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Pancreatic resection still represents the only curative option for patients affected by
pancreatic ductal adenocarcinoma (PDAC). However, the association with modern
chemotherapy regimens is a key factor in improving the inauspicious oncological
outcome. The benefit of neoadjuvant treatment (NAT) for borderline resectable/locally
advanced PDAC has been demonstrated; this evidence raises the question of whether
even resectable PDAC should undergo NAT rather than upfront surgery. NAT may avoid
futile surgery because of undetected distant metastases or aggressive tumor biology,
providing more effective systemic control of the disease, which is hampered when
adjuvant chemotherapy is delayed or precluded. However, recent data show
controversial results regarding the efficacy and safety of NAT in resectable PDAC
compared to upfront surgery. Although several prospective studies and meta-analyses
indicate better oncologic outcomes after NAT, there are some biases, such as the
methodological approaches used to capture the events of interest, which could make
these results hardly reproducible. For instance, per-protocol studies, considering only the
postoperative outcomes, tend to overestimate the performance of NAT by excluding
patients who will never be suitable for surgery due to the development of chemotoxicity or
tumor progression. To draw reliable conclusions, the studies should capture the events of
interest of both strategies (NAT/upfront surgery) from the time of allocation to a specific
treatment in an intention-to-treat fashion. This critical review highlights the current
literature data concerning the use of NAT in resectable PDAC, summarizing the results
of high-quality studies and focusing on the methodological issues of the most recent
pieces of evidence.

Keywords: pancreatic adenocarcinoma, resectable pancreatic adenocarcinoma, neoadjuvant treatment,
chemotherapy, upfront surgery

Abbreviations: NAT, Neoadjuvant treatment; UES, Up-front surgery; RCT, randomized controlled trials; OS, Overall survival;
DFS, Disease-free survival; PDAC, Pancreatic ductal adenocarcinoma; RPDAC, Resectable pancreatic ductal adenocarcinoma;
NCCN, National Comprehensive Cancer Network; ITT, intention-to-treat; PP, per-protocol.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the fourth and fifth
most common cause of cancer deaths in the USA and Europe,
respectively (1, 2). The incidence of pancreatic ductal
adenocarcinoma has risen rapidly. By 2030, PDAC is expected to
become the second most prevalent cause of death by cancer after
lung cancer (3). Although surgery represents the only potentially
curative treatment for PDAC, only 20% of patients are candidates
for surgery because of the presence of distant metastasis or major
vessel involvement at the time of the diagnosis (4). Based on the
well-known radiological classification of PDAC, the National
Comprehensive Cancer Network (NCCN) defines as resectable
PDAC (RPDAC) tumors that do not show any contact with arteries
(celiac axis, superior mesenteric artery, or common hepatic artery)
or veins (the superior mesenteric vein or portal vein). If venous
contact is present, this must involve <180° of the vessel
circumference without any vein contour irregularity to qualify the
tumor as resectable. Based on this radiological classification, the
classification of PDAC has been standardized worldwide (5).

Neoadjuvant treatment (NAT) in PDAC is currently
recommended by the International Guidelines for patients with
borderline resectable or locally advanced disease, considering these
neoadjuvant protocols as an induction therapy (6). In this subgroup
of patients with advanced stage disease due to vascular involvement at
the time of the diagnosis, the delivery of NAT takes over the task of
testing the biological behavior of the tumor, decreasing the incidence
of explorative surgery and downstaging disease in patients to achieve
surgical resectability (7, 8). Thanks to the development of new
effective chemotherapeutic protocols, namely gemcitabine and nab-
paclitaxel (Abraxane) or leucovorin, 5-fluorouracil, irinotecan,
oxaliplatin (FOLFIRINOX), postoperative oncologic outcomes of
borderline resectable and even locally advanced PDAC have steadily
improved and they are now comparable to those of patients with
RPDAC at the time of the first diagnosis (9-12).

Consider staging
laparoscopy in high risk
patients* or in case of
clinical indication
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NEADJIUVANT TREATMENTS IN
RESECTABLE PDAC: LIGHTS AND
SHADOWS

