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In the last two decades, pancreatic cancer has been undergoing important changes in its perioperative management 
due to the great interest in multidisciplinary management and preoperative multimodal therapy, which in numerous 
studies have shown promising clinical results. Although the standard of treatment for resectable pancreatic ductal ad-
enocarcinoma (PDAC) today is surgery followed by adjuvant therapy, as it is a biologically aggressive disease, even 
with complete resection, it has high rates of local and distant relapse. Several retrospective and prospective phase 
I/II studies have opened the window for neoadjuvant therapy with chemotherapy (CT), chemoradiotherapy (CRT), or 
both, as an alternative treatment for resectable pancreatic cancer, with promising results. Neoadjuvant therapy could 
has some advantages, including early administration of systemic treatment, in vivo assessment of response to treat-
ment, increase resectability rate in borderline patients, increase resection rate with negative margin and survival benefit. 
While it seems clear that even potentially resectable disease would benefit from preoperative multimodal therapy, the 
optimal neoadjuvant therapeutic strategy is still controversial and currently there are only recommendations for neo-
adjuvant treatment, in clinical guidelines such as the NCCN and ESMO, for borderline and/or locally advanced PDAC. 
This review provides an overview of recent studies available and how they relate to systemic treatment of resectable 
PDAC in the neoadjuvant setting. (Ann Hepatobiliary Pancreat Surg 2021;25:179-191)
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the fourth 

most common cause of cancer death in men and women 

(behind lung, colon, and prostate cancers in men and 

breast cancers in women) in both the United States and 

Europe, with more than 48,000 deaths per year and more 

than 35,000 per year respectively. Following this line, it 

will probably become the second leading cause by 2030, 

surpassed only by lung cancer.1

It is considered one of the most aggressive neoplasms, 

with a survival rate below 5% at 5 years. Most patients 

are diagnosed with advanced disease, 5-10% have limited 

or locally advanced resectable disease, and only 15-20% 

of patients are considered candidates for curative resection 

from the beginning. Although surgical resection is cur-

rently considered the only potentially curative treatment, 

resection alone is not sufficient, resulting in low cure 

rates, with a 5-year survival of 7–25% (10%) with a me-

dian survival of 11–20 months.2,3

These data clearly show that surgery alone cannot sig-

nificantly improve the survival of patients affected by 

pancreatic cancer and therefore other complementary treat-

ments such as chemotherapy, radiotherapy or both have 

been tried in a multimodal approach. The choice of treat-

ment modality, either individually or in combination, will 
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depend on stage, size of the tumor, patient-related factors 

such as functional status, comorbidity, toxicity and patient 

preference.4

The Gastrointestinal Study tumor Group was the first 

to demonstrate a survival benefit with adjuvant chemo-

radiation in pancreatic cancer. Then, several studies phase 

II-III trials showed good results in favor of adjuvant che-

motherapy with different schemes, like CONKO-001 trial 

(Charité Onkologie 001), compared gemcitabine group vs. 

observation group. This study showed a statistically sig-

nificant difference in survival (median overall survival 

(OS) 22.8 vs. 20.2 months, respectively, median desease- 

free survival (DFS) 13.4 vs. 6.9 months). The ESPAC-4 

trial (European Study Group for Pancreatic Cancer 4) also 

demonstrated evidence of benefit from adjuvant chemo-

therapy, with a median overall survival for patients in the 

gemcitabine plus capecitabine group of 28.0 months, com-

pared with 25.5 months in the only gemcitabine group, 

suggesting additional benefit from combining gemcitabine 

and capecitabine, proposing it as a new standard after 

resection. More recently, the PRODIGE-24 trial random-

ized 493 patients to receive mFOLFIRINOX or gemcita-

bine in adjuvant setting. The mFOLFIRINOX regimen 

showed a longer survival than gemcitabine (median OS 

was 54.4 vs. 35.0 months, median DFS 21.6 vs. 12.8 

months, respectively). These studies, all in the adjuvant 

setting, demonstrated improvements in terms of DFS and 

OS.5-9 Despite encouraging results, still about 25-48% of 

PDAC patients treated with curative resection, fail to re-

ceive planned adjuvant treatment due to complications, 

low-status performance, rejection or early recurrence.10-12 

Even with the addition of adjuvant therapy (CT+/−RT) 

after surgery, there is a high risk of systemic and/or local 

recurrence of approximately 63%.13 This has led to a 

greater focus on the use of neoadjuvant therapy for pa-

tients without evidence of metastatic disease. Although re-

sectable disease by radiological criteria shows no clinical 

evidence of distant disease, it is believed to be micro-

metastatic in onset, with up to 17% having hidden meta-

static disease identified at the time of surgery and more 

than 70% of patients having nodal metastases in the 

post-resection anatomopathological study.14,15

The different preoperative CT and CRT regimens have 

been evaluated in a small number of studies, most of 

which have methodological limitations and are not ran-

domized. Even so, preoperative treatment has been evolv-

ing, and continues to be a topic of debate, showing multi-

ple promising benefits, including early treatment of hid-

den micrometastatic disease, improved compliance with 

chemotherapy, the potential to reduce tumors and increase 

resection rates with a negative margin, as well as better 

selection of patients likely to benefit from surgery or 

not.6,7,16 However, as the generalization of retrospective 

reports is clearly limited and the role of neoadjuvant treat-

ment (NAT) in PDAC is still under debate due to a rela-

tive lack of robust data. More prospective data are needed 

to evaluate this strategy in the population with early re-

sectable disease.

