patients, we confirmed a substantial interobserver variation when the tumor was delineated on
3DCT and 4DCT based on these parameters.12
One of the reasons for this considerable interobserver variation may be the poor contrast
between pancreatic tumors and the surrounding tissue on CT images. Potentially, magnetic
resonance imaging (MRI) provides better tumor visibility.13,14 For several other organs, MRI has been
shown to improve interobserver variation.15-17 For pancreatic tumors, delineations based on MRI
were only studied in single institute (1–3 observers), which did not quantify the variation.18,19 To our
knowledge, no multi-center study that assesses the value of MRI for target volume delineation in
pancreatic cancer patients is available.
The aim of this feasibility study was to evaluate the effect of offering MRI alongside the planning
CT for delineation of the target volume in pancreatic cancer patients. In this study, we quantify
the interobserver variation and compare it to our previously published results on CT-based
delineation with the same eight observers and four patients.12

6

M AT E R I A L S & M E T H O D S
In our previous study (CT-only)12, eight observers (radiation oncologists) from six Dutch institutions
participating in the PREOPANC trial20 delineated target volumes of four pancreatic cancer patients
using only diagnostic and planning CTs. In the current study (CT+MRI), we asked the same observers
to repeat the delineations for the same patients, now offering a diagnostic MRI alongside the CTs.
All CT-only data presented in this paper as comparison come from the earlier study.12

Patients
The same patients were selected as in the CT-only study.12 In that study, we selected the first four
patients with histologically proven (borderline) resectable pancreatic ductal adenocarcinoma who
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participated in the PREOPANC (EudraCT number 2012-003181-40) trial20 (radiochemotherapy arm)
and MIPA (NCT01989000) study. The patients gave written informed consent to both studies,
which were approved by the local medical ethics committees (PREOPANC: Erasmus Medical Center,
Rotterdam; MIPA: Academic Medical Center, Amsterdam).

Imaging

6

Patients underwent a diagnostic CT, MRI and planning CT examination. The diagnostic CT scans
(contrast-enhanced; CE) were acquired as part of standard patient care at the referring hospitals.
Experienced abdominal radiologists from our institution reviewed these scans and considered
them adequate for diagnostic purposes.
After diagnosis, all patients received three markers (intratumoral golden fiducial markers) that
were visible on CT, but not on MRI.2,21 Furthermore, patients 1–3 received metallic biliary stents,
and patient 4 received percutaneous biliary drainage. All were placed after the diagnostic CT, but
before the MRI and planning CT.
MRI was performed on an Ingenia 3T scanner (Philips Healthcare, Best, the Netherlands) as part
of the MIPA study. Four MRI scans were obtained using various sequences: T1-weighted spoiled
gradient echo (T1W GE), CE T1W GE, T2-weighted turbo spin echo (T2W TSE) and diffusion weighted
imaging (DWI) for which the apparent diffusion coefficient map was displayed (examples in Figure
1(e–h)). The planning CT scans were acquired at our radiation oncology department on a GE
LightSpeed RT 16 scanner (General Electric Company, Waukesha, WI, USA). Two planning CT scans
were acquired, a CE 3DCT and a 4DCT. Several image sets were reconstructed from the 4DCT scan:
the 10 respiratory phases, average intensity projection (Ave-IP) and maximum intensity projection
(MIP). Further details of all scans are discussed in the Supplementary Data.

Delineation
Observers delineated the gross tumor volume (GTV) on the 3DCT (CE) and the internal GTV (iGTV)
on the Ave-IP reconstruction of the 4DCT. The GTV was defined as the macroscopically visible
tumor and pathological lymph nodes. The iGTV was defined as the GTV delineated on the Ave-IP
reconstruction, extended to encompass the GTV on the 10 respiratory phases of the 4DCT.
The current study (CT+MRI), consisted of a 3DCT+MRI and 4DCT+MRI stage, in which the GTV
and iGTV, respectively, were delineated under the guidance of MRI. The results were compared
to the results from the 3DCT-only and 4DCT-only stages of the CT-only study.12 For both studies,
observers received the same instructions on what to delineate, taken from the PREOPANC trial.20
In both studies, observers received the Big Brother software.22 The software showed a primary
window, in which the iGTV was delineated, and a secondary window that could display selected
other available images (Table 1). When viewed in the secondary window, the displayed slice from
the 3DCT and 4DCT image and cursor position was linked to the primary window (i.e., same slice
and a dot indicating cursor position). Furthermore, observers had access to the radiology reports
of the diagnostic CT and, in the CT+MRI study, the radiology reports of the MRI. These reports, from
experienced abdominal radiologists, described the tumor extent. For the CT report, the associated
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Table 1. Overview of the images.

3DCT
4DCT Ave-IP
4DCT MIP
4DCT ten phases
Diagnostic CTs
T1W GE
CE T1W GE
T2W TSE
DWIb

3DCT+MRI

3DCT-onlya

4DCT+MRI

4DCT-onlya

X

X

+
+
+
+
+

+

+
X
+
+
+
+
+
+
+

+
X
+
+
+

X: images in main window, used for delineation; +: available in secondary window. Ave-IP: average intensity projection; MIP:
maximum intensity projection; T1W GE: T1-weighted gradient echo; CE: contrast enhanced; T2W TSE: T2-weighted turbo
spin echo; DWI: diffusion-weighted imaging.
a
These stages are from the CT-only study 12. bThe apparent diffusion coefficient map of the DWI images was shown

6

pathological lymph nodes were also described: two suspicious locoregional lymph nodes in patient
2; ‘some’ (cited) enlarged lymph nodes in patient 4, which were not characterized further.
First, the software for the CT-only study was sent to all observers. Four weeks after an observer
returned their CT-only delineations, that observer received a PowerPoint document. In this
document, the visibility of pancreatic tumors on the abovementioned MRI scans was discussed
for nine pancreatic cancer patients (different from those included in this study). Observers
received the software for the CT+MRI study at least six weeks after returning their CT-only
delineations. During delineation, the diagnostic CT and MRI were not registered to the planning
CT. As the pancreas and other abdominal organs had deformed between the three image sessions,
a deformable registration would be required. The use of deformable image registration for this
purpose is not widely validated. Therefore, we chose not to register the images.

CT+MRI
The analyses were performed using the Big Brother software.22 A resident radiation oncologist
(EV) visually assessed the individually delineated iGTVs. She counted the number of observers
who included the stents/drain, markers and pathological lymph nodes in the delineated volume.
The average volume of the iGTVs, and generalized conformity index (CIgen)23 per patient was
calculated with the Big Brother software. CIgen is the sum over all observer pairs of their common
volume (delineated by both observers), divided by the sum over all observer pairs of their
encompassing volumes (delineated by at least one observer). CIgen is a measure of overlap of
the iGTVs (1=full overlap, 0=no overlap). A median surface was defined using Big Brother. This
surface was the 3D closed surface comprising the volume that was included in the iGTV by at
least 50% of the observers. The median surface was sampled with approximately equidistant (0.5
mm) points. For each point, the perpendicular distances from the median surface to the surfaces
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of the eight individually delineated iGTVs were measured. If the surface of a delineated iGTV was
not within 2 cm, the distance to the closest point on that surface was used instead. The SD over
these eight distances was used as a measure of local observer variation (local SD). The overall
observer variation (overall SD) was defined as the root-mean-square of all local SDs.22 Average
overall SDs were calculated as root-mean square over all patients. To assess the dependence of
the CIgen and overall SD on individual observers, we reported the range of values in a leave-one-out
analysis. In this approach, the analyses were repeated eight times, successively leaving out one of
the observers.

Comparison of CT+MRI with CT-only

6

The results were compared to results from the CT-only study.12 All statistical analyses were
performed using SPSS (version 22.0.0.2, IBM, New York, NY, USA). Plots were made with GraphPad
Prism (version 5.00, GraphPad Software, San Diego, CA, USA). To test for differences in mean
delineated target volumes, CIgen and mean overall SD, we used a two-sided Wilcoxon signed-rank
test between the CT-only and CT+MRI studies (significance level a=0.05). Histograms of the local
SDs per patient were compared between the CT-only study and CT+MRI study. Finally, we compared
the 3D median surfaces from both studies and calculated for each median surface from the CT-only
study the percent of the volume surrounded by the median surface of the CT+MRI study and
vice versa.

R E S U LT S
Observers had on average 10.6 years (range 3–17 years) of experience in radiotherapy. Observer 4
(12 years of experience in radiotherapy) only just started treating pancreatic cancer. The remaining
seven had an average of 5.4 years (range 2–12.5 years) of experience treating pancreatic cancer.
These observers saw an average of 3.5 pancreatic cancer patients (range 1–7.5 patients) per year.
All observers had experience with MRI in radiotherapy, and four had experience with MRI for
pancreatic cancer.

CT+MRI
The maximum ratio between delineated target volumes within one patient was 6.1 for 3DCTþMRI and
22.4 for 4DCT+MRI (Figure 1a+c). The mean CIgen was 0.36 for 3DCT+MRI and 0.31 for 4DCT+MRI (Table
2). The mean (root-mean-square over all patients) overall observer variation expressed by overall SD
was 0.41 cm for 3DCT+MRI and 0.73 cm for 4DCT+MRI. Despite the instructions that pathological
lymph nodes should be included in the iGTV, the different lymph nodes were only delineated by
1–4 (range) out of eight observers (Supplementary Data). Furthermore, the iGTVs showed large
variations close to stents/drain, in particular in patient 3 in whom four out of eight observers included
the stent for 4DCT+MRI and five out of eight for 4DCT+MRI (Supplementary Data).
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6

Figure 1. Example slices of GTV delineated on 3DCT+MRI (a) or 3DCT-only (b) and iGTV delineated on the Ave-IP
using 4DCT+MRI (c) or 4DCT-only (d). The MRI images (e–h) show the manually selected corresponding slice.
The apparent diffusion coefficient map from the DWI acquisition is shown (h). T1W:T1-weighted; GE: gradient
echo; CE: contrast enhanced; T2W: T2-weighted; TSE: turbo spin echo; DWI: diffusion-weighted imaging
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Table 2. Average volume, CIgen, and overall observer variation

6

Average volume (cm3)
Patient 1
Patient 2
Patient 3
Patient 4
Mean:
CIgen
Patient 1
Patient 2
Patient 3
Patient 4
Mean
Overall SD (cm)
Patient 1
Patient 2
Patient 3
Patient 4
Root-mean-square:

3DCT+MRI

3DCT-onlya

4DCT+MRI

4DCT-onlya

13.3 (6.1–32.5)
9.1 (4.5–13.8)
5.7 (1.9–11.8)
53.4 (34.8–96.0)
20.4

36.7 (14.0–75.9)
20.3 (7.1–45.2)
10.4 (2.9–19.9)
52.3 (34.2–76.7)
29.9

19.3 (10.5–52.5)
18.5 (3.0–51.3)
11.0 (3.2–26.9)
59.8 (38.2–76.9)
27.13

41.8 (11.9–90.0)
20.6 (4.7–67.9)
32.4 (5.7–93.6)
65.5 (21.5–119.1)
40.07

0.31 (0.29–0.39)
0.34 (0.32–0.42)
0.23 (0.20–0.36)
0.56 (0.53–0.61)
0.36

0.34 (0.31–0.37)
0.22 (0.20–0.27)
0.34 (0.30–0.37)
0.59 (0.57–0.62)
0.37

0.25 (0.23–0.29)
0.17 (0.15–0.21)
0.20 (0.17–0.26)
0.61 (0.59–0.62)
0.31

0.29 (0.26–0.31)
0.20 (0.17–0.27)
0.16 (0.12–0.19)
0.45 (0.42–0.50)
0.27

0.43 (0.36–0.44)
0.40 (0.28–0.43)
0.40 (0.35–0.40)
0.43 (0.37–0.45)
0.41

0.70 (0.47–0.72)
0.84 (0.70–0.88)
0.48 (0.42–0.51)
0.43 (0.38–0.44)
0.63

0.57 (0.53–0.60)
1.11 (0.87–1.14)
0.62 (0.50–0.66)
0.39 (0.35–0.40)
0.73

0.71 (0.60–0.72)
0.90 (0.37–0.90)
0.89 (0.77–0.94)
0.68 (0.58–0.70)
0.80

SD: standard deviation (0 = full agreement); CIgen: generalized conformity index (0 = no agreement, 1 = full agreement).
Between brackets, range of volumes (average volume) and range of leave-one-out analyses (overall SD and CIgen). a These
results are from the CT-only study.12

Comparison of CT+MRI with CT-only
Delineated iGTVs were 32% smaller when based on CT+MRI compared to CT-only (P<0.0005,
Z=–3.826, Figures 1 and 2, Table 2). There was no significant difference in mean CIgen between
the CT+MRI study (CIgen=0.34) and CT-only study (CIgen=0.32; P=0.844, Z=–0.280). The mean overall
observer variation was not significantly smaller in the CT+MRI study (root-mean-square overall
SD=0.59 cm) than in the CT-only study (0.72 cm; P=0.078, Z=–1.820). However, they were smaller in
six out of eight delineated structures (three out of four GTVs, three out of four iGTVs). Making MRI
available decreased the local observer variation particularly in regions that had a large (>1 cm) local
SD in the CT-only study (Figure 3). The histograms of local SD reflect this effect (Supplementary
Data). These histograms show shorter tails at high local SD for CT+MRI compared to CT-only,
especially for the GTV of patients 1 and 2, and the iGTV of patients 3 and 4.
The median delineated surfaces of the iGTV of patient 2 each consisted of two separate volumes
(except during the 3DCT+MRI stage), one encompassing the main tumor and one encompassing
a suspicious portocaval lymph node (Figure 3). As only 4–5 observers delineated this lymph node
(Supplementary Data), the local observer variation was large for that part of the median surface
(Figure 3, patient 2: local SD >1 cm). Excluding this lymph node from the median surface resulted
in an overall SD=0.72 cm (leave-one-out range: 0.50–0.75 cm) in the 3DCT-only stage, 0.86 cm
(0.44–0.91 cm) in the 4DCT+MRI stage and 0.49 cm (0.37–0.51 cm) in the 4DCT-only stage.
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Figure 2. Scatter plots of the volume of the delineated iGTV on 3DCT+MRI (a), 4DCT+MRI (b), 3DCT-only (c)
and 4DCT-only (d) per patient per observer. Median and interquartile ranges are indicated. Observer colors in
the online article correspond to Figure 1(a–d). Graphs (c) and (d) are from Versteijne et al. 12

The median surfaces from the CT+MRI study were on average for 97% and 92% included within
the median surfaces of the CT-only study for the GTV (3DCT) and iGTV (4DCT), respectively
(Figure 4). Vice versa, the median surfaces from the CT-only study were for 56% and 64% included
within the median surface of the CT+MRI study.
The number of observers who delineated a specific lymph node only varied by a maximum of
one observer between the two studies (Supplementary Data). An exception was the portocaval
lymph node in patient 2, which was delineated by two observers in the 3DCT+MRI stage, instead of
4–5 observers in all other stages. There was a poor agreement in all stages on whether to include
stents/drains in the iGTV (Supplementary Data). There was a small difference (<17% for all patients)
between the CT+MRI study and CT-only study in the percentage of markers included in the iGTV
(Supplementary Data), except in patient 3. In patient 3, the markers were less often included for
CT+MRI than for CT-only delineations.

