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Abstract

Pancreatic cancer is the third leading cause of cancer mortality in the United States, recently 

surpassing breast cancer. A key component of pancreatic cancer’s lethality is its acquired immune 

privilege, which is driven by an immunosuppressive microenvironment, poor T-cell infiltration, 

and a low mutational burden. Although immunotherapies such as checkpoint blockade or 

engineered T cells have yet to demonstrate efficacy, a growing body of evidence suggests that 

orthogonal combinations of these and other strategies could unlock immunotherapy in pancreatic 

cancer. In this review, we will discuss promising immunotherapies currently under investigation in 

pancreatic cancer and provide a roadmap for the development of prevention vaccines for this and 

other cancers.

Keywords

Immunotherapy; prevention vaccines; pancreatic cancer

CHALLENGE OF PANCREATIC CANCER

In early 2017, pancreatic cancer surpassed breast cancer to become the third leading cause of 

cancer-related mortality in the United States, behind only colon and lung cancer [1]. Unlike 

many other cancers, pancreatic cancer is increasing in both incidence and mortality and is 

predicted to be the second-leading cause of cancer-related death by 2030 [1]. Current 

therapies are severely lacking; recently approved combination chemotherapies such as 

FOLFIRINOX and gemcitabine/nab-paclitaxel improve median survival by only 2–4 months 

and are associated with significant, toxic side effects [2,3]. Encouragingly, a few long-term 

survivors are beginning to be observed after such treatment, yet the 5-year survival – 

although improving – remains a grim 8% [4]. Moreover, for a variety of complex and 

unfortunate reasons, including limited geographical access to trial sites, restrictive eligibility 
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criteria, and patient decisions [5], 95% of pancreatic cancer patients do not enroll in trials of 

investigative therapies.

Immunotherapy has had remarkable efficacy in many malignancies [6–10] but has not yet 

translated to pancreatic ductal adenocarcinoma (PDA). Immune checkpoint blockade seems 

to have minimal activity, and despite promising phase I data, whole cell therapeutic vaccines 

have demonstrated no effect in late stage trials [6,11,12]. There are many reasons for these 

failures, but key contributors are the immunosuppressive tumor microenvironment (TME)—

characterized by typically poor infiltration of effector T cells and prominent myeloid 

inflammation [13–15]—and a low mutational burden predicted to generate very few 

immunogenic antigens [16,17]. Promisingly, a small subset of patients present with tumors 

exhibiting high effector T-cell infiltration and have longer overall survival [18–20], 

suggesting the potential for effective treatment of PDA with immunotherapy. Investigations 

into an increasingly diverse array of immunotherapies and subsequent rational combinations 

with other therapeutic approaches likely hold the most promise for patients with PDA. 

Moreover, the development of prevention vaccines for PDA is now within reach and could 

transform the way PDA is treated by targeting malignant cells before the 

immunosuppressive TME is fully established, thereby obviating the need for toxic 

immunotherapies.

In this review, we will discuss the major immunotherapies and combinations that are being 

investigated in pancreatic cancer, both clinically and preclinically, with an eye toward the 

most promising approaches (Figure 1). We will then discuss cancer prevention vaccines and 

the rationale for investigating the use of these vaccines in the quest to cure pancreatic cancer.

SINGLE AGENT IMMUNOTHERAPIES IN PANCREATIC CANCER

Immune checkpoint blockade

Checkpoint blockade has resulted in remarkable successes in other cancers, including 

melanoma and lung cancer, but has shown little efficacy in PDA [6,11]. Checkpoint 

blockade targets immune checkpoint molecules—primarily programmed cell death protein 1 

(PD-1), programmed death-ligand 1 (PD-L1), and cytotoxic T-lymphocyte-associated 

protein 4 (CTLA-4)—that negatively regulate T-cell function. Inhibition of these molecules 

“takes the brakes off” the immune system, resulting in tumor killing. The reasons for the 

failure of immune checkpoint blockade in PDA are multifactorial. PDA has low baseline 