In the last two decades, up-front surgery (UES) has not substantially
changed the overall (OS) and disease-free survival (DFS) of patients
with RPDAC, despite the consistent development of adjuvant
therapy (AT). The presence of undetected micrometastases at the
time of surgery together with the biological aggressiveness of the
tumor itself are the main reasons for slipping into early tumor
recurrence (13, 14). Based on clinical evidence, many experts have
suggested that PDAC, even in its early-stage, should be considered as
a systemic disease that could potentially benefit from NAT (15-19).
The recent NCCN Guidelines Version 1.2021 recommended NAT
not only in cases of borderline resectable pancreatic cancer but also in
high-risk resectable PDAC (based on radiological findings, elevated
CA 19-9, large tumors, large regional lymph nodes, excessive weight
loss, and extreme pain) (Figure 1). However, evidence on the benefits
of NAT in RPDAC is still weak, so in daily clinical practice, upfront-
surgery followed by adjuvant chemotherapy is still recommended as
the standard treatment in cases of PDAC judged as “resectable” (4, 6).
Although this management is currently performed in clinical
practice, many concerns still remain as a large proportion of
resected patients develop early recurrence, nullifying the potential
advantages of the UFS (20). Besides, pancreatic resection is still a
high-risk procedure, and nearly 50% of resected patients eventually
fail to receive adjuvant therapy due to post-operative complications
or reduced performance status. These possible downsides of surgery
strengthen the concept that NAT might be given to patients with
RPDAC to detect aggressive disease by preventing futile surgical
procedures, treat the potential hidden micrometastases, achieve a
higher RO resection rate, and deliver systemic therapy in all cases (21).
Once the diagnosis of RPDAC is established, the choice of surgery as
first-line treatment is no longer so obvious, as NAT might be
considered as well.

Surgery
(MIPS or Open)

Histological
EUS-guided biopsy if
dering NAT
(Consider stenting if
clinical indicated)

NAT should be Repeat CT and

consider in
~=pd MRI and post
high risk NAT Ca 19.9
patients

FIGURE 1 | Treatment algorithms for resectable pancreatic cancer reported in the NCCN Guidelines Version 1.2021. (6). RPDC, Resectable pancreatic ductal
adenocarcinoma; NAT, neoadjuvant treatments; EUS, endoscopic ultrasound; CT, computed tomography; MRI, Magnetic resonance; MIPS, minimally invasive
pancreatic surgery. *High risk patients: Patiens with high risk features in terms of radiological (large primary tumor, large lymphonodes suspected for metastatic) and/
or biological findings (Ca 19.9 > 500 U/ml in case of absence of biliary obstruction and/or cholangitis, extreme irradiated pain, excessive weight loss).
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Although studies have shown that NAT tends to improve the
OS of patients with resectable PDAC, most of them were limited
by the low level of evidence (retrospective cohort studies/case
series), the small sample size, and older chemotherapy regimens
used (22-24). Considering that several randomized controlled
trials (RCT) failed to demonstrate a clear advantage in OS or did
not provide the results in the specific subgroup of resectable
patients, it has been necessary for researchers to rely on
systematic reviews that pool the existing evidence (18, 25).
Several meta-analyses recently reported favorable results
regarding NAT in RPDAGC, in terms of long-term survival and
RO resection rate. However, most of these studies were either
flawed by substantial heterogeneity in terms of definition of
resectability, chemo-radiotherapic regimens administered, or did
not distinguish the results of resectable from borderline
resectable PDAC. Moreover, we should consider that, when
compared to those who underwent upfront-surgery, 30% of the
patients who received NAT dropped-out from a surgical
treatment program, and therefore did not receive any curative
therapy (26-29).

Indeed, NAT in RPDAC patients may be related to potential
drawbacks, such as the onset of jaundice, disease progression,
and chemotherapy-related toxicity, leading to drop-out of the
patient from the surgical plan (30). Theoretically, studies based
on intention-to-treat (ITT) analysis may address these issues. In
fact, ITT analysis considers the events of interest from the time of
diagnosis and not from the time of surgical treatment.

A critical review should be performed even of those studies
designed with an ITT perspective, to avoid misleading results
produced by substantial methodological bias. For instance, in the
recent meta-analysis reported by Versteijne et al. that showed a
significant improvement in ITT-OS for RPDAC treated by NAT,
several single-arm studies were included, which represents a
significant reporting bias (31). In another recent meta-analysis
by Van Dam et al, although the strict selection criteria (only
RCT included) and the ITT methodology were used, the results
focused mostly on borderline resectable tumors (32). As the role
and true effectiveness of NAT in RPDAC remain unclear, in this
critical review, we aimed to assess the benefits of NAT in patients

TABLE 1 | Summary of the key studies assessing NAT effectiveness in RPDAC.

with RPDAC compared with the standard practice, represented
by upfront surgery. To minimize the selection bias, we decided to
set the following inclusion criteria:

o Highest level of evidence studies:
O RCT
O The most recent metanalyses (2019-2021).

o Clear report of results of NAT in RPDAC (excludes those
pooling together results of RPDAC and borderline resectable
PDAC)

o ITT-based analysis
o Clear comparison between NAT and UFS for RPDAC.

KEY STUDIES INVESTIGATING NAT
EFFECTIVENESS IN RPDAC

Among papers analyzing the benefits of NAT in patients affected
by RPDAGC, eight reports matched the criteria to be considered
valuable for this critical review (18, 24, 27, 33-37) (Table 1).
These studies indicate contentious results on the advantages of
NAT for RPDAC, especially in terms of OS and DFS. Conversely,
wider agreement was found when looking at the resection rate
and pathologic parameters (i.e., RO rate and lymph node
metastasis rate).