DISCUSSION
We are the first to study the effect of offering MRI alongside the planning CT for delineation of
pancreatic tumors in a multi-center setting. When MRI was available, the precision, represented
by the overall SD, improved in six out of eight delineated structures. Furthermore, the volumes of
the iGTV decreased significantly. The overlap of delineated iGTV, represented by CIgen, remained
similar, despite the smaller volumes. These findings suggest an extra value of adding MRI for
pancreatic tumor delineation. However, even with MRI the observer variations were large compared
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Figure 3. The local observer variation (local SD) projected on the median surfaces of the iGTV for 3DCT+MRI
(a), 3DCT-only (b), 4DCT+MRI (c) and 4DCT-only (d). Colors correlate to the local SD, with white (online: red)
indicating local SD ≥9.4 mm. Volumes are viewed posterior of the patient (dummy). Note that for patient 2,
the portocaval lymph node was included in b–d. Figures b and d are from Versteijne et al. 13

to other organs, and in the future better education, more elaborate delineation instructions and
better instruction compliance are required to further improve delineations.
In our study, as well as in other studies18,19, delineated target volumes in pancreatic cancer
patients were smaller when (partially) based on MRI than when based on CT-only. Similar findings
have been reported for other types of cancer.15,16 There are two possible causes for this decrease
in volume. The tumor volume size could be overestimated on CT due to poor tumor contrast and
uncertain tumor boundaries. Furthermore, tumor size could be underestimated on (CT+MRI).
Therefore, appropriate clinical target volume (CTV) margins should be determined.
We assessed the number of interactions done in Big Brother with the various MRI sequences
and found that observers focused on the CE T1W GE (results not shown). In one study24, pancreatic
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Figure 4. For each patient, median surfaces for CT+MRI study (orange and light blue in the online version) and
the CT-only study (red and dark blue in the online version) are shown.

tumor sizes were underestimated when assessed on CE MRI. In a different study18, it was shown that
delineations of pancreatic cancer tumors on MRI were larger when based on DWI than when based
on CE T1W GE images. Future protocol instructions for MRI-based tumor delineation should be
developed taking into account these issues. In addition, detailed education for observers on what
the different MRI sequences visualize may stimulate the use of the other sequences being offered
and hence further improve delineations.
The addition of MRI mainly decreased the local SD in regions that had large local observer
variation (local SD >1 cm). The fact that less decrease was seen in other regions of low local observer
variation could be a result of the MRI images not being registered to the planning CT images.
Translating the MRI information to the CT images may be challenging for the observers. Potentially,
registration of the CT and MRI images decreases the overall observer variation further.
Clear instructions and consensus on what to delineate decreases interobserver variation, as
was shown in various organs.11 In our study, no specific instructions on whether to include stents/
drains into the iGTV were given. The large variation on including stents suggests the necessity of
such instructions. Our delineation instructions did state that pathological lymph nodes should be
included in the iGTVs. The large variation concerning the inclusion of lymph nodes in the iGTV
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suggests that observer compliance is also important. As these confusions affected both the CT-only
and CT+MRI studies (Supplementary Data), we believe they did not influence the comparison
between the CT-only and CT+MRI delineations.
Several limitations were associated with this paper. Due to the relatively large amount of
pancreatic tumor delineations done (four patients, four times) in a relatively short time, observers
may have improved their skills between both studies. Furthermore, despite the gap of at least six
weeks between both studies, observers may have recognized patients during the CT+MRI study.
Both factors could result in smaller observer variation for CT+MRI. Furthermore, the MRI was not
obtained as part of the radiotherapy treatment. When MRI is obtained for radiation treatment,
different settings or sequences may be preferred with higher resolutions, such as e.g., alternating
repetition time balanced steady-state free precession imaging, as alternative for T2W TSE.25
Similar to findings for other organs15-17, we found that the overall observer variation decreased
when MRI was available during delineation. Consequently, potentially smaller planning treatment
volume margins can be used for CT+MRI delineations than for CT-only delineations. However,
due to the exploratory nature of this research, the overall SD was based on a small patient group
and, therefore, does not necessarily represent typical overall SDs for the pancreatic cancer patient
population. This study should be repeated using more patients to quantify treatment margins.
In conclusion, this exploratory study demonstrates the feasibility of adding MRI during
treatment planning. The availability of MRI images to CT during target volume delineation
for pancreatic cancer improved (decreased) the overall observer variation for six out of eight
structures and resulted in smaller delineated volumes compared to CT-only delineation. Yet,
large local observer variations existed close to the biliary stent and/or pathological lymph nodes,
indicating issues with instructions and instruction compliance.
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S U P P L E M E N TA RY DATA
Scans
Acquisitions Diagnostic CT, planning CT and MRI examinations were held on separate days. On
average, the diagnostic CT examination was 53 days (range 46–62 days) before the planning CT
examination whereas the MRI examination was 19 days (range 15–21 days) before the planning CT
examination. The diagnostic CT scans were acquired at the referring hospitals. The scans were
considered adequate for diagnostic purposes by the dedicated abdominal radiologists from
our institution.
The diagnostic CT scans were obtained after vascular contrast (iodine) injection and included
axial scans in arterial (35s after injection, all patients), and venous contrast phase (60s after
injection, patients 1,2 and 4) or portal contrast phase (240s after injection, patients 1 and 4). In
addition, reconstructed coronal views were available for the arterial (patients 1, 2 and 4) and venous
(patients 2 and 3) contrast phases.
The planning CT scans were obtained with patients in treatment position: supine on a flat
table top with hands above their head. Two planning CT scans were acquired, a 3DCT and 4DCT.
The 3DCT scan was acquired during free breathing after contrast injection in the arterial contrast
phase and the corresponding 3DCT images represent a snapshot of the respiratory cycle. The 3DCT
was reconstructed with a slice thickness of 2.5 mm and an in-plane resolution of 1.3×1.3 mm². For
the 4DCT scan, the respiratory motion was monitored while data were acquired continuously during
free breathing. The respiratory motion was synchronized to the CT acquisition by the respiratory
gating system RPM (Real-Time Position Management, Varian Oncology Systems, Palo Alto, CA).
The data were sorted according m2to the respiratory signal and images were reconstructed of
the ten respiratory phases. Also, a maxi-mum intensity projection (MIP) and average intensity
projection (Ave-IP) were reconstructed from the images from the ten phases. The images
reconstructed from the 4DCT scan had a slice thickness of 2.5 mm and an in-plane resolution
of 1.0 × 1.0 mm³.
MRI scans were obtained with a 16-channel phased-array anterior coil and a 10-channel phasedarray posterior coil. Four MRI scans were acquired using various sequences: T1W GE, CE T1W GE, T2W
TSE and DWI. The T1W GE scan obtained three echoes and used a Dixon reconstruction to obtain
water only images. The T1W GE scan was acquired in a single breath-hold and images had a high
isotropic resolution, allowing for a correct representation of the anatomy. However, T1W GE images
show poor pancreatic tumor contrast. Therefore, an additional CE T1W GE scan was acquired after
gadovist 1.0 (Bayer Healthcare, Leverkusen, Germany) administration (0.1 ml/kg; 5 ml/s, followed
by a 15 ml saline flush) in the parenchymal phase (35 seconds after injection), which improves lesion
conspicuity. Due to the design of the MIPA study, another gadovist bolus had also been injected
approximately 6 minutes before the CE T1W GE scan. On T2W TSE images the tumor is often poorly
visible; however, its location can often be derived by finding obstructions of the pancreatic duct,
which is clearly visible on these images. Also, these images can show the presence of peripancreatic
inflammation. The apparent diffusion coefficient maps were generated from b=0 and 600
mm-2s DWI scans. DWI, and in particular, the apparent diffusion coefficient maps from DWI, give
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information about the diffusivity of tissue. In general, pancreas carcinomas show increased cellular
density, causing decreased diffusivity.

Table 1. MRI sequence settings

6

Resolution (mm2)
Slice thickness (mm)
FOV RL × AP × FH (mm3)
TR / TE / dTE (ms)
Parallel imaging
Fat saturation
Flip angle (°)
Respiratory
compensation

T1W GE

T2W TSE

DWI

1.7 × 1.7
1.7
400 × 353 × 95
4.7 / 1.26 / 0.9
2 (AP) / 1.5 (FH)
Dixon
9 (25 post contrast)
1 breath hold

1.3 × 1.6
5
400 × 369 × 145
779 / 80 / —
2 (AP)
SPAIR
90 (120 refocussing)
3 breath holds

3×3
3.7
432 × 108 × 67
>2200 / 45 / —
1.3 (AP)
SPIR and gradient reversal
90
Respiratory triggering
using a navigator

Abbreviations: T2W TSE = T2-weighted turbo spin echo; DWI = diffusion-weighted MRI; FOV = field of view; RL = right–left; AP
= anterior–posterior; FH = foot–head; TR = repetition time; TE = echo time; dTE = increase in TE; SPAIR = spectral attenuated
inversion recovery; SPIR = spectral presaturation with inversion recovery.
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Lymph nodes, stents/drain, and markers
Table 2. Number of observers who delineated the lymph nodes.
lymph nodes

3DCT+MRI

3DCT-only*

4DCT+MRI

4DCT-only*

patient 2, portocaval
patient 2, along common hepatic duct
patient 4

2
2
2

5
3
2

4
3
1

4
2
2

* These results are from the CT-only study12.
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Table 3. Number of observers who delineated the stent or drain.
Patients

3DCT+MRI

3DCT-only*

4DCT+MRI

4DCT-only*

1
2
3
4

2
1
4
8

3
2
6
8

2
2
5
8

5
1
4
7

Number of observers who delineated at least 50% of the stent/drain in at least three slices are reported.* These results are
from the CT-only study.

Table 4. Markers located within the delineated volumes.
Patients

3DCT+MRI

3DCT-only*

4DCT+MRI

4DCT-only*

1
2†
3
4

24/24
1/24
11/24
24/24

24/24
5/24
22/24
24/24

24/24
5/24
14/24
24/24

23/24
4/24
16/24
21/24

(100%)
(4%)
(46%)
(100%)

(100%)
(21%)
(92%)
(100%)

(100%)
(21%)
(58%)
(100%)

(100%)
(17%)
(67%)
(88%)

The number of volumes including the marker over the number of markers multiplied by number of observers (3×8=24).
Markers that were included partially in the delineated volume were counted as delineated. * These results are from
the CT-only study.
†In patient 2, the markers were mistakenly implanted outside the tumor.
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A B S T R AC T
Purpose
Preoperative chemoradiotherapy may improve the radical resection rate for resectable or
borderline-resectable pancreatic cancer, but the overall benefit is unproven.

Patients and methods
In this randomized phase III trial in 16 centers, patients with resectable or borderline-resectable
pancreatic cancer were randomly assigned to receive preoperative chemoradiotherapy, which
consisted of 3 courses of gemcitabine, the second combined with 15 x 2.4Gy radiotherapy, followed
by surgery and 4 courses of adjuvant gemcitabine or to immediate surgery and 6 courses of
adjuvant gemcitabine. The primary end point was overall survival by intention to treat.

7

Results
Between April 2013 and July 2017, 246 eligible patients were randomly assigned; 119 were assigned
to preoperative chemoradiotherapy and 127 to immediate surgery. Median overall survival by
intention to treat was 16.0 months with preoperative chemoradiotherapy and 14.3 months with
immediate surgery (hazard ratio, 0.78; 95%CI, 0.58 to 1.05; P=0.096). The resection rate was 61%
and 72% (P=0.058). The R0 resection rate was 71% (51 of 72) in patients who received preoperative
chemoradiotherapy and 40% (37 of 92) in patients assigned to immediate surgery (P<0.001).
Preoperative chemoradiotherapy was associated with significantly better disease-free survival
and locoregional failure-free interval as well as with significantly lower rates of pathologic lymph
nodes, perineural invasion, and venous invasion. Survival analysis of patients who underwent
tumor resection and started adjuvant chemotherapy showed improved survival with preoperative
chemoradiotherapy (35.2 versus 19.8 months; P=0.029). The proportion of patients who suffered
serious adverse events was 52% versus 41% (P=0.096).

Conclusion
Preoperative chemoradiotherapy for resectable or borderline-resectable pancreatic cancer did
not show a significant overall survival benefit. Although the outcomes of the secondary end points
and predefined subgroup analyses suggest an advantage of the neoadjuvant approach, additional
evidence is required.
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INTRODUCTION
Approximately 20% of patients with pancreatic ductal adenocarcinoma (PDAC) have resectable
or borderline-resectable disease. Standard treatment is resection followed by adjuvant
chemotherapy.1,2 Only approximately half of the patients who undergo tumor resection actually
receive adjuvant chemotherapy.3-5 Furthermore, approximately half of the resections are
microscopically incomplete (R1)6,7; one quarter of patients will develop disease recurrence within
6 months.8
Preoperative (neoadjuvant) chemoradiotherapy in patients with resectable or borderlineresectable PDAC has not yet been proven superior, although it is standard of care for many other
cancers.9,10 Preoperative chemoradiotherapy, by inducing downstaging of the tumor, might increase
the R0 resection rate. R0 resection rate is an important prognostic factor, diminishing local and
distant recurrence rates, hence improving survival. In addition, compliance with preoperative
chemoradiotherapy is better compared with postoperative chemotherapy. Potential disadvantages
of preoperative chemoradiotherapy are more complicated surgery by radiation toxicity and fewer
resections because of early tumor progression. Whether the latter is a disadvantage in the long run
is not completely certain.
Most of the studies that advocate preoperative chemoradiotherapy are nonrandomized studies
with selection bias by reporting survival after resection rather than by intention to treat (ITT).
Interpretation and comparison of these studies are difficult, if not impossible. Surgical radicality
after preoperative chemoradiotherapy has never been studied in a multicenter randomized
trial. A recent meta-analysis of the effect of preoperative chemotherapy or chemoradiotherapy
in resectable or borderline-resectable PDAC showed a prolonged overall survival (OS) when
compared with immediate surgery (18.8 versus 14.8 months).7 This evidence, however, is weak
because most studies were observational. Apart from ours, 11 trials are reported, 4 of which are
phase III trials. Three trials were completed, of which 2 reported results (1 in abstract only)11,12; 1 was
prematurely closed because of positive results at interim analysis,13 and 2 were prematurely closed
because of poor accrual.14,15 Four are active or recruiting, and 1 is of unknown status (Supplementary
Data).16-20 The Dutch Pancreatic Cancer Group (DPCG) initiated the PREOPANC trial with the aim to
investigate whether preoperative chemoradiotherapy provides better OS than immediate surgery
in patients with resectable or borderline-resectable PDAC.

