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The majority of pancreatic cancer patients have a poor prognosis, where the five-year survival rate is 9% in the United

States, with an increasing incidence rate of 1.03% per year. Pancreatic ductal adenocarcinoma (PDAC) is an aggressive

form of pancreatic cancer that makes up 90% of all diagnosed cases of pancreatic cancer. Other types of pancreatic

cancer, such as neuroendocrine tumors, which secrete insulin, or acinar carcinomas, which release digestive enzymes,

are less common. PDAC develops from neoplasms of the cells lining the pancreatic ducts and usually presents without

symptoms until advanced stages of the disease. Here we discuss strategies for immunomodulation of pancreatic cancer.
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1. Introduction

The majority of pancreatic cancer patients have a poor prognosis, where the five-year survival rate is 9% in the United

States, with an increasing incidence rate of 1.03% per year . Pancreatic ductal adenocarcinoma (PDAC) is an

aggressive form of pancreatic cancer that makes up 90% of all diagnosed cases of pancreatic cancer . Other types of

pancreatic cancer, such as neuroendocrine tumors, which secrete insulin, or acinar carcinomas, which release digestive

enzymes, are less common. PDAC develops from neoplasms of the cells lining the pancreatic ducts and usually presents

without symptoms until advanced stages of the disease .

At this time, there are limited treatment options for patients with advanced and incurable PDAC, all of which are

chemotherapy based. The FOLFIRINOX regimen (a combination of oxaliplatin, irinotecan, leucovorin, and fluorouracil) is

often used as the first line of treatment for patients who are likely to be able to tolerate the relatively high toxicity . The

median overall survival for this regimen is 11.1 months . Patients with comorbidities are often treated with gemcitabine

alone or in combination with albumin-bound (nab)-paclitaxel with a median overall survival of only approximately 6.8 and

8.5 months, respectively . Surgical resection remains the only potentially curative option, with a median overall

survival of 54.4 months when combined with adjuvant FOLFIRINOX . However, only about 20% of patients are

considered resectable at the time of diagnosis .

Immunotherapy with immune checkpoint blockade (ICB) has been a breakthrough in treating some of the most treatment-

refractory cancers, including advanced melanoma and metastatic non-small-cell lung carcinoma . However, ICBs did

not show efficacy in PDAC, and tumors showed primary resistance to monotherapy with ipilimumab (an anticytotoxic T

lymphocyte antigen 4) or atezolizumab (anti-programmed cell death receptor ligand 1) . Currently, the only approved

immunotherapy for pancreatic cancer is pembrolizumab (anti-PD1), recommended for use in patients with mismatch

repair deficiencies (dMMR) or microsatellite instability (MSI)-high tumors as a second line of treatment . MSI-high

tumors often have a higher tumor mutation burden and a more T-cell-inflamed microenvironment that is not typically seen

in the immune-hostile PDAC tumor microenvironment. Modifying the tumor microenvironment to create a more T-cell-

inflamed microenvironment might improve PDAC response to immunotherapy, either alone or in combination with other

therapies.

2. Adjuvant and Neoadjuvant Therapies

Surgical resection is the best curative option for PDAC patients, although ultimately, 80% of those who undergo surgery

recur, either due to micrometastases or microscopic residual disease in the tumor bed . The current standard of care

for upfront resectable PDAC is surgery followed by adjuvant combination chemotherapy . The administration of

gemcitabine and capecitabine after surgery resulted in median overall survival of 28.0 months, a modest increase

compared to gemcitabine monotherapy with a median overall survival of 25.5 months . The majority of patients in this

trial had lymph node involvement. The efficacy of immunotherapy has also been tested in both neoadjuvant and adjuvant

settings in other tumor types. Neoadjuvant immunotherapy has shown great promise primarily by reinvigorating exhausted

T-cells before surgery. Tumor-specific CD8  T-cells can be primed by antigens derived from the primary tumor and can
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continue to exert their cytotoxic effects on micrometastases once the primary tumor is removed . While univariate

analysis showed that neoadjuvant immunotherapy resulted in better overall survival than adjuvant immunotherapy in

pancreatic cancer patients, multivariate analysis showed that those treatment strategies were not significantly different .

Interestingly, adjuvant immunotherapy combined with chemotherapy was more effective than chemotherapy alone . The

combination may be effective, as chemotherapy can ablate tumors and release tumor antigens in the process. These

antigens can then prime T-cells. Furthermore, treatment strategies reducing desmoplasia allows T-cells to infiltrate the

tumor microenvironment more effectively . Administration of nab-paclitaxel was found to reduce the density of the

desmoplastic stroma in preclinical models and facilitated the delivery of gemcitabine to the tumor .

