Radical therapy of resectable and borderline resectable pancreatic
cancer — present state of knowledge. Do we have sufficient data to
use neoadjuvant treatment?

Radykalne leczenie resekcyjnych i granicznie resekcyjnych rakéw trzustki —
obecny stan wiedzy. Czy mamy wystarczajqce dane, by stosowac leczenie
neoadiuwantowe?
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Abstract

The incidence of pancreatic cancer has been increasing in recent years. It is expected to be the second or the third leading
cause of cancer deaths in high-income countries in the next decade. Standard therapeutic management for patients with
resectable pancreatic cancer is surgical resection followed by adjuvant chemotherapy. The main reason for neoadjuvant ther-
apy is that the prognosis with current strategies is unsatisfactory, and we need new treatments to improve overall survival as
well as the quality of life of the patients suffering from pancreatic cancer. The aim of this paper is to provide an overview of
the recent data on the subject of neoadjuvant treatment concerning resectable and borderline resectable group of patients.

Streszczenie

W ciagu ostatnich lat wzrasta zachorowalno$¢ na raka trzustki. Szacuje sig, ze w ciagu nadchodzacej dekady stanie sie druga
lub trzecia przyczyna zgonéw z powodu nowotworéw w krajach rozwinietych. Standardowe leczenie w stadium zlokalizo-
wanym opiera sie na radykalnej resekcji chirurgicznej z nastepcza chemioterapig adiuwantowa. Gléwnym uzasadnieniem
prowadzenia w ostatnich latach badan klinicznych nad zastosowaniem przedoperacyjnego leczenia systemowego sa obecnie
niezadowalajace wyniki zaréwno w zakresie catkowitego przezycia, jak i jakosci zycia chorych. Celem pracy jest przedsta-
wienie aktualnych danych dotyczacych leczenia neoadiuwantowego pacjentéw w stadium resekcyjnym i granicznie resek-
cyjnym raka trzustki.

discovered the damage of which could be specifically
related to the cancer of this organ. However, several
genetic mutations have been recognised that are in-

Introduction

In 2018, 458,918 new cases of pancreatic cancer

were registered worldwide, representing 2.5% of all
cancers [1]. It is predicted that it will be the second
leading cause of cancer death by 2030 due to the ris-
ing incidence and lack of effective preventive strate-
gies [2]. The aetiopathogenesis of the disease remains
unclear. Among various environmental risk factors,
some, such as tobacco smoking, obesity, type 2 diabe-
tes, cirrhosis, chronic pancreatitis and non-alcoholic
liver disease, are indicated. To date, no gene has been

volved in the development of pancreatic cancer, in-
cluding BRCA2, PALB2, STK11, and low-penetration
genes such as the blood group ABO locus [3].

Surgical resection is the only potentially curative
treatment for pancreatic adenocarcinoma. Despite
recent advances in the management of pancreatic
cancer, long-term survival after curative surgery is
disappointing. Even resectable tumours are associ-
ated with a high rate of recurrence. The 5-year sur-
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vival rate after surgical treatment alone is about 10%,
and 10-year survival is 7.7% [2, 4—6]. The main reason
for treatment failure these are distant metastases (2/3
cases). 69-75% of patients after resection for pancre-
atic cancer develop recurrence, within 2 years, and
80-90% within 5 years. Despite major improvements
in the palliative setting, in the case of metastatic and
locally advanced nonresectable disease, only 1-3% of
patients achieve 5-year survival [2, 4].

Aim of the research

The aim of this paper is to provide an overview of
the recent data on the subject of neoadjuvant treat-
ment concerning resectable and borderline resectable
patients.

Material and methods

In order to analyse the results of the most re-
cent randomised studies related to the neoadjuvant
therapy a literature review was performed using the
PubMed database by entering the following keywords
and phrases: pancreatic cancer, neoadjuvant treat-
ment, chemotherapy. We choose the latest meta-anal-
yses, as well as trials that suggested a significant sur-
vival benefit from preoperative treatment. Although
there is some subjectivity in our selection, we hope,
this review provides the most relevant information
and reliable data concerning neoadjuvant therapy for
resectable and borderline resectable patients.

