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Novel approaches to trigger the immune system against cancer have recently gained much attention. The pioneers
within the field, James Allison (MD Anderson Cancer Center, USA) and Tasuku Honjo (Kyoto University, Japan),
were awarded the Nobel Prize in Physiology or Medicine 2018 for their breakthrough research on CTLA-4
and PD-1/PD-L1, respectively. These contributions have been fundamental for the development of immune
checkpoint blockade drugs and have transformed the treatment of patients with advanced melanoma and several
other tumors [1–3]. Given the success of immunotherapy in several solid tumors, the question remains whether
immunotherapy is also an option in a recalcitrant tumor such as pancreatic cancer?

Immunotherapy & pancreatic cancer
Pancreatic cancer is currently the third leading cause of cancer death, and is projected to be the second cause of
death in cancer within the next few years [4]. The lack of improvements in pancreatic cancer treatment is best
illustrated by 50 years of stagnated survival rates in the Nordic countries [5]. This probably can be extrapolated to
all other countries in the western world.

Immunotherapies are in clinical trials for pancreatic cancer individually or in combination. However, the success
of these approaches is still limited in pancreatic cancer. Checkpoint inhibitors targeting CTLA-4 and PD-1/PD-L1
were inefficient as monotherapy in unselected patients with pancreatic cancer [6,7]. Only 1% of pancreatic tumors
displaying microsatellite instability or mismatch repair deficiency seem to benefit from treatment [8,9]. Other
immunotherapies, such as dendritic cell-based vaccines [10], chimeric antigen receptor T cells [11] and oncolytic
viruses [12,13] have also been evaluated, but with limited success.

There are several potential mechanisms contributing to the lack of benefit of immunotherapy in pancreatic
cancer. One important factor is the poor tumor antigenicity. This is partly related to the low mutation rate of
pancreatic cancer with an average of 45 somatic mutations [14], which affects the production of neoantigens and
immune recognition. In contrast, melanoma harbors approximately 135 somatic mutations. Neoantigen burden
and quality are major determinants of tumor immunogenicity [15,16] and may explain the success of checkpoint
inhibitors in melanoma. Another unique characteristic of pancreatic cancer is the desmoplastic, immunosuppressive
and hypoxic microenvironment. The pancreatic tumor microenvironment comprises cancer-associated fibroblasts,
endothelial cells, extracellular matrix proteins and immunosuppressive cells including myeloid-derived suppressor
cells, Tregs and tumor-associated macrophages, lacking effector T cells.

Future perspective for immunotherapy & pancreatic cancer
One solution to improve the effectiveness of immunotherapy may rely on enhancing the immunogenicity of
pancreatic tumor cells. Downregulation of the antigen presentation machinery has been established as an important
mechanism of immune evasion and is observed in pancreatic cancer [17]. Epigenetic mechanisms appear to underlie
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MHC-I downregulation impairing the ability of tumor cells to generate peptides from tumor antigens that can
be processed and presented to cognate T cells [18]. Restoring or interfering with the MHC-I presentation pathway
in pancreatic tumor cells may therefore open opportunities to increase antigenicity and responsiveness to immune
checkpoint blockade [19,20]. Furthermore, immunotherapy may need to be combined with drugs that sensitize the
tumor microenvironment by reprogramming the tumor vasculature and the immune compartment. These include
myeloid-derived suppressor cells and Tregs, in order to overcome microenvironment-induced treatment resistance
and enhance antitumor immune activity [21].

Importantly, there is an unmet need for developing predictive biomarkers of immunotherapy response to
enable precision therapy. The recent molecular classification of pancreatic cancer indicates the possibility to use
immunotherapy in subgroups of patients, at least from a theoretical point of view. An immunogenic subtype,
involving upregulation of immune networks in acquired immune suppression, has been described [22]. Further
characterization of the immunogenic subtype of pancreatic cancer has revealed subsets of PD-L1+/CD8high patients
in whom inhibiting the PD-1 pathway may bolster CD8+ T-cell responses and lead to improved survival [23].
Additional predictive variables may need to be evaluated in combination in order to generate individual immune
profiles. These factors include tumor mutation burden, copy number variation, human leukocyte antigen (HLA)
class diversity, T-cell repertoire, TGF-β expression and tumor microbiome [24,25].

The future of cancer immunotherapy may take benefit from innovations in computational models and biotech-
nology. One option is to integrate molecular datasets and machine-learning algorithms. For example, machine
learning was applied to molecular data generated from massively parallel sequencing of mutations within melanoma
tumors in order to predict those mutated peptides that bind with high affinity to HLA molecules [26]. Using this
approach, immunogenic vaccines could be generated, which target the predicted neoantigens. The results showed
that four of six vaccinated melanoma patients had no recurrence 2 years after vaccination, while two patients with
progressive disease were treated with anti-PD-1 treatment and demonstrated complete tumor regression.

Another option is to make use of novel methods to optimize drug delivery and targeting. Many solid tumors are
characterized by a ‘leaky’ vasculature and an abundance of extracellular matrix proteins, such as collagen. Immune
checkpoint inhibitors conjugated to a collagen-binding domain and fused to IL-2 have been shown to effectively
target the tumor, enhance treatment efficacy and improve immune activation within the tumor microenviron-
ment [27]. Furthermore, nanotechnology can improve the spatio-temporal release of immunotherapy, by enhancing
biodistribution and extending local drug release [28]. For example, nanoparticles have been generated that are MMP-
2 sensitive, carry a photosensitizer and are conjugated to PD-L1 antibodies [29]. These nanoparticles accumulate
at the tumor site, which triggers release of the antibody. Near-infrared radiation activates the photosensitizer to
produce reactive oxygen species, which sensitizes the cancer cells to PD-L1 blockade.

Finally, molecular imaging may become important in order to visualize immunotherapy targets within tissues,
improve patient selection and monitor treatment. Immuno-PET is a noninvasive method that combines positron
emission tomography with radiolabeled antibodies, proteins or peptides in order to map cell-surface molecular
targets. Several clinical trials are underway to determine the benefit of immuno-PET to monitor responses to
immunotherapy [30]. In the preclinical setting, novel imaging models have been developed using, for example,
nanoparticles for visualization of multiple immune targets at the same time [31]. Additional studies are needed to
translate these diagnostic approaches to the clinical setting.

Conclusion
In conclusion, immunotherapeutic intervention in pancreatic cancer has so far rendered little success. General
limitations that may explain lack of efficacy includes poor immunogenicity, highly immunosuppressive microenvi-
ronment and lack of reliable stratifying biomarkers. An increasing number of clinically available immunotherapeutic
agents are opening new avenues to harness the immune system against pancreatic tumors. Improvement might
be obtained by approaches to reprogram tumor cells and their microenvironment for immunotherapy, as well as
development of predictive biomarker models and molecular imaging, in order to enable precision therapy and
overcome drug resistance.
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