The combination of radiation and chemotherapy was also effective in stimulating an anti-tumor immune response.

Neoadjuvant chemoradiation given as 30 Gy of radiation combined with gemcitabine and a fluoropyrimidine derivative was

found to increase the infiltration of both CD4  and CD8  T-cells. As expected, increased CD8  T-cell infiltration of the

tumors was associated with prolonged overall survival and lower recurrence rates in patients with resectable pancreatic

cancer . Another study assessing the effect of neoadjuvant chemoradiation showed no difference in the recruitment of

CD4  or CD8  T-cells; however, a decrease in FOXP3  Tregs was observed . More studies are required to determine if

T-cells’ recruitment can be further improved by optimizing the timing of treatment and surgery.

3. Combination Strategies

PDAC is a complex disease with several cellular components that can either hinder or promote anti-tumor immunity.

Therefore, successful therapeutic strategies may combine several existing therapies. For example, a combination of

different ICBs to chemotherapy has shown success in lung cancer. Chemotherapy can induce apoptosis of tumor cells,

and in the process, release tumor antigens that can activate anti-tumor immunity. A randomized phase II trial

(NCT0287931) compared the use of gemcitabine and nab-paclitaxel against gemcitabine and nab-paclitaxel combined

with durvalumab (anti-PDL1) and tremelimumab (anti-CTLA-4). Of the 11 patients that received gemcitabine, nab-

paclitaxel, durvalumab, and tremelimumab, 8 achieved a partial response, showing the potential of combination

therapy . A CD40 agonist is being combined with gemcitabine, nab-paclitaxel, and nivolumab (anti-PD1) in a phase 1b

clinical trial (NCT02482168) in patients with metastatic PDAC. Of 24 patients, 14 had a partial response . Currently, this

trial has progressed to a phase II study (NCT03214250).

4. T-Cell Activation Strategies for PDAC Treatment

With the modest progress made with chemotherapy, radiation, and ICBs, novel treatment strategies for pancreatic cancer

are actively being explored. Considering that CD8  T-cells play a large role in the long-term survival of PDAC patients,

approaches often involve activation of the anti-tumor immune response.

4.1. Chimeric Antigen Receptor (CAR) T-Cells

CAR T-cell therapy is an adoptive cell therapy, where autologous T-cells are isolated and genetically engineered to

express receptors that bind to tumor antigens. These modified T-cells are then reinfused into the patient. When CAR T-

cells recognize target antigens, they become activated and exert cytotoxic effects on the tumor cell (Figure 1a). Currently,

CAR T-cell therapy has only been approved by the FDA for hematologic malignancies . The safety of a mesothelin-

specific CAR T-cell therapy was tested in six patients with chemotherapy-refractory metastatic PDAC. These patients did

not experience a cytokine storm or dose-limiting toxicities. However, only two patients achieved stable disease with overall

survival of 3.8 and 5.4 months . Preclinical studies are also testing the efficacy of switchable CAR T-cells against human

epithelial growth factor receptor 2 (HER2) antigen. Switchable CAR T-cells are composed of two parts. For the first part,

the autologous T-cells are engineered with the signaling portion of the T-cell receptor and the second part consists of a

“switch” protein that binds to both the signaling portion of the autologous T-cells and the tumor antigen. This allows the

fine-tuning of the T-cell response by administering variable concentrations of the switch protein. The switch CAR T-cell

against HER2 antigen led to the complete remission of xenograft models derived from patients with stage IV PDAC .
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Figure 1. T-cell activation strategies for pancreatic ductal adenocarcinoma (PDAC) treatment. (A) Infusion of chimeric

antigen receptor T-cells (CAR T-cells) against PDAC tumor antigens. CAR T-cells can recognize antigens specific for their

CARs and exert cytotoxic effects. (B) Modifying the tumor microbiome may introduce novel antigens that can activate T-

cells and improve the efficacy of immunotherapeutics. (C) Therapeutic vaccination with oncolytic viruses expressing

granulocyte–macrophage colony-stimulating factor (GM-CSF) in combination with chemotherapy (low-dose

cyclophosphamide) can increase the frequency of dendritic cells while decreasing the frequency of Tregs.