7

PAT I E N T S & M E T H O D S
Patients and Study Design
This randomized phase III study was performed in 16 high volume pancreatic surgery centers from
the DPCG. The protocol was centrally approved by the Erasmus MC ethics committee (MEC-2012249; December 11, 2012).
Eligible patients had pathologically confirmed resectable or borderline-resectable PDAC,
without distant metastases (M0), according to the Union for International Cancer Control
classification (TNM 7th edition).21 A multiphase computed tomography (CT) scan of the abdomen,
including non-contrast enhanced, arterial, venous, and portal contrast phase axial scans, were
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required within 4 weeks before randomization. Tumor size, location, and relation to the celiac
axis, superior mesenteric artery (SMA) and superior mesenteric vein (SMV), common hepatic
artery, and portal vein were reported. A tumor without arterial involvement and with venous
involvement ≤90° was considered resectable; a tumor with arterial involvement ≤90° and/or venous
involvement between 90° and 270° without occlusion was considered borderline resectable. Other
inclusion criteria were a WHO performance status of ≤1 and adequate hematologic, renal, and
hepatic function. Exclusion criteria were cT1 tumor (<2 cm, without vascular involvement) history of
malignancy within 5 years, and previous radiotherapy or chemotherapy that precluded treatment.22
Eligible patients provided written informed consent and were randomly assigned before biliary
drainage, which carried a risk of dropout but optimally reflects clinical practice, wherein immediate
surgery is preferably performed before biliary drainage.23
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Treatment
Patients were randomly assigned 1:1 to preoperative chemoradiotherapy or immediate surgery.
Patients assigned to preoperative chemoradiotherapy underwent a staging laparoscopy to rule
out occult metastases. Chemoradiotherapy was to start within 4 weeks after random assignment.
Patients with jaundice underwent biliary drainage, preferably with a self-expandable metal stent;
bilirubin level had to be <1.5 times the normal limit before chemotherapy was started. Radiotherapy
consisted of 15 fractions of 2.4Gy in 3 weeks to the pancreatic tumor and suspicious lymph nodes,
combined with 1,000 mg/m2 gemcitabine on days 1, 8, and 15 of 4 weeks, preceded and followed
by a modified course of gemcitabine (1,000 mg/m2 gemcitabine on days 1 and 8 of 3 weeks).24-26
Within 4 weeks thereafter, CT evaluation was performed. Explorative laparotomy, with subsequent
resection, if possible, was conducted between 14 and 18 weeks after random assignment. After
resection and confirmation of PDAC, the remaining gemcitabine was administered at 1,000 mg/m2
on days 1, 8, and 15 in 4 courses of 4 weeks.
For patients randomly assigned to immediate surgery, preoperative biliary drainage was
recommended for bilirubin levels >250 µmol/L. Surgery was to be performed within 4 weeks after
random assignment; staging laparoscopy was at the surgeon’s discretion. After resection and
confirmation of PDAC, patients received 6 courses of adjuvant gemcitabine at 1,000 mg/m2 on days
1, 8, and 15 of 4 weeks.
In both groups, resection was performed according to the consensus statement of
the International Study Group on Pancreatic Surgery (ISGPS). 27 A classic or a pylorus-preserving
pancreatoduodenectomy with locoregional lymph node dissection was performed for pancreatic
head tumors. For tumors that involved the pancreatic body or tail, pancreas body and tail
resection with splenectomy was performed. Reconstruction after pancreatoduodenectomy was
left to the surgeon’s preference. A standardized pathology procedure, on the basis of the Leeds
Pathology Protocol, was applied, 28 including description of the tumor origin, extension, lymph node
metastases, vascular and/or perineural invasion, and resection margins. Margins were considered
microscopically positive (R1) if vital tumor was present at ≤1mm from the transection margins
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(pancreas, bile duct, stomach, and/or duodenum) or the circumferential dissection (the anterior
and posterior sides of the pancreas, the SMA, and the SMV).29
All patients underwent follow-up assessment with CT scans and serum cancer antigen
19-9 (CA19.9) at 6, 12, 18, and 24 months after random assignment and yearly thereafter. WHO
performance status, weight, disease status (locoregional and distant), death, and cause of death
were assessed at follow-up.

End Points
The primary end point was OS, defined as time from random assignment to death as a result of
any cause. Secondary end points were disease-free survival (DFS), locoregional failure–free
interval (LFFI), distant metastasis–free interval (DMFI), resection rate, R0 resection rate (per
protocol), and toxicity of both surgery and pre- and postoperative treatment. In case of missing
follow-up data, patients were censored when last known to be alive and disease free. Subgroup
analyses were prespecified for resectable and borderline-resectable PDAC separately and for
patients who underwent resection and started adjuvant chemotherapy. Post hoc, a per-protocol
analysis was added, including data of patients who appeared to have no distant metastases and
started the intended treatment. In addition, a per-protocol analysis was added that investigated
the prognostic value of R0 resection on OS. Postoperative mortality was defined as mortality as
a result of any cause within 30 days after resection or during the index hospitalization if >30 days.
Postoperative complications were registered and graded according to ISGPS guidelines. Toxicity
was scored according to Common Terminology Criteria for Adverse Events (version 4.0).30
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Statistical Analysis
The trial was designed to have 80% power to detect a 6-month difference in median OS by ITT
between both treatment groups (17 months with preoperative chemoradiotherapy and 11 months
with immediate surgery). At least 176 events were required to detect this (2-sided test; a-level, 0.05;
b-level, 0.20). Assuming a 10% dropout rate, 122 patients in each treatment arm were required.
Primary analyses were performed by ITT, irrespective of any protocol deviations or violations.
The Kaplan-Meier curves for OS, DFS, LFFI, and DMFI (including the hazard ratio [HR] and 95%CI)
were compared between the 2 groups with the log-rank test (stratified for resectability [resectable
versus borderline resectable]). We tested differences between the resectable and borderlineresectable groups with the interaction test of hazard rates. Moreover, for the per-protocol analyses
and the predefined subgroup analyses, the outcomes were presented as Kaplan-Meier curves and
compared with the log-rank test (stratified for resectability). The resection rate, R0 resection rate,
and toxicity were quantified by proportions and odds ratios and associated 95%CIs; Fisher’s exact
test was used to test for differences. All tests were 2-sided and performed at the 5% significance
level. All statistical analyses were performed using version 3.5.2 of the R statistical package (R
Foundation for Statistical Computing, Vienna, Austria). This trial was registered with EudraCT (2012003181-40) and the Netherlands Trial Register (3709).
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From April 2013 to July 2017, 248 patients from 16 centers were randomly assigned: 120 were
assigned to preoperative chemoradiotherapy and 128 to immediate surgery. Two patients were
excluded from the analysis for withdrawal of informed consent, which left 119 and 127 patients,
respectively, for the ITT analysis (Fig 1). Baseline characteristics were well balanced between both
groups (Table 1). Seven patients in the preoperative chemoradiotherapy group did not receive
preoperative treatment, 3 of whom had an urgent indication for surgery (Supplementary Data).
In the preoperative chemoradiotherapy group, 5 patients (4%) had no staging laparoscopy;
in 13 patients (11%), metastatic disease was found at laparoscopy (Fig 1). After laparoscopy, 91
patients (91 of 119; 76% by ITT) started preoperative chemoradiotherapy, which in 10 patients
was postponed because of persistent high bilirubin levels. Eighty-one patients (89%) completed
chemoradiotherapy. Reasons for not completing chemoradiotherapy were disease progression
(3 patients) and toxicity (5 patients). Two patients died as a result of a myocardial infarction
during preoperative treatment. CT evaluation revealed disease progression in 10 patients (Fig
1). Explorative laparotomy was performed in 82 patients (including 7 patients who underwent
immediate surgery for several reasons), of whom 72 underwent a resection (72 of 119; 61% by ITT).
The R0 resection rate was 71% (51 of 72 patients). Of these 72 patients, 24 (33%) had pathologic
lymph nodes, 28 (39%) perineural invasion, and 14 (19%) venous invasion (Supplementary Data).

Table 1. Baseline patient and tumor characteristics by treatment regimen

Characteristic
No. of patients
Female sex
Median age at random assignment, years (IQR)
Median BMI, kg /m2 (IQR)
Initial WHO Performance scorea
0
1
2
Pancreatic head tumors
Resectable pancreatic cancerb
Borderline-resectable pancreatic cancer
Median initial maximum tumor diameter, mm (IQR)
Regional suspicious lymph nodes
Median CA 19.9c ,kU/l (IQR)

Preoperative CRT,
no. (%)

Immediate surgery,
no. (%)

119
55 (46)
66 (59–71)
25 (22–28)

127
53 (42%)
67 (60–73)
25 (23–28)

69 (58)
49 (41)
1 (1)
97 (82)
65 (55)
54 (45)
30 (25–38)
27 (23)
111 (26–603)

49 (39)
78 (61)
0 (0)
117 (92)
68 (53)
59 (47)
30 (23–35)
44 (35)
257 (83–727)

NOTE Lower WHO numbers indicate better performance status: 0 able to carry out all normal activity; 1 able to carry out
light work. Abbreviations: BMI, body mass index; CA, cancer antigen; CRT, chemoradiotherapy; IQR, interquartile range.
a
The WHO performance score of 13 patients was 0/1 (7 in the preoperative CRT group and 6 in the immediate surgery group).
For the purpose of this table, those patients are classified as WHO performance score 1.
b
Resectability was based on Dutch Pancreatic Cancer Group criteria as assessed by computed tomography scan.
c
In 40 patients, CA 19-9 was missing (13 in the preoperative CRT group and 27 in the immediate surgery group). Difference in
CA 19-9 was not significant (P=0.98, 2-tailed independent t test).
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Figure 1. CONSORT diagram. CRT, chemoradiotherapy; CT, computed tomography.
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In the immediate surgery group, 6 patients (5%) did not undergo surgery (Fig 1). Staging
laparoscopy or laparotomy revealed metastatic disease in 14 patients (12%) and unexpected locally
advanced disease in 15 patients (12%). Resection was performed in 92 patients (92 of 127; 72% by ITT).
The R0 resection rate was 40% (37 of 92 patients). Of these 92 patients, 72 (78%) had pathologic
lymph nodes, 67 (73%) perineural invasion, and 33 (36%) venous invasion (Supplementary Data).
The resection rate was not significantly different between the preoperative chemoradiotherapy
and the immediate surgery groups (61% versus 72%; P=0.058). However, the R0 resection rate was
higher in patients treated with preoperative chemoradiotherapy (72% versus 40%; P<0.001), and
fewer patients had pathologic lymph nodes (33% versus 78%; P<0.001), perineural invasion (39%
versus 73%; P<0.001), or venous invasion (19% versus 36%; P=0.024). Overall, patients with an R0
resection had a better OS than patients with non-R0 resection (HR, 0.47; 95%CI, 0.31 to 0.72;
P<0.001; Supplementary Data).
In 14 patients (14 of 164; 9%), histopathology revealed a different diagnosis than PDAC, not
statistically different between both groups (6% versus 11%; P=0.127; Supplementary Data). In
the preoperative chemoradiotherapy group, 68 of the 72 patients had PDAC. Fifty-five of those
patients (55 of 68; 81%) started adjuvant chemotherapy, of whom 34 (62%) completed their
treatment. By ITT, 46% (55 of 119 patients) started adjuvant chemotherapy. In the immediate
surgery group, 82 of 92 patients had PDAC, of whom 65 (79%) started adjuvant chemotherapy and
35 completed it (53%). By ITT, 51% (65 of 127 patients) started adjuvant chemotherapy.
After a median follow-up of 27 months, 180 patients (73%) died: 81 (68%) in the preoperative
chemoradiotherapy group and 99 (78%) in the immediate surgery group. The median OS in
the preoperative chemoradiotherapy group was 16.0 months (95%CI, 13.0 to 20.9 months) and
14.3 months (95%CI, 12.7 to 17.9 months) in the immediate surgery group (HR, 0.78; 95%CI, 0.58 to
1.05; P=0.096). The DFS (HR, 0.73; 95%CI, 0.55 to 0.96; P=0.032) and LFFI (HR, 0.56; 95%CI, 0.38 to
0.83; P=0.0034) were significantly better in the preoperative chemoradiotherapy group. The DMFI
was comparable (HR, 0.82; 95%CI, 0.58 to 1.14; P=0.24; Table 2; Fig 2). The per-protocol analysis
of 91 patients who started preoperative chemoradiotherapy compared with the 104 patients
in the immediate surgery group who underwent exploration and had no distant metastasis
showed a median OS of 20.2 versus 16.8 months (HR, 0.73; 95%CI, 0.51 to 1.03; P=0.073;
Supplementary Data).
The predefined subgroup of patients with suspected resectable PDAC showed no significant
difference in OS, DFS, LFFI, and DMFI (Table 3). The predefined subgroup of patients with suspected
borderline-resectable PDAC showed a significantly improved OS, DFS, and LFFI for preoperative
chemoradiotherapy (Table 3). The interaction test of hazard rates showed no significant difference
between these subgroups (P=0.14). The predefined subgroup of patients with tumor resection who
started adjuvant treatment showed a significantly improved median OS of 35.2 months (95%CI, 26.2
months to not available) in the preoperative chemoradiotherapy group and 19.8 months (95%CI,
16.8 to 32.2 months) in the immediate surgery group (HR, 0.58; 95%CI, 0.35 to 0.95; P=0.029) as well
as significant differences in DFS, LFFI, and DMFI (Fig 3).
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Table 2. Intention-to-treat analyses of primary and secondary end points for both treatment groups

Outcome
Primary
Median OS, months
Secondary
Median DFS, months
Median LFFI, months
Median DMFI, months

Resection rate
R0 rate
Safety
Patients with SAE (all grades)

Preoperative CRT Immediate surgery
(n=119)
(n=127)
HR (95% CI)

P

16.0

14.3

0.78 (0.58 to 1.05)

0.096

8.1
NR
17.4

7.7
13.4
12.5

0.73 (0.55 to 0.96) 0.032
0.56 (0.38 to 0.83) 0.0034
0.82 (0.58 to 1.14) 0.24

No. (%)

No. (%)

OR (95% CI)

72 of 119 (61)
51 of 72 (71)

92 of 127 (72)
37 of 92 (40)

0.58 (0.34 to 1.00) 0.058
3.61 (1.87 to 6.97)
<0.001

62 of 119 (52)

52 of 127 (41)

1.57 (0.95 to 2.60)

0.096

7

Abbreviations: CRT, chemoradiotherapy; DFS, disease-free survival; DMFI, distant metastasis–free interval; HR, hazard ratio;
LFFI, locoregional failure–free interval; NR, not reached; OR, odds ratio; OS, overall survival; SAE, serious adverse event.

Figure 2. (A) Overall survival (OS), (B) disease-free survival (DFI), (C) locoregional failure–free interval
(LFFI), and (D) distant metastasis–free interval (DMFI) in 246 patients randomly assigned to preoperative
chemoradiotherapy (CRT; 119 patients) or immediate surgery (127 patients) according to intention-to-treat
analysis. Tick marks indicate censored observations. HR, hazard ratio.

135

136
31 of 68 (46)

P

1.39 (0.70 to 2.76) 0.39

0.54 (0.25 to 1.19) 0.17
1.33 (0.58 to 3.04) 0.54

OR (95% CI)

0.88 (0.60 to 1.28) 0.52
0.59 (0.33 to 1.04) 0.067
0.93 (0.59 to 1.47) 0.77

0.96 (0.64 to 1.44) 0.83

HR (95%CI)

27 of 54 (50)

28 of 54 (52)
22 of 28 (79)

No. (%)

6.3
27.7
21.5

17.6

21 of 59 (36)

38 of 59 (64)
5 of 38 (13)

No. (%)

6.2
11.8
12.2

13.2

Preoperative CRT Immediate surgery
(n=54)
(n=59)

0.013
0.022
0.15

0.029

P

1.81 (0.85 to 3.85)

0.13

0.60 (0.28 to 1.27) 0.19
24·20 (6.57 to
<0.001
89.12)

OR (95% CI)

0.59 (0.39–0.89)
0.54 (0.32–0.91)
0.69 (0.42–1.15)

0.62 (0.40–0.95)

HR (95%CI)

Borderline-resectable pancreatic cancer
(n=113)

Abbreviations: CRT, chemoradiotherapy; DFS, disease-free survival; DMFI, distant metastasis–free interval; HR, hazard ratio; LFFI, locoregional failure–free interval; NR, not reached; OR, odds
ratio; OS, overall survival; SAE, serious adverse event.

35 of 65 (54)

Safety
Patients with SAE (all
grades)

No. (%)

No. (%)
54 of 68 (79)
32 of 54 (59)

9.3
20.0
13.5

9.2
NR
17.0

44 of 65 (68)
29 of 44 (66)

15.6

14.6

Preoperative CRT Immediate surgery
(n=65)
(n=68)

Resection rate
R0 rate

Primary
Median OS, months
Secondary
Median DFS, months
Median LFFI, months
Median DMFI, months

Outcome

Resectable pancreatic cancer
(n=133)

Table 3. Intention-to-treat analyses of primary and secondary end points for both subgroups of patients with resectable and borderline-resectable pancreatic cancer
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Figure 3. (A) Overall survival (OS), (B) disease-free survival (DFI), (C) locoregional failure–free interval (LFFI),
and (D) distant metastasis–free interval (DMFI) in the 120 patients who had a resection of the tumor and
started the postoperative chemotherapy and randomly assigned to preoperative chemoradiotherapy (CRT; 55
patients) or immediate surgery (65 patients). Tick marks indicate censored observations. HR, hazard ratio.