The main goal of this review article is to collect and 

update existing information and ongoing trials focusing on 

neoadjuvant therapy in resectable PDAC.

METHODS

A PubMed online search was performed using the fol-

lowing search keywords alone or in combination: Resect-

able disease, pancreatic ductal adenocarcinoma, neoadju-

vant therapy, chemotherapy, chemoradiotherapy. All stud-

ies in last two decades were reviewed for inclusion or not, 

in this manuscript especially clinical trials Phase II, but 

borderline and locally advanced pancreatic cancer articles, 

were excluded. We reviewed only data into resectable 

pancreatic cancer. Furthermore, the ClinicalTrials.gov da-

tabase was explored to identify prospective ongoing trials. 

The purpose of this review was to provide an overview 

of current data for neoadjuvant therapy in the treatment 

of resectable pancreatic cancer and new developments and 

future directions for this approach.

STAGING

The ability to accurately stage patients is essential to 

the development and evaluation of stage-specific therapies 

and thus maximize outcome and quality of life for all 

patients. The American Joint Committee on Cancer (AJCC) 

TNM staging has been used to characterize the patho-

logical stage of pancreatic cancer. This system evaluates 

the status of the primary tumor (T), lymph nodes (N), and 

metastases (M) with the goal of defining tumor stages and 

providing a prognosis based on severe pathologic features. 
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The update in the classification of the AJCC 8th edition 

responds to criticisms of previous versions with several 

changes in the T and N categories, with the current main 

objective as previously stated of providing information on 

the prognosis of the disease in particular, rather than guid-

ing the management of the patient. In the eighth edition, 

the T stage (T1 to T4 disease) is based almost entirely 

on tumor size, i.e., only the extent of the tumor beyond 

the pancreas is no longer considered T3. Subdivisions 

have also been added to T1 (T1a ≤0.5 cm, T1b 0.5-1 cm, 

and T1c 1-2 cm in its largest dimension). The size criteria 

for the T2 and T3 categories have been modified (T2 de-

fined as ＞2 and ≤4 cm and T3 defined as tumors ＞4 

cm in its largest dimension), and T4 disease has been de-

fined as any tumor involving the celiac axis (CA), superi-

or mesenteric artery (SMA) or common hepatic artery 

(CHA), regardless of the size of the tumor. The N cat-

egory is now stratified according to the number of region-

al lymph nodes involved identified at the time of surgical 

resection and histopathology evaluation. N1 is defined as 

pathologically proven metastases in three or less regional 

lymph nodes and N2 as proven metastases in four or more 

regional lymph nodes. The criteria for M as absence (M0) 

or presence (M1) of distant metastases did not change.17

With the advent of neoadjuvant therapy for pancreatic 

cancer, alternative staging systems began to be developed 

based on preoperative parameters that more accurately 

rank the likelihood of surgical resection by assessing ana-

tomic factors and the ability to achieve complete surgical 

resection. This classification of the tumor-mesenteric ves-

sel relationship is a critical component of surgical plan-

ning and is not addressed in the AJCC staging system. 

Staging is usually performed with three-phase computed 

tomography (CT) scan (pancreatic protocol) of the chest, 

abdomen, and pelvis. Based on the images, the tumor can 

be classified as resectable, borderline resectable, locally 

advanced (type A or B), and metastatic. Although there 

is close agreement on what constitutes resectable and un-

resectable disease (locally advanced and metastatic), the 

definition of resectable borderline disease is more variable.18

Multiple staging systems have been described from a 

variety of different societies and institutions. In general, 

resectable or localized disease occurs when there is no ar-

terial tumor contact with the celiac axis (CA), superior 

mesenteric artery (SMA) or common hepatic artery (CHA) 

and no tumor contact with the superior mesenteric vein 

(SMV) or portal vein (PV) or ≤180 (Table 1).19-23

RATIONALE OF NEOADJUVANT 
TREATMENT IN RESECTABLES 

PANCREATIC CANCER

Pancreatic cancer could be considered an aggressive 

disease from the beginning, resulting in recurrent disease 

within 2 years after resection in most of patients. Studies 

focusing on recurrence patterns have demonstrated that 

the initial recurrence in 76% of patients was systemic. 

