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Neoadjuvant chemotherapy with folinic acid, 5-fluorouracil, 
irinotecan and oxaliplatin (FOLFIRINOX) or gemcitabine 
plus nab-paclitaxel (Gem-nabP) for 4 to 6 months, 
potentially followed by chemoradiotherapy and an attempt 
for surgical resection for select patients, represents 
the multidisciplinary care standard for borderline 
resectable (BRPC) and locally advanced pancreatic ductal 
adenocarcinoma (LAPC) patients with good performance 
status (1,2). With neoadjuvant therapy, resection rates 
average 65% and survival ranges from 22–29 months for 
BRPC, whereas LAPC patients have resection rates of 15–
20% and survival of 16–24 months, respectively (3-5). 

Several immune-based strategies have been tested to 
improve outcomes in pancreatic ductal adenocarcinomas 
(PDA). Single-agent or combination immuno-, chemo-, and 
radio-immunotherapies, including anti-PD1, anti-CTLA 
4, oncolytic viruses, cancer vaccines, and T cells adoptive 
immunotherapies have been unsuccessful to date for 
treating advanced disease, where most of the efforts were 
spent (6). In Annals of Surgery, Hewitt et al recently reported 
results of the phase III PILLAR study with HyperAcuteR-
Pancreas algenpantucel-L (HAPa) vaccine in combination 
with FOLFIRINOX or gemcitabine/nab-paclitaxel and 
chemoradiotherapy (CRT) for the neoadjuvant treatment 
of patients with BRPC and LAPC (7). HAPa is a whole 
cell, allogeneic vaccine composed of two human PDA cell 
lines genetically engineered to express the a-galactosyl 
(αGal) epitope (8). The initial immune response to HAPa 
targets the αGal epitopes, but immune effector cells are 

expected to react against other pancreatic tumor associated 
antigens (TAA) due to epitope spreading. Significant work 
led to the clinical development of HAPa in PDA. In an 
initial phase II study, NLG0205 in resected PDA patients, 
HAPa was combined with adjuvant gemcitabine and CRT. 
Patients treated with HAPa 300 million cells/dose had an 
encouraging 1-year disease free survival (DFS) of 81%, 
which compared favorably with the 50% rate observed in 
RTOG-9704 (9). Moreover, immune biomarker analyses 
noted higher overall survival (OS) of 36 vs. 17 months 
among patients with increased anti-calreticulin, anti-
mesothelin, anti-CEA or anti-αGal antibodies titers vs. 
none (10). These results prompted the phase III IMPRESS 
study with adjuvant gemcitabine and CRT with or without 
HAPa for resected PDA. Unfortunately, OS was similar in 
both arms: medians 30 vs. 27 months, and 3-year OS 41% 
vs. 42% with control vs. HAPa, respectively. Despite an 
enormous effort, with 722 patients accrued between 2010 
and 2013, this study’s results were never published, and 
no translational biomarkers analyses were performed (11).  

While NLG0205 and IMPRESS used gemcitabine as 
chemotherapy backbone, PILLAR, which accrued 303 
patients with BRPC and LAPC between 2013 and 2015, 
tested multiagent FOLFIRINOX or Gem-nabP in 
combination with HAPa (7). Hewitt and colleagues must 
be applauded for bringing this study to press (Figure 1). 
Neoadjuvant therapy consisted of FOLFIRINOX for five 
2-week cycles or Gem-nabP for three 4-week cycles, and 
if no progression, fluoropyrimidine-based CRT over 5 ½ 
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weeks in the control arm. In the experimental arm, HAPa 
(300 million cells/dose) was administered weekly ×3 as 
induction, followed by every 2 weeks in combination with 
FOLFIRINOX (four cycles) or Gem-nabP (two cycles), 
and with CRT. Patients deemed surgically resectable were 
offered surgical resection, followed by six 4-week cycles of 
adjuvant gemcitabine. Once again, no survival benefit was 
observed from the addition of HAPa. While the population 
was heterogenous, the majority of patients had LAPC (82%), 
and received neoadjuvant FOLFIRINOX and Gem-nabP in 
2:1 ratio, albeit for a shorter duration (2 months) than the 
4-6 months currently recommended by NCCN, and ASCO 
guidelines (1,2). The primary endpoint of OS was similar 
in both arms: 14.9 vs. 14.3 months (HR =1.02; P=0.98) 
with control vs. HAPa. Likewise, progression-free survival 
(PFS) of 13.4 vs. 12.4 months (HR =1.13; P=0.59), and 
resection rates of 26% vs. 23% were similar with control 
vs. HAPa (P=0.52). PFS and OS rates were comparable 
for BRPC vs. LAPC, but this may have been due to low 
numbers of BRPC patients. Survival rates in PILLAR were 
lower than in other contemporary analyses (3-5), likely 
due to suboptimal neoadjuvant chemotherapy exposure 
for a patient population with mostly locally advanced, 
unresectable disease. Another limitation of this study is that, 
despite existing knowledge of the importance of eliciting 
an antibody or cellular antitumor immune response, no 