Patients Survival

In a recent meta-analysis reported by Pan et al, 17 studies
investigating the effectiveness of NAT for PDAC from 2011 to
2018 were included; however, only 9 of them focused specifically
on RPDAC, while the others combined results obtained from
studies on both RPDAC and border-line resectable PDAC (27).
The per-protocol (PP) analysis (outcome observed after curative
surgery) showed better OS for patients who underwent NAT
(HR, 0.75 [95% CI, 0.63-0.89], I2 = 0%), but this finding was not
confirmed in the ITT-pooled analysis, which showed comparable
results between the NAT and the UPS group (HR, 1.02 [95% ClI,

Authors Year Country Study design No. of patients os DFS RR Pathological parameters
PP ITT RO LNO

Golcher et al. (18) 2015 Germany RCT* 73" = = = = = =
Casadei et al. (37) 2015 Italy RCT* 38* NR NR <NAT = =

Reni et al. (24) 2018 [taly RCT** 93 >NAT >NAT NR = >NAT >NAT
Unno et al. (34) 2019 Japan RCT® 360 >NAT SNAT NR = SNAT >NAT

Lee et al. (35) 2019 Korea Meta-analysis 9691 >NAT = = <NAT >NAT >NAT

Pan et al. (27) 2020 China Meta-analysis 2286 >NAT = SNAT <NAT SNAT >NAT

Ye et al. (36) 2020 China Meta-analysis 9773 NR = = <NAT >SNAT >NAT
Versteijine et al. (33) 2020 Netherlands RCT 246 NR = >NAT = = >NAT

NAT, neoadjuvant treatments; OS, overall survival; DFS, disease-free survival; PP, per-protocol analysis; ITT, intention-to-treat analysis; RR, resection rate; R0, negative margin; LNO,
negative metastatic lymph nodes; >NAT, advantage in NAT patients; NR, not reported; =, comparable results between NAT and UFS.

*Concluded earlier due to the slow recruitment.

**Due to the modifications in the standard of care for adjuvant therapy regimens, phase 3 of the PACT-15 was suspended.

°Preliminary results presented at the 2019 ASCO Gastrointestinal Cancers Symposium.
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0.85-1.22], I2 = 26.5%). Of note, although in this study RPDAC
patients undergoing NAT presented a trend toward better DES
and a lower recurrence rate than those of the UFS group, this
finding failed to achieve statistical significance (DFS: HR = 0.80,
P = 0.137; recurrence rate: OR = 0.77, P = 0.131). Among the
studies analyzed in this systematic review, Golcher et al.
published in 2015 the first RCT on NAT for RPDAC,
reporting comparable results to UFS in terms of OS and DFS
(18). The study was stopped earlier than planned due to the slow
recruitment (only 73 patients were recruited between 2003 and
2009) and the chemotherapy regimens used look outdated
nowadays, making these results unreliable. Similarly, Casadei
et al. in their RCT published in 2015 reported comparable OS
between NAT and UFS; however, as with the aforementioned
trial, this study was concluded earlier due to the difficulty in
recruiting patients (only 38 were eventually recruited) (37) and
the old chemotherapy regimens used represent a possible
limitation again, as gemcitabine alone is actually outdated in
favor of FOLFIRINOX or gemcitabine and Abraxane regimens.

In the same way, Lee et al. in their systematic review
compared the OS of the two treatment strategies (NAT vs
UFS) in RPDAC patients by stratifying the results according to
the analytic methods (ITT or PP) (35). Interestingly, the authors
performed a sensitivity analysis to investigate the sources of
heterogeneity, making this report one of the most reliable from a
methodological perspective. In the studies reviewed until 2018, as
already reported by Pan et al., 12 PP analysis papers showed that
NAT brought a survival benefit over UFS (HR 0.72, 95% CI 0.68-
0.76, P <0.001), whereas the 7 studies conducted with ITT
methodology did not show any statistical difference (HR 0.96,
95% CI 0.82-1.12, P = 0.610). When considering only patients in
whom the anticancer therapy was effectively delivered (before or
after surgery), PP-OS appeared significantly improved in the
NAT strategy (HR 0.82, 95% CI 0.71-0.93, P = 0.003). However,
from an ITT perspective, 36.3% of the patients in the NAT
treatment strategy eventually failed to undergo surgery versus
17.3% of those who were deemed to have UFS, probably due to a
significant increase in the so-called pre-surgical “attrition rate” in
the NAT group. Attrition in surgery is defined as loss to follow-
up secondary to self-discharge, inability to complete the
therapeutic plan due to poor compliance or deterioration of
the physical condition. When considering only patients who
completed both surgery and chemotherapy, NAT showed a PP-
OS advantage over UFS.