Therefore, also could be approached as a systemic dis-

ease, irrespective of apparent non metastatic disease on 

imaging.24-27

Surgical resection and adjuvant chemotherapy are the 

only strategy that has improved survival of pancreatic 

cancer patients during the last 3 decades.28 This is based 

on multiples randomized controlled clinical trials that 

have demonstrated the benefit of adjuvant therapy in 

PDAC. Such is the case with CONKO-001 and ESPAC4 

which demonstrated an increase in overall median survival 

when comparing surgery alone versus additional therapy 

with gemcitabine or gemcitabine and capecitabine.7,8 Until 

recently, the overall survival benefit of adjuvant therapy 

has been modest. However, the recent GI PRODIGE 24/ 

CCTG PA.6 report demonstrated a median overall surviv-

al of 54 months among patients receiving modified fluo-

rouracil, irinotecan and oxaliplatin (mFOLFIRINOX) com-

pared to patients receiving gemcitabine (35 months). This 

is undoubtedly an important difference in survival com-

pared to those from initial surgery, but these results should 

be interpreted with caution as the benefit may be ex-

plained by selection bias. Despite promising results, post-

operative period remains a major problem specially in 

pancreatic head resections, observing even in high volume 

centers, that almost half of the patients will not receive 

or complete postoperative adjuvant treatment due to post-

operative complications, delayed recovery, early disease 

progression and low-performance status. This has led to 

a greater emphasis on the use of neoadjuvant therapy for 

patients without evidence of metastatic disease.9,29,30 The 

neoadjuvant approach, gives the chance of receive CT 

treatment in most of medically fit patients.

Conceptually, preoperative multimodal therapy (chemo-
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therapy, chemo-radiotherapy or both) may offer several 

theoretical and practical advantages. First one could be the 

benefit of giving preoperative treatment in a well-oxy-

genated, non-devascularized tissue and therefore more 

susceptible to the effects of chemotherapy and radiation. 

Another benefit is improved tolerance of treatment ini-

tiation because patients are not recovering from the phys-

iological and immunological disorders of a major surgical 

procedure. In addition, the possibility of administering full 

doses of CT and/or RT is much greater when given before 

surgery. Recent studies report compliance rates with 

full-dose neoadjuvant chemotherapy of 90-100%, as op-

posed to 66.4% in the modified-FOLFIRINOX group or 

79.0% in the gemcitabine group, in the recent multicenter, 

randomized, open-label, phase 3 trial (PRODIGE 24–
ACCORD 24/CCTG PA.6) with adjuvant therapy. The 

progression of the disease in the post-treatment re-evalua-

tion allows to select patients who would benefit from sur-

gical treatment, thus assessing the sensitivity to chemo-

therapy, thus saving the morbidity and possible mortality 

of a non-therapeutic laparotomy (median survival after 

progression of 7 months, without improvement after sur-

gery if the resection is possible). In relation to the quality 

of resection, neoadjuvant therapy could potentially have 

an impact of lymphatic node status, improve the rate of 

R0 resection, and even convert tumors considered un-

resectable into resectable after reassessment conferring a 

survival benefit, although in a very select group of pa-

tients, as shown by a recent Dutch phase III study with 

a better R0 resection rate, 71% in patients who received 

preoperative chemoradiotherapy vs. 40% in patients as-

signed to immediate surgery (p＜0.001).31-34

On the other hand, there are also several arguments 

against neoadjuvant therapy for resectable disease. It de-

lays surgery, especially when patients experience signifi-

cant complications such as biliary occlusion, being a po-

tential drawback because biliary drainage is required be-

fore chemotherapy. Furthermore, biliary drainage is asso-

ciated with mainly infectious complications.35 Perhaps the 

greatest concern with a neoadjuvant approach is that pa-

tients with potentially resectable disease may have local 

disease progression (11%), making them unresectable, 

missing a potentially curative surgical opportunity. How-

ever, the risk of disease progression during neoadjuvant 

therapy should be analyzed as part of the optimal se-

lection of good candidates to benefit from surgery, avoid-

ing futile surgery in patients with rapidly progressive 

disease.36 Other disadvantages and/or concerns unlike sur-

gery, would be the need for a positive histological diag-

nosis. This can be elusive and risky given the cancer’s 

anatomic location as well as its structure and can thus 

postpone therapy.37

In the last two decades neoadjuvant therapy is begin-

ning to be used in the context of borderline, locally ad-

vanced (advised in the latest NCCN clinical guidelines), 

or resectable tumors with high-risk factors such as a con-

siderable elevation of CA19.9, large tumors, significant 

regional adenopathy in preoperative tests or tumor-related 

symptoms.20,38

Experience to date with neoadjuvant therapy suggests 

that it is a promising strategy as part of multimodal ther-

apy, for a high percentage of patients, but its use for re-

sectable pancreatic cancer is still a matter of debate be-

cause there is not a robust evidence base. Some clinical 

trials continue evaluating the utility of this strategy.