PD-1+ T-cell infiltration into the tumor [15,21] and a paucity of neoepitopes [17,22], both of 

which are predictive of response to PD-1 blockade in other solid tumors [23,24]. Indeed, in a 

very small subset (~1%) of PDA patients with a high burden of microsatellite instability 

(MSI-high)—and therefore high neoepitope burden—PD-1 blockade is effective [25,26] and 

was recently FDA approved [27,28]. In the absence of high neoepitope burden, preclinical 

models have shown that therapies capable of improving T-cell infiltration into the TME 

sensitize PDA to checkpoint blockade [29], suggesting combinations of treatments that 

improve T-cell trafficking with checkpoint blockade may be successful. However, a small 

portion of PDA patients have both activated T cells and a detectable neoepitope burden, and 

yet are resistant to therapy [17]. The complete lack of efficacy of checkpoint blockade in 

these patients suggests there is more to T-cell responses in PDA than the PD-1/PD-L1 axis. 
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Multiple other immune molecules can suppress T cell responses in cancer, including TIM3, 

TIGIT, and LAG3, which are inhibitory receptors on T cells analogous to PD-1; VISTA, an 

inhibitory ligand on myeloid cells analogous to PD-L1; and CD73, an extracellular enzyme 

that generates the immunosuppressive and pro-metastatic molecule adenosine. All of these 

immunosuppressive pathways are highly expressed in PDA [17] and investigating these 

targets may unlock checkpoint blockade in PDA.

Therapeutic vaccines

Therapeutic vaccines have the potential to induce robust antitumor immune responses, but 

they have so far failed to deliver on their early stage promise in pancreatic cancer. Vaccine 

approaches, including whole tumor cells, peptides, proteins, and recombinant constructs, 

aim to prime circulating tumor-specific T cells that can then eliminate tumors. In small 

phase I studies, almost all of these formulations have generated tumor-specific T-cell 

immunity in subsets of patients [30–32]. Tantalizingly, patients who generated vaccine-

specific T-cell immunity appeared to have superior survival in many of these small, early 

stage trials. Unfortunately, results from later stage trials did not support these early findings. 

A phase III trial of a vaccine using a single peptide derived from the tumor-associated self-

antigen human telomerase (hTERT) showed no survival benefit in patients with metastatic 

disease, even in immunologic responders [33]. Whole-cell vaccine approaches, which may 

broaden the immune response against both tumor-specific and shared tumor/self-antigens, 

have also had limited success. GVAX, a vaccine composed of irradiated, allogenic PDA cells 

that express granulocytic-macrophage colony stimulating factor, failed to improve survival 

in phase IIb/III trials in metastatic PDA [12], even among the immunologic responders. 

Together, these results have diminished excitement for therapeutic vaccines.

Therapeutic vaccination has the potential to be more effective in the adjuvant setting, where 

the volume of tumor and immunosuppressive stroma is greatly reduced. Small phase I/II 

trials have shown that adjuvant vaccines to WT-1, mutant Kras, and MUC1 can generate a T-

cell immune response and have suggested that the potency of this response correlates with 

patient outcomes [34–38]. However, only a fraction of patients in these trials had durable 

responses. Moreover, the whole-cell lysate vaccine algenpantucel-L (irradiated allogenic 

PDA cells expressing murine alpha-1,3-galactosyltransferase) failed to improve survival in a 

recent phase III trial despite similarly promising immunologic responses in early trials [39]. 

Emerging data suggests that the adjuvant setting may be less conducive to vaccination than 

previously thought. Comparisons to healthy patients have found that the overall 

immunologic response to vaccination is reduced in the adjuvant setting [40], and in lung 

cancer the post-operative TME has been shown to be strongly immunosuppressive [41].