With regard to toxicity, 62 patients (52%) in the preoperative chemoradiotherapy group and
52 (41%) in the immediate surgery group experienced at least 1 serious adverse event (P=0.096).
Grade 5 serious adverse events were observed in 16 patients (7%), 8 in each group. This includes
3 postoperative mortalities in each group (Supplementary Data). Two serious adverse events
were considered as suspected unexpected serious adverse reactions (Supplementary Data).
At least 1 postoperative complication occurred in 49 (68%) of 72 patients in the preoperative
chemoradiotherapy group and 46 (50%) of 92 patients in the immediate surgery group (P=0.026).
By ITT, these figures were 41% versus 36% (P=0.44).

DISCUSSION
To our knowledge, this is the first completed multicenter, randomized trial on preoperative
chemoradiotherapy versus immediate surgery in patients with resectable or borderline-resectable
PDAC, and did not demonstrate an OS benefit in the ITT population (median, 16.0 versus 14.3
months; HR, 0.78; P=0.096). Nevertheless, the secondary end points DFS, LFFI, R0 resection
rate, and pathologic parameters were superior with preoperative chemoradiotherapy. Together
with the predefined subgroup analysis of patients undergoing a resection and starting adjuvant

137

7

138

chemotherapy, this suggests a clinically relevant benefit of preoperative chemoradiotherapy in
patients with resectable or borderline-resectable PDAC. We consider this in line with the evidence
from nonrandomized and early-terminated randomized trials.6,7,11-15,31
Compliance of intended preoperative chemoradiotherapy (ITT, 76%) was better than that of
intended postoperative chemotherapy in the immediate surgery group (ITT, 51%). Preoperative
chemoradiotherapy was completed by 81 (89%) of 91 patients; postoperative treatment was
completed by 69 of 120 patients (58% in both study arms). In view of the high dropout rate (24%)
in the preoperative chemoradiotherapy group, the per-protocol analysis showed a nonsignificant
trend in OS in the preoperative chemoradiotherapy group, in line with the results of the primary
and secondary end points.
Laparoscopy or laparotomy revealed metastases in 11% in the preoperative chemoradiotherapy
group and 12% in the immediate surgery group. Unexpected locally advanced disease was found
in 5% in the preoperative chemoradiotherapy group and 12% in the immediate surgery group.
A previous study reported unsuccessful laparotomy in up to 25% of patients despite contemporary
imaging techniques,32 which corresponds to the 24% in our immediate surgery group. Thirteen
patients (14%) showed disease progression during preoperative chemoradiotherapy who might
have had tumor progression shortly after surgery if randomly assigned for immediate surgery.
A comparison of our results with those of published trials of adjuvant gemcitabine and
capecitabine (ESPAC-4; median OS, 28 months)1 or modified fluorouracil, leucovorin, irinotecan,
and oxaliplatin (FOLFIRINOX; PRODIGE 24/CCTG PA.6; median OS, 54.4 months)2 is difficult.
Adjuvant trials exclude patients with disease progression before surgery, occult metastases,
or locally advanced disease detected at exploration as well as patients poorly recovering from
surgery. To enable observational comparison with these trials, we analyzed data of the 120 patients
who underwent resection and started adjuvant chemotherapy. This subgroup analysis showed
a clinically and statistically relevant OS benefit of preoperative chemoradiotherapy over immediate
surgery (35.2 versus 19.8 months; P=0.029).
Preoperative FOLFIRINOX might further improve the outcome and is currently being
investigated in the PREOPANC-2 trial (Netherlands Trial Register identifier: NTR7292, 2018-06-19),
the NorPACT-1 trial (ClinicalTrials.com identifier: NCT02919787),19 and the PANACHE01-PRODIGE48
trial (ClinicalTrials.com identifier: NCT02959879).20 The addition of radiotherapy to preoperative
FOLFIRINOX could be a next step, as preoperative chemoradiotherapy gives higher R0 rates, less
lymph node positivity, and local recurrences compared with preoperative chemotherapy only,33 in
line with our results. FOLFIRINOX followed by (chemo)radiotherapy for borderline-resectable or
locally advanced PDAC is feasible, with high R0 resection rates and prolonged median progressionfree survival and OS.34-36
A predefined subgroup analysis showed superior OS after preoperative chemoradiotherapy
for borderline-resectable PDAC and no significant difference for resectable PDAC. This suggests
a benefit in borderline-resectable disease and a lack of benefit in resectable disease. Indeed,
theoretically, the effect of creating R0 resection and other pathologic advantages by preoperative
treatment might be greater in borderline-resectable disease. However, these differences must be
interpreted with caution because the interaction test of hazard rates between both groups was not
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significant. The benefit of preoperative treatment in borderline-resectable PDAC was also observed
in an interim analysis after inclusion of 58 patients in a published phase II/III trial.12 On the other
hand, the recently presented phase II/III Prep-02/JSAP-05 trial showed a significant benefit of
preoperative chemotherapy (gemcitabine and S-1) over immediate surgery for resectable PDAC,
with a median OS of 36.7 v 26.6 months.13 Ongoing studies, both in resectable and borderlineresectable disease, will clarify whether preoperative treatment works predominantly in borderlineresectable disease or in both groups (Supplementary Data).16-20 Probably the biologic behavior is
more important than the local extent of the tumor’s susceptibility to neoadjuvant therapy.
Some of our findings need further clarification. First, the median OS in the immediate
surgery group was better than expected (14 instead of 11 months), which probably resulted in an
underpowered study. This might be explained by effective lines of salvage therapies in patients with
locoregional or distant failure. Second, 10 patients had persistent jaundice after biliary drainage,
which caused a delay of preoperative treatment. These aspects should be taken into account when
considering neoadjuvant therapy in patients with suspected PDAC. In addition, 14 patients (6%)
had other pathology than PDAC; 9 (4%) had a cholangiocarcinoma, which implies a more favorable
prognosis than PDAC.
In conclusion, this national, multicenter, randomized, phase III trial of preoperative
chemoradiotherapy versus immediate surgery in resectable or borderline-resectable PDAC did not
show a significant OS benefit of preoperative chemoradiotherapy. The consistent benefits for most
secondary end points and the better compliance with preoperative chemoradiotherapy compared
with postoperative adjuvant chemotherapy suggest superiority of the neoadjuvant approach.
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S U P P L E M E N TA RY DATA
Appendix 1: Protocol amendments
Two protocol amendments were adopted
On April 7, 2014;
• The addition of the need to obtain pathological proof.
• The eligibility criteria of no history of previous active malignancy shorter than 5 years
before the diagnosis.
• Adding the translational EXPECT study and the standardized pathology protocol.
On March 24, 2016 ;
• A new version of the patient information file.

7

Appendix 2: protocol violations
Table 1. Major protocol deviations

Reason major protocol deviation
CT scan > 6 weeks before randomization
No. preference adenocarcinoma after revision pathology
cytological sample
Metastatic disease: Small liver metastases found on diagnostic
MRI scan scheduled 2 days after randomization
WHO performance > 1 at randomization*

Preoperative
chemoradiotherapy Immediate surgery
(n=127)
(n=119)
6
1

1
0

0

1

1

0

Table 2. Major protocol violations (‘cross over patients’) randomized for preoperative chemoradiotherapy, but
received immediate surgery

Reason major protocol violation
Medical decision (liver abcess/cholangitis/bleeding)
Benign pathology, no pathology of preference or
cholangiocarcinoma upfront
Patient choice

144

Preoperative
chemoradiotherapy Immediate surgery
(n=127)
(n=119)
3
3

0
0

1

0

PREOPERATIVE CHEMORADIOTHERAPY VERSUS IMMEDIATE SURGERY
Table 3. Minor protocol deviations

Reason minor protocol deviation

Preoperative
chemoradiotherapy Immediate surgery
(n=127)
(n=119)

Glomerular filtration rate unknown
Glomerular filtration rate <50 ml/min/1,73m2
Hepatitis B infection at randomization
Platelets unknown
T1 tumor without vascular involvement
White blood count unknown
White blood count < 3.5 x 10^9/l

2
0
1
1
6
0
0

2
1
1
1
5
2
1

*WHO denotes World Health Organization. Lower WHO numbers indicating better performance status; 0 able to carry out
all normal activity, 1 able to carry out light work.

7

145

Appendix 3
Table 4. Characteristics of treatment, findings at resection and postsurgical complications in the preoperative
chemoradiotherapy and immediate surgery group
Preoperative
Immediate
chemoradiotherapy surgery
(n=119)
(n=127)

7

p value

Laparoscopy performed
Started chemoradiotherapy
Days between randomization – start
chemotherapy

114 (96%)
91 (76%)
23 (6–54)

NA
NA
NA

NA
NA

Preoperative treatment completed
Explorative laparotomy
Days between randomization – laparotomy
Days between last gemcitabine – laparotomy
Resection performed (by ITT)
Lymph node metastasis
Pathologic invasion of the SMV/PV
Perineural invasion
Resection classification*
R0
R1/R2
unknown
Postoperative complications
Postoperative mortality†
Days between surgery – start
adjuvant chemotherapy
Started adjuvant chemotherapy by ITT
Started adjuvant chemotherapy
Completed adjuvant chemotherapy

81/91 (89%)
82/119 (68%)
113 (103–127)
35 (29–43)
72/119 (61%)
24/72 (33%)
14/72 (19%)
28/72 (39%)
51/72 (71%)
18/72 (25%)
3/72 (4%)
49/72 (68%)
3/72 (4%)
49 (42–63)

NA
121/127 (95%)
15 (11–22)
NA
92/127 (72%)
72/92 (78%)
33/92 (36%)
67/92 (73%)
37/92 (40%)
45/92 (49%)
10/92 (11%)
46/92 (50%)
3/92 (3%)
48 (37–61)

NA
NA
<0.001
NA
NA
0.058
<0.001
0.024
<0.001
<0.001
0.0020
0.15
0.026
1.00
0.12

55/119 (46%)
55/68 (81%)
34/55 (62%)

65/127 (51%)
65/82 (79%)
35/65 (54%)

0.45
0.84
0.46

NOTE Data are n (%) or median (IQR). NA=not applicable. *Resection classification according standardised pathologic
examination. R0 = minimum margin of 1 mm, R1= margin of <1 mm, R2= macroscopic tumour visible in surgical bed after
surgery.1 †Mortality of any cause within 30 days after resection or during the index hospitalisation (if longer than 30 days).

Appendix 4
Table 5. Patients with other pathology than pancreatic adenocarcinoma

Chronic pancreatitis
Cholangiocarcinoma
Neuroendocrine tumour
Intestinal type adenocarcinoma
IPMN with low grade dysplasia
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Preoperative
chemoradiotherapy (n=72)

Immediate surgery (n=92)

2
2
0
0
0

0
7
1
1
1
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Appendix 5
Table 6a. Serious adverse events grade 5

Biliary tract infection
Complete atrioventricular block
Disease progression ≤28 days after surgery
Hypoglycemia
Intra-abdominal hemorrhage
Multi-organ failure
Myocardial infarction
Sepsis
Stroke
Tromboembolic event

Preoperative
chemoradiotherapy

Immediate surgery

0
0
0
0
1
1
2
2
2
0

1
1
1
1
0
2
0
1
0
1

Preoperative
chemoradiotherapy

Immediate surgery

1
1

0
0

7

Table 6b. Suspected Unexpected Serious Adverse Reactions

Duodenal perforation, grade 4
Myocardial infarction, grade 5
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Completed
Early termination on efficacy
Completed
Early termination, slow accrual
Early termination, slow accrual
Terminated
Recruiting
Unknown
Active, not recruiting
Recruiting
Recruiting

PACT-15; Reni et al.2
Jang et al.3
Prep-02/JSAP-05; Unno et al.4
Casadei et al.5
Golcher et al.6
NEOPA Tachezy et al.7
NEONAX; Ettrich et al.8
NEOPAC, Heinrich et al.9
NEPAFOX; Hozaeel et al.10
NORPACT-1; Labori et al.11
PANACHE01-PRODIGE48;
Schwarz et al.12

PEXG + S vs S + adj gem vs S + adj PEXG
Gem + RT 54Gy + S vs S + adj CRT
Gem + S1 + S + adj S1 vs S + adj S1
Gem + CRT (54Gy + Gem + S + adj Gem vs S + adj Gem
CRT (Gem/cis + 55.8 Gy) + S + adj Gem vs S + adj Gem
Gem + RTx 50.4Gy + adj Gem vs S + adj Gem
Gem/Nabpacl + S + adj Gem/NabPacl vs S + adj Gem/NabPacl
Gem + Oxali + S+ adj Gem vs S + adj Gem
FOLFIRINOX + S + adj FOLFIRINOX vs S + adj gem.
FOLFIRINOX + S + adj Gem/Cap vs S + adj Gem/Cap
mFOLFIRINOX + S + adj C vs FOLFOX + S + adj. C vs S + adj C

Treatment
R
BR
R
R
R
R/BR
R
R
R/BR
R
R

88
58
362
38
66
(410)
(166)
(310)
(310)
(90)
(168)

38.2 v 20.4 v 26.4
21.0 v 12.0
36.7 v 26.6
19.5 v 22.4
14.4 v 17.4
-

Patients Median OS
Resectability (needed) (months)

Abbreviations: PEXG, cisplatin, epirubicin, capecitabine, gemcitabine; S, surgery; adj., adjuvant; Gem, gemcitabine; R, resectable; RT, radiotherapy; CRT, chemoradiotherapy; BR, borderline
resectable; Cis, cisplatin; NabPac, Nab/Paclitaxel; Oxali, oxaliplatin; FOLFIRINOX, oxaliplatin, irinotecan, fluorouracil, and leucovorin; Cap, capecitabin; mFOLFIRINOX, modified regimen of
oxaliplatin, leucovorin, irinotecan, and fluorouracil; FOLFOX, oxaliplatin, leucovorin and 5-FU; C, chemotherapy (choice at disecretion of medical team).

Status

Trial

Table 7. Key randomized trials investigating neoadjuvant treatment

Appendix 6

7

PREOPERATIVE CHEMORADIOTHERAPY VERSUS IMMEDIATE SURGERY

Appendix 7

7

Figure 1. (A) Overall survival, (B) disease-free survival, (C) locoregional failure-free interval and (D) distant
metastasis-free interval (D) of the per protocol analysis of the patients randomized to preoperative treatment
who actually started chemoradiotherapy (91 patients) or who actually received an exploration and had no
distant metastases (104 patients) Tick marks indicate censored observations
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Appendix 8

7

Figure 2. (A) Overall survival, (B) disease-free survival, (C) locoregional failure-free interval and (D) distant
metastasis-free interval (D) of the 133 patients with resectable PDAC, randomized to preoperative treatment
(65 patients) or immediate surgery (68 patients). Tick marks indicate censored observations
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Appendix 9

7

Figure 3. (A) Overall survival, (B) disease-free survival, (C) locoregional failure-free interval and (D) distant
metastasis-free interval (D) of the 113 patients with borderline resectable PDAC, randomized to preoperative
treatment (54 patients) or immediate surgery (59 patients). Tick marks indicate censored observations
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Appendix 10

7

Figure 4. (A) Overall survival of patients with R0 resection versus patients with non-R0 resection, (B)
Overall survival of the 92 patients in the immediate surgery group who have had a resection (R0 v non
R0). (C) Overall survival of the 72 patients in the preoperative chemoradiotherapy group who have had
a resection (R0 v non-R0).
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DISCUSSION
The purpose of this thesis was to investigate the efficacy of neoadjuvant chemoradiotherapy in
patients with resectable and borderline-resectable pancreatic ductal adenocarcinoma (PDAC). To
focus on the radiotherapy aspects of treating patients with pancreatic cancer, we also performed
a dummy-run and two delineation studies. This closing chapter discusses the findings reported in
the previous chapters, along with their clinical implications. It also discusses future perspectives
on neoadjuvant treatment and radiotherapy aspects in patients with resectable and borderlineresectable PDAC .