CLINICAL EVIDENCE OF 
NEOADJUVANT TREATMENT FOR 

RESECTABLE PANCREATIC CANCER

Until recently, the evidence for a neoadjuvant ther-

apeutic approach to resectable pancreatic cancer has been 

limited to single-arm retrospective and prospective studies. 

In fact, several studies have shown benefits in favor of 

neoadjuvant treatment, especially those in which treatment 

was completed and resected.39-42 In the last two decades, 

evidence to support neoadjuvant chemoradiation was es-

tablished from several phase II trials. It is important to 

recognize two caveats when interpreting the data from 

these neoadjuvant therapy studies. First, the definition of 

resectable PDAC was generally arbitrary and judged by 

one surgeon as the primary inclusion criteria for trials 

conducted before 2000. A second caveat is that our ability 

to correctly stage pancreatic cancer has changed over 

time, with improved imaging scan, leading to possible 

stage migration. For example, even within phase II MD 

Anderson Cancer Center trials, the trend toward improved 

median survival over time could be the result of improved 

patient selection.

There is much written about neoadjuvant therapy in re-
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Table 2. Selected clinical trials of neoadyuvant therapy for resectable pancreatic cancer

Author Year N  Neoadjuvant regimen
Resected 

(%)
Resected 0 

(%)
Survival Clinical trial

Chemoradiotherapy
  *Pisters et al.47 2002 35 CCRT 57 68 28% (3-yr) Phase II

Paclitaxel+RT (30 Gy)+IORT 19 (mo) R
  Talamonti et al.48 2006 20 CCRT 85 94 26 (mo) R Phase II

Gem+RT (36 Gy)
  *Evans et al.43 2008 86 CCRT 74 89 27% (5-yr) Phase II

Gem, 400 mg/m2 weekly×7+RT,
30 Gy 

34 (mo) R

Chemottherapy 
followed by 
chemoradiation

  *Varadhachary et al.44 2008 90 Gem, 750 mg/m2+
cisplatin 30 mg/m2 → CCRT 

66 96 31 (mo) R Phase II

Gem, 400 mg/m2+RT, 30 Gy
  Christians et al.45 2016 69 Chemotherapy (various) and 

chemoradiation
87 97 31.5 (mo) Retrospective

44, 9 (CT)
Chemotherapy alone
  Palmer et al.49 2007 50 Gemcitabine vs Gem: 38 Gem: 75 Gem: 42 (1-yr) Phase II

Gemcitabine+Cisplatino Gem+Cis: 70 Gem+Cis: 75
  Heinrich et al.50 2008 28 Gem, 1 g/m2, Cis, 50 mg/m2 93 80 26.5 (mo) Phase II
  O’Reilly et al.51 2014 38 Gem, 1 g/m2, Oxa, 80 71 mg/m2 71 74 63% (1, 5-yr) Phase II

27.2 (mo)

*MDACC Clinical trials Phase II
R, resected; Gem, gemcitabine; Cis, cisplatino; Oxa, oxaliplatino; Gy, gray; IORT, intraoperative radiotherapy; mo, months; 
yr, years, CCRT, concurrent chemoradiation; RT, radiotherapy; CT, complete treatment

sectable borderline, and locally advanced, but few studies 

have focused only on resectable pancreatic cancer, where 

there is currently debate about accepting evidence, al-

though inconsistent, with a marked tendency to improve 

outcomes in this type of patient by increasing resectability 

rates, assessing patient sensitivity to treatment, and in-

creasing survival. During the last two decades some stud-

ies have shown benefits after neoadjuvant therapy in re-

sectable patients, improving the median overall survival 

in almost 12 months in those patients who complete neo-

adjuvant therapy and undergo complete surgery. This is 

a remarkable finding since it is considered that the in-

crease in survival is not due to new therapies, but rather 

to a change in treatment approach.43-46

Most of the evidence in this area is based on phase II 

studies based on combined chemotherapy regimens with 

5-fluorocyl, irinotecan, oxaliplatin, gemcitabine with or 

without paclitaxel, docetaxcel and capecitabine, alone or 

associated with radiotherapy (Table 2).

Pisters et al.47 published a prospective phase II study 

(2002), with 35 patients with localized pancreatic ad-

enocarcinoma potentially resectable at MD Anderson Cancer 

Center (MDACC), whose main objective was to evaluate 

the toxicity of neoadjuvant therapy with concurrent che-

moradiation (CCRT) with Paclitaxel+RT (30 Gy)+Intraop-

erative radiation therapy (IORT) of the 35 patients, 16 ex-

perienced toxicity, 57% were successfully resected and of 

these, 60% with negative margin (R0), with a follow-up 

of 3 years, an overall survival of 28% was observed, with 

a median survival of 19 months. The authors concluded 

that this regimen was no more toxic than the 5 fluorocyl 

and that it did not provide advantages.