translational immune biomarker analyses were performed. 
In all, randomized studies showed that when added to any 
chemotherapy or CRT regimen, HAPa failed to improve 
efficacy for patients with localized pancreatic cancers. Along 
with IMPRESS, and the multitude of other negative vaccine 
studies, results from PILLAR underscore the complexities 
of translating cancer vaccines into successful treatments for 
PDA.

While it is well known that a robust anti-tumor immune 
response resulting in effective cytotoxicity requires 
tumor-associated antigen (TAA)/neoantigen recognition, 
immune cells activation and access into the tumor 
microenvironment (TME), the two major hurdles affecting 
vaccines efficacy have been the immunosuppressive TME 
and the high variability of TAAs. The former is particularly 
relevant in PDA as the desmoplastic stroma has been 
shown to not only impede the penetration of cytotoxic 
chemotherapy, but restrict the infiltration and activity of 
CD8+ T-cells that directly mediate anti-tumor activity (12). 
Unfortunately, data describing the stroma and immune 
TME from resected specimens in the 24% of patients 
who underwent surgery in PILLAR were not reported. 
With regards to TAAs, negative results of multiple 
randomized PDA vaccine trials highlight the difficulty of 
identifying specific antigens that break immune tolerance 
and consistently elicit quality adaptive immune responses. 

Figure 1 PILLAR study design. *, either 5-FU or capecitabine-based CRT; 1 cycle FOLFIRINOX =2 weeks; 1 cycle GnP =4 weeks. BRPC, 
borderline resectable pancreas cancer; LAPC, locally advanced unresectable pancreas cancer; FOLFIRINOX, folinic acid, 5-fluorouracil, 
irinotecan and oxaliplatin; GnP, gemcitabine and nab-paclitaxel; HAPa, HyperAcuteR-Pancreas algenpantucel-L; CRT, chemoradiotherapy; S, 
surgery.
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Several TAAs and neoantigens have been undergoing 
clinical investigation, including KRAS mutations, survivin, 
MUC1 and mesothelin, to name a few (6,13). HAPa and 
pancreas GVAX employed a more inclusive TAA strategy 
by using a whole-cell strategy from allogeneic PDA cell 
lines. However, PDA antigens are, in essence, self-antigens 
and unlike foreign antigens like viruses, may escape 
immune cells recognition due to central and peripheral 
tolerance (13). Adjuvants and stimulators, such as the αGal 
hyperacute rejection strategy, were utilized to break the 
immune tolerance by stimulating low affinity and rare 
TAA-reactive T-cells to amplify and expand. However, 
these negative clinical trials suggest that the current 
portfolio of TAAs and stimulators may not be strong 
enough to overcome tolerance. Lastly, another factor that 
must be taken into consideration is how chemotherapy 
and radiotherapy regimens impact the generation and 
maintenance of a PDA specific immune response. PILLAR 
was a multi-arm study that employed the two most active 
chemotherapy regimens, FOLFIRINOX and Gem-
nabP. Studies have shown that these regimens modulate 
the immune TME to decrease immunosuppressive 
T-regulatory (Tregs) and myeloid derived suppressor cells 
(MDSCs), resulting in increased anti-tumor CD8+ T-cell 
infiltration (12). Immune biomarker studies in resected 
tumor samples in SWOG S1505, a randomized study of 
perioperative FOLFIRINOX or Gem-nabP for resectable 
PDA, suggested a trend for increased CD68+ myeloid cells 
in tumors treated with FOLFIRINOX compared to Gem-
nabP (14). As such, the optimal sequencing of standard 
therapies with vaccines and immunotherapies, in general 
remains to be defined.

In conclusion, pancreatic cancer has demonstrated 
profound resilience against immunotherapeutic approaches. 
Nevertheless, with our current, deeper understanding 
on the complexities of immune regulation, continuing 
efforts will span beyond its multi-disciplinary care to 
include complementary methods to enhance immune 
activation while counteracting immunosuppression. To 
this end, clinical trials with personalized, neoantigen 
pancreatic cancer vaccines in combination with immune 
checkpoint inhibitors are underway (e.g., NCT04161755, 
NCT04117087, NCT03956056), awaiting long-overdue 
success. 
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