Despite the negative top-line results of phase IIb/III vaccine trials, these trials contain key 

insights that should provide a path forward for therapeutic vaccines. Importantly, these trials 

have proven that vaccines can break tolerance and generate T-cell immunity to tumor-

associated self-antigens without obvious short-term side effects. GVAX vaccination even 

induced formation of tertiary lymphoid structures and T-cell infiltration in many patients 

[42]. Why this T-cell response did not improve survival remains incompletely understood, 

but may be due to suboptimal antigen selection or T-cell dysfunction. The path forward for 

Morrison et al. Page 3

Trends Cancer. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



antigen selection is encouraging, as many antigenic targets have been identified and are 

under investigation [43], and improvements in bioinformatics tools are rapidly enabling the 

prediction of other high priority antigens and neoantigens for vaccination [20]. Similarly, 

there is hope for rescuing T cells from dysfunction. Preclinical evidence suggests that 

depletion of regulatory T cells (Tregs) can reduce suppression by the TME and enable 

effective therapeutic vaccination [44,45]. Moreover, GVAX-induced T cells in human PDA 

upregulate checkpoint molecules, including PD-1 [42], suggesting checkpoint blockade can 

rescue vaccine-primed CD8 T cells from inhibition by the TME; trials combining 

therapeutic vaccines with checkpoint blockade are underway [46]. Finally, the vaccine 

delivery vector can be changed or enhanced with cytokines, as is currently under 

investigation in a Phase I trial using DNA electroporation to increase the immunogenicity of 

hTERT and IL-12 to improve the priming of the anti-hTERT T cell response in the adjuvant 

setting (NCT02960594i) [47].

Engineered T cells

Engineered T cells, such as chimeric antigen receptor T cells (CAR-Ts), have shown 

remarkable efficacy in B-cell malignancies, with response rates up to 90% [48–50], but have 

been slow to translate to solid tumors like PDA. Recently, tisagenlecleucel and axicabtagene 

ciloleucel were FDA-approved for B-cell acute lymphoblastic leukemia and non-Hodgkin’s 

lymphoma, respectively. These CAR-Ts have T-cell receptors engineered to bind specifically 

to CD19 on B cells, inducing potent tumor cell killing. B-cell malignancies are uniquely 

suited to engineered T cells because CD19 expression is restricted to B cells, limiting off-

target toxicities, and depletion of B cells is non-lethal, allowing for complete systemic 

clearance of all CD19+ cells. Unfortunately, translating CAR-T therapy to other 

malignancies remains challenging, as safe, specific, and homogeneously expressed targets 

are harder to identify [51]. Nevertheless, many self-antigens, such as CEA, PSCA, 

mesothelin, and HER2, are significantly overexpressed in PDA, are associated with worse 

prognoses [52], and may be promising targets. CAR-Ts to these antigens have proven 

effective in murine tumors [53–56] and phase I trials of many of these CAR-Ts are now 

underway in PDA [57]. Importantly, these self-antigens are also expressed on normal cells, 

creating a significant risk of autoimmunity, especially if the T cells persist. A HER2 CAR-T 

led to on-target, off-tumor toxicity and a patient death [58] and other CAR-Ts have induced 

colitis and anaphylaxis [59]. Promisingly, interim results of a phase I trial in PDA of a CAR-

T to mesothelin demonstrated short-term immunogenicity without significant toxicity 

[60,61]. Nevertheless, targeting non-self-antigens or mutated self-antigens may be required 

to improve the safety profile of engineered T cells. A recent case report demonstrated that 

adoptive transfer of T cells specific to the patient’s HLA type and Kras mutation led to 

widespread regression in a patient with metastatic colorectal cancer [62]. Targeting broadly 

expressed mutated or altered self-antigens, such as the abnormally glycosylated MUC1, may 

be the key to safely translating engineered T cells to patients with PDA [54]. Regardless of 

target, careful attention to safety will be paramount as engineered T cells are further 

developed.

ihttps://clinicaltrials.gov/ct2/show/NCT02960594
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Translating engineered T cells to PDA has the added challenge of inducing T-cell persistence 

within the tumor site. Many CAR-T therapies under investigation in PDA are murine-

derived and contain a partially murine single-chain variable fragment, rendering them 

susceptible to antibody-mediated elimination, which may have occurred in one phase I trial 