Review of the literature

Criteria defining resectability status
at diagnosis

The standard treatment for patients with resect-
able tumour is surgical resection followed by adjuvant
chemotherapy [2, 4, 5]. Selection of operable patients
depends on the technical possibility of achieving
microscopically negative resection margins. Only
10-20% of patients have resectable disease after diag-
nosis, but there are no clear-cut criteria to define RO
resectability in advance, partly because the imaging
(CT or MRI) sensitivity and specificity are < 100% [2].

Decisions about resectability status should be
made in consensus at a multidisciplinary meeting.
Surgery first should be performed only in the ab-
sence of clinical evidence of metastatic disease and at
a performance status and comorbidity profile appro-
priate for major abdominal operations [4]. Resectable
adenocarcinomais defined by the absence of distant
organ or distant lymph node metastases and no ar-
terial tumour contact with the celiac axis, superior
mesenteric artery, common hepatic artery. Addition-
ally, the absence of contact with the superior mesen-
teric vein or portal vein, or venous encasement > 180°
[4, 5]. Borderline resectable tumours comprise radio-
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logical criteria according to definitions of European
and American guidelines: arterial contact < 180° (celi-
ac trunk, superior mesenteric artery, common hepatic
artery), and venous contact > 180° without vein con-
tour irregularity (superior mesenteric vein or portal
vein) or < 180° amenable to vein reconstruction [4, 5].

In case of high-risk features (highly elevated cal9-
9, large primary tumours, large regional lymph nodes,
excessive weight loss, extreme pain) staging laparos-
copy should be considered [4].

Adjuvant therapy

Survival benefit was demonstrated with the addi-
tion of chemotherapy to curative intent pancreatecto-
my. Every patient, regardless of age, should receive ad-
juvant treatment for over 6 months after surgery [2].

The evolution of adjuvant chemotherapy started
with the publication of the result of the four-arm
ESPAC-1 trial. The benefit from the addition of sys-
temic treatment was shown for patients treated using
6 months of fluorouracil after resection. Postoperative
treatment increased the 5-year survival rate (21% vs.
8%). The benefits of combined radiochemotherapy
have not been documented [7].

In the subsequent randomised CONKO-001 trial,
postoperative gemcitabine significantly delayed the
development of recurrent disease after the complete
resection of pancreatic cancer compared with the ob-
servation alone [8]. Long-term analysis of this trial
showed that among patients with macroscopic com-
plete removal of pancreatic cancer, the use of adjuvant
gemcitabine for 6 months compared with the observa-
tion alone resulted in increased overall and disease-
free survival [9].

A consequence of the above results was a compari-
son of both cytostatics, which were evaluated in the
ESPAC-3 trial. There was no superiority in overall sur-
vival in either arm, but tolerance and the percentage
of adverse effects spoke in favour of gemcitabine, set-
ting the standard of treatment at the time [10].

Further clinical trials aimed at assessing the ef-
ficacy of polychemotherapy use. The ESPAC-4 study
proved the benefit of gemcitabine-capecitabine com-
bination treatment, improving the 5-year survival
rate from 16.3% to 28.8%. The combination treatment
arm achieved a median overall survival of 28 months,
compared to gemcitabine alone at 25.5 months. An
important aspect derived from the ESPAC-4 study
was the subgroup analysis. RO patients had a major
advantage with the addition of capecitabine (OS 39.5
months vs. 27.9 months) and the lack of significant
benefits from postoperative treatment for patients
with microscopic margin-positive surgery (OS 23.7
months vs. 23 months) [11].

Additionally, the ESPAC-4 trial suggested that
continuous adjuvant treatment in appropriate dose
intensity is important for survival. When chemother-
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apy was given for the full 6 months there was no dif-
ference between the overall survival (OS) of patients
with that of patients starting systemic treatment after
6-12 weeks postoperatively [2, 11].