Unfortunately, engineered T-cells become progressively dysfunctional within the tumor and require repeated reinfusions to

achieve a therapeutic benefit in experimental models . One study attempted to mitigate this process by modulating TAM

function. The administration of agonistic anti-CD40 along with CAR T-cells resulted in increased proliferation and cytotoxic

abilities of CAR T-cells . Notably, while the depletion of TAMs resulted in increased proliferation of endogenous T-cells,

there was no marked increase in CAR T-cell infiltration of the tumor . The efficacy of CAR T-cell function can also be

improved by coexpressing an engineered immunomodulatory fusion protein. A fusion protein consisting of the inhibitory

Fas receptor ectodomain and a stimulatory 4-1BB endodomain could convert inhibitory signals into activating ones. The

use of CAR T-cells expressing the Fas-4-1BB fusion protein was found to significantly improve survival in an aggressive

mouse model of pancreatic cancer . This suggests that several methods can be developed to improve the efficacy of

current CAR T-cell technology to treat pancreatic cancers.

4.2. Microbiome Modification

As mentioned previously, the tumor microbiome can predict the overall survival of PDAC patients. This suggests that

modification of the microbiome can potentially increase the response to therapeutics. The microbiome can be altered

either by antibiotics, FMT, or defined bacterial consortia (Figure 1b).

4.2.1. Antibiotics

Recently, the use of antibiotics has been shown to abrogate the effects of anti-PD1 immunotherapy in both melanoma and

renal cell carcinoma . However, the opposite was found to be true by Pushalkar et al.  in regard to PDAC. An increase

in bacteria was found in the cancerous pancreas of mice compared to healthy pancreas. Decreasing bacterial abundance

using broad-spectrum antibiotics was successful in slowing tumor growth in KC mice (spontaneous pancreatic neoplasia

model). This growth was further attenuated by combining broad-spectrum antibiotics with anti-PD1. The use of antibiotics

was found to increase the intratumoral CD8/CD4 T-cell ratio, which may explain the reduction in tumor growth (Figure 2a)

. Antibiotic treatment strategies could be employed in neoadjuvant settings to abrogate harmful bacteria before surgery.

More studies are required to validate this strategy.
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Figure 2. Strategies for modifying the tumor microbiome. (A) Antibiotics eliminate certain bacteria and may reduce

frequencies of myeloid-derived suppressor cells (MDSC) while also increasing the frequency of CD4  and CD8  T-cells.

(B) Fecal microbiota transplants from healthy individuals can introduce new bacteria into the gut, where in addition to re-

establishing gut microbiome diversity, some of the newly introduced bacteria may translocate to the tumor. These bacteria

may activate certain T-cell populations. (C) A Consortium of bacteria of known species grown in vitro can be introduced to

the gut where it can translocate to the tumor. Certain combinations of bacterial species can activate anti-tumor CD8  T-

cells.

4.2.2. Fecal Microbiota Transplantation

FMT is commonly used to treat dysbiosis of the gut with a high success rate, such as with refractory Clostridium difficile

infections. Presumably, FMT can be used to treat other conditions with microbial dysbiosis, including PDAC .

Akkermansia muciniphila, a commensal bacterium commonly found in healthy stool, was found to induce increased

infiltration of CD4  T-cells in RET melanomas when combined with the anti-PD1 antibody . This suggests that certain

bacteria found in healthy stool samples may boost immunity by activating certain populations of T-cells. Modifying the gut

microbiome via FMT may also be an attractive strategy in the neoadjuvant setting for PDAC (Figure 2b).

4.2.3. Bacterial Consortia

The gut is colonized by various bacterial populations, some of which have a capacity to induce T-cell activation (Figure

2c). A consortium of 11 bacteria was found to increase the frequency of INFγ -producing CD8  T-cells in the intestines of

germ-free mice. This consortium consisted of seven Bacteroidales and four non-Bacteroidales species, all of which

needed to be administered in combination to achieve maximal T-cell activation. When administered with an anti-PD1 or

anti-CTLA 4, the mix of 11 bacteria slowed tumor growth in mice . This suggests that a mix of bacteria may be taken as

a probiotic to improve the efficacy of immunotherapy. Whether this would benefit PDAC patients still needs to be explored.

4.3. Oncolytic Vaccine Combinations

Oncologic vaccines work to expose the host immune system to tumor-specific antigens. To date, vaccines on their own

have shown no clinical benefits in pancreatic cancer . However, there are some promising results indicative of inducing

an anti-tumor immune response when vaccines are combined with chemotherapy. An irradiated, granulocyte-macrophage

colony-stimulating factor (GM-CSF), secreting, allogeneic PDAC vaccine (GVAX) was given as a single agent or in

combination with low-dose cyclophosphamide to patients with resectable PDAC. After two weeks of vaccine

administration, tertiary lymphoid organs were found inside tumor biopsies. This indicates that lymphocytes are actively

infiltrating the tumor microenvironment and facilitating an adaptive response .
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