[60]. This is not an issue in B-cell malignancies because B cells themselves are the target of 

CART-19 therapy. For durable responses, generation of a fully human CAR or combination 

with B-cell depletion will likely be necessary. A trial investigating mesothelin CAR-Ts 

together with CART-19s is now underway in PDA (NCT02465983ii). In addition to physical 

persistence, CAR-T cells must also functionally persist in PDA, but preclinical evidence has 

shown that CAR-Ts in PDA are quickly exhausted by the TME [63,64]. The addition of 

CTLA-4 blockade to tumor-specific T-cell transfer induced T-cell persistence and memory in 

patients with melanoma [65]; similar combinations of checkpoint blockade with engineered 

T cells will likely be necessary in PDA. Finally, CAR-Ts must effectively traffic into the 

tumor before they can persist there. Multiple preclinical studies in mesothelioma have shown 

that regional administration of CAR-Ts is more effective than systemic administration, likely 

due to tumor-mediated trafficking impairment [66]. Although little has been specifically 

studied in PDA, T-cell infiltration into the tumor is poor at baseline. Studies in other solid 

malignancies have demonstrated that the addition of heparanase—which degrades the 

stroma—or tumor-targeting cytokine receptors to CAR-Ts can significantly improve 

intratumoral trafficking and antitumor response [67–69]. Similar strategies may be beneficial 

in PDA.

Agonistic immunotherapy

Due to the time and cost per patient required to develop engineered T cells, more general 

therapies that can prime and expand T cells may be needed. Antigen-presenting cell (APC) 

agonists and T-cell agonists are two approaches under investigation. Agonistic CD40 therapy 

simulates T-cell help and licenses APCs, allowing them to more effectively present antigen 

to T cells and activate them [70]. Agonistic CD40 monotherapy, in combination with 

gemcitabine, activated tumoricidal macrophages and showed signs of efficacy in a phase I 

study [71]. However, no enhancement of long-term survival was seen in this trial, suggesting 

the therapy did not induce immune memory. Further combining agonistic CD40 with nab-

paclitaxel and gemcitabine induced T-cell mediated tumor killing, generated immune 

memory [72], and sensitized tumors to immune checkpoint blockade in preclinical models 

[29,73]. This improved benefit of agonistic CD40 with both gemcitabine and nab-paclitaxel 

(versus alone or only with gemcitabine) suggests that the effect of agonistic CD40 is 

mediated by different cell types depending on the therapeutic context of CD40 

administration. Studies investigating agonistic CD40 combined with chemotherapy and 

PD-1 blockade are currently ongoing (NCT02588443iii, NCT03214250iv). Other APC 

agonists under investigation include toll like receptor (TLR) [74,75] and STING [76] 

agonists, which activate dendritic cells to improve T-cell priming. TLR agonists appeared to 

improve immune responses to therapeutic vaccination in a phase I study [77]. Direct co-

iihttps://clinicaltrials.gov/ct2/show/NCT02465983
iiihttps://clinicaltrials.gov/ct2/show/NCT02588443
ivhttps://clinicaltrials.gov/ct2/show/NCT03214250
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stimulation of T cells can be induced with OX40 agonists, and the combination of OX40 and 

checkpoint blockade has shown preclinical promise in other tumors [78–80]. Importantly, 

many of these agonistic pathways appear to be orthogonal, as CD40 signaling does not 

require STING and TLR [72] while STING and OX40 agonism had additive effects when 

added to checkpoint blockade in a breast cancer model [81].

