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Immune defects in pancreatic cancer
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Abstract: Pancreatic cancer is resistant to the immunotherapy. This resistance is caused by any of the four

immune “defects” that occur in pancreatic cancer, including lack of “high quality” T cells, stromal barriers to

T cells getting access to tumor cells, immunosuppressive cells such as M2 macrophages, myeloid derivative

suppressor cells, and T regulatory cells, in the tumor microenvironment of pancreatic cancer. One or more

defects may occur in an individual pancreatic cancer. To overcome the resistance to the immunotherapy such

as immune checkpoint inhibitors, a rational combination of agents that target multiple immune defects is

highly demanded.
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Pancreatic cancer poorly responds to immunotherapy.
In the past, immunotherapy focused on inducing tumor
specific effector T cells (1). Adoptive T cell transfer
and cancer vaccine have been two major approaches.
However, there was little success, particularly in treating
pancreatic cancer. For a long time, pancreatic cancer was
not considered to be immunogenic. Therefore, treating the
pancreatic cancer with cancer vaccine or adoptive T cell
transfer was investigated in the clinical trials. Nevertheless,
cancer vaccines carrying immune dominant antigens is
still not effective even though vaccines were able to induce
effector T cell responses in the peripheral blood (2).
Not surprisingly, adoptive T cell transfer was also not
successful. Then, it has been recognized that there must
be some “defects” with pancreatic cancer, particularly in
the tumor. Now, accumulated evidence has indicated that
there are “immune defects” in the tumor microenvironment
(TME) of pancreatic cancer.

Lack of “high-quality” T cells

The first immune defect in the pancreatic cancer is the lack
of the effector T cells in the TME (3,4). Although there
are still CD8+ T cells in the TME of pancreatic cancer, in
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the majority of pancreatic cancer, the numbers of CD8+ T
cells are significantly smaller than those seen in the more
immune active tumors or so-called “hot” tumors such as
melanoma and renal cell carcinoma (5). There are many
potential reasons. However, in the tumors of patients who
received a cancer vaccine prior to the surgical resection
of pancreatic cancer, intratumoral tertiary lymphoid
aggregates were evidently induced, suggesting that, at least
in the majority of pancreatic cancer patients, if T cells can
be induced peripherally, they can enter the tumors (5).
Nevertheless, intratumoral infiltration of T cells does not
appear to result in an improved clinical outcome in these
patients. On another hand, in a handful patients who have
had a long-term survival following the surgical resection
of their pancreatic cancer, high numbers of granzyme B+
T cells were observed in the TME of their tumors (6).
Interestingly, their tumors also carry missense mutations
that were predicted to produce cross-reactive microbial
epitopes whereas patients with poor survival could have
equal numbers of neoantigens predicted from the mutations
in their tumors. Neoantigens that mimic microbial epitopes
would be anticipated to less likely evade the immune
rejection. These observations raised the hypothesis that
a small subgroup of pancreatic cancer patients may be

Ann Pancreat Cancer 2018;1:33


https://crossmark.crossref.org/dialog/?doi=10.21037/apc.2018.11.01

Page 2 of 5

protected by “high-quality” antigen-specific T cells.
Mismatch repair deficiency can also result in a high mutation
burden in pancreatic cancer as seen in microsatellite
instability (MSI)-high colorectal cancer and would lead
to response to the immune checkpoint inhibitor (7).
MSI-high pancreatic cancer is indeed infiltrated with a high
number of CD8+ cells. Nevertheless, none of MSI-low
or microsatellite stable pancreatic cancers were found to
have a mutation burden comparative to MSI-high tumors;
or rarely a pancreatic tumor carries a mutation burden at
the level of that seen in melanoma or non-small cell lung
cancer. Another possibility is that a dynamic mutagenesis
conferred by MMR deficiency would increase the chance
of generating “high quality” neoantigens. Therefore, one
of the major “immune defects” of pancreatic cancer is the
lack of effector T cells due to either low tumor mutation
burden or lack of “high quality” neoantigens. Thus, to
overcome this immune defect, a cancer vaccine approach or
a T cell therapy would still be needed to prime the TME
with T cells. Nevertheless, traditional approaches that
target tumor-associated antigens may not be sufficient to
overcome this defect; instead, targeting neoantigens may be
necessary.

