
Page 1 of 6

© Digestive Medicine Research. All rights reserved. Dig Med Res 2020;3:91 | http://dx.doi.org/10.21037/dmr-2020-18

Pancreatic ductal adenocarcinoma (PDAC) is often a lethal 
malignancy. The incidence is rising worldwide, and for all 
stages of disease the 5-year overall survival (OS) is only  
9% (1). In the last decade modest improvements in outcomes 
have been achieved for advanced PDAC. FOLFIRINOX 
chemotherapy (a combination of 5-fluorouracil, oxaliplatin 
and irinotecan) extended median OS (mOS) to 11 
months (2), nab-paclitaxel and gemcitabine prolonged 
mOS to 8.5 months, while nanoliposomal irinotecan and 
infusional fluorouracil showed benefit in the second line 
setting for metastatic PDAC (3). A minority of patients, 
approximately 20%, present with resectable disease. Among 
this population, outcomes are still discouraging with median 
5-year OS 15–20 months and with up to 80% of patients 
developing systemic relapse after curative surgery (4-7).  
Considerable debate surrounds the optimal treatment 
sequence for patients with resectable and borderline 
resectable disease, with a standard approach being upfront 
resection followed by adjuvant chemotherapy (6,8,9).

The strategy for immediate surgery followed by adjuvant 
chemotherapy was adopted based on results from the 
CONKO-001 trial published in 2007, which demonstrated 
superior disease free survival (DFS) following 6 months of 
adjuvant post-operative gemcitabine over surgery alone (6). 
The median disease-free survival (mDFS) was 13.4 months 
in the adjuvant gemcitabine arm, comparing favorably 
with mDFS 6.9 months in the surgery alone arm (6).  
Subsequent adjuvant trials have further improved OS in 
pancreatic cancer patients by combining chemotherapy 
agents.  The ESPAC-4 trial  showed that adjuvant 
gemcitabine combined with capecitabine was superior 

to gemcitabine alone, prolonging mOS from 25.5 to  
28 months (8). More recently, a modified FOLFIRINOX 
(mFOLFIRINOX) regimen has demonstrated substantial 
efficacy in the adjuvant setting compared to single-agent 
gemcitabine with mOS 54.4 months versus 35 months, 
and mDFS 21.6 months compared to 12.8 months (9). 
The mFOLFIRINOX arm was superior to gemcitabine 
in virtually all subgroups analyzed including patients with 
node positive status, T3/4 tumors, R1 resection and poorly 
differentiated tumors. The trial, however, enrolled a rather 
select patient population with ECOG 0-1 and median age 
63 years, and excluded those with R2 resection and post-
operative CA19-9 >180 U/mL. In contrast, the APACT 
trial, which compared combination gemcitabine and nab-
paclitaxel to gemcitabine alone in the adjuvant setting, was a 
negative study with regards to the primary endpoint of DFS 
by independent reviewer, although a modest survival benefit 
was found with the combination (10).

Emerging efforts to increase the number of long-term 
survivors after pancreatic cancer resection include the use 
neoadjuvant therapy to extend potentially curative treatment 
to patients with borderline resectable tumors, defined 
as having primary involvement of venous vasculature 
with only focal abutment of visceral arteries (11). The 
experience acquired with neoadjuvant treatment for other 
gastrointestinal malignancies such as esophageal, gastric 
and rectal cancers, has demonstrated potential advantages 
of upfront systemic therapy (12-15). These include early 
delivery of chemotherapy to address micrometastatic 
disease along with treating visible tumor, improving the R0 
resection rate, and using both biology and time to select 
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patients who are more likely to benefit from surgery while 
sparing those who develop early metastasis from a morbid 
operation. In addition, the neoadjuvant approach ensures 
that systemic therapy is delivered to more patients, which 
is particularly relevant for pancreatic cancer in which 
40% of patients never receive adjuvant treatment due to 
perioperative morbidity as demonstrated in real-world 
experience (16,17).