Later on, another phase II multinational study involving 

5 institutions, led by Northwestern University Chicago 

(Talamonti et al.48 2006), analyzed 20 patients with resect-

able pancreatic cancer with confirmation of PDAC by bi-

opsy, subjected to CCRT at full dose of gemcitabine. The 

planned course of radiation was 36 Gy in 2.4 fractions 

to the macroscopic tumor. Up to 85% (17 patients out of 

20) achieved resection with a median survival of 26 
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months in this group. Palmer et al.49 observed in a phase 

II study that neoadjuvant chemotherapy with combined 

gemcitabine+cisplatin increases the resection rate (RR), 

and survival in favor of combined therapy of 15.6 months 

compared to 9.9 months for gemcitabine alone. A similar 

treatment scheme (gemcitabine+cisplatin) was used by 

Heinrich et al.50 (2008), and also evaluated the quality of 

life of patients before and after treatment and pathologic 

response. Complete resection was achieved in 26 patients 

(93%), of the 28 that entered the study, with 80% of re-

section with free margins (R0), the pathological response 

was observed in 20 patients, with 45% local recurrence, 

and overall survival of 26.5 months (95% CI, 11.4 to 41.5 

months) in an intention-to-treat analysis, and 19 months 

for resected patients. The authors concluded that neo-

adjuvant therapy with gemcitabine+cisplatin was feasible, 

safe and with improved quality of life. The high percent-

age of local recurrence is probably due to the lack of radi-

ation therapy.

Evans et al.43 (MDACC), the same year published a 

phase II study with 86 patients with resectable pancreatic 

cancer (stage I/II), who received neoadjuvant therapy with 

CCRT (gemcitabine 400 mg/m2/RT 30Gy); 85% went to 

surgery, but only 74% (64 patients) successfully com-

pleted the resection. Observed a 5-year survival of 27%, 

with the median survival for the 64 patients who com-

pleted the resection of 34 months versus 7 months in un-

resected patients (p=0.001). What is interesting in this work 

is the low isolated local recurrences 3%, but systemic re-

currence was 47% (30 patients out of 64). Following the 

basis of this study the same group (MDACC) designed 

a phase II study by Varadachary, in response to this pat-

tern of recurrence with gemcitabine plus cisplatin before 

CCRT (gencitabine) in 90 patients who were treated with 

4 cycles of chemotherapy, and subsequent chemoradiation 

with four weekly cycles of gemcitabine and concomitant 

radiotherapy (30Gy in 10 fractions administered over 2 

weeks) 79 patients managed to complete preoperative 

therapy, but only 52% completed resection. The median 

overall survival was 31 months for the patients who un-

derwent duodenopancreatectomy, compared with 10.5 

months for patients who did not undergo surgical re-

section of their primary tumor (p=0.001), and distant re-

currence was 42%. Conclusions from this trial were that 

preoperative chemotherapy with gemcitabine and cisplatin 

followed by concurrent chemoradiotherapy did not im-

prove survival beyond that achieved with preoperative 

gemcitabine-based chemoradiotherapy alone.44

MDACC researchers have generated the most data us-

ing neoadjuvant therapy in the treatment of resectable 

pancreatic cancer in a series of phase II trials for resect-

able tumors, where the definition remained the same for 

all studies. All of these trials demonstrated that patients 

who completed neoadjuvant chemoradiation and had no 

radiographic evidence of progression before surgery were 

more likely to achieve R0 resection compared to historical 

surgical data, and those who underwent surgical resection 

demonstrated higher median and OS rates.

Memorial Sloan Kettering Cancer Center, with O’Reilly 

as principal investigator, conducted a single-arm phase II 

non randomized study of patients treated with neoadjuvant 

gemcitabine and oxaliplatin in patients with resectable 

pancreatic adenocarcinoma, reporting up to 63% on 18- 

month survival (24 patients alive), with an overall median 

survival for the 38 patients included in the study of 27.2 

months.51 

Casadei et al.52 and Golcher H. et al.53 (2015) con-

ducted an attempt at randomized comparative trials of 

chemo-radiation+surgery vs. surgery first, both with sub-

sequent adjuvant treatment, but these trials were not com-

pleted and were unsuccessful, mainly due to the difficulty 

of recruitment. Not surprisingly, such clinical trials have 

failed to meet recruitment targets, as many patients and 

referring physicians are unwilling to participate in clinical 

trials (phase II or III) that involve randomization to two 

dramatically different treatment arms.

Recently, the results of a multicenter randomized phase 

II/III clinical trial PACT-15 evaluating perioperative PEXG 

(cisplatin, epirubicin, capecitabine, gemcitabine) in 10 Ital-

ian hospitals. A total of 88 patients were randomized to 

3 arms. Patients in arm 1 received standard adjuvant gem-

citabine for 6 months. Patients in arm 2 received adjuvant 

PEXG every 14 days for 6 months. Arm 3 includes neo-

adjuvant and adjuvant PEXG with up to 3 months before 

surgery and 3 months after surgery. Both preoperative and 

adjuvant PEXG resulted in more than 40% of patients be-

ing event-free at one year, achieving the primary goal. 