Adjuvant or neoadjuvant treatment
Because some 20% of patients with PDAC have resectable or borderline-resectable disease, they
are offered surgery, which remains the main curative treatment, although neoadjuvant or adjuvant
treatment may be given in addition to it. After extensive investigations over recent decades,
adjuvant treatment is now viewed as the standard treatment for patients after resection of
a pancreatic tumor. Various trials have observed that it leads to an overall survival benefit.1-4 On
the basis of the French-Canadian trial published in 2018, adjuvant FOLFIRINOX chemotherapy is
now considered to be the standard adjuvant treatment for patients who are fit enough to bear it
after resection of their pancreatic tumor.4
Due to the high rate of local recurrences and distant metastases found in patients after surgery
and adjuvant treatment, most trials that were intended to improve outcomes in patients with
resectable and borderline-resectable PDAC have focused on the efficacy of neoadjuvant treatment.5
In the literature it is assumed that the majority of patients with resectable or borderline-resectable
PDAC already have occult metastasis at presentation. As stated in Chapter 1, the aim of neoadjuvant
treatment is to reduce the occurrence of recurrent disease by improving the radical (R0) resection
rate and the control of micro-metastases. It also aims to improve compliance with the treatment
and to save patients with aggressive tumors from undergoing futile surgery, i.e., surgery that would
not respond to any treatment.
Nonetheless, selection differences between the adjuvant and neoadjuvant studies mean that
differences in outcomes are hard to compare if the study outcomes are not reported on the basis
of intention to treat (ITT). A majority of adjuvant studies have reported on patients who had had
a pancreatic tumor resected, were fit for adjuvant treatment, and actually started the adjuvant
treatment. However, many patients do not have a resection, or do not recover from it fast enough
to be fit enough for adjuvant chemotherapy. This means that the majority reported in these
studies was only a proportion of the patients who had initially been diagnosed with resectable or
borderline-resectable PDAC and would have been eligible for a neoadjuvant study. The patient
population in neoadjuvant studies therefore has a worse prognosis than the population in
adjuvant studies.
To compare the outcomes by ITT of neoadjuvant treatment with those of adjuvant treatment in
resectable and borderline-resectable PDAC, we performed a meta-analysis and systematic review,
which is presented in Chapter 2. In this review, we included studies published between 2000-2016
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that, on the basis of ITT, reported the overall survival of patients with resectable or borderlineresectable PDAC who had been treated with immediate surgery or neoadjuvant treatment. Overall,
the 1738 patients treated with neoadjuvant treatment were found to have longer overall survival
(OS), a higher radical (R0) resection rate, and fewer pathological lymph nodes. The difference in
median OS was larger in the group of patients with borderline-resectable PDAC (a difference of
6.4 months) than in patients with resectable PDAC (a difference of 0.5 months). The median OS
varied between studies, due possibly to differences between neoadjuvant regimens, patient
selection, and the resectability criteria used between studies. Our overall findings tend to be
borne out by various reviews and meta-analyses that have investigated the role of neoadjuvant
treatment confirmed since this meta-analysis was conducted.6-8 The review by Pan et al. also found
an overall survival benefit for patients with borderline-resectable PDAC, but no improvement for
patients with resectable PDAC.6 According to these and earlier reviews, the efficacy of neoadjuvant
treatment in borderline-resectable PDAC is an essential component of the therapeutic strategy.9-11
However, the efficacy of neoadjuvant treatment in resectable PDAC has not yet been established.
Since our meta-analysis was published, three meta-analyses have been performed in patients with
resectable PDAC. The results of all three were comparable to those described in Chapter 2: an

9

increased R0 resection rate, fewer pathological lymph nodes, and no significant survival benefit
in patients with resectable PDAC treated with neoadjuvant therapy.12-14 Although the meta-analysis
of Lee et al. showed no survival benefit after neoadjuvant treatment analyzed by ITT, a significant
benefit in overall survival was shown by their per-protocol analysis.12

Neoadjuvant chemoradiotherapy
Until 2019, no evidence was available from randomized clinical trials (RCTs) that had investigated
the efficacy of neoadjuvant chemoradiotherapy. Chapter 3 presents the trial protocol of
the PREOPANC study, a phase III, randomized, controlled, multicenter trial that required 244
patients with resectable or borderline resectable PDAC (as defined by the Dutch Pancreatic
Cancer Group’s resectability criteria) for randomization between standard immediate surgery
or preoperative (neoadjuvant) chemoradiotherapy. The primary endpoint was overall survival
measured on the basis of ITT, which, we hypothesized, would show a median improvement in OS of
six months after neoadjuvant treatment. The final results of this trial are presented in Chapter 7. So
far, no other randomized phase III trial on the efficacy of neoadjuvant treatment in both resectable
and borderline resectable PDAC has reached full accrual and published its results. In addition,
accrual failed in two previous phase III trials;15,16 one phase II randomized trial was published
prematurely because of a positive interim analysis;17 another phase II trial did not continue to
a phase III trial;18 and, while two phase 2 randomized trials were both presented with an abstract, its
results have not yet been published in full.19,20
In the PREOPANC trial, 246 eligible patients were randomized between 2013 and 2017. In
the patients randomized to neoadjuvant chemoradiotherapy, the median OS was 16 months,
against 14.3 months for the patients randomized to immediate surgery, which was not statistically
significant. However, neoadjuvant chemoradiotherapy was favored by the evidence provided by
158

DISCUSSION & FUTURE PERSPECTIVES
secondary endpoints such as R0 resection rate, disease-free survival, locoregional failure-free
interval, and the number of patients with pathological lymph nodes. The per-protocol analysis
showed that overall survival was significantly better in patients who had started the neoadjuvant
treatment, undergone resection and started the adjuvant treatment than in those who had been
treated with resection and had started the adjuvant chemotherapy. Even though the primary
endpoint was not met, these secondary endpoints and per-protocol analyses suggest that there is
indeed a role for neoadjuvant chemoradiotherapy. These findings are also in line with those of nonrandomized trials and of those that were randomized but terminated early. In addition, the recent
meta-analysis of the six RCTs performed so far (including the PREOPANC trial and the trials
referred to earlier in this chapter), reported on the basis of ITT an improvement in median OS of
6 months in patients treated with neoadjuvant therapy, from 19.4 months to 25.4 months. Of these
six RCTs, four used neoadjuvant chemoradiotherapy, and two used neoadjuvant chemotherapy.
While the same meta-analysis showed that the resection rate was better after immediate surgery,
though not significantly, the R0 resection rate and the pN0 rate were better after neoadjuvant
treatment.21 Worldwide, at least six other randomized trials on the efficacy of neoadjuvant
treatment are currently ongoing,22-25 including the PANDAS-PRODIGE 44 trial (NCT02676349)
and the ALLIANCE 021806 trial. Two randomized trails just completed accrual, including
the PREOPANC-2 trial (NTR7292).26
As Chapter 7 shows, although the primary endpoint was not met in the PREOPANC trial,
the subgroup analysis of the patients with borderline-resectable PDAC showed a significant benefit
for neoadjuvant treatment over immediate surgery. As the interaction test of the hazard ratios
between these subgroups was not significant, these results should therefore be interpreted with
caution. The same results for patients with borderline-resectable PDAC were found in the interim
analysis of the phase II/III trial of Jang et al., where median survival improved by 9 months in
patients treated with neoadjuvant chemoradiotherapy relative to the patients treated with
immediate surgery.17 One possible explanation for this difference in effect between resectable
and borderline-resectable PDAC is that the downstaging of disease may be more pronounced in
patients with borderline-resectable PDAC, whose vascular involvement is more prominent, and
whose risk of positive margins is therefore greater.11 These patients may also have a higher risk of
developing metastases during neoadjuvant treatment. If so, their selection before surgery would
mean effectively that patients had been selected whose tumors were more aggressive.27 But
although the meta-analysis of the six RCTs found no difference between the two groups, these RCTs
used different criteria for resectable and borderline resectable PDAC.21 In addition, the National
Comprehensive Cancer Network, whose resectability criteria for pancreatic cancer are the most
widely used, also recommends neoadjuvant treatment for borderline resectable PDAC, in line with
the outcomes presented in our systematic review (Chapter 3) and of results of the PREOPANC
(Chapter 7).28
Although the efficacy of neoadjuvant treatment is becoming more important, the optimal
regimen for chemotherapy or chemoradiotherapy has not yet been established. The optimal
neoadjuvant regimen is being investigate in numerous phase III studies analyzing neoadjuvant
treatment in borderline resectable PDAC, four examples being the NEPAFOX26, PANDAS-PRODIGE
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44 (NCT02676349), ALLIANCE25 and the PREOPANC-2 (NTR7292) trials. With regard to patients
with resectable PDAC, we conclude that the efficacy of neoadjuvant treatment has not yet been
fully established.
The PREOPANC trial has been criticized for the high percentage of dropouts before start of
treatment. For better selection of populations that might benefit from neoadjuvant treatment,
some critics advocate laparoscopy before randomization.29 Indeed, pre-randomization
laparoscopy would have deselected a percentage of patients with metastases beforehand. We
deliberately chose a “real-world” trial design that included all patients who were considered at
the multidisciplinary team meeting to have a resectable or borderline-resectable PDAC, and were
fit enough to undergo exploratory surgery or neoadjuvant treatment. The percentages of patients
with metastases found at laparoscopy—11% in the neoadjuvant group vs. 12% in the immediate
surgery group—were relatively low compared to the 20% found in several recent systematic
reviews.30,31 Our decision to include these patients, however, may have contributed to the fact
that our trial was underpowered for the primary endpoint. We believe that patients who are found
to have progression at laparoscopy or after neoadjuvant treatment are spared futile surgery. In
the retrospective study by Groot et al., over 40% of the 957 patients with primary resectable PDAC
had recurrent disease within 12 months; 80% of them had distant metastases.32 In the PREOPANC
trial, over half of the recurrences (both local and distant) appeared within one year. In patients who
develop rapid disease progression soon after surgery, it can be detrimental to delay the systemic
therapy they need by first treating them with surgery.
The PREOPANC trial presented in Chapter 7 was underpowered. One reason for this was that
the median OS of 14.3 months in the immediate surgery group was longer than the 12 months
expected. Our use of standard follow-up with computed tomography (CT) made it possible
to identify patients with asymptomatic locoregional recurrences or distant metastases during
follow-up. Although recommendations on post-operative surveillance are conflicting,33 a recent,
nationwide, multicenter cohort study found PDAC recurrence in 80% of the patients who underwent
PDAC resection, and additional treatment was associated with an improved survival in patients with
an asymptomatic recurrence found during standardized postoperative follow up.34 Many patients
with recurrence or metastases during or after their trial treatment received FOLFIRNOX as salvage
treatment.35 If this extended survival in both groups, it may have diluted the survival differences
between the arms.
As patient selection differs between adjuvant and neoadjuvant studies, it is difficult to compare
the results of the PREOPANC trial with those of studies that investigated the efficacy of adjuvant
treatment. While neoadjuvant trials, particularly the PREOPANC trial, select patients that have
resectable or borderline-resectable PDAC on preoperative imaging, adjuvant trials select patients
who have had a successful tumor resection and are fit enough to start the adjuvant treatment.
The patients who fulfilled these criteria in the PREOPANC trial comprised 46% of the entire trial
population. Since these patients were obviously those with the best prognosis, the survival
reported in adjuvant trials was longer than that reported in neoadjuvant trials.2,4 In addition, this
selection may have caused accrual in adjuvant trials to be slower than in neoadjuvant trials, as
fewer patients fulfilled eligibility criteria. As stated in Chapter 1, slow accrual in trials is a common
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problem in pancreatic cancer, and may produce a non-representative sample of patients, outdated
results and, ultimately, early termination. It has also been suggested that patients who participate
in trials have better outcomes than those who do not. The external validity of a trial is the extent
to which the trial’s outcomes can be generalized to a broader population. It is valuable to test
the external validity, particularly in trials with slow accrual.
The external validity of the PREOPANC trial was tested by comparing the outcomes of trial
patients who, at eight of the 16 participating institutions, had been randomized to immediate
surgery with those of patients who did not participate in the trial and underwent immediate
surgery in the same period (Chapter 8). On the basis of comparable baseline characteristics
and outcomes in terms of overall survival, resection rates and R0 resection rates between both
groups, it was concluded that the patients in the PREOPANC trial consisted of a representative
population of patients with resectable and borderline-resectable PDAC. The accrual proportion
of eligible patients who had been randomized in the PREOPANC trial was 33%, which was high
compared to the accrual proportions of between 10–15% reported in other pancreatic cancer
trials.36,37 This relatively high percentage may have resulted from the way the treatment of patients
with pancreatic cancer is organized in the Netherlands, where all eligible patients are discussed at
a multidisciplinary tumor board, and are informed about the trial as soon as possible thereafter;
and where time is invested in discussing the trial with the patients. However, a small majority (55%)
of the eligible but non-randomized patients did not give informed consent, mainly because they
preferred immediate surgery.
The general belief in neoadjuvant treatment has grown over the years in the Netherlands, and
we expect the accrual proportion in neoadjuvant studies to have increased since the publication of
the PREOPANC trial results. So far, the accrual rate in the PREOPANC-2 trial is higher than expected:
at 10.6 per month, it is more than twice as high as the monthly accrual rate in the PREOPANC trial
(4.8 per month). Despite the organizational structure in the Netherlands, 41% of the patients were
either not informed about the trial, or the fact they were informed was not reported in the medical
file—and it is well known that a large number of patients are never informed about ongoing
trials.38 The high percentage we found in our study indicates that there is room for improvement.
One reason for not informing patients may lie in some physicians’ preference for the standard
treatment, as patients are likely to follow advice based on it.37,38 Not only can such high percentages
of uninformed patients slow accrual, the slowness may have a second, less obvious, disadvantage,
in that new developments in the field may occur in the meantime, ultimately making the trial
results less relevant. For example, during accrual of the PREOPANC study, FOLFIRINOX proved its
benefit as an adjuvant treatment in these patients.4 As stated above, trials that are slow to accrue
run the risk of being closed prematurely. Higher accrual can be achieved by using the Trials within
Cohorts design (TWICS) (also known as cohort multiple RCT design (cmRCT),39 which ultimately
leads to accrual rates of 67–100%.40,41

9

Radiotherapy for pancreatic cancer
Radiotherapy combined with chemotherapy is increasingly being used in patients with resectable
and borderline-resectable PDAC. While the role of chemoradiotherapy in the adjuvant setting has
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decreased due to disappointing results in clinical trials, neoadjuvant treatment is often used, either
with conventional chemoradiotherapy, or with a combination of chemotherapy and stereotactic
radiotherapy.42 Nonetheless, due to the lack of standardized guidelines for radiotherapy delineation
and treatment planning, differences in treatment are likely between any institutions that participate
in a trial. Neither is much known about the variations not only between radiation oncologists but
also between radiotherapy institutions.