Thus far, experience with preoperative treatment 
has been drawn from single arm studies (18,19), early-
terminated randomized trials (20), and meta-analyses 
(21,22).  The Japanese Prep-02/JSAP-05 trial  was 
preliminarily presented in 2019 by Unno et al. (23). In 
this phase II/III trial, patients with resectable PDAC 
were randomized to receive neoadjuvant gemcitabine 
and S-1 followed by surgery and 6 months of adjuvant 
S-1 versus immediate surgery followed by 6 months of 
adjuvant S-1 (24). A significant benefit was observed in the 
neoadjuvant arm with mOS 36.7 months as compared to 
26.6 months in the upfront surgery arm (HR, 0.72; 95% 
CI, 0.55 to 0.94; P=0.015). The final results are yet to 
be published; nonetheless this study indicates a potential 
superiority of the preoperative treatment over immediate 
surgery. More recently, a single arm study utilizing a 
total neoadjuvant approach with eight 2-week cycles of 
FOLFIRINOX followed by a short-course of capecitabine-
based chemoradiation for borderline resectable patients was 
associated with a high R0 resection rate (65%) and mOS 
37.7 months, suggesting that a more active combination 
chemotherapy regimen administered for a greater number 
of cycles prior to surgery may improve outcomes (18).

In this editorial, we discuss the findings of the recently 
reported PREOPANC trial by Versteijne et al. (25), which 
represents the first completed randomized phase III trial 
of neoadjuvant treatment for PDAC. We further provide 
a literature review on the evolving role of neoadjuvant 
treatment in pancreatic cancer.

The PREOPANC trial was a randomized controlled 
phase III trial conducted by the Dutch Pancreatic Cancer 
Group at 16 sites in the Netherlands with the aim of 
investigating whether preoperative chemoradiotherapy 
improved OS as compared to immediate surgery in patients 
with resectable or borderline resectable PDAC. Patients 
were randomized in a 1:1 ratio to receive preoperative 
chemoradiotherapy with 3 cycles of gemcitabine, the second 
combined with 2.4 Gy radiotherapy in 15 fractions, followed 
by surgery and 4 additional cycles of adjuvant gemcitabine 
or to immediate surgery followed by 6 cycles of adjuvant 

gemcitabine. Gemcitabine was dosed at 1,000 mg/m2  
on days 1, 8, and 15 of 28-day cycles when administered 
alone, and on days 1 and 8 of 21-day cycles when combined 
with radiation. The primary end point was OS by intention-
to-treat analysis. The secondary end points were DFS, 
locoregional failure–free interval, distant metastasis-free 
interval, resection rate, R0 resection rate and toxicity. 
Between 2013 and 2017, a total of 246 patients were 
randomized, 119 to neoadjuvant therapy and 127 to upfront 
surgery. The study did not meet its primary endpoint. 
The mOS was 16 months in the neoadjuvant group and  
14.3 months for immediate surgery (HR, 0.78; 95% CI, 0.58 
to 1.05; P=0.096). Benefits of preoperative treatment were 
observed in secondary endpoints and pre-planned subgroup 
analyses. Neoadjuvant treatment was associated with an 
improved R0 resection rate (71% versus 40%, P<0.001), 
significantly longer DFS (8.1 versus 7.7 months, HR, 0.73; 
95% CI, 0.55 to 0.96; P=0.0320), as well as locoregional 
failure–free interval (not reached vs. 13.4 months; HR, 0.56; 
95% CI, 0.38 to 0.83; P=0.0034). No significant differences 
in toxicities were observed between the two arms. In a 
predefined subgroup analysis evaluating outcomes in 
subjects with borderline resectable disease (N=113), there 
was a significant OS benefit for the neoadjuvant approach 
over immediate surgery (mOS 17.6 versus 13.2 months, 
P=0.029). Furthermore, in the subgroup with borderline 
resectable disease, while the resection rate was equivalent 
between the two arms (52% versus 64%, P=0.19), there was 
a marked difference in the rate of R0 resection with 79% of 
neoadjuvant treatment achieving negative margins versus 
only 13% in the immediate surgery group (HR, 24.20; 95% 
CI, 6.57 to 89.12; P<0.001). No significant difference in 
OS and R0 resection rate were seen in the subgroup with 
resectable disease (N=133), suggesting that the neoadjuvant 
treatment was more beneficial for those with borderline 
resectable disease.