However, the most relevant results of this trial are the me-

dian survival of 38 months and OS of 55% and 49% at 

3 and 5 years respectively, in favor of arm 3 (periopera-
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tive therapy). These results provide the strongest evidence 

available to date of the efficacy of neoadjuvant chemo-

therapy in patients with resectable pancreatic cancer. The 

study had a phase 2 design and the results cannot be 

viewed as conclusive. Despite this limitation, the reported 

advantage of neoadjuvant chemotherapy could lead to a 

major departure from the traditional approach. due to the 

change of apparently better adjuvant chemotherapy regi-

mens than PEXG, during the phase 2 part of the PACT-15 

trial, the authors decided not continue to phase 3 part. 

However, they are planning to do a confirmatory phase 

3 trial in which the comparator arm is not yet to be 

identified.54

In 2016, the results of a study of 69 patients treated 

with neoadjuvant therapy with chemotherapy, chemo-

radiotherapy or both with different gemcitabine doublings 

(e.g., erlotinib or cisplatin) or FOLFIRINOX outside of 

clinical trials, were analyzed by the Medical College of 

Wisconsin (MCW) between 2009 and 2013 whose pa-

tients were identified from a prospective institutional data-

base. Reporting a resection rate R0 in 58 (97%) of the 

60 patients undergoing surgery, with a median survival of 

the 69 patients in the study of 32 months and 45 months 

for the 60 patients who completed all neoadjuvant treat-

ment+resection, compared with 8 months for the 9 pa-

tients who were not resected (p＜0.001).45 Another similar 

study by Lutfi et al.55 (2017) examined patients with stage 

I-II PDAC within the National Cancer Data Base between 

2006 and 2012. A propensity score matching was used to 

compare patients receiving neoadjuvant chemotherapy in-

cluding radiation, observing more likely to have node neg-

ative resections (p＜0.001) in these patients, with higher 

perioperative mortality in comparison to those receiving 

only neoadjuvant chemotherapy, but no long-term overall 

survival benefit associated.

A propensity matched analysis by Mokdad et al.56 

(2017) of over 15,000 patients with resectable PDAC from 

the National Cancer Database demonstrated that neo-

adjuvant therapy has a significant survival benefit in ear-

ly-stage, resected pancreatic head adenocarcinoma. The 

neoadjuvant therapy group demonstrated improved surviv-

al compared to the initial surgery group (median OS, 26 

months vs. 21 months). Later, two similar studies carried 

out by Cloyd et al.57 and Mokdad et al.58 (2019/2018) 

compared preoperative chemotherapy vs. chemoradiothe-

rapy. They observed, preoperative CRT is associated with 

more margin negative, and less local recurrence, at the 

cost of higher postoperative morbidity and mortality, but 

with a similar OS compared with preoperative CT, in con-

trast with a recent plublished propensity-Matched Analy-

sis of the National Cancer Database for resectable disease 

(stage I-II) by Xiang et al.59 (2020) who compared pre-

operative chemotherapy alone, chemotherapy with con-

ventionally-fractionated radiation (CFRT), or chemo-

therapy with stereotactic body radiotherapy (SBRT). The 

results showed favorable survival and pathological out-

comes with SBRT compared to chemotherapy alone 

(median 30 vs. 21 months, p=0.02), and compared to 

CFRT (median 29 vs. 16 months, p=0.002).

CURRENT NEOADJUVANT TRIALS 

As the optimal neoadjuvant regimen is not yet known, 

multiple clinical trials are currently evaluating various treat-

ment strategies with more modern chemotherapy regimens 

in the neoadjuvant setting for resectable pancreatic cancer. 

Many protocols involve perioperative treatment including 

neoadjuvant and adjuvant therapy, and many incorporate 

preoperative radiotherapies in addition to routine chemo-

therapy. Below are some ongoing studies with a neoadju-

vant strategy for potentially resectable pancreatic cancer. 

The main objectives of these studies are resection rate, 

number of patients completing the treatment sequence, 

disease-free survival, and overall survival (Table 3).