Myeloid-based immunotherapy

The dysfunctional immune response in PDA is in part modulated by immunosuppressive 

myeloid cells, whose function is controlled by a host of cytokines, chemokines, and 

signaling molecules that serve as therapeutic targets [82]. As mentioned previously, 

agonistic CD40 therapy can shift macrophages from an inflammatory to a tumoricidal 

phenotype and lead to short-term clinical responses [71]. Cytokines, chemokines, and their 

receptors also contribute to the establishment of the immunosuppressive TME and make 

attractive targets. The most clinically advanced of these is CCR2, a chemokine receptor 

whose binding recruits inhibitory macrophages to the TME and is associated with a worse 

prognosis [83]. A phase I study in PDA combining the CCR2 inhibitor PF-04136309 with 

FOLFIRINOX led to objective responses in almost half of patients [84], and a phase II study 

is underway (NCT02732938v). Other cytokine and chemokine receptors of interest in the 

PDA TME include CSF-1R, a regulator of myeloid-derived suppressor cells (MDSCs) and 

tumor-associated macrophages, and CXCR2, a regulator of neutrophil and MDSC migration. 

The combination of CSF-1R inhibition with checkpoint blockade has shown preclinical 

promise in PDA [85], and the combination of CSF-1R inhibition and CD40 agonism 

generated potent T-cell mediated tumor killing in a preclinical melanoma model [86]. 

CXCR2 inhibition improved T-cell infiltration into the PDA tumor and subsequently 

improved tumor responses when combined with checkpoint blockade or CSF-1R inhibition 

[87–89]. IDO1, an immunosuppressive enzyme produced by DCs and MDSCs, is an 

additional contributor to T cell dysfunction in the PDA TME. IDO1 inhibition combined 

with hyaluronidase improved T cell entry into PDA and induced remissions in preclinical 

models [90]. Combinations of these molecules with checkpoint blockade are underway.

Stroma-modulating immunotherapies

The desmoplastic stroma of PDA is a key component of the immunosuppressive TME and a 

barrier to effective therapies. Early stage studies are beginning to demonstrate the 

therapeutic potential of modulating the stroma, although some controversy remains over 

whether stromal targeting is always beneficial [91,92]. The most clinically advanced stromal 

modulator, the hyaluronidase PEGPH20, degrades stromal protein, improves intratumoral 

blood flow, and improved progression-free survival in a phase II trial when added to 

standard-of-care chemotherapy [93]; a phase III study (NCT02715804vi) is currently 

underway. Multiple other direct modulators of the stroma are under investigation and 

reviewed in detail elsewhere (see [94]), so the focus here is on a few therapies that modulate 

signaling between the stroma, tumor, and immune cells. Focal adhesion kinase (FAK) is a 

regulator of TME fibrosis and immunosuppression, and increased FAK expression is 

vhttps://clinicaltrials.gov/ct2/show/NCT02732938
vihttps://clinicaltrials.gov/ct2/show/NCT02715804
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associated with reduced T-cell infiltration in human PDA [95]. Preclinically, inhibition of 

FAK potentiates both chemotherapy and checkpoint blockade [95] and also reduces the 

infiltration of suppressive myeloid cells into the TME; a phase I study of FAK inhibition 

with PD-1 blockade is underway (NCT02758587vii). Provocatively, vitamin D also plays a 

role in stromal immunomodulation, as patients with vitamin D deficiency have a worse 

prognosis [96]. The vitamin D receptor (VDR) is expressed on leukocytes and stellate cells 

and VDR activation in the pancreas reduced fibrosis and inflammation in preclinical models. 

Moreover, vitamin D analogs improved the response of PDA to gemcitabine in these models 

[97]; clinical trials of vitamin D analogs are underway [46]. Finally, stromal cells that 

express fibroblast activation protein (FAP) induce desmoplasia, promote tumor growth and 

metastasis, and are associated with worse prognosis [98,99]. FAP-specific CAR-Ts improve 

survival in preclinical models of PDA [100], providing a rationale for this strategy in future 

clinical trials.