In 2018, the results of the PRODIGE 24/CCTG
trial were presented. In this multicentre international
randomised phase III trial adjuvant multi-agent che-
motherapy mFOLFIRINOX significantly improved
disease-free survival (DFS), metastasis-free surviv-
al (MFS), and OS compared to gemcitabine alone.
The median OS in patients randomised to receive
a 24-weeks mFOLFIRINOX regimen was 54.4 months
vs. median OS of 35.0 months in patients randomised
to receive 24 weeks of single agent gemcitabine. Me-
dian DFS was 12.8 months vs. 21.6 months in favour
of the mFOLFIRINOX arm. It is important to mention
that patients enrolled in the trial were in good or very
good condition, without significant comorbidities and
with postoperative serum cal9-9 level < 180 U/ml. The
clinical benefitis associated with greater toxicity in the
form of diarrhoea, neutropaenia and mucositis. Only
66% of patients received all cycles of chemotherapy
despite of strict including patient selection. Thanks
to the most favourable median overall survival,
mFOLFIRINOX remains the present standard of adju-
vant treatment for patients in good general condition,
who tolerate the risk of greater toxicity. Intensive sup-
portive care is needed [12].

Positive results of nab-paclitaxel treatment in
the advanced stage of pancreatic cancer legitimise
the assessment of the efficacy of chemotherapy in
adjuvant combination therapy with gemcitabine in
the phase III APACT study. Despite achieving about
40.5 months of overall survival in the experimental
arm, the study did not demonstrate a significant dif-
ference in the primary end-point, which was to im-
prove DFS (19.4 months vs. 18.8 months) [13].

Neoadjuvant therapy

Despite the documented benefits in terms of DFS
and OS after adjuvant treatment, in recent years we
have seen a growing amount of data for preoperative
treatment in the case of borderline and even resect-
able cases [14, 15].

The implementation of the full adjuvant chemo-
therapy protocol may be limited for many reasons.
The tolerance and toxicity of adjuvant treatment are
worse than preoperative treatment. Patients may not
be able to achieve proper nutritional status, and there
is a high risk of postoperative complications. Approxi-
mately 25% patients will never receive adjuvant che-
motherapy, and nearly half of them fail to complete
full postoperative therapy [14-16].

Additionally, during primary surgery 17% of the
patients are identified to have occult metastatic dis-
ease. Macroscopically radical surgery in many cases
turns out to be R1 treatment. The RO resection rate
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after upfront surgery differs among studies between
29% and 81%. The patients who undergo R1 resec-
tion present a similar prognosis to that of locally ad-
vanced, inoperable tumour [16].

The possible presence of micrometastases, circulat-
ing tumour cells, and systemic disease from the outset
supports the approach of neoadjuvant treatment [16].

Preoperative therapy could have better compli-
ance and the potential to down-stage tumours and
lymph nodes, and increase the RO resection rate. The
risk of disease progression during chemotherapy ap-
plies to approximately 20% of the patients. These pa-
tients are highly likely to have such an unfavourable
prognosis that they would not benefit from surgery.
Theoretically, the main risk could be the greater possi-
bility of postoperative complications and worse prog-
nosis as a result of postponing or disabling potential
surgical treatment [16].

The aim of the meta-analysis published by the
Dutch Pancreatic Cancer Group in 2018 was to report
on the survival between neoadjuvant treatment in
resectable or borderline resectable pancreatic cancer
in comparison to up-front surgery. Thirty-eight stud-
ies were included with 3484 patients, of whom 1738
(49.9%) had neoadjuvant treatment [17].

Overall survival by intention to treat analy-
sis was 18.8 months for neoadjuvant treatment and
14.8 months for upfront surgery. Among the patients
who underwent resection, the difference was larger, at
26.1 months vs. 15.0months, respectively.

For 18 studies that included 857 patients with
resectable pancreatic cancer after neoadjuvant treat-
ment, the weighed median overall survival was 18.2
months.

The overall resection rate was lower in the patients
who had neoadjuvant treatment rather than those
who had upfront surgery (66.0% vs. 81.3%); however,
the RO resection rate was higher both in ITT analysis
(58% vs. 54.9%) and among the patients who under-
went resection (86.8% vs. 66.9%). The pathological
lymph node rate was also improved in the neoadju-
vant group (64.8% vs. 43.8%).

All of the studies used at least chemotherapy
as neoadjuvant treatment, usually including gem-
citabine (26 studies). Radiotherapy was given as a part
of the treatment in 29 studies.

Toxicity of at least grade III was reported in up to
64% of the patients, mostly involving leukopaenia,
thrombocytopaenia, nausea and fatigue. 17.8% of the
patients who had neoadjuvant treatment did not un-
dergo any exploratory surgery. In the case of 64% of
these patients progression of disease was the reason
for avoiding surgery [17].

