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Toll-like receptor (TLR) 7/8 ligands act together with radiotherapy and induce profound systemic antitumor immune
reactions coordinated by dendritic cells and executed by natural killer (NK) and cytotoxic T cells. Combining TLR ligands
and radiation improves both local and distant tumor control and has been shown to be effective against multiple
tumor entities.

Despite considerable advances in both
conventional and immunotherapy for pri-
mary gastrointestinal (GI) cancers, meta-
static tumors remain therapeutically
challenging. Radiotherapy is primarily
effective against localized solid tumors and
chemotherapy has limited efficacy particu-
larly against metastatic malignancies. Thus,
the overall success rate of either of these
standard-of-care therapies is far from satis-
factory. This is partly due to the inability
of conventional therapies to eradicate dor-
mant tumor cells, a population that pre-
sumably encompasses tumor stem cells
capable of replenishing the tumor after ces-
sation of therapy. Typical targeted thera-
pies on the other hand usually block a
single pathway, allowing tumors to develop
resistance by switching to other oncogenic
pathways. In recent years, immunotherapy
using check-point inhibitors such as anti-
bodies against cytotoxic T lymphocyte
associated protein 4 (CTLA-4) or pro-
grammed cell death 1 (PDCD1, better
known as PD1) has become an important
modality in the anticancer armamentar-
ium. Toll-like receptor (TLR) 7/8 agonists
are another promising immunotherapeutic
tool with a strong mechanistic cross-link to
the biological effects of radiotherapy.

TLRs are highly conserved pattern rec-
ognition receptors involved in the sensing

of foreign antigens such as bacterial lipo-
polysaccharide or viral RNA. TLRs are
therefore predominantly expressed on
antigen presenting cells (APCs) such as
dendritic cells; however, effector cells of
the immune system including CD8C T
cells and natural killer (NK) cells are also
activated by TLR stimulation. Activation
of TLR signaling culminates in the activa-
tion of NF-kB, leading to increased prolif-
eration, phagocytosis, antigen processing
and presentation. Considering that APCs
such as dendritic cells are able to activate
both humoral (B cells via CD4C T cells
stimulated by MHC II presentation) and
cell-mediated (CD8C T cells stimulated
by MHC I cross-presentation), as well as
innate immune responses (NK cells),1 the
stimulation of APCs by TLR ligands is
able to activate all major components of
the immune system.

Radiotherapy is a mainstay in the treat-
ment of numerous malignancies including
GI tumors. Radiation acts primarily via
direct cytotoxic effects on the DNA, thus
releasing tumor antigens that may subse-
quently induce antitumor immune
responses,2 particularly when boosted by
TLR agonists. Aside from being contro-
versial and heavily dose-dependent,3 the
history of radiation-induced immune
responses in oncology has a few anecdotal

reports of systemic control, but the absco-
pal effects and response of distant lesions
after locoregional irradiation are generally
insufficient to induce profound and sus-
tained systemic responses.4

The principles of radiation therapy and
TLR immunologic effects sparked the idea
of combining local radiation therapy with
TLR ligands, thus boosting the processing
and presentation of locally released tumor
antigens (Fig. 1). We recently presented a
study in which we combined ionizing radi-
ation with a systemically administered
TLR 7/8 agonist (3M-011) against various
subcutaneous and orthotopic mouse mod-
els of colorectal and pancreatic cancer.5

We showed that the combined treatment
using local irradiation C systemic TLR
activation proved to be a highly effective
therapeutic regimen for the treatment of
colorectal and pancreatic cancer. Intrigu-
ingly, the combination inhibited both local
tumor growth and systemic spread. ELI-
SPOT assays demonstrated the tumor-spe-
cific T-cell response. Our findings were
consistent with recently published and
independent data from murine models of
fibrosarcoma and lymphoma using differ-
ent TLR 7/8 agonists.6,7 Taken together,
these data support the notion that the com-
bination of local irradiation and a TLR
agonist is robustly effective against a wide
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range of tumors. For the underlying biol-
ogy, we identified T cells and NK cells as
important contributors to the observed
effects by in vivo depletion of either NK
cells, CD8C T cells or both. As we hypoth-
esized that dendritic cells are the pivotal
hub between innate and adaptive immune
response and may be the main facilitator of
the combined treatment effects, we also
selectively eliminated CD11cC dendritic
cells in tumor-bearing CD11c-DTR mice.
In these CD11c-depleted mice, the TLR
agonist lost its effect almost entirely, under-
lining the pivotal role of dendritic cells in
TLR-mediated immunotherapy. As a last
step, we quantified various inflammatory

cytokines in the serum and the tumor tis-
sue treated with TLR agonist and radia-
tion, demonstrating a shift toward a pro-
inflammatory microenvironment in tumors
treated with both TLR agonist and ioniz-
ing radiation.

One fundamental advantage of this
treatment regimen is that rather than
inhibiting tumor-associated pro-tumori-
genic molecular mechanisms it induces
antitumoral immune reactions, which, in
principle, could make it considerably
more difficult for tumor cells to effectively
escape this treatment. Also, as numerous
different antigens are released, processed
and presented in response to the

treatment, a polyclonal immune reaction
is induced which cannot be evaded by
downregulation of a single antigen. How-
ever, although spontaneous or treatment-
related remissions after immunotherapy
have been occasionally reported, the
immunosuppressive microenvironment
within tumors remains a major obstacle to
immunotherapy. Our data show that in
addition to the above-described therapy-
induced immune response, the combina-
tion of radiation and TLR agonist shifted
the intratumoral microenvironment to a
pro-inflammatory state, thus facilitating
tumor cell destruction by the immune
system.

Taken together, our preclinical data
on the combination of radiotherapy and
TLR agonists warrant clinical validation.
As always, there are also caveats involving
the use of TLR ligands in humans: Sys-
temic TLR agonists may induce a mas-
sive release of inflammatory cytokines
into circulation (“cytokine storm”), lead-
ing to considerable toxicity.8 An option
to circumvent such obstacles may be local
administration of TLR agonists, as it is
already being done in the case of der-
matologic malignancies (topical imiqui-
mod).9 Most GI tumors are accessible to
intratumoral injection (e.g., CT-guided
injection or ultrasound-guided endo-
scopic injection) of TLR ligands with
concomitant percutaneous radiation
therapy. An interesting option may be to
apply the combination therapy approach
suggested here as a treatment for the pri-
mary tumor to systemic disease. For
example colorectal liver metastases might
be injected with the TLR agonists and
irradiated even more easily than treating
the primary colon cancer with this regi-
men. Anecdotal reports support this the-
ory,10 although validation in preclinical
models is required prior to the initiation
of clinical trials.
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