The randomized phase II/III trial of neoadjuvant che-

motherapy with gemcitabine and S-1 (an oral fluoropyr-

imidine derivative) versus initial surgery for resectable 

pancreatic cancer (PREP02/JSAP05) (UMIN000009634) 

by Unno et al.,60 has the primary endpoints, the resection 

rate (RR) and overall survival, in the phase II and III 

respectively. 360 patients were enrolled at 57 centers. The 

median overall survival for the perioperative group was 

37 versus 27 months in the adjuvant group, reaching a 

hazard ratio of 0.72 (95% CI 0.55-094; p=0.015) in favor 

of perioperative therapy. However, the RR and operation 

morbidity were equivalent in the two groups. While we 

await a formal report, these findings point to the benefit 

of using neoadjuvant therapy for patients with resectable 

PDAC.60

Neoadjuvant plus adjuvant or only adjuvant Nab-Paclitaxel 
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Table 3. Selected ongoin trials of neoadyuvant therapy for RESECTABLE PDAC

Trial (ID) author Phase
Target 

N
Actual 

N
Regimen

Primary 
endpoint

 Current status

Neoajuvant chemotherapy
  Prep02/JSAP05 Neoadjuvant gemcitabine+

S1 and adjuvant S1 
  UMIN000009634 II/III 364 360 vs. Adjuvant S1 OS The median overall survival for 

the perioperative group was 
36.7 vs. 26 months

  Michiaki Unno (Japan)
  PACT-15 Multicenter Neoadjuvant+adjuvant PEXG EFS (1 yr) Completed

  NCT 01150630 II/III 98 88 vs. Adjuvant PEXG OS The median survival 38, 
2 (mo) and OS at 3 and 
5 years (55% and 49%, 
respectively), in favor of 
Neoadjuvant

  Michele Reni (Milan-Italy) Vs. Adjuvant gemcitabine
  PANACHE01/PRODIGE 48 Multi-

center
Neoadjuvant FOLFIRINOX

×4+adjuvant×4
The study is currently 

recruiting participants
  NCT 02959879 II 160 160 vs. Neoadjuvant FOLFOX×4 

+adjuvant chemotherapy×4
OS The results of this study are 

expected soon
  Lilian Schwarz (French) vs. Adjuvant chemotherapy estándar×6
  NEONAX
  MCT 02047513 Neoadjuvant and adjuvant nab-paclitaxel+

gemcitabine DFS 
  AIO-PACK-0313 II 166 127 vs. Adjuvant nab-paclitaxel+

gemcitabine 
DFS The study is still in 

the recruitment phase
  Thomas Seufferlein (Germany)
  SWOG 51505 Neoadjuvant plus adjuvant 

FOLFIRINOX VS
Complete recriutment

  NCT02562716 II 112 112 neoadjuvant plus adjuvant 
nab-paclitaxel+gemcitabine

OS The study is ongiong

  Davendra Sohal (USA)
  NEPAFOX Neoadjuvant FOLFIRINOX

+adjuvant FOLFIRINOX
  NCT01272976 II/III 126 40 vs. adjuvant gemcitabine OS The study is ongiong
  Salah-Eddin (Germany)
  NorPACT-1 Multi-

center
Neoadjuvant FOLFIRINOX×4

+adjuvant gemcitabine+capecitabine×4
  NCT02919787 II/III 90 90 vs. Adjuvant 

gemvitabine/capecitabine×6
OS The study is ongiong

  Svein Dueland (Oslo-Norway)
  NEOPAC Neoadjuvant GEMOX+

adjuvant gemcitabine
Study stopped

  NCT01314027 III 310 38 vs. adjuvant gemcitabine RFS low recruitment
  Heinrich (Zurich)
Neoadyuvant chemoradiation
  NEOPA Multi-

center
Neoadjuvant gemcitabine/

XRT+adjuvant gemcitabine
  NCT 01900327 III 410 32 vs. adjuvant gemcitabine only OS The study terminated earlier 

without reporting results. 
Low recruitment

  Jakob R. (Germany)

ID, indentification; GEMOX, gemcitabine/Oaliplatin; S1, an oral fluoropyrimidine derivative; PEXG, cisplatin, epirubicin, capeci-
tabine, gemcitabine; RFS, recurrence-free survival; N, number of patients; OS, Overall survivial; DFS, disease-free survival; 
EFS, event-free survival; yr, year
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plus gemcitabine for resectable pancreatic cancer, a pro-

spective, randomized, controlled, phase II study of the AIO 

(German Cancer Society Medical Oncology Task Force) 