The PREOPANC, a Dutch randomized phase III trial of 16
centers, enrolling 246 patients with resectable or borderline
resectable pancreatic cancer, was the first RCT to utilize
preoperative chemoradiotherapy (33). In this study, the results
obtained were substantially in keeping with the other studies
previously described, with comparable OS in the ITT analysis.
However, the application of the protocol used in this trial,
namely, the use of single-agent gemcitabine adjuvant therapy,
appears somehow outdated currently. Moreover, the median OS
in the UFS group was better than expected (14 instead of 11
months), which might be related to a substantial drop-out of
high-risk patients (“presurgical triage”), as reported by the

authors. The PREOPANC trial, as well as previous studies,
when considering resectable patients only, did not demonstrate
a significant change in OS and DFS of RPDAC patients; in
contrast, a trend toward better survival was observed for the UPS
arm. However, the advantages found in the RO rate and positive
lymph node rates might support NAT in RPDAC.

To date, only 2 studies have reported an advantage of NAT
compared to UES in terms of OS. Reni et al. (PACT-15)
published in 2018 the results of a randomized, open-label,
phase 2-3 trial: the trial had strict selection criteria and it was
structured into three arms: two arms included patients
undergoing UFS with two different adjuvant treatments, while
the third arm included patients who received NAT (24). Median
OS was 38.2 months (27.3-49.1) for patients randomly assigned
to the NAT arm, and 20.4 (95% CI 14.6-25.8) and 26.4 months
(95% CI 15.8-26.7) for patients randomly assigned to the 2 UFS
groups. However, as mentioned by the authors, during phase 2 of
the trial, the standard-of-care for adjuvant therapy changed and
new chemotherapy regimens, which are apparently more active
or based on more robust evidence than the PEXG regimen
(second arm), were available only for the metastatic disease
setting. Therefore, the authors decided to not proceed with
phase 3 of the trial. Moreover, the sample size of each study
arm was about 1/3 of the required population needed to
statistically demonstrate the OS advantage of NAT over UFS.

Lastly, the Prep-02/JSAPO5 is a Japanese randomized multi-
institutional phase II/III trial that compared NAT using
gemcitabine and S-1 (NAC-GS) with upfront surgery for
patients with RPDAC (34). As a matter of fact, this study is the
first multiinstitutional Phase III trial showing that NAT leads to
significant advantages in terms of OS in patients with RPDAC in
ITT analysis, with the preliminary results being presented at the
2019 ASCO Gastrointestinal Cancers Symposium. Unlike the
previous papers reviewed, this study reported a median OS of
36.7 months in the NAT group and 26.6 months in the UFS group
(p = 0.015; HR: 0.72; 95% CI: 0.55-0.94); patients in the NAT arm
were treated with different therapeutic protocols with a longer
duration of systemic therapy than those in the UFS arm, and these
preliminary results have not been confirmed in a thorough report
yet. Unfortunately, no significant conclusions can be drawn from
the aforementioned preliminary results yet. Indeed, after more
than three years since this report, no study has been published,
raising some doubts about the completion of the trial itself.

Resection Rate and Pathologic
Parameters

Among the secondary outcomes, the two meta-analyses reviewed
showed concordant results in terms of resection rate that was
significantly lower in RPDAC patients undergoing NAT (27, 35).
Noticeably, this finding was confirmed in the systematic review
of Ye et al. that was mostly focused on these parameters: a
significantly lower resection rate was observed in the NAT
compared with the UFS group (OR = 2.18, 95% CI 1.41-3.37,
P =0.0004, 12 = 43%) regardless of the treatment protocols used.
The authors concluded that NAT in patients with RPDAC may
jeopardize the opportunity for surgical resection (36).
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In the PREOPANC trial, the resection rate was 62% in the
NAT arm and 72% in the UFS arm; however, this finding failed
to reach statistical significance (P = .058). The Prep-02/JSAPO05
and the PACT-15 trial did not show any difference in the
resection rate, but the need for stronger evidence on this issue
was recommended (24, 33, 34). A lower resection rate may not
necessarily represent a downside of NAT; for some authors, NAT
could in fact triage patients who would not benefit from surgery.

Concerning pathologic parameters, there is some evidence in
all studies that a higher RO resection rate and a lower rate of
metastatic lymph nodes were recorded in NAT compared to
UFS. For instance, recently, in the meta-analysis reported by Xu
et al,, patients who underwent NAT presented an increased RO
resection rate for RPDAC (OR = 1.59, 95% CI = 1.41-1.80) (38).
However, when analyzing from an ITT perspective, this result
failed to reach significance (OR = 1.45, 95% CI = 0.91-2.30).
Notably, we decided to exclude this study from our review
because the ITT methodology was assessed for one parameter
only (RO rate), thus failing to meet the inclusion criteria set in
this review.

PRESENT EVIDENCES AND FUTURE
PERSPECTIVES

In this critical review, we aimed to reduce potential
methodological biases of the available studies by evaluating the
highest quality papers and the most recent systematic reviews
reporting data on the use of NAT in RPDAC. Furthermore, we
considered only studies based on ITT analysis instead of PP
methodology because we strongly believe that ITT is the only
analytic method able to capture and analyze all the events of
interest (i.e., radio-chemotoxicity, unsuitability for surgery after
NAT) from the diagnosis, thus demonstrating the real harms and
benefits of new oncological approaches.