The authors concluded that preoperative chemoradiotherapy 
for resectable or borderline resectable pancreatic cancer 
was not associated with a significant OS benefit. While 
data from secondary endpoints and predefined subgroup 
analyses are provocative suggesting an advantage of the 
neoadjuvant approach, additional evidence is required 
to confirm the optimal treatment sequence for early 
stage pancreatic cancer. The PREOPANC study utilized 
single-agent gemcitabine, which based on ESPAC-4 and 
PRODIGE24, is considered a suboptimal regimen in the 
adjuvant setting. The theoretical advantage of preoperative 
treatment on improved compliance and increased delivery 
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of chemotherapy was underexplored in the neoadjuvant 
arm, in which less than half of the chemotherapy was given 
prior to surgery. In addition, no conclusions can be derived 
on the role of radiation to preoperative chemotherapy in the 
absence of an arm with preoperative chemotherapy alone. 
Preplanned analysis showed that patients with borderline 
resectable disease appeared to have benefited more from 
the preoperatory strategy with improved local control and 
prolonged survival. However, the study was not powered to 
establish definitive conclusions in this subpopulation, and 
the interaction test of hazard rates showed no significant 
difference between the resectable and borderline resectable 
subgroups.

While questions remain, the investigators of the 

PREOPANC trial are to be praised for this landmark 
study that provides key benchmark data for future 
neoadjuvant trials in PDAC. Ongoing studies (Table 1) will 
hopefully clarify which patient population is best served by 
neoadjuvant chemotherapy, those with resectable and/or 
borderline resectable disease, and whether there is benefit 
to combination chemotherapy and the optimal duration of 
chemotherapy in the neoadjuvant setting (26-28).

Several randomized controlled trials with contemporary 
chemotherapy regimens are ongoing (Table 1). The 
PREOPANC-2 trial compares the same neoadjuvant 
gemcitabine-based chemoradiat ion plus adjuvant 
gemcitabine used in the PREOPANC-1 study with eight 
2-week cycles of neoadjuvant FOLFIRINOX followed by 

Table 1 Summary of select ongoing randomized neoadjuvant trials for resectable and borderline resectable pancreatic cancer

Trial Disease stage Criteria Treatment regimens
Primary 
outcome

Planned 
accrual

Status*

PREOPANC-2 
(NTR7292)

Borderline 
resectable

DPCG Neoadj. FOLFIRINOX ×8; Neoadj. 
Gem-based CRT ×3 + Adj. 
gemcitabine ×4

OS 368 Recruiting

ESPAC-5F (2013-
003932-56)

Borderline 
resectable

NA Immediate surgery + Adj. gemcitabine 
×6 or 5-FU ×6; Neoadj. Gem-Cape 
×8; Neoadj. FOLFIRINOX ×4; Neoadj. 
Cape-based CRT ×5.5 weeks

Recruitment 
rate; R0 
resection rate

100 Accrual 
completed; 
results pending

NEPAFOX 
(NCT02172976)

Resectable 
and borderline 
resectable

No contact to 
SMA, CA; venous 
reconstructable

Immediate surgery + Adj. gemcitabine 
×6; Periop. FOLFIRINOX (4/6+4/6)

OS 126 Accrual 
completed

SWOG S1505 
(NCT02562716)

Resectable No contact to 
SMA, CA, CHA; 
<180° venous 
contact

Periop. FOLFIRINOX (3+3); Periop. 
Gem-NabPlaclitaxel (3+3)

OS 112 Accrual 
completed

ALLIANCE 
A021501 
(NCT02839343)

Borderline 
resectable

Intergroup Neoadj. FOLFIRINOX ×8 + Adj. 
mFOLFOX6 ×4; Neoadj. mFOLFIRINOX 
×7 and SBRT + Adj. mFOLFOX6 ×4