COMBINATION THERAPY IN PANCREATIC CANCER

Developing the right combination therapies will be critical to bringing successful 

immunotherapy to pancreatic cancer. While we have discussed only immunotherapy in this 

review, key combinations are likely to include other standard-of-care treatments, such as 

chemotherapy and radiation. Both therapies have the potential to be immunomodulatory via 

the immunogenic death of tumor cells, which results in the stimulation of innate immune 

cells and can thereby synergize with immunotherapies. The list of possible combinations to 

test far outstrips the number of patients and the capacity of the current clinical trial 

infrastructure; combinations that address orthogonal mechanisms in the antitumor immune 

reaction will be of the highest priority (Figure 2). For example, combining T-cell activation 

through therapeutic vaccines with checkpoint blockade to prevent exhaustion and stromal 

modulation to improve T-cell infiltration would target three non-redundant mechanisms and 

potentially be highly potent. Toxicity, dosing, and sequencing remain critical challenges in 

developing combination approaches, especially for agonists. For example, the combination 

of nivolumab and ipilimumab significantly improved survival compared to either 

monotherapy in melanoma [101], but the combination comes with the tradeoff of greater 

toxicity and greater expense. Ideal therapies for combination will also include reliable 

immune pharmacodynamic biomarkers to rapidly assess response to therapy. For a detailed 

list of many current combination trials, see [46].

NEXT FRONTIER: PREVENTION VACCINES IN PANCREATIC CANCER

Rationale for prevention vaccines

All of the above immunotherapies face the challenge of overcoming the highly 

immunosuppressive TME found in established PDA. But what if we could prevent the 

establishment of this TME altogether? To do this, we can borrow lessons from the success of 

preventative childhood vaccines, which have nearly eliminated many viral diseases around 

the world. In oncology, vaccines to hepatitis B and human papillomavirus can now prevent 

viihttps://clinicaltrials.gov/ct2/show/NCT02758587
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hepatocellular carcinoma [102] and cervical adenocarcinoma [103], respectively. Bringing 

effective vaccination to non-viral malignancies is critical and was underscored in the 2016 

Cancer Moonshot Blue Ribbon Panel’s report. Unlike in childhood vaccines, whose success 

is based almost entirely on antibody responses, vaccines in cancer will most likely require T-

cell responses. Tumor-specific immune responses have been shown to recognize both 

neoantigens generated by mutations in tumor cells [104] and self-antigens that are 

overexpressed by tumors [105], suggesting a relatively broad list of possible vaccine targets 

to which we can already generate T-cell responses [43]. Moreover, a small but meaningful 

portion of PDA patients have heritable disease, whose underlying common mutations could 

serve as vaccine targets. Recently, the first human trial of a non-viral prophylactic cancer 

vaccine was performed in colon cancer using a peptide-based vaccine for MUC1, a protein 

overexpressed and abnormally glycosylated in many cancers, including PDA. This trial 

demonstrated long-lasting antibody production to MUC1 without any clinical autoimmunity 

[40]. Vaccines to altered self-antigens such as MUC1 may be safer than those to 

overexpressed self-antigens and are thus enticing options for primary prevention vaccines. 

Overall, a growing body of evidence suggests we are on the cusp of prevention vaccines that 

successfully produce T-cell immunity against self- or mutant-self antigens.

Primary prevention vaccines

More than 65% of PDA patients present with metastatic disease and are not candidates for 

surgery. As such, a truly preventative vaccine is critically needed. Unlike viral infections, 

cancer begins as a precursor lesion rather than a novel antigen and slowly grows and 

transforms into a malignant tumor. Eliminating the precursor lesion might be enough to 

prevent development of malignancy or at least “reset the clock.” Even if T-cell memory 

wanes, the effective downstaging of the precancerous lesion from therapy could have 

dramatic clinical benefit, especially given that pancreatic cancer metastasizes early in its 

progression [106]. Preclinically, multiple vaccines have been able to prevent progression 

from the precancerous PanIN to PDA and thereby prolong survival [44,107]. Of course, to 

use vaccines at these early stages requires identifying PDA at earlier stages than we now can 

or identifying patients at very high risk for PDA. Patients with hereditary forms of 

pancreatic cancer, such as those with inherited BRCA1/2 mutations, make up ~5% of all 