A meta-analysis published in December 2019
aimed to discover if there exists any survival benefit
of neoadjuvant chemo(radio)therapy versus surgery
first in patients with resectable or borderline resect-
able pancreatic cancer [18]. The meta-analysis includ-
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ed 17 comparative trials from 2011 to 2018 with 2286
participants and it demonstrates that neoadjuvant
treatment can provide a survival benefit in border-
line resectable patients and a subgroup of resectable
patients. The OS was synthesised in the analysis of all
patients (intention-to-treat (ITT) analysis) and the re-
sected patients, respectively [18].

For resectable patients in the ITT population the
OS analysis was similar (HR = 1.02) between neoad-
juvant treatment and surgery first. However, in the
analysis of patients who undergo resection OS was
higher with preoperative treatment (HR = 0.75). The
overall resection rate was lower, but the RO rate was
higher in the experimental arm.

For borderline resectable patients, significantly bet-
ter OS was shown both in ITT analysis (HR = 0.48) as
well as in the analysis of resected patients (HR = 0.66)
in comparison to surgery first, with comparable overall
resection rate. Disease-free survival, RO rate, and recur-
rence were also in favour of the preoperative therapy.

For resected patients, neoadjuvant therapy re-
markedly increased OS and 1-, 3-, and 5-year survival
among primary resectable and borderline-resectable
patients [18].

Although this meta-analysis demonstrates that
preoperative treatment can provide survival benefits,
some limitations of the present review must be taken
into account. There are various treatment regimens in
this meta-analysis, including multiple-agents, com-
bined single-agent chemotherapy and radiotherapy,
and combined multiple-agents chemotherapy and
radiotherapy. Heterogeneity exists in chemotherapy
regimens as well as in the radiotherapy dose. The ma-
jority of analysed studies were retrospective [18].

In June 2018, the preliminary results of the
PREOPANC-1 randomised phase III trial were pre-
sented. In this trial, the efficacy of primary surgery
and subsequent chemotherapy was compared with the
neoadjuvant strategy in a group of borderline and re-
sectable patients. Two hundred forty-six patients were
randomised to two arms. Patients in the first arm re-
ceived six cycles of gemcitabine after surgery. Patients
in the second arm received two cycles of gemcitabine
with subsequent chemoradiation (hypofractionated
radiation scheme of 15 fractions of 2.4 Gy, combined
with gemcitabine based systemic therapy). Surgery was
followed by four cycles of adjuvant gemcitabine [19].

In the ITT analysis, the group of patients with neoad-
juvant strategy resection rate was smaller than in the im-
mediate surgery group (62% vs. 72%); however, a higher
percentage of RO resection procedures was achieved
(65% vs. 31%). No significant difference was observed in
grade > 3 adverse events between both groups.

The complete data and analyses have not been re-
ported yet, although among the patients who underwent
resection the preliminary results from the trial demon-
strate OS benefit (29.9 months vs. 16.8 months) [19].
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The comparison between neoadjuvant chemo-
therapy with gemcitabine and S-1 was evaluated in
the Asian JSAP-05 randomised multi-institutional
phase II/III trial. 364 resectable or borderline-resect-
able patients were enrolled from 57 institutions. The
median OS for the perioperative group was 36.7 vs.
26.6 months in the adjuvant group (HR = 0.72), fa-
vouring perioperative therapy. Neoadjuvant treat-
ment improved the 2-year OS rate from 52.5% to
63.7%. Operative morbidity between the two groups
was equivalent. In both groups the RO resection rate
was found to be comparable [20].

In 2018, the results of a single-arm phase II clini-
cal trial were published evaluating the benefit of to-
tal neoadjuvant treatment in borderline-resectable
pancreatic cancer. Forty-eight patients received
FOLFIRINOX for eight cycles. Clinical decisions were
taken after subsequent restaging. The patients with
resolution of vascular involvement received short-
course chemoradiotherapy (5 Gyx5 with protons)
with capecitabine. The patients with persistent vas-
cular involvement received long-course chemoradio-
therapy with fluorouracil or capecitabine. Among the
32 patients who underwent resection, the RO resec-
tion rate was 97%. Median PFS among all patients was
14.7 months; median OS was 37.7 months. Among the
patients who underwent resection, median PFS was
48.6 months and median OS was not reached, with
a 2-year PFS of 55% and a 2-year OS of 72% [21].