OS 134 Active, not 
recruiting

ALLIANCE 
A021806 
(NCT04340141)

Resectable No arterial 
involvement, 
limited venous 
contact (180°)

Neoadj. mFOLFIRINOX ×8 + Adj. 
mFOLFIRINOX ×4; immediate surgery 
+ Adj. mFOLFIRINOX ×12

OS 344 Anticipated to 
start accrual in 
2020

NorPACT-1 
(NCT02919787)

Resectable NCCN Neoadj. FOLFIRINOX ×4 + Adj. Gem-
Cape ×4; immediate surgery + Adj. 
Gem-Cape ×6

1-year OS 90 Recruiting

PANDAS-
PRODIGE 44 
(NCT02676349)

Borderline 
resectable

NCCN Neoadj. mFOLFIRINOX + Cape-
CRT + Adj. Gem or mLV5FU; Neoadj. 
mFOLFIRINOX + Adj. Gem or mLV5FU

R0 resection 
rate

90 Recruiting

Table 1 (continued)
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surgery. The Alliance trial A021806, a key study expected 
to begin accruing in 2020, will compare immediate surgery 
and adjuvant mFOLFIRINOX, arguably the standard of 
care for fit patients, with perioperative mFOLFIRINOX 
(eight 2-week cycles before and four 2-week cycles after 
surgery). With a gemcitabine backbone, the NEONAX trial 
will compare perioperative gemcitabine and nab-paclitaxel 
(two 4-week cycles before and four 4-week cycles after 
surgery) with immediate surgery followed by six 4-week 
cycles of adjuvant gemcitabine and nab-paclitaxel.

In conclusion, the PREOPANC study showed that 
preoperative chemoradiation is a safe and tolerable strategy 
for resectable and borderline resectable PDAC. While 
the primary survival endpoint was not met, the consistent 
benefits for most secondary endpoints, as well as in the 
borderline resectable subpopulation, suggest a potential 
advantage for the neoadjuvant strategy. At this time, 
preoperative treatment cannot be considered a practice 
changing approach, but undoubtedly the field is moving 
forward. The forthcoming results of over 10 neoadjuvant 
trials will pave the way to optimize treatment sequence for 
resectable and borderline resectable pancreatic cancer.
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Table 1 (continued)

Trial Disease stage Criteria Treatment regimens
Primary 
outcome

Planned 
accrual

Status*

PANACHE01-
PRODIGE48 
(NCT02959879)

Resectable NCCN Neoadj. mFOLFOX ×4 + Adj. 
Chemo ×8 (investigator’s choice); 
Neoadj. mFOLFIRINOX ×4 + Adj. 
Chemo ×8 (investigator’s choice); 
immediate surgery + Adj. Chemo ×12 
(investigator’s choice)

1-year OS 160 Recruiting

NEONAX 
(NCT02047513)

Resectable No contact to 
SMA, CA, CHA

Neoadj. Gem-NabPaclitaxel ×2 + Adj. 
Gem-NabPaclitaxel ×4; immediate 
surgery + Adj. Gem-NabPaclitaxel ×6

DFS 166 Active, not 
recruiting

UVA-PC-PD101 
(NCT02305186)

Resectable 
and borderline 
resectable

NA Neoadj. Cape-based CRT + 
pembrolizumab during CRT; Neoadj. 
Cape-based CRT

Safety 
number of 
TILs

56 Active, not 
recruiting

*, status was assessed on April 15, 2020 in the following register databases, clinicaltrials.gov, clinicaltrialsregister.eu, trialregister.nl. 
Adj., adjuvant; CA, celiac axis; CHA, common hepatic artery; Cape, capecitabine; CRT, chemoradiation; DFS, disease free survival; 
DPCG, Dutch Pancreatic Cancer Group; FOLFOX, fluorouracil, folinic acid, oxaliplatin; FOLFIRINOX, fluorouracil, folinic acid, irinotecan, 
oxaliplatin; Gem, gemcitabine; mLV5FU, modified folinic acid, bolus fluorouracil and infusional fluorouracil; NA, not available; Neoadj., 
neoadjuvant; NCCN, National Comprehensive Cancer Network; OS, overall survival; Periop, perioperative; SBRT, stereotactic body 
radiation therapy; SMA, superior mesenteric artery; TILs, tumor infiltrating lymphocytes. 