Nowadays, whereas there is robust evidence to support the
systematic use of NAT in borderline resectable tumors, we are far
from achieving a definitive agreement on the opportunity to offer
NAT as the first-line treatment to all patients with RPDAC. The
RCT published so far, comparing the two above-mentioned
strategies, failed to demonstrate with statistical significance the
advantage of NAT in terms of OS and DFS in patients with
RPDAC (18, 24, 33, 37). The results of another Japanese RCT
that seems to show improved survival in patients who underwent

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2015. CA Cancer ] Clin
(2015) 65(1):5-29. doi: 10.3322/caac.21254

2. Ferlay ], Steliarova-Foucher E, Lortet-Tieulent ], Rosso S, Coebergh JW,
Comber H, et al. Cancer Incidence and Mortality Patterns in Europe:
Estimates for 40 Countries in 2012. Eur J Cancer (2013) 49(6):1374-403.
doi: 10.1016/j.ejca.2012.12.027

3. Quante AS, Ming C, Rottmann M, Engel ], Boeck S, Heinemann V, et al.
Projections of Cancer Incidence and Cancer-Related Deaths in Germany
by 2020 and 2030. Cancer Med (2016) 5(9):2649-56. doi: 10.1002/
cam4.767

NAT for RPDAC have not been published in full yet, thus raising
some doubts about the good completion of the trial (34).

In favor of NAT for RPDAC, there could be the feeling that
the drop-out from surgery, which is higher when NAT is
performed, should not be considered a missed chance of cure
but an opportunity for sparing futile high-risk surgery. However,
this assumption needs clear conformation based on evidence.
Alternatively, a proportion of resectable patients could miss the
chance of radical surgery due to the pre-surgical “attrition” and
the disease progression during NAT. Furthermore, for patients
with high bilirubin levels at the time of the diagnosis, there might
be a considerable delay in starting the chemotherapy, as not all
biliary stenting procedures achieve an immediate effect.

We believe that the definition of resectability based on
technical features only (absence of tumor vascular
involvement) does not capture those patients for whom NAT
can have a strong rationale and that studies should pobably be
more focused on high-risk resectable cancers with high levels of
serum CA 19-9 or evidence of lymph node involvement.

In the future, the choice of the best multimodal treatment of
RPDAC should probably be based on the biological behavior of
the tumor rather than on the loco-regional staging of the tumor,
which currently represents the cornerstone of the decision-making
process with regard to first-line treatment. More effective and
individualized systemic therapeutic regimens will probably stem
from a better knowledge of clinic-pathological prognostic factors
such as molecular profiling and novel biomarkers (39).

AUTHOR CONTRIBUTIONS

MYV and ABC conceived the paper. MV, ABC, and RR wrote the
manuscript. FM, AV, GC, EDB, and DN contributed critical
revision of the manuscript for important intellectual content. All
authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.914203/
full#supplementary-material

4. Khorana AA, Mangu PB, Berlin J, Engebretson A, Hong TS, Maitra A, et al.
Potentially Curable Pancreatic Cancer: American Society of Clinical
Oncology Clinical Practice Guideline Update. J Clin Oncol (2017) 35
(20):2324-8. doi: 10.1200/JCO.2017.72.4948

5. Park §J, Jang S, Han JK, Kim H, Kwon W, Jang JY, et al. Preoperative
Assessment of the Resectability of Pancreatic Ductal Adenocarcinoma on CT
According to the NCCN Guidelines Focusing on SMA/SMV Branch Invasion.
Eur Radiol (2021) 31(9):6889-7. doi: 10.1007/s00330-021-07847-4

6. Tempero MA, Malafa MP, Al-Hawary M, Behrman SW, Benson AB, Cardin
DB, et al. Pancreatic Adenocarcinoma, Version 2.2021, NCCN Clinical
Practice Guidelines in Oncology. J Natl Compr Canc Netw (2021) 19
(4):439-57. doi: 10.6004/jnccn.2021.0017

Frontiers in Oncology | www.frontiersin.org

May 2022 | Volume 12 | Article 914203


https://www.frontiersin.org/articles/10.3389/fonc.2022.914203/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.914203/full#supplementary-material
https://doi.org/10.3322/caac.21254
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1002/cam4.767
https://doi.org/10.1002/cam4.767
https://doi.org/10.1200/JCO.2017.72.4948
https://doi.org/10.1007/s00330-021-07847-4
https://doi.org/10.6004/jnccn.2021.0017
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Vivarelli et al.

Neoadjuvant Treatment in Resectable PDAC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Suker M, Beumer BR, Sadot E, Marthey L, Faris JE, Mellon EA, et al.