FOLFIRINOX is a standard treatment for adjuvant
therapy as well as for locally advanced and metastatic
pancreatic cancer patients. In 2019 a meta-analysis
of borderline-resectable patients treated with neo-
adjuvant FOLFIRINOX showed favourable median
OS, resection rate, and RO-resection rate. The meta-
analysis on neoadjuvant FOLFIRINOX included
24 studies (8 prospective, 16 retrospective), compris-
ing 313 patients. The resection rate was 67.8%, and the
RO-resection rate was 83.9%. Patient-level median OS
was 22.2months, with a median progression-free sur-
vival of 18.0 months. The most common grade 3-4 ad-
verse events included neutropaenia (17.5%), diarrhoea
(11.1%), and fatigue (10.8%) [22].

Summary

According to pretherapeutic staging, up to 80%
of patients with pancreatic cancer receive a diagno-
sis at an advanced stage and only 10-20% of them
have resectable disease. The gold standard of radical
treatment is pancreatoduodenectomy with adjuvant
therapy; however, data from The Netherlands Can-
cer Registry revealed that only 54% undergo adju-
vant chemotherapy, because of toxicity, age or other
factors [16]. The ability to improve the RO rate with
the use of neoadjuvant therapy is important because
the negative margins are associated with better out-
come.
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At present, recommendations for neoadjuvant
therapy exist only for borderline-resectable and lo-
cally advanced tumours. The patients with radiologi-
cal risk of R1 resection are not candidates for primary
surgery; however, until now a preoperative treatment
strategy has not been defined.

The presented meta-analyses are limited by the
selection bias, including discrepancies in individual
systemic treatment regimens as well as radiotherapy
methods, which restrict the analysis of individual
subgroups. The statistical analysis depends on het-
erogeneous groups of patients. Additionally, the
treatments protocols included using or not using ra-
diation therapy. If radiotherapy was administered, it
may have been concurrent with chemotherapy or in
a sequential protocol. The important limitations of
the analysed trials are differences in the definition of
resectability. Some potential benefits of the preopera-
tive treatment of resectable patients can come at the
cost of risk of tumour progression while waiting for
the surgery [16-18]. Additional risk could be associ-
ated with the time for bile duct decompensation and
the time for pathological confirmation [16-18, 23].
Most of the present data are reported from retrospec-
tive studies of mixed populations of resectable and
borderline-resectable patients. Most of these trials are
limited by small sample sizes. However, the majority
of the data present consistent results, showing that
preoperative treatment increases survival in border-
line and resectable tumours [17, 18].

There is still a lack of strong scientific evidence
supporting the theoretical advantages of neoadjuvant
therapies. The randomised phase III studies compar-
ing neoadjuvant treatment with upfront surgery are
still necessary to provide evidence to determine a par-
ticular preoperative approach. Future research should
look for potential biomarkers to screen the subgroup
of resectable patients who can benefit from neoad-
juvant therapy [24]. Under investigation there are
several studies with neoadjuvant chemotherapy in
resectable pancreatic adenocarcinoma [25-27]. More
large-scale and well-designed trials are needed to an-
swer the question of whether we should use chemo-
therapy alone or radiochemotherapy in the neoadju-
vant treatment of pancreatic cancer. During the ASCO
2019 conference the first data from the SWOG1505
trial were presented. This was a randomised phase
II trial analysing the benefit of perioperative chemo-
therapy with either mFOLFIRINOX or gemcitabine/
nab-paclitaxel for resectable pancreatic adenocarci-
noma. To date, 77% of eligible patients (99) went to
surgery and 73% underwent resection. Eighty-four
per cent of patients completed chemotherapy. In the
case of patients who did not reach protocol surgery,
35% had progression of disease and 39% had chemo-
therapy related toxicity. The follow-up for overall sur-
vival is ongoing [28]. We hope ongoing randomised
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trials will provide some additional clinical data that
could further define long-term efficacy of neoadju-
vant strategies.
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