http://dx.doi.org/10.21037/dmr-2020-18
http://dx.doi.org/10.21037/dmr-2020-18


Digestive Medicine Research, 2020 Page 5 of 6

© Digestive Medicine Research. All rights reserved. Dig Med Res 2020;3:91 | http://dx.doi.org/10.21037/dmr-2020-18

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. 
CA Cancer J Clin 2020;70:7-30.

2.	 Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX 
versus gemcitabine for metastatic pancreatic cancer. N 
Engl J Med 2011;364:1817-25.

3.	 Wang-Gillam A, Li CP, Bodoky G, et al. Nanoliposomal 
irinotecan with fluorouracil and folinic acid in metastatic 
pancreatic cancer after previous gemcitabine-based therapy 
(NAPOLI-1): a global, randomised, open-label, phase 3 
trial. Lancet 2016;387:545-57.

4.	 Neoptolemos JP, Stocken DD, Friess H, et al. A 
randomized trial of chemoradiotherapy and chemotherapy 
after resection of pancreatic cancer. N Engl J Med 
2004;350:1200-10.

5.	 Klinkenbijl JH, Jeekel J, Sahmoud T, et al. Adjuvant 
radiotherapy and 5-fluorouracil after curative resection 
of cancer of the pancreas and periampullary region: phase 
III trial of the EORTC gastrointestinal tract cancer 
cooperative group. Ann Surg 1999;230:776-82; discussion 
782-4.

6.	 Oettle H, Post S, Neuhaus P, et al. Adjuvant chemotherapy 
with gemcitabine vs observation in patients undergoing 
curative-intent resection of pancreatic cancer: a 
randomized controlled trial. JAMA 2007;297:267-77.

7.	 Regine WF, Winter KA, Abrams RA, et al. Fluorouracil vs 
gemcitabine chemotherapy before and after fluorouracil-
based chemoradiation following resection of pancreatic 
adenocarcinoma: a randomized controlled trial. JAMA 
2008;299:1019-26.

8.	 Neoptolemos JP, Palmer DH, Ghaneh P, et al. Comparison 
of adjuvant gemcitabine and capecitabine with gemcitabine 
monotherapy in patients with resected pancreatic cancer 
(ESPAC-4): a multicentre, open-label, randomised, phase 
3 trial. Lancet 2017;389:1011-24.

9.	 Conroy T, Hammel P, Hebbar M, et al. FOLFIRINOX or 
Gemcitabine as Adjuvant Therapy for Pancreatic Cancer. 

N Engl J Med 2018;379:2395-406.
10.	 Tempero MA, Reni M, Riess H, et al. APACT: phase 

III, multicenter, international, open-label, randomized 
trial of adjuvant nab-paclitaxel plus gemcitabine (nab-P/
G) vs gemcitabine (G) for surgically resected pancreatic 
adenocarcinoma. J Clin Oncol 2019;37:4000.

11.	 Al-Hawary MM, Francis IR, Chari ST, et al. Pancreatic 
ductal adenocarcinoma radiology reporting template: 
consensus statement of the Society of Abdominal 
Radiology and the American Pancreatic Association. 
Radiology 2014;270:248-60.

12.	 Cunningham D, Allum WH, Stenning SP, et al. 
Perioperative chemotherapy versus surgery alone for 
resectable gastroesophageal cancer. N Engl J Med 
2006;355:11-20.

13.	 van Hagen P, Hulshof MC, van Lanschot JJ, et al. 
Preoperative chemoradiotherapy for esophageal or 
junctional cancer. N Engl J Med 2012;366:2074-84.