FOLFIRINOX for Locally Advanced Pancreatic Cancer: A Systematic
Review and Patient-Level Meta-Analysis. Lancet Oncol (2016) 17(6):801-10.
doi: 10.1016/S1470-2045(16)00172-8

. Del Chiaro M, Valente R, Arnelo U. Neoadjuvant Treatment in Locally Advanced

and Borderline Resectable Pancreatic Cancer vs Primary Resectable Pancreatic
Cancer. JAMA Surg (2017) 152(11):1057. doi: 10.1001/jamasurg.2017.2228

. Chawla A, Molina G, Pak LM, Rosenthal M, Mancias JD, Clancy TE, et al.

Neoadjuvant Therapy Is Associated With Improved Survival in Borderline-
Resectable Pancreatic Cancer. Ann Surg Oncol (2020) 27(4):1191-200. doi:
10.1245/s10434-019-08087-z

Boone BA, Steve ], Krasinskas AM, Zureikat AH, Lembersky BC, Gibson MK,
et al. Outcomes With FOLFIRINOX for Borderline Resectable and Locally
Unresectable Pancreatic Cancer. J Surg Oncol (2013) 108(4):236-41. doi:
10.1002/js0.23392

Katz MH, Shi Q, Ahmad SA, Herman JM, Marsh Rde W, Collisson E, et al.
Preoperative Modified FOLFIRINOX Treatment Followed by Capecitabine-
Based Chemoradiation for Borderline Resectable Pancreatic Cancer: Alliance
for Clinical Trials in Oncology Trial A021101. JAMA Surg (2016) 151(8):
e161137. doi: 10.1001/jamasurg.2016.1137

Oba A, Ho F, Bao QR, Al-Musawi MH, Schulick RD, Del Chiaro M.
Neoadjuvant Treatment in Pancreatic Cancer. Front Oncol (2020) 10:245.
doi: 10.3389/fonc.2020.00245

Ielpo B, Caruso R, Duran H, Diaz E, Fabra I, Malave L, et al. A Comparative
Study of Neoadjuvant Treatment With Gemcitabine Plus Nab-Paclitaxel
Versus Surgery First for Pancreatic Adenocarcinoma. Surg Oncol (2017) 26
(4):402-10. doi: 10.1016/j.suronc.2017.08.003

Qettle H, Neuhaus P, Hochhaus A, Hartmann JT, Gellert K, Ridwelski K, et al.
Adjuvant Chemotherapy With Gemcitabine and Long-Term Outcomes Among
Patients With Resected Pancreatic Cancer: The CONKO-001 Randomized Trial.
JAMA (2013) 310(14):1473-81. doi: 10.1001/jama.2013.279201

Chiaravalli M, Reni M, O'Reilly EM. Pancreatic Ductal Adenocarcinoma:
State-Of-the-Art 2017 and New Therapeutic Strategies. Cancer Treat Rev
(2017) 60:32-43. doi: 10.1016/j.ctrv.2017.08.007

Sohal DP, Walsh RM, Ramanathan RK, Khorana AA. Pancreatic
Adenocarcinoma: Treating a Systemic Disease With Systemic Therapy.
] Natl Cancer Inst (2014) 106(3):dju011. doi: 10.1093/jnci/dju011

de WMR, Talamonti MS, Baker MS, Posner M, Roggin K, Matthews J, et al.
Primary Systemic Therapy in Resectable Pancreatic Ductal Adenocarcinoma
Using mFOLFIRINOX: A Pilot Study. J Surg Oncol (2018) 117(3):354-62.
doi: 10.1002/js0.24872

Golcher H, Brunner TB, Witzigmann H, Marti L, Bechstein WO, Bruns C,
et al. Neoadjuvant Chemoradiation Therapy With Gemcitabine/Cisplatin and
Surgery Versus Immediate Surgery in Resectable Pancreatic Cancer: Results of
the First Prospective Randomized Phase II Trial. Strahlentherapie und
Onbkologie Organ der Deutschen Rontgengesellschaft (2015) 191(1):7-16. doi:
10.1007/500066-014-0737-7

Thanikachalam K, Damarla V, Seixas T, Dobrosotskaya I, Wollner I, Kwon D,
et al. Neoadjuvant Phase II Trial of Chemoradiotherapy in Patients With
Resectable and Borderline Resectable Pancreatic Cancer. Am ] Clin Oncol
(2020) 43(6):435-41. doi: 10.1097/COC.0000000000000688

Winter JM, Brennan MF, Tang LH, D'Angelica MI, Dematteo RP, Fong Y,
et al. Survival After Resection of Pancreatic Adenocarcinoma: Results From a
Single Institution Over Three Decades. Ann Surg Oncol (2012) 19(1):169-75.
doi: 10.1245/510434-011-1900-3

Lee JC, Ahn S, Paik KH, Kim HW, Kang J, Kim J, et al. Clinical Impact of
Neoadjuvant Treatment in Resectable Pancreatic Cancer: A Systematic
Review and Meta-Analysis Protocol. BMJ Open (2016) 6(3):e010491. doi:
10.1136/bmjopen-2015-010491