Formidable stroma

The second immune defect of pancreatic cancer is the
barrier for the effector immune cells to get access to tumor
cells (8,9). Although tertiary lymphoid aggregates were
observed in the tumors from patients who received the
cancer vaccine treatment, granzyme B+ cells were sparsely
present in the vicinity of tumor cells even though higher
infiltration of granzyme B+ CD8+ cells were shown to
correlate with better survival (5). In addition, the CD8+ cells
in the lymphoid aggregates still appeared to be kept distant
from the tumor cells. Pancreatic cancer has a dense stroma
which results in a high hydrostatic pressure in intratumoral
vessels and limits the trafficking of lymphocytes. Therefore,
it would be anticipated that targeting the dense stroma may
facilitate the trafficking of lymphocytes (10,11). PEGPH20,
a pegylated hyaluronidase that degrades hyaluronic acid,
an extracellular matrix component in the dense stroma of
pancreatic cancer is now being tested in a number of clinical
concepts to examine its effect in overcoming the barrier for
the effector immune cell infiltration in pancreatic cancer (12).
In addition, immune cell trafficking is regulated by
chemokines and their receptors. There are very few studies
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that can help us understand how to enhance the immune
cell trafficking by targeting chemokines and chemokine
receptors.

Immunosuppressive TME

The third immune defect of pancreatic cancer is the
immunosuppressive TME in pancreatic cancer. Essentially
in the TME of every pancreatic cancer, myeloid cells are
a dominant immune cell type (13). How these myeloid
cells become dominant in the TME of pancreatic cancer
is not completely clear. However, one of the most popular
hypotheses is that the genetic alternation in the pre-
cancerous lesions, e.g., pancreatic intraepithelial neoplasia
(PanIN), has induced a proinflammatory reaction. This
proinflammatory reaction is not able to reject the pre-
cancerous lesions that harbor the genetic alteration. Instead,
it results in an infiltration of innate immune cells including
macrophages and neutrophils (13). Then, the genetically
altered neoplastic cells appear to have the capacity of
reprogramming these myeloid cells from an anti-cancer
condition into a pro-cancerous condition. These pro-
cancerous myeloid cells including M2 macrophages
and myeloid-derived suppressive cells (MDSC) are
highly immunosuppressive (14). In the meantime, T cell
differentiation also undergoes an abnormal process (15).
The TME of pancreatic cancer is predominantly infiltrated
with T regulatory cells. This third immune defect appears
to be an important determinant of immune response after
the tumors have been infiltrated with effector T cells.
Essentially, all the tumors resected from patients who
received the vaccine therapy are infiltrated abundantly with T
cells; however, only those tumors infiltrated with fewer myeloid
cells were associated with longer survival (16). Therefore,
to overcome this third immune defect, one would need
to target macrophages and other myeloid cells. However,
simply depleting the innate immune cells may adversely
deplete antigen-presenting cells. Thus, molecularly
targeting myeloid cell function would be an ideal strategy.
Our preclinical studies also suggest that activation receptors
such as OX40 or CD137 are induced in T cells following
the myeloid cell blockade treatment (17). This is not a
surprise as the innate immune cells activate or suppress
T cells through these activation receptors. Therefore,
targeting the T cell activation process may also overcome
the T cell suppression from the immunosuppressive TME
in pancreatic cancer and warrants a further validation in the
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Figure 1 Four immune defects in pancreatic cancer. T in red, activated T cells; T in green, tolerant or suppressed T cells; M, macrophages

or myeloid-derived suppressive cells.

clinical testing.

Immune checkpoints

The fourth immune defect of pancreatic cancer is the
immune checkpoint. However, different from “hot”
tumors, pancreatic cancer does not respond to the immune
checkpoint inhibitors. Thus, a defect in the immune
checkpoint is often not considered. Indeed, an immune
checkpoint mechanism is activated by many therapeutic
modalities attempted for treating pancreatic cancer. For
instant, vaccine therapy robustly induces PD-1+ T cells
in the TME of pancreatic cancer (5). Presumably, the
activation of immune checkpoints would immediately
“disarm” the vaccine therapy. The activation of immune
checkpoints is apparently a response to the induction of
PD-L1 expression on the tumor epithelial cells and on
the myeloid cells by vaccine therapy, likely through the
interferon gamma signaling. Otherwise, in untreated
pancreatic cancer, PD-L1 is scarcely expression. By
contrast, PD-L1 expression can be evidently observed in
treated pancreatic cancers including those treated by a
cancer vaccine, chemotherapy, and/or radiation therapy (18).
Certainly, the presence of immune checkpoint mechanisms
does not mean that these treated pancreatic cancers would
readily respond to immune checkpoint inhibitors. It should
be recognized that induction of T cell activation and
infiltration in pancreatic cancer is always accompanied by
the activation of immune checkpoints. Therefore, blocking
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immune checkpoints is essential for treating pancreatic
cancer, however, would not be sufficient as other immune
defects are stll present in pancreatic cancer.

Unfortunately, rarely a pancreatic cancer has no
immune defect or has only one single defect. Most of the
pancreatic cancer has more than two immune defects or
all four immune defects (Figure I). Individual tumors may
have a different combination of the defects. Even though
they may have the same type of immune defects among
the four types of defects, the exact defect mechanisms
could still be different. Therefore, to unlock the gate to a
curative pathway for pancreatic cancer, a right sequential
combination of therapeutic strategies that overcome
multiple immune defects is the key.
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