Protocol guidelines

9

Analyzing compliance with the radiotherapy protocol and avoiding differences between the various
radiation oncology institutions, quality assurance (QA) should be undertaken at an early stage
of a trial. QA in the PREOPANC trial involved a dummy run. The performance of any participant
institution should be clear to the QA team, preferably before the entry of the first patient. By asking
the participating institutions to prepare a treatment plan according to the prescriptions of the trial
protocol for a “dummy” patient whose imaging data are provided, the QA team can analyze their
ability to comply with the protocol and to expose any ambiguities in it that might cause protocol
deviations. It has indeed been shown that a dummy-run procedure can reduce variations in
treatment quality within international multicenter trials.43-46 In most RCTs, QA is mandatory, as it
minimizes the risk of suboptimal treatment and thereby differences in outcome. In gastrointestinal
trials, unacceptable deviations in radiotherapy protocol compliance are seen in around 5% of
the cases.47 In pancreatic cancer, one previous study even reported that QA in radiation therapy
was significantly associated with the survival of patients with pancreatic tumors.48
Chapter 4 presents the results of the dummy-run of the PREOPANC trial, in which 11 radiation
oncologists were asked to delineate the tumor of a dummy patient, for whom they were then asked
to draw up treatment planning. Evaluation of the plans identified only minor, acceptable deviations
in target delineation and radiotherapy-treatment delivery. The PREOPANC protocol required no
prescription adaptations. At the time of the dummy-run, most institutions had minimal experience
of delineating pancreatic tumors; during accrual for the actual trial, they gained more knowledge of
it. For treatment delivery, most of the institutions used Volumetric Modulated Arc Therapy (VMAT),
which had a mean conformity index (CI) of 1.16. The protocol recommended the use of VMAT or
Intensity Modulated Radiation Therapy (IMRT) for treatment planning since the CI and sparing of
the organs at risk improve compared with 3-dimensional conformal treatment planning.49 Despite
acceptable deviations from protocol adherence, the ratio between the largest and smallest internal
gross tumor volume (iGTV) found in the dummy run in Chapter 4 was 4.0—comparable with earlier
dummy runs in pancreatic cancer treatment, which reported ratios of 3, 6.8, and 9.50,51 Although
this is also comparable with the findings in other QA studies, it indicates that there is quite a high
amount of interobserver variation, which may be due to poor contrast between the pancreatic
tumor and healthy tissue, or to the limited overall experience with delineating pancreatic tumors.

Delineation
To further investigate this interobserver variation, we performed a delineation study on both
3-dimensional CT (3DCT) and 4-dimensional CT (4DCT) with eight radiation oncologists
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(observers), who were asked to use both CT scans to delineate the pancreatic tumors of four
patients. They were also asked to use 4DCT to delineate the tumor at every respiratory phase, to
finally establish the iGTV. Considerable variation was found in both delineation phases (Chapter 5).
In the 4DCT delineation, the iGTV was larger than the GTV in the 3DCT delineation, a finding that
was consistent with the literature.52,53 Greater interobserver variation was also found in the 4DCT
delineations than in the 3DCT delineations, due possibly to poor contrast in the different phases
of the 4DCT between the tumor and healthy tissue. Poor contrast between the pancreatic tumor,
healthy pancreatic tissue, and organs at risks (such as the duodenum) is a well-known problem in
pancreatic tumor delineation for radiotherapy.52,54
Interobserver variation may be improved by the addition of other image modalities for tumor
delineation. Chapter 6 presents the results of interobserver variation with Magnetic Resonance
Imaging (MRI) combined with the 3DCT and 4DCT. At least six weeks after the CT delineations,
the eight observers featured in Chapter 5 were asked to delineate the GTV on the 3DCT and
the iGTV on the 4DCT. The mean iGTV was significantly 32% smaller than in the CT-only study.
As in the literature, the tumor volumes decreased when the delineation was based on MRI
rather than on CT only.55-57 Although the precision of the delineation improved, the overlap of
the delineated iGTVs remained similar to that in the CT-delineation study. The eight observers
were free to use any of the MR images that were supplied. In the literature, the smallest target
volumes were delineated by using the dynamic-contrast-enhanced T1-weighted MRI, rather than
the diffusion-weighted (DWI) MRI.55 However, our conclusions have to be interpreted with some
care: despite the smaller volumes and inter-observer variation found in Chapter 6, it is possible
that the volumes are underestimated on MRI.58 As guidelines are not available for MRI delineation in
pancreatic cancer, Heerkens et al., made various recommendations,59 particularly that delineation
of the GTV would be improved by T1-weighted MR images (with and without contrast). As the DWI
provides high sensitivity but low specificity, its use after delineation of the GTV on T1-weighted
MRI may be helpful for unclear areas.59 As the MRI presented in our delineation study was not
performed in a radiotherapy position, image registration was not possible. To overcome these
registration problems between CT and MRI, we now propose to image these patients with MRI in
the radiotherapy-treatment position on the same day as the 4DCT. This will minimize organ-filling
differences in the stomach and duodenum. Registration between the two image modalities can
also be made easier by placing standard fiducial markers in the pancreatic tumor. Although the use
of these markers is encouraged in the Netherlands, it is not yet standard practice, and although
they allow image registration between CT and MRI, account should be taken both of their limited
visibility on MRI and of potential artifacts.60 Markers containing iron are the most visible, while
the smallest markers containing iron have fewer artifacts on MRI.61
Overall observer variation was less when MRI was added to the CT (Chapter 6). To compensate
for geometrical uncertainties, account was taken of interobserver variation in the planning targetvolume (PTV) margin. Although we found that it may be possible to use smaller PTV margins for
combined MRI and CT delineation, this observation was based on only four patients with eight
observers. After adding MRI to CT, two earlier delineation studies found no improvement in
interobserver variation.57,62 Due to different sequences, in which each series has its own tissue
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contrast, it may be too challenging for radiation oncologists to use MRI during delineation. When
using MRI during delineation, close collaboration with the radiologist is essential, since tumor areas
close to the vascular structures are a complex region for delineation.
The greatest local variation in delineation was seen at the location of the biliary stent and
suspicious lymph nodes (Chapters 5 and 6). The addition of MRI did not reduce variation
in delineation in these areas. The variation in delineation of the lymph nodes may have been
due to misinterpretation of the radiotherapy protocol, which was reported to have included
the pathological lymph nodes in the delineation. Since we also provided the radiological report
on the CT, it may be that some observers judged suspicious lymph nodes to be not suspicious. As
national delineation guidelines lead to a reduction in the interobserver variation in other target
areas, this may also be the case with pancreatic cancer.63 Accurate guidelines for tumor delineation
in pancreatic cancer are necessary, and central contour review is indicated for future prospective
clinical trials. Although improvements in variation at the location of the biliary stent may be
achieved by using image registration between the diagnostic and 4DCT scan, such registrations
are challenging, since most diagnostic scans are performed in breathhold, which makes image
registration hard. The options for conducting CT and MRI on breathhold should be investigated.

9

FUTURE PERSPECTIVES
Neoadjuvant treatment
The meta-analysis and randomized trial presented in this thesis strongly suggest that neoadjuvant
treatment is beneficial, particularly in patients with borderline-resectable PDAC. The recent
review by Cloyd et al. of six RCTs found a benefit of neoadjuvant treatment both in patients with
resectable PDAC and in those with borderline-resectable PDAC.21 All six trials used gemcitabine in
the neoadjuvant treatment, and four of the six used chemoradiotherapy. In this thesis we gained
less evidence with regard to patients with resectable PDAC, a matter we believe future studies
should analyze further.
The question remains of what the optimal neoadjuvant treatment regimen should be.
Since the PREOPANC trial started accruing patients, new chemotherapy regimens have proven
their benefit. In the adjuvant setting, the ESPAC-4 trial showed that adjuvant gemcitabine and
capecitabine was superior to gemcitabine monotherapy,2 and so did modified FOLFIRINOX.4
In the neoadjuvant setting, FOLFIRINOX in borderline-resectable and locally-advanced PDAC
has proven its benefit10, and a considerable number of phase II/III trials are currently recruiting
patients for investigations of the efficacy of neoadjuvant FOLFIRNOX in resectable and borderlineresectable PDAC.7 The recent published abstract of the SWOG S1505 trial, which compared
neoadjuvant modified FOLFIRINOX with neoadjuvant gemcitabine/nab-Paclitaxel for patients
with resectable PDAC, did not find a significant difference in survival between the two treatments,
and concluded that neither treatment achieved an OS above that achieved by the historical
standard treatment.64
Although most ongoing studies focus on neoadjuvant FOLFIRINOX, their focus should also
be extended to the efficacy of neoadjuvant radiotherapy. While the efficacy of radiotherapy

164

DISCUSSION & FUTURE PERSPECTIVES
in pancreatic cancer is not clearly understood, it is likely that radiotherapy induces more R0
resections, fewer lymph-node metastases and lower locoregional recurrence rates. Relative to
neoadjuvant chemotherapy, neoadjuvant chemoradiotherapy results in higher R0 rates, less lymphnode positivity, and fewer local recurrences.65 But although a survival benefit for the neoadjuvant
approach was described in the recent abstract of the ESPAC-5F trial, in which three different
neoadjuvant approaches were administered (gemcitabine/capecitabine vs. FOLFIRINOX vs. 50.4 Gy
radiotherapy with capecitabine), no results have yet been presented for the different neoadjuvant
regimens as such.20 Neoadjuvant stereotactic radiotherapy is currently being investigated in
the ongoing ALLIANCE A021501 trial, randomizing patients between modified FOLFIRINOX
with or without stereotactic radiotherapy,25 and the BRPCNCC-1 trial, randomizing patients
between neoadjuvant chemotherapy (gemcitabine/Nab- paclitaxel or S-1/Nab-paclitaxel with or
without SBRT.⁶⁶
Despite the efficacy of neoadjuvant chemotherapy and radiotherapy, which has been
investigated in a good number of RCTs for patients with resectable and borderline-resectable
PDAC, surgery is still needed in patients without progression during or after the neoadjuvant
treatment. A complete pathological response has been reported in only 2.5–7% of these
patients67-69—a percentage that is unsurprising, since pancreatic tumors are quite resistant to
chemotherapy and radiotherapy, due largely to the hypoxia caused by the dense stroma. One way
to reduce this resistance might by using hyperthermia.70 Mild hyperthermia raises the temperature
of the tumor to 40–44 degrees Celsius for one hour, reducing hypoxia and enhancing the tumorcell killing effects of radiotherapy and chemotherapy. A recent systematic review suggested that
adding hyperthermia to chemotherapy and/or radiotherapy may improve the OS and the response
rate in patients with metastatic or locally advanced cancer. Reported toxicity was related mainly
to chemotherapy.71 Since the hypoxia and stroma are not different in patients with resectable or
borderline-resectable PDAC, such improved outcomes may also be found in these patient groups.

9

Imaging and radiotherapy
Due to the considerable interobserver variation in the delineation of pancreatic tumors described
in this thesis, it is impossible to reduce the PTV margins that account for geometric uncertainties
(and thus for the interobserver variation). As this thesis describes, delineation with MRI resulted in
GTVs that were smaller than with CT-only delineation, and also in smaller treatment volumes. Large
GTVs result in large CTVs and PTVs, and large volumes can cause unnecessary radiation of healthy
tissue, leading to symptoms such as nausea, diarrhea, and gastritis. Currently, MRI is little used for
pancreatic tumor delineation, and its routine use in close collaboration with the radiologist may
reduce both interobserver variation and treatment volumes, and thus also toxicity. Until greater
experience is gained with the use of MRI for delineation, further research should focus on other
radiotherapeutic approaches to reducing the treating volumes, such as MR-guided stereotactic
radiotherapy. This would achieve two objectives. First, greater experience of tumor delineation on
MRI would reduce interobserver variation. Second, MR-guided stereotactic radiotherapy through
online image guidance allows PTV margins to be used that are much smaller than those allowed by
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VMAT or conventional radiation. By combining breathhold with the visual feedback provided by
the system, it spares the organs at risk while allowing high-precision radiotherapy to the tumor,
with plan adaption during each fraction.72 Higher doses to the tumor can thus be applied every
fraction. MR-guided stereotactic radiotherapy is currently used for patients with locally advanced
or locally recurrent pancreatic cancer,73 but its efficacy in patients with resectable or borderline
resectable PDAC should also be evaluated. One recent epidemiological study showed that
neoadjuvant chemotherapy with SBRT for patients with resectable PDAC is associated with more
favorable survival and pathological outcomes than neoadjuvant chemotherapy only or neoadjuvant
chemotherapy with conventional radiotherapy.74
The PTV is also reduced by approaches such as mid-ventilation radiotherapy planning and
breath-hold radiotherapy. In pancreatic cancer, the mid-ventilation approach reduces PTV
by almost 14%, and improves the dose to the stomach and duodenum.75 The use of breathhold radiotherapy has also led to an even larger reduction of the PTV.76 Another promising
radiotherapy technique is the use of proton therapy, which can make it possible to sharply reduce
the dose after PTV, thereby reducing the dose to the OARs.77 The approaches specified here are
nonetheless based on CT delineation. On the basis of the results described in this thesis and in
recent literature, attempts to improve MRI delineation in patients with resectable or borderlineresectable PDAC should first be combined with the best MRI sequences for delineation, and with
MR-guided radiotherapy.