Mokdad AA, Minter RM, Zhu H, Augustine MM, Porembka MR, Wang SC,
et al. Neoadjuvant Therapy Followed by Resection Versus Upfront Resection
for Resectable Pancreatic Cancer: A Propensity Score Matched Analysis. ] Clin
Oncol (2017) 35(5):515-22. doi: 10.1200/JCO.2016.68.5081

Nassour I, Adam MA, Kowalsky S, Al Masri S, Bahary N, Singhi AD, et al.
Neoadjuvant Therapy Versus Upfront Surgery for Early-Stage Left-Sided
Pancreatic Adenocarcinoma: A Propensity-Matched Analysis From a
National Cohort of Distal Pancreatectomies. J Surg Oncol (2021) 123
(1):245-51. doi: 10.1002/j50.26267

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Reni M, Balzano G, Zanon S, Zerbi A, Rimassa L, Castoldi R, et al. Safety and
Efficacy of Preoperative or Postoperative Chemotherapy for Resectable
Pancreatic Adenocarcinoma (PACT-15): A Randomised, Open-Label, Phase
2-3 Trial. Lancet Gastroenterol Hepatol (2018) 3(6):413-23. doi: 10.1016/
$2468-1253(18)30081-5

Jang JY, Han Y, Lee H, Kim SW, Kwon W, Lee KH, et al. Oncological Benefits
of Neoadjuvant Chemoradiation With Gemcitabine Versus Upfront Surgery
in Patients With Borderline Resectable Pancreatic Cancer: A Prospective,
Randomized, Open-Label, Multicenter Phase 2/3 Trial. Ann Surg (2018) 268
(2):215-22. doi: 10.1097/SLA.0000000000002705

Schorn S, Demir IE, Reyes CM, Saricaoglu C, Samm N, Schirren R, et al. The
Impact of Neoadjuvant Therapy on the Histopathological Features of
Pancreatic Ductal Adenocarcinoma - A Systematic Review and Meta-
Analysis. Cancer Treat Rev (2017) 55:96-106. doi: 10.1016/j.ctrv.2017.03.003
Pan L, Fang J, Tong C, Chen M, Zhang B, Juengpanich S, et al. Survival
Benefits of Neoadjuvant Chemo(Radio)Therapy Versus Surgery First in
Patients With Resectable or Borderline Resectable Pancreatic Cancer: A
Systematic Review and Meta-Analysis. World ] Surg Oncol (2019) 18(1):1.
doi: 10.1186/512957-019-1767-5

Unno M, Hata T, Motoi F. Long-Term Outcome Following Neoadjuvant
Therapy for Resectable and Borderline Resectable Pancreatic Cancer
Compared to Upfront Surgery: A Meta-Analysis of Comparative Studies by
Intention-to-Treat Analysis. Surg Today (2019) 49(4):295-9. doi: 10.1007/
500595-019-01786-w

Bradley A, van der Meer R. Upfront Surgery Versus Neoadjuvant Therapy for
Resectable Pancreatic Cancer: Systematic Review and Bayesian Network
Meta-Analysis. Sci Rep (2019) 9(1):4354. doi: 10.1038/s41598-019-40951-6
Shubert CR, Bergquist JR, Groeschl RT, Habermann EB, Wilson PM, Truty
M], et al. Overall Survival Is Increased Among Stage III Pancreatic
Adenocarcinoma Patients Receiving Neoadjuvant Chemotherapy Compared
to Surgery First and Adjuvant Chemotherapy: An Intention to Treat Analysis
of the National Cancer Database. Surgery (2016) 160(4):1080-96. doi:
10.1016/j.surg.2016.06.010

Versteijne E, Vogel JA, Besselink MG, Busch ORC, Wilmink JW, Daams JG,
et al. Meta-Analysis Comparing Upfront Surgery With Neoadjuvant
Treatment in Patients With Resectable or Borderline Resectable Pancreatic
Cancer. Br J Surg (2018) 105(8):946-58. doi: 10.1002/bjs.10870

van Dam JL, Janssen QP, Besselink MG, Homs MYV, van Santvoort HC, van
Tienhoven G, et al. Neoadjuvant Therapy or Upfront Surgery for Resectable
and Borderline Resectable Pancreatic Cancer: A Meta-Analysis of
Randomised Controlled Trials. Eur J Cancer (2022) 160:140-9. doi:
10.1016/j.ejca.2021.10.023

Versteijne E, Suker M, Groothuis K, Akkermans-Vogelaar JM, Besselink MG,
Bonsing BA, et al. Preoperative Chemoradiotherapy Versus Immediate
Surgery for Resectable and Borderline Resectable Pancreatic Cancer: Results
of the Dutch Randomized Phase IIIl PREOPANC Trial. J Clin Oncol (2020) 38
(16):1763-73. doi: 10.1200/JCO.19.02274