PDA [108] and are excellent candidates for this approach. Beyond familial pancreatic 

cancer, there is hope for novel biomarkers, including circulating tumor miRNAs and DNA 

[109–111], to detect PDA at extremely early stages. Recently, levels of THBS2, a molecule 

present in PDA and its precursors, were shown to separate pancreatic cancer from 

pancreatitis with >98% specificity [112] when used in combination with CA19-9. Despite 

this promise, prevention vaccines face many hurdles. Beyond germline mutations, we do not 

yet know if biomarkers will identify patients early enough in PDA development for 

prevention vaccines to have any benefit. Moreover, we have not yet identified the optimal 

antigenic targets or fully characterized the safety profile of prevention vaccines. 

Nevertheless, development of primary prevention vaccines will be a key pillar in the fight 

against pancreatic cancer.
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CONCLUDING REMARKS

Immunotherapy for pancreatic cancer has shown glimmers of promise, but true clinical 

benefit remains elusive. With each negative late stage trial it becomes more evident that 

single agent immunotherapies are unlikely to be successful in PDA, and that combinations 

hold the most near-term promise. Given the vast number of possible combinations and the 

relatively small patient pool, it is important that we prioritize those combinations supported 

by preclinical work that target non-overlapping mechanisms (see Outstanding Questions for 

priority areas of investigation). The prospect of a prevention vaccine would be of highest 

impact. Building on recent advances in genetic risk assessment (e.g., BRCA1/2 mutations) 

and continued preclinical efforts to identify the right antigenic targets and prevention 

vaccine formulations will be critical to the success of this approach. Despite the many 

challenges in treating PDA, there is hope for the development of effective therapies to treat 

and eventually prevent this devastating disease.

OUTSTANDING QUESTIONS BOX

• What explains the failure of single-agent checkpoint blockade to have clinical 

efficacy in PDA?

• Are other checkpoint pathways outside of PD-1/PD-L1 more relevant to 

pancreatic cancer, and which is highest priority for further investigation?

• Which combination therapies are most likely to act synergistically in PDA 

and are therefore highest priority?

• Can we develop biomarkers that identify patients most likely to benefit from 

each immune therapy or combination thereof so we can match patients to 

their optimal therapy?

• How do we better identify subjects at high risk for pancreatic cancer so we 

can intervene immunologically before the immunosuppressive 

microenvironment develops?
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HIGHLIGHTS

• Pancreatic cancer remains a lethal tumor that is difficult to treat and, 

unfortunately, immune therapies that have garnered FDA approval in other 

tumors have shown little efficacy to date in this tumor. These therapies 

include checkpoint antibodies and engineered T-cell infusions.

• A formidable problem in developing effective immunotherapy for PDA is the 

striking immunosuppressive and “immune privileged” tumor 

microenvironment. Few patients exhibit robust T-cell infiltration in the tumor 

microenvironment, although when this does occur patient survival is 

prolonged.

• Major clinical efforts, justified by preclinical models, are now aimed at 

combination immune therapies that address multiple immune vulnerabilities 

in PDA in non-redundant fashions.

• Generating stronger adaptive immunity with vaccines and immune agonists 

may be necessary before antibodies against CTLA-4, PD-1, or PD-L1 will 

have effectiveness.
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Figure 1. Clinical status of immunotherapies in pancreatic cancer
Each line represents a single class of immunotherapy. The right end of each line indicates 

the latest stage of clinical trials that class of compounds has reached. Solid green arrows 

indicate ongoing trials. Red lines indicate negative trials. Dotted green arrow indicates 

successful trials in other malignancies.
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Figure 2. Mechanisms of immunotherapies in PDA
Graphical representation of the immune response in pancreatic cancer indicating where each 

type of immunotherapy acts. See inset legend for significance of arrows. F = fibroblast, 

MDSC = myeloid derived suppressor cell, Mϕ = macrophage, DC = dendritic cell, CD8 = 

CD8 T cell, CD8ex = exhausted CD8 T cell.
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