CONCLUSIONS
In conclusion, this thesis provides more evidence for the beneficial efficacy of neoadjuvant
treatment, especially in borderline resectable PDAC. In resectable PDAC, this efficacy is still dubious.
Improvements in neoadjuvant chemotherapy using FOLFIRINOX and gemcitabine/nab-Paclitaxel
should be investigated. Research should also focus on the efficacy of neoadjuvant radiotherapy,
especially MR-guided radiotherapy, and on further improving aspects of delineation, as this thesis
found considerable interobserver variation in both CT and MRI delineation. Finally, the effect of
both neoadjuvant chemotherapy and radiotherapy can be enhanced by the use of hyperthermia.
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S U M M A RY
Emerging insights on neoadjuvant chemoradiotherapy in pancreatic cancer
The overall survival of patients with resectable or borderline-resectable pancreatic ductal
adenocarcinoma (PDAC) has hardly improved over the last decade. There is a rise in studies
investigating the role of preoperative (neoadjuvant) chemoradiotherapy. Since neoadjuvant
chemoradiotherapy has not proven its efficacy yet, little is known about the radiotherapy aspects of
pancreatic cancer. As a consequence, no standard guideline is available on delineation of pancreatic
tumors in the preoperative setting. It is known that tumor delineation can be challenging, with
poor contrast between the tumor and surrounding tissue. This thesis aimed to study the role of
neoadjuvant chemoradiotherapy in patients with resectable or borderline-resectable PDAC and
investigate the radiotherapeutic aspects: delineation and treatment planning of neoadjuvant
radiotherapy. In this chapter, we summarize the previous chapters.
In Part I, an overview of the current literature investigating the efficacy of neoadjuvant
treatment in patients with resectable or borderline-resectable PDAC is presented. Chapter 2
presents the results of the meta-analysis and systematic review of studies investigating the efficacy
of neoadjuvant treatment by intention to treat (ITT) in these patients. A total of 38 studies were
included with 3484 patients. Data on the overall survival (OS) by ITT, resection rate, radical (R0)
resections, pathologically lymph node rate, reasons for irresectability, and toxicity, were collected.
In patients treated with neoadjuvant treatment (chemotherapy or chemoradiotherapy), the median
OS was four months longer against patients treated with immediate surgery. In addition, more
patients in the neoadjuvant treatment group had an R0 resection, and fewer pathological lymph
nodes. The systematic review in Chapter 2 was the first reporting the outcomes by ITT and
therefore more reliable than previous systematic reviews not reported by ITT. We concluded that
neoadjuvant treatment should be further investigated in randomized trials. In Chapter 3, the study
protocol of the PREOPANC trial is presented. The PREOPANC trial was a randomized, controlled,
multicenter trial, initiated by the Dutch Pancreatic Cancer Group. Patients with resectable or
borderline-resectable PDAC were randomized between the standard immediate surgery followed
by adjuvant gemcitabine chemotherapy or neoadjuvant chemoradiotherapy (15 fractions of
2.4Gy radiotherapy combined with gemcitabine) followed by surgery and the remainder of
the gemcitabine chemotherapy. The primary endpoint was OS by ITT, and secondary endpoints
were resection rate, R0 resections, disease-free survival, locoregional failure-free interval, distant
metastasis-free interval, and perioperative complications. Overall, 244 patients and 176 events were
required to show a 6 months median survival benefit, from 11 to 17 months with a power of 80%.
In Part II, the delineation and treatment planning aspects of neoadjuvant radiotherapy are
presented. Since neoadjuvant radiotherapy in patients with resectable or borderline-resectable
PDAC was not yet standard practice, and due to the lack of standardized guidelines, a dummy run
to test the compliance to the radiotherapy protocol within the PREOPANC trial was executed in
Chapter 4. Compliance to the trial protocol is essential since it can minimize the clinical variation
in treatment between participating institutions and the trial itself. Eleven radiation oncologists
from radiotherapy institutions participating in the trial were asked to delineate the internal gross
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tumor volume (iGTV) on the 4D computed tomography (CT) scan and to draw up a treatment plan
of a ‘’dummy patient’’. The ratio between the largest to smallest iGTV found in this dummy run was
4.0, comparable to previous dummy runs performed in pancreatic cancer. Reported feedback to
the participating radiation oncologists mostly concerned the delineation of the pancreatic tumor,
with often too tight delineation borders found at the ventral side of the pancreatic tumor. For
treatment planning, 82% of institutions used Volumetric Modulated Arc Therapy. Overall, we found
acceptable deviations from protocol adherence, and all radiotherapy institutions were allowed to
continue participation in the PREOPANC trial. Next to this dummy run, we performed a delineation
study to investigate the interobserver variation further. The results of this delineation study on CT
are presented in Chapter 5. We provided eight radiation oncologists the treatment planning 3DCT
(for delineation of the gross tumor volume (GTV)), the 4DCT (for delineation of the internal GTV
(iGTV)), and the diagnostic CT scan of four patients randomized within the PREOPANC trial for
neoadjuvant chemoradiotherapy. A considerable interobserver variation was found, with the ratio
between the largest to the smallest GTV of 6.8, comparable with previous studies investigating
the interobserver variation for delineation of pancreatic cancer. For the iGTV, the ratio between
the largest to the smallest volume was 16.5. The conformity index, indicating the overlap of
delineated volumes, was larger in the 3DCT delineations compared with the 4DCT delineations.
The greatest local variation in delineation was seen close to the biliary stent and suspicious lymph
nodes. According to the trial protocol, suspicious lymph nodes should be included in the (i)GTV,
but for the biliary stents, no guidelines were available in the protocol. Since the biliary stent was
often placed after the diagnostic CT scan, and before the 4DCT for tumor delineation was executed,
registration of both scans is challenging.
Offering additional imaging might be a step towards reducing the interobserver variation.
The interobserver variation with Magnetic Resonance Imaging (MRI) alongside the 3DCT and 4DCT
during delineation was investigated and presented in Chapter 6. In this delineation study, the eight
observers featured in Chapter 5 were asked to repeat the delineations, with a MRI alongside
the 3DCT or 4DCT. The maximum ratios between the largest to the smallest GTV and iGTV were 6.1
and 22.4, respectively, not smaller compared with the delineation study on CT. However, the mean
volumes of the iGTV were almost one-third smaller compared to the volumes on CT delineation
only. In addition, the overall observer variation was smaller in six out of eight delineated tumors
(on 3DCT and 4DCT) compared to the CT delineation study. Similar to the delineation study on CT,
the greatest local variation remained close to the biliary stent and the suspicious lymph nodes.
Finally, Part III presents the outcomes of the randomized, phase III PREOPANC trial of
neoadjuvant chemoradiotherapy in patients with resectable and borderline-resectable PDAC.
In Chapter 7, the final results of the PREOPANC trial are presented. In this phase III trial, 246
patients with resectable or borderline-resectable PDAC were randomized in 16 institutions within
the Netherlands. The primary endpoint was not met, with a median OS of 16 months in patients
randomized to neoadjuvant chemoradiotherapy, against 14.3 months for the patients randomized
to immediate surgery. However, secondary endpoints favored neoadjuvant chemoradiotherapy,
with significantly more R0 resections, lower rates of pathological lymph nodes, and better diseasefree survival and locoregional failure-free interval. There was no significant difference found
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in the resection rate, distant metastasis-free interval, or the number of patients with reported
serious adverse events. In the subgroup of patients with borderline-resectable PDAC, a significant
difference in survival was found in patient treated with neoadjuvant treatment (median OS 17.6
versus 13.2 months, P=0.029). To be able to compare these results with the studies investigating
the role of adjuvant treatment, the per-protocol analysis showed that overall survival was
significantly better in patients who had started the neoadjuvant treatment, undergone resection
and started the adjuvant treatment than in those who had been treated with resection and had
started the adjuvant chemotherapy (median OS 35.2 versus 19.8 months, P=0.029). In Chapter 8, we
tested the external validity of the PREOPANC trial. We collected the data of 151 patients randomized
in eight institutions participating in the PREOPANC trial, and compared these with all eligible nonrandomized patients from these eight institutions. In total, 455 eligible patients were identified,
with an accrual proportion of eligible patients who had been randomized in the PREOPANC trial of
33%. Of the eligible but non-randomized patients, 55% did not give informed consent because they
preferred immediate surgery and refused trial participation. Comparable baseline characteristics
and outcomes in terms of overall survival, resection rates and R0 resection rates were found
between both groups, and it was concluded that the patients in the PREOPANC trial consisted of
a representative population of Dutch patients with resectable and borderline-resectable PDAC
In conclusion, within this thesis, we focused on two aspects; first, whether there is a benefit
of neoadjuvant chemoradiotherapy in patients with resectable or borderline-resectable PDAC and
second, the radiotherapy aspects of treating these patients with neoadjuvant radiotherapy. We
found a suggestion that neoadjuvant chemoradiotherapy has a benefit in patients with resectable
or borderline-resectable PDAC, particularly the latter group, with a consistent benefit of secondary
outcomes in the PREOPANC trial. Worldwide, we are in the middle of a paradigm shift from
surgery, followed by adjuvant treatment, as only potentially curative option, towards neoadjuvant
treatment, if possible followed by surgery. Along with other neoadjuvant studies conducted during
the PREOPANC trial period, together with systematic reviews and meta-analyses, the PREOPANC
trial plays an imported role in this shift. The optimal neoadjuvant regimen should be investigated
in further trials.
Concerning the delineation and treatment planning aspects of these patients, quality was
found to be sufficient in the dummy-run performed in the PREOPANC study. However, considerable
interobserver variation was found in the delineation of these tumors. Additional research is needed
to reduce this interobserver variation by other image modalities such as MR-guided radiotherapy.
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S A M E N VAT T I N G ( N E D E R L A N D S )
Opkomende inzichten in neoadjuvante chemoradiotherapie bij
pancreaskanker
De overleving van patiënten met een resectabel of borderline resectabel pancreascarcinoom
is de afgelopen tien jaar nauwelijks verbeterd. Het aantal studies die de rol van preoperatieve
(neoadjuvante) chemoradiotherapie onderzoeken neemt toe. Aangezien bewijs ontbreekt dat
neoadjuvante behandeling beter is dan standaard behandeling, is er ook relatief weinig bekend
over de radiotherapeutische aspecten van de behandeling bij deze groep patiënten. Standaard
richtlijnen met betrekking tot het intekenen van deze tumoren voor de radiotherapeutische
behandeling ontbreken. Wel is bekend dat een pancreastumor over het algemeen moeilijk af
te grenzen is van het gezonde omliggende weefsel door weinig contrast verschil, en daardoor
uitdagend om in te tekenen voor de radiotherapie. In dit proefschrift wordt de rol van neoadjuvante
chemoradiotherapie bij patiënten met een resectabel of borderline resectabel pancreascarcinoom
onderzocht, en ten tweede wordt er onderzoek gedaan naar de radiotherapeutische aspecten;
de intekening en behandelplan (treatment planning). In dit hoofdstuk vatten we alle voorgaande
hoofdstukken samen.
In Deel I van dit proefschrift wordt ons onderzoek naar de rol van neoadjuvante behandeling
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bij patiënten met een resectabel of borderline resectabel pancreascarcinoom beschreven. In
Hoofdstuk 2 zijn de resultaten gepresenteerd van een systematische review en meta-analyse
naar studies die de rol van neoadjuvante behandeling onderzochten bij patiënten met een
resectabel of borderline resectabel pancreascarcinoom en de uitkomsten naar behandelintentie
(by intention to treat, ITT) rapporteerden. Na screening van alle artikelen werden in totaal 38
studies geïncludeerd met 3484 patiënten. De mediane overleving naar behandelintentie, het aantal
resecties (resectie rate), het aantal radicale (R0) resecties, het aantal patiënten met pathologische
lymfeklieren, redenen voor geen resectie en toxiciteit werden verzameld. De mediane overleving
naar behandelintentie was 4 maanden langer in de groep die neoadjuvante behandeling kreeg
(chemotherapie of chemoradiotherapie), vergeleken met de groep patiënten die direct werd
geopereerd. Bovendien hadden patiënten die neoadjuvante behandeling kregen vaker een
radicale (R0) resectie en minder vaak pathologische lymfeklieren. Deze meta-analyse is de eerste
studie die de uitkomsten naar behandelintentie rapporteert, en daardoor betrouwbaarder dan
eerdere reviews en meta-analyses die hun uitkomsten niet naar behandelintentie rapporteren.
Geconcludeerd werd dat deze bevindingen bevestigd dienen te worden in gerandomiseerd
onderzoek.

In Hoofdstuk 3 wordt het studieprotocol van de landelijke PREOPANC-studie

gepresenteerd. De PREOPANC studie was een gerandomiseerde, gecontroleerde, multicenter
studie, geïnitieerd door de Dutch Pancreatic Cancer Group. Patiënten met een resectabel of
borderline resectabel pancreascarcinoom werden gerandomiseerd tussen de directe operatie
gevolgd door adjuvante gemcitabine of neoadjuvante chemoradiotherapie (bestaande uit 15
fracties van 2.4Gy radiotherapie gecombineerd met gemcitabine) gevolgd door operatie en het
resterende deel van de chemotherapie. Het primaire eindpunt was overleving gerapporteerd
naar behandelintentie, secundaire eindpunten waren resectie rate, R0-resectie rate, ziektevrije
178