Unno M, Motoi F, Matsuyama Y, Satoi S, Matsumoto I, Aosasa S, et al.
Randomized Phase II/IIT Trial of Neoadjuvant Chemotherapy With
Gemcitabine and S-1 Versus Upfront Surgery for Resectable Pancreatic
Cancer (Prep-02/JSAP-05). J Clin Oncol (2019) 37(4_suppl):189. doi:
10.1200/JC0O.2019.37.4_suppl.189

Lee YS, Lee JC, Yang SY, Kim ], Hwang JH. Neoadjuvant Therapy Versus
Upfront Surgery in Resectable Pancreatic Cancer According to Intention-to-
Treat and Per-Protocol Analysis: A Systematic Review and Meta-Analysis. Sci
Rep (2019) 9(1):15662. doi: 10.1038/s41598-019-52167-9

Ye M, Zhang Q, Chen Y, Fu Q, Li X, Bai X, et al. Neoadjuvant Chemotherapy
for Primary Resectable Pancreatic Cancer: A Systematic Review and Meta-
Analysis. HPB (Oxford) (2020) 22(6):821-32. doi: 10.1016/j.hpb.2020.01.001
Casadei R, Di Marco M, Ricci C, Santini D, Serra C, Calculli L, et al. Neoadjuvant
Chemoradiotherapy and Surgery Versus Surgery Alone in Resectable Pancreatic
Cancer: A Single-Center Prospective, Randomized, Controlled Trial Which
Failed to Achieve Accrual Targets. ] gastrointestinal Surg Off ] Soc Surg
Alimentary Tract (2015) 19(10):1802-12. doi: 10.1007/s11605-015-2890-4

Xu Y, Chen Y, Han F, Wu J, Zhang Y. Neoadjuvant Therapy vs. Upfront
Surgery for Resectable Pancreatic Cancer: An Update on a Systematic Review
and Meta-Analysis. Biosci Trends (2022) 15(6):365-73. doi: 10.5582/
bst.2021.01459

Frontiers in Oncology | www.frontiersin.org

May 2022 | Volume 12 | Article 914203


https://doi.org/10.1016/S1470-2045(16)00172-8
https://doi.org/10.1001/jamasurg.2017.2228
https://doi.org/10.1245/s10434-019-08087-z
https://doi.org/10.1002/jso.23392
https://doi.org/10.1001/jamasurg.2016.1137
https://doi.org/10.3389/fonc.2020.00245
https://doi.org/10.1016/j.suronc.2017.08.003
https://doi.org/10.1001/jama.2013.279201
https://doi.org/10.1016/j.ctrv.2017.08.007
https://doi.org/10.1093/jnci/dju011
https://doi.org/10.1002/jso.24872
https://doi.org/10.1007/s00066-014-0737-7
https://doi.org/10.1097/COC.0000000000000688
https://doi.org/10.1245/s10434-011-1900-3
https://doi.org/10.1136/bmjopen-2015-010491
https://doi.org/10.1200/JCO.2016.68.5081
https://doi.org/10.1002/jso.26267
https://doi.org/10.1016/S2468-1253(18)30081-5
https://doi.org/10.1016/S2468-1253(18)30081-5
https://doi.org/10.1097/SLA.0000000000002705
https://doi.org/10.1016/j.ctrv.2017.03.003
https://doi.org/10.1186/s12957-019-1767-5
https://doi.org/10.1007/s00595-019-01786-w
https://doi.org/10.1007/s00595-019-01786-w
https://doi.org/10.1038/s41598-019-40951-6
https://doi.org/10.1016/j.surg.2016.06.010
https://doi.org/10.1002/bjs.10870
https://doi.org/10.1016/j.ejca.2021.10.023
https://doi.org/10.1200/JCO.19.02274
https://doi.org/10.1200/JCO.2019.37.4_suppl.189
https://doi.org/10.1038/s41598-019-52167-9
https://doi.org/10.1016/j.hpb.2020.01.001
https://doi.org/10.1007/s11605-015-2890-4
https://doi.org/10.5582/bst.2021.01459
https://doi.org/10.5582/bst.2021.01459
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Vivarelli et al.

Neoadjuvant Treatment in Resectable PDAC

39. Tsai S, Christians KK, George B, Ritch PS, Dua K, Khan A, et al. A Phase II
Clinical Trial of Molecular Profiled Neoadjuvant Therapy for Localized
Pancreatic Ductal Adenocarcinoma. Ann Surg (2018) 268(4):610-9. doi:
10.1097/SLA.0000000000002957

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Vivarelli, Mocchegiani, Nicolini, Vecchi, Conte, Dalla Bona, Rossi
and Benedetti Cacciaguerra. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

May 2022 | Volume 12 | Article 914203


https://doi.org/10.1097/SLA.0000000000002957
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Neoadjuvant Treatment in Resectable Pancreatic Cancer. Is It Time for Pushing on It?
	Introduction
	Neadjiuvant Treatments in Resectable PDAC: Lights and Shadows
	Key Studies Investigating NAT Effectiveness in RPDAC
	Patients Survival
	Resection Rate and Pathologic Parameters

	Present Evidences and Future Perspectives
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