14.	 Al-Batran SE, Hofheinz RD, Pauligk C, et al. 
Histopathological regression after neoadjuvant docetaxel, 
oxaliplatin, fluorouracil, and leucovorin versus epirubicin, 
cisplatin, and fluorouracil or capecitabine in patients 
with resectable gastric or gastro-oesophageal junction 
adenocarcinoma (FLOT4-AIO): results from the phase 2 
part of a multicentre, open-label, randomised phase 2/3 
trial. Lancet Oncol 2016;17:1697-708.

15.	 Collette L, Bosset JF, den Dulk M, et al. Patients with 
curative resection of cT3-4 rectal cancer after preoperative 
radiotherapy or radiochemotherapy: does anybody benefit 
from adjuvant fluorouracil-based chemotherapy? A trial of 
the European Organisation for Research and Treatment 
of Cancer Radiation Oncology Group. J Clin Oncol 
2007;25:4379-86.

16.	 Chikhladze S, Lederer AK, Kousoulas L, et al. Adjuvant 
chemotherapy after surgery for pancreatic ductal 
adenocarcinoma: retrospective real-life data. World J Surg 
Oncol 2019;17:185.

17.	 Merkow RP, Bilimoria KY, Tomlinson JS, et al. 
Postoperative complications reduce adjuvant 
chemotherapy use in resectable pancreatic cancer. Ann 
Surg 2014;260:372-7.

18.	 Murphy JE, Wo JY, Ryan DP, et al. Total Neoadjuvant 
Therapy With FOLFIRINOX Followed by Individualized 
Chemoradiotherapy for Borderline Resectable Pancreatic 
Adenocarcinoma: A Phase 2 Clinical Trial. JAMA Oncol 
2018;4:963-9.

19.	 O'Reilly EM, Perelshteyn A, Jarnagin WR, et al. A 
single-arm, nonrandomized phase II trial of neoadjuvant 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Digestive Medicine Research, 2020Page 6 of 6

© Digestive Medicine Research. All rights reserved. Dig Med Res 2020;3:91 | http://dx.doi.org/10.21037/dmr-2020-18

gemcitabine and oxaliplatin in patients with resectable 
pancreas adenocarcinoma. Ann Surg 2014;260:142-8.

20.	 Casadei R, Di Marco M, Ricci C, 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. J Gastrointest Surg 
2015;19:1802-12.

21.	 Gillen S, Schuster T, Meyer Zum Buschenfelde C, et al. 
Preoperative/neoadjuvant therapy in pancreatic cancer: 
a systematic review and meta-analysis of response and 
resection percentages. PLoS Med 2010;7:e1000267.

22.	 Versteijne E, Vogel JA, Besselink MG, et al. Meta-analysis 
comparing upfront surgery with neoadjuvant treatment in 
patients with resectable or borderline resectable pancreatic 
cancer. Br J Surg 2018;105:946-58.

23.	 Unno M, Motoi F, Matsuyama Y, et al. Randomized phase 

II/III trial of neoadjuvant chemotherapy with gemcitabine 
and S-1 versus upfront surgery for resectable pancreatic 
cancer (Prep-02/JSAP-05). J Clinl Oncol 2019;37:189.

24.	 Motoi F, Kosuge T, Ueno H, et al. Randomized phase II/
III trial of neoadjuvant chemotherapy with gemcitabine 
and S-1 versus upfront surgery for resectable pancreatic 
cancer (Prep-02/JSAP05). Jpn J Clin Oncol 2019;49:190-4.

25.	 Versteijne E, Suker M, Groothuis K, et al. Preoperative 
Chemoradiotherapy Versus Immediate Surgery for 
Resectable and Borderline Resectable Pancreatic Cancer: 
Results of the Dutch Randomized Phase III PREOPANC 
Trial. J Clin Oncol 2020;38:1763-73.

26.	 Available online: Clinicaltrialsregister.eu accessed April 15, 
2020.

27.	 Available online: Clinicaltrials.gov accessed April 15, 2020.
28.	 Available online: Trialregister.nl accessed April 15, 2020.

doi: 10.21037/dmr-2020-18
Cite this article as: Bockorny B, Bullock AJ. Optimizing the 
treatment sequence for localized pancreatic cancer. Dig Med 
Res 2020;3:91. 