APPENDICES
overleving, locoregionaal ziektevrij interval en metastasen op afstand ziektevrij interval, en
perioperatieve complicaties. Om met 80% power een voordeel in mediane overleving van 11 naar 17
maanden aan te tonen waren 244 patiënten en 176 events nodig.
In Deel II van dit proefschrift wordt ons onderzoek naar de intekenvariatie onder
radiotherapeuten, alsmede de aspecten van het radiotherapeutische behandelplan beschreven.
Aangezien neoadjuvante radiotherapie voor patiënten met een resectabel of borderline resectabel
pancreascarcinoom geen standaard behandeling is, werd allereerst een dummy run uitgevoerd, om
de naleving (compliance) van het radiotherapie protocol binnen de PREOPANC studie te testen.
Deze resultaten zijn gepresenteerd in Hoofdstuk 4. Naleving van het protocol is belangrijk
aangezien het de klinische variatie in behandeling tussen de verschillende ziekenhuizen kan
verminderen. Aan 11 radiotherapeuten werd gevraagd om het macroscopische tumor volume
(iGTV) van de pancreastumor op de 4D-computertomografie (CT) in te tekenen, en vervolgens
een behandelplan te vervaardigen van deze dummy patiënt. De verhouding tussen het grootste
en kleinste iGTV dat ingetekend was door de radiotherapeuten was 4.0, vergelijkbaar met eerdere
dummy runs die uitgevoerd zijn. De gerapporteerde feedback aan de deelnemende radiotherapeuten
betrof voornamelijk de te krappe intekening van de pancreastumor aan de ventrale zijde. Voor
het behandelplan gebruikte de meeste radiotherapeuten volumetrische gemoduleerde boog
(arc) therapie (VMAT). Samenvattend werden in deze dummy run kleine afwijkingen gevonden in
de intekening en het behandelplan, en alle deelnemende radiotherapeutische instituten konden
continueren met includeren van patiënten in de PREOPANC studie. Na deze dummy-run werden er
2 intekenstudies verricht om de intekenvariatie nader te onderzoeken. De resultaten van de eerste
intekenstudie middels CT zijn gepresenteerd in Hoofdstuk 5. De 8 deelnemende radiotherapeuten
kregen van 4 patiënten die in de PREOPANC studie gerandomiseerd waren voor neoadjuvante
chemoradiotherapie de 3DCT, de 4DCT en de diagnostische CT-scan. De radiotherapeuten werd
gevraagd het doelgebied (de pancreastumor en eventuele verdachte klieren) in te tekenen, zowel
op de 3DCT (GTV) en de 4DCT (iGTV). Er werd een aanzienlijke intekenvariatie gevonden tussen
de radiotherapeuten, waarbij het verschil tussen het grootste en kleinste GTV een factor 6.8 betrof,
vergelijkbaar met eerdere onderzoeken. Voor het iGTV was het verschil tussen het grootste en
kleinste volume een factor 16.5. De conformiteitsindex, die de overlap van ingetekende volumes
aangeeft, was 0.37 bij de 3DCT en 0.27 bij de 4DCT, wat duidt op een betere overlap van ingetekende
volumes op de 3DCT. De grootste lokale intekenvariatie werd gevonden bij de galwegstent en
bij verdachte lymfeklieren. Volgens het radiotherapie protocol moeten verdachte lymfeklieren
worden opgenomen in de (i)GTV, maar voor de galwegstent was er geen richtlijn beschikbaar in
het protocol. Deze galwegstents worden vaak geplaatst na de diagnostische CT-scan en voordat
de 4DCT wordt vervaardigd, waardoor beeldregistratie van beiden CT scans moeilijk is.
Het aanbieden van aanvullende beeldvorming zou een volgende stap kunnen zijn om
de interobserver variatie te verminderen. Deze hypothese werd onderzocht in een intekenstudie
waarin naast de 3DCT, 4DCT en de diagnostische CT, ook een Magnetic Resonance Imaging
(MRI) werd aangeboden. Deze resultaten van deze intekenstudie worden gepresenteerd in
Hoofdstuk 6. In deze intekenstudie werden dezelfde radiotherapeuten gevraagd om opnieuw
de doelgebieden in te tekenen van de 4 patiënten met de MRI ernaast. Het verschil tussen
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het grootste en kleinste GTV en iGTV was respectievelijk 6.1 en 22.4, niet verschillend van
de intekenstudie middels CT. De gemiddelde volumes van het iGTV waren in deze studie wel bijna
een-derde kleiner in vergelijking met de intekenstudie middels CT. Eveneens was de interobserver
variatie in zes van de acht intekeningen kleiner (3DCT en 4DCT intekeningen). Ook bij deze
intekenstudie werd de grootste lokale interobserver variatie gevonden bij de galwegstent en bij
de verdachte lymfeklieren.
Ten slotte wordt in Deel III van dit proefschrift de potentiële rol van neoadjuvante
chemoradiotherapie bij patiënten met een resectabel of borderline resectabel pancreascarcinoom
beschreven. De resultaten van de PREOPANC studie worden gepresenteerd in Hoofdstuk 7.
In deze fase III studie werden 246 patiënten met een resectabel of borderline resectabel
pancreascarcinoom gerandomiseerd in 16 ziekenhuizen in Nederland. Het primaire eindpunt
werd niet gehaald; de mediane overleving was 16 maanden voor de patiënten die randomiseerden
voor neoadjuvante chemoradiotherapie, vergeleken met 14.3 maanden voor de patiënten die
randomiseerden voor directe operatie; een niet-significant verschil. De secundaire eindpunten
waren echter in het voordeel van de patiënten behandeld met neoadjuvante chemoradiotherapie
met significant meer R0-resecties, lagere percentages patiënten met pathologische lymfeklieren
en een betere ziektevrije overleving en locoregionaal ziektevrij interval. Er werd geen statistisch
significant verschil gevonden in het aantal resecties, metastasen-op-afstand ziektevrije interval
en het aantal patiënten met ernstige toxiciteit. In de subgroep van patiënten met een borderline
resectabel pancreascarcinoom werd wel een statistisch significant voordeel in overleving gevonden
in de groep die neoadjuvante behandeling kreeg (median survival 17.6 versus 13.2 months, p=0.029).
De andere subgroep analyse, die werd uitgevoerd om de resultaten te kunnen vergelijken met
de studies die de rol van adjuvante behandeling onderzoeken, toonde een betere overleving van
patiënten behandeld met neoadjuvante chemoradiotherapie, resectie gevolgd door adjuvante
chemotherapie, in vergelijking met de patiënten die behandeld zijn met een directe resectie
gevolgd door adjuvante chemotherapie (mediane overleving 35.2 versus 19.8 maanden, P=0.029). In
Hoofdstuk 8 is de externe validiteit van de PREOPANC studie getest. We verzamelden de gegevens
van 151 patiënten die deelnamen aan de PREOPANC studie in 8 ziekenhuizen. Deze patiënten
werden vergeleken met de patiënten die niet gerandomiseerd werden in de PREOPANC studie,
maar wel eligible waren. In totaal werden er in deze 8 ziekenhuizen 455 patiënten geïdentificeerd
die in voldeden aan de in- en exclusie criteria voor de studie, met hiermee een accrual percentage
van 33%. De meest voorkomende reden voor geen randomisatie in de PREOPANC studie was
doordat er geen toestemming werd verleend door de patiënt, met als meest opgegeven reden
(55%) de voorkeur voor een directe operatie. De patiënten karakteristieken, de mediane
overleving, het resectiepercentage en het R0- resectie percentage was vergelijkbaar tussen
beide groepen. Deze uitkomsten maken aannemelijk dat de PREOPANC studie populatie
representatief is voor de Nederlandse populatie van patiënten met een resectabel of borderline
resectabel pancreascarcinoom.
Concluderend hebben wij in dit proefschrift twee aspecten onderzocht; ten eerste of er een
voordeel is van neoadjuvante chemoradiotherapie bij patiënten met een resectabel of borderline
resectabel pancreascarcinoom en ten tweede de radiotherapeutische aspecten betreffende
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de intekenvariatie en het behandelplan bij deze patiënten. In de PREOPANC studie werd er een
mogelijk voordeel gevonden van neoadjuvante chemoradiotherapie bij patiënten met een
resectabel of borderline resectabel pancreascarcinoom, met name in de groep van borderline
resectabele patiënten. De secundaire eindpunten waren in het voordeel van de patiënten
behandeld met neoadjuvante chemoradiotherapie. Wereldwijd vindt een verschuiving plaats
van directe chirurgie, gevolgd door adjuvante chemotherapie als enige curatieve behandeling,
naar de neoadjuvante behandeling, zo mogelijk gevolgd door chirurgie. Samen met andere
neoadjuvante studies die gelijktijdig uitgevoerd zijn, systematische reviews en meta-analyses,
speelt de PREOPANC studie een belangrijke rol in deze discussie. Het optimale neoadjuvante
behandelschema moet in nieuwe trials onderzocht worden.
De intekening en het behandelplan werden behoudens enkele kleine punten, adequaat geacht
in de dummy run die uitgevoerd werd in de PREOPANC studie. Wel werd er in dit proefschrift
een grote interobserver variatie gevonden bij het intekenen van pancreastumoren. Aanvullend
onderzoek is nodig om deze variatie tussen de radiotherapeuten te verminderen, bijvoorbeeld
door andere beeldmodaliteiten aan te bieden en gebruik te maken van MR-geleide radiotherapie.
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Safe the best for last! Fijn om dit proefschrift af te sluiten met hét stuk dat iedereen leest en jullie
allen te mogen bedanken voor de steun en support. Wat een feest! Het was een mooie periode,
waarbij de afgelopen 8 jaar voorbijgevlogen zijn. Ik wil iedereen bedanken die tijd en moeite
hebben vrijgemaakt om dit proefschrift te lezen, helaas kan ik niet iedereen persoonlijk bedanken in
dit dankwoord.
Allereerst wil ik de patiënten bedanken die aan de PREOPANC studie hebben meegedaan, dankzij
jullie moed en bereidheid zijn bijna al mijn stukken in dit proefschrift tot stand gekomen. Dank voor
het vertrouwen!
Professor dr. Coen Rasch, beste Coen, zowel als promotor en plaatsvervangend opleider heb ik mij
zelf met jouw vertrouwen en betrokkenheid kunnen ontwikkelen tot zowel een onderzoekster als
radiotherapeut. Soms gaf jij veel input, soms deed je bewust een stapje naar achter en observeerde
jij het geheel, wat mij veel vrijheid en verantwoordelijkheidsgevoel heeft gegeven. De deur stond
altijd open wanneer ik even de richting kwijt was, en met onleesbare notities op jouw white-board
stuurde jij mij weer de juiste richting op. Dank dat jij mij deze kansen hebt gegeven!
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Mijn co-promotor, dr. Geertjan van Tienhoven, beste Geertjan, bij onze eerste ontmoeting was
de toon gezet, wij gingen radiotherapie bij pancreascarcinomen op de kaart zetten. Wekelijkse
overleggen, met enthousiaste discussies, kritische vragen en helpende blikken. Als het niet over
de artikelen ging, dan ging het wel over de patiënten. Jouw kritische blik heeft mijn zorgvuldigheid
verbeterd, en jouw interesse in de persoon achter de stukken, was fijn. Bij langere afwezigheid wist
jij mij geregeld te bellen om te vragen hoe het met mij en de mannen ging. Als echt familiemens
heb jij mij laten inzien dat de combinatie van een gezin en een mooie carrière als radiotherapeut
goed samen gaan! Bedankt voor tomeloze vertrouwen in mij als onderzoekster en AIOS, en ik hoop
dat we nog tot aan jouw pensioen mooie projecten gaan invullen met elkaar.
Mijn co-promotor dr. Arjan Bel, beste Arjan, dank voor je steun en begeleiding de afgelopen
jaren. Daar waar ik het overzicht bij de intekenstudies kwijt aan het raken was, wist jij het overzicht
te bewaren en wist je feilloos welke personen erbij betrokken moesten worden. Door je rust, maar
eveneens zeer snelle reactie op stukken, was het altijd prettig werken met jou!
Beste promotiecommissie, wat fijn dat jullie de tijd hebben genomen om mijn proefschrift te lezen
en zitting te nemen in de oppositie. Zonder jullie geen verdediging, ik kijk er naar uit om met jullie
van gedachten te wisselen.
Beste co-auteurs, beste leden van de DPCG, veel dank voor jullie bijdragen, commentaren en
adviezen. Zonder jullie niet dit resultaat. Alle andere personen die (indirect) betrokken zijn
geweest bij de PREOPANC studie in de verschillende deelnemen ziekenhuizen, dankzij jullie
hebben wij de studie kunnen voltooien, dank daarvoor! Beste Trial Management Group van
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de PREOPANC studie, beste Karin Groothuis, dr. Mustafa Suker, prof. dr. Casper van Eijck, prof. dr.
Koos Zwinderman en prof. dr. Kees Punt, dank voor de kans die jullie mij hebben gegeven en het
vertrouwen daarin.
Dit proefschrift had ik nooit af kunnen ronden zonder de steun van mijn opleiders, prof. Dr. Lukas
Stalpers en drs. Debby Geijsen. Beste Lukas, onmogelijkheden werden mogelijkheden en zelf
wanneer de hormonen door mijn lijf gierden en ik huilend in je kamer zat, gaf jij samen met Debby
het vertrouwen in mijzelf weer terug. Veel dank voor jullie steun, jullie zijn een fijn team die elkaar
geweldig aanvullen.
Beste collega’s van de afdeling radiotherapie, de tijd gaat al lang terug, maar ook jullie zijn altijd
geïnteresseerd geweest in het pad dat ik al 17 jaar op de afdeling aan het bewandelen ben. Jullie
zorgen ervoor dat ik altijd met veel plezier naar mijn werk toe ga, veel dank daarvoor!
Beste staf en PA’s van het AmsterdamUMC, locatie AMC, waar belofte is maakt schuld. Karin, Nina,
Edith, Willemijn, Annemarie, Margot, Lisette, Desiree, Laurien, Brian, Henrike, Karel, Maarten en als
laatste natuurlijk Bradley, veel dank voor jullie begrip en jullie tomeloze interesse in mijn onderzoek
maar ook in mij als persoon. Wat waren het 8 fijne jaren op de afdeling!
Lieve (oud) AIOS, Marianne, Sanne, Joost, Paul, Peter, Monica, Gati, Kim, Colette, Djoeri, Mischa,
Tilly, Katharina, Laurens, Emmeline, Janna, Veerle, Julian. Wat een hoop AIOS heb ik versleten
de afgelopen jaren; velen van jullie hebben mij ingehaald, sommige van jullie hebben mij supervisie
gegeven en enkelen heb ik supervisie gegeven. Dank voor de samenwerking en dat ik altijd jullie
expertise mocht lenen in het doen van onderzoek. Ik denk met weemoed terug aan de borrels,
onderwijsdagen en de grote AIOS kamer die we met elkaar gedeeld hebben. Wat fijn dat er nu in
bijna elke uithoek in Nederland nog iemand van jullie te vinden is!
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Beste Oliver, Eelco en Astrid, wat was ik blij met jullie vanaf het eerste uur. Dank voor de jullie
kritische blik, rust en tijd die jullie voor mij namen om door manuscripten heen te worstelen en
te verbeteren en moeilijke figuren in onmogelijke programma’s uit te leggen.
Lieve vrienden en vriendinnen, wat fijn dat jullie mij goed konden afleiden, achter de laptop
vandaan konden trekken maar soms ook een duwtje achter de laptop gaven. Bedankt daarvoor!
Kokosnootjes Ingrid, Lieneke, Nathalie en Ilse, inmiddels is het 10e kokosnootje onderweg, maar
wat geniet ik altijd van de chaos tijdens de dagen met alle aanhang erbij. Ondertussen allemaal ons
eigen pad aan het bewandelen, maar ik kijk uit naar een nieuw verdwaalavontuur in de Ardennen!
Joyce, Mariska en Suus, onze vriendschap gaat van vakanties naar Salou en Mallorca, naar serieus
geld sparen voor een mooie reis naar New York. Ik ben er dan ook eindelijk klaar voor! Astrid en
Christel, samen de MBRT opleiding gedaan en alle drie in een ander vakgebied terecht gekomen.
Van reizen naar Marokko, tot een weekend met kids in Landal, de fijne gesprekken waarbij wij elkaar
goed aanvullen zijn van grote waarde! Car en Inge, het begon met Tinder in Almere en groeide uit
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tot reizen naar Bali en Colombia. Wat fijn dat ik zulke waardevolle vriendschappen erbij kreeg in
mijn beginjaren als AIOS. Alev, dank voor de warme vriendschap en je oprechte interesse. Marlon,
de boot werd opeens een stuk lichter bij de Radiologie met jou erbij, fijn! Elmar, als co-assistent
samen word-feuden naar festivals en wandelen in de bossen, wat fijn dat jij erbij was. Annet,
ondanks de afstand die telkens groter is geworden, was jij altijd goed op de hoogte van mijn traject
en stond je geïnteresseerd met een wijntje klaar om bij te kletsen. Snel weer doen! Heike, jouw
enthousiasme en doorzettingsvermogen om je doel te behalen werkt aanstekelijk, heel fijn! Judith,
wat bijzonder, 2 jochies op dezelfde dag geboren en wat een fijne vriendschap. Je zorgt ervoor dat
ik alles weer even relativeer op zijn tijd.
Lieve (schoon) familie, dank voor jullie interesse in mijn opleiding en voortgang. En natuurlijk jullie
liefde voor de jongens. Familie kies je niet, maar jullie maken familie leuk!
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Lieve Nathalie, nadat ik naast jou mocht staan bij jouw promotie en huwelijk met Wout, vind ik het
heel fijn dat je nu naast mij staat. Samen onze oudste co-schap op de hematologie, maar waarbij
ik het misschien toch wel heel ingewikkeld vond, ben jij al bijna internist-hematoloog! Dank voor
je warme vriendschap en dat je net als mij meer van appen houdt dan van bellen. Lieve Melanie,
mijn vlinder, lieve collega, na mij begonnen maar eerder klaar. Je fladderde overal gemakkelijk
doorheen, maar wat hebben wij ons samen ook druk kunnen maken om niets. Wij verstonden
elkaar vaak niet, maar aan 1 blik in de AIOS kamer of de OB ruimte hadden wij genoeg. Fijn dat we
elkaar nog geregeld sparren, over nuttige en nutteloze dingen.
Lieve zus, hoe ver onze karakters ook uit elkaar liggen, onze band is alleen maar sterker geworden.
Jij was er op de momenten dat ik je nodig heb gehad de afgelopen jaren. Altijd geïnteresseerd en
trots op mij, hoe ingewikkeld je het soms ook vond. Dank! Allerliefste pap en mam, dit proefschrift
draag ik met veel trots aan jullie op. Van het begin waren jullie erbij, een nieuwe, schone lei met
de opleiding, onderzoek en een appartement in Amsterdam. Hoe verloren ik mij voelde, door
jullie hulp en energie heb ik mijn leven opgebouwd zoals ik niet anders zou willen. Wat ben ik daar
blij om! Altijd geïnteresseerd in mijn werk en promotie, ook als ik even geen zin had om er over
te praten. Dank voor jullie liefde voor de jongens! Trots op jullie zoals jullie dat op mij zijn!
Liefste Stef, Stefficiënt, zonder jou hadden wij nu hier niet gestaan; opleiding tot radiotherapeut
afgerond, promotie afgerond en 2 heerlijke jongens. We hebben ons leven anders moeten indelen,
maar ook wist jij mij op bepaalde momenten te remmen om echt te genieten van de tijd met elkaar.
Dank voor al je support en liefde voor mij, Abel en Kjeld. Nu hoop je natuurlijk dat er extra tijd
voor jou overblijft nu het proefschrift afgerond is, ik zal mijn best doen! Lieve Abel en Kjeld, jullie
zorgden ervoor dat ik mijn promotie met 1 jaar mocht verlengen, wat een feest! Een cadeautje is
het elke dag als ik jullie stralende blije gezichtjes zie als ik thuis kom, en wat zijn jullie gek op elkaar.
Tot aan de maan en terug…
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behaalde zij haar HAVO diploma, profiel Natuur en Gezondheid,
waarna zij startte met de opleiding Medisch Beeldvormende
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Begin 2013 startte Eva haar AGIKO-schap, een combinatie van de opleiding tot radiotherapeut,
bijgestaan door opleider Prof. dr. Lukas Stalpers en plaatsvervangend opleider drs. Debby Geijsen,
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half juni 2021 afronden. Eva woont samen met Stephan en hun 2 zonen, Abel en Kjeld, in Amsterdam.

&

193