Pancreas Cancer Group. NEONAX (AIO-PACK-0313, NCT 

02047513). Evaluates nab-paclitaxel plus gemcitabine 2 

preoperative cycles (nab paclitaxel 125 mg/m2, gemcita-

bine 1000 mg/m2, 4 cycles) plus surgery with subsequent 

adjuvant therapy (after 12 weeks post-surgery), vs. surgery 

first followed by adjuvant chemotherapy with 6 cycles of 

nab-paclitaxel/gemcitabine. The recruitment target is 166 

patients, but the trial is still in the recruitment phase. The 

main objective of the study is DFS.61

Another randomized multicenter phase II/III study with 

adjuvant gemcitabine versus neoadjuvant/adjuvant FOLFIRI-

NOX for resectable pancreatic carcinoma. NEPAFOX (NCT 

02172976). It is in progress; the recruitment goal is 126 

patients and currently have recruited 40. The main ob-

jective is overall survival, and the secondary objectives 

are progression-free survival, perioperative morbidity and 

mortality, resection rate R0, tolerability and viability of 

neoadjuvant FOLFIRINOX.62

A study comparing two perioperative therapies with 

different neoadjuvant treatment regimens is underway by 

The Southwest Oncology Group (SWOG) S1505 a rando-

mized phase II study of perioperative mFOLFIRINOX 

versus gemcitabine/nab-paclitaxel as therapy for resectable 

pancreatic adenocarcinoma (NCT02562716). This phase II 

trial studie has as the primary end point is overall survival.63

Norwegian Pancreatic Cancer Trial NorPACT-1 (NCT 

02919787), is a multicenter, randomized, controlled phase 

III trial organized by the Norwegian Gastrointestinal Cancer 

Group for Hepatobiliopancreatic Cancer. Patients with re-

sectable adenocarcinoma of the head of the pancreas are 

randomized into two groups, group 1: Surgery first or 

group 2: Neoadjuvant chemotherapy with four cycles of 

FOLFIRINOX followed by resection. Both groups receive 

adjuvant chemotherapy with gemcitabine and capecitabine. 

In total, 90 patients will be randomly assigned to the five 

norwegian university hospitals that perform pancreatic 

surgery. The primary objective is overall survival.64

PANACHE01-PRODIGE48 (NCT02959879), is a french 

(Schwarz et al.65), open, noncomparative, randomized, multi-

center phase II study designed to evaluate the safety and 

efficacy of two neoadjuvant chemotherapy modalities 

(mFOLFIRINOX and FOLFOX, both followed by surgery 

with subsequent standard adjuvant therapy) compared to 

the current standard treatment (surgery+adjuvant chemo-

therapy) for resectable PDAC. The main targets are the 

12-month OS rate and the rate of patients undergoing the 

full therapeutic sequence. The results of this study are ex-

pected by december 2021.

The NEOPAC trial (NCT01314027), from the University 

of Zurich with Stefan Heinrich as principal investigator 

is a randomized phase III study comparing neoadjuvant 

plus adjuvant treatment in resectable pancreatic cancer, 

gemcitabine/oxaliplatin (GEMOX) versus gemcitabine. The 

expected recruitment was 310 patients 155 in each arm, 

but the study has been stopped with 38 patients for low 

recruitment.66

For the first time, a Phase III multicenter study, NEOPA 

(NCT01900327, DRKS00003893, ISRCTN82191749), pro-

spectively and randomly evaluates the impact of sequen-

tial neoadjuvant CRT followed by curative surgery vs pri-

mary surgery alone for resectable, non metastasized pan-

creatic adenocarcinoma. The main objective, was to eval-

uate the 3-year overall survival rate and the recruitment 

target was 410 patients, but the study was stopped earlier 

with 32 patients, due to difficulty in recruitment of pa-

tients, without reporting any results.67

CONCLUSIONS

More than two decades of active research have not yet 

defined the role of neoadjuvant therapy in resectable pan-

creatic cancer. As is well known, pancreatic cancer is an 

early biologically aggressive cancer with a predilection for 

early metastatic spread to the liver, peritoneum and lung. 

Although resection of the primary tumor appears neces-

sary for long-term survival, it is not sufficient and a neo-

adjuvant treatment approach emphasizes early admin-

istration of systemic therapy, allowing a period of time 

to identify patients with aggressive tumor biology who are 

unlikely to benefit from surgical therapy. While it is im-

portant to ensure the administration of multimodal therapy 

to all patients with resectable PDAC to increase their 

chances of cure, it is equally important to develop an opti-

mal, customized sequential treatment plan with multi-

disciplinary input from the time of initial diagnosis with 

the broader oncologic goal of eliminating both macro-

scopic and microscopic disease.
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Several phase II trials have shown encouraging results 

in terms of survival, but most of them have some limi-

tations (few patients, unique centers, and great hetero-

geneity), so a number of fundamental questions remain, 

including the role of radiotherapy in addition to chemo-

therapy, optimal chemotherapy regimens, and the timing 

and duration of perioperative treatment. In contrast to an 

initial surgical approach, sequencing of neoadjuvant treat-

ment will ensure that all patients receive systemic therapy 

and will improve discrimination between patients who 

will receive and those who will not benefit from surgery. 

Given the data showing the survival benefit of chemo-

therapy both in the neoadjuvant and adjuvant setting when 

compared with no chemotherapy, it has become clear that 

chemotherapy, either before or after surgery, is a crucial 

component in the treatment in PDAC. 

Currently regimens are not unified and vary among in-

stitutions, yet there is growing acceptance of this modality 

and it is expected that it will incorporate novel drug thera-

pies and consolidate neoadjuvant systemic therapy strat-

egies from diagnosis.
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