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Abstract: Immunotherapy and radiation therapy (RT) have each demonstrated clinical success in the
treatment of nasopharyngeal carcinoma (NPC) when utilized independently. Several characteristics of NPC
make it particularly well suited for immunotherapeutic strategies, such as the association with viral infections
like EBV and human papilloma virus (HPV), upregulation of PD-L1 expression, and the high number of
tumor infiltrating lymphocytes. Immune checkpoint blockade is one such immunotherapeutic strategy that is
gaining popularity rapidly. However, clinical benefit of immunotherapy using immune checkpoint inhibitors
has been limited to only a small subset of patients with existing T cell responses. Additionally, they are
frequently associated with dose-limiting immune-related toxicities. On the other hand, RT is a conventional
strategy for NPC treatment, which has demonstrated high efficacy in local tumor control and has also been
reported to exhibit immune modulatory effects. However, the abscopal effect of RT alone, i.e., the regression
of distant metastases outside of the irradiation field, remains a rare phenomenon. Furthermore, RT treatment
efficacy is also limited by radioresistance and radiation-related toxicities. Hence, the combination of RT
and immunotherapy has the potential to improve treatment efficacy over either individual therapies alone.
Here, we reviewed the clinical problem in locally advanced and recurrent/metastatic NPC, and discussed
how combinatorial RT and immunotherapeutic strategies can be relevant to NPC treatment in each clinical

scenario by examining the underlying mechanisms involved in the different strategies.
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Introduction cancer phenomenon, which has altered the landscape of this
disease (2). Apart from contributing to an acute rise in head

Head and neck cancers constitute a global healthcare and neck cancer incidences, it is well established that HPV-

burden; in 2012, more than 581,283 new diagnoses and associated head and neck cancers represent a distinct clinical

297,181 deaths were reported worldwide (1). Historically,
the common etiological risk factors for head and neck
cancers include smoking and chronic alcohol abuse;
however, recent times have witnessed the emergence of a

human papilloma virus (HPV)-associated head and neck
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disease compared to tumors induced by other carcinogens.
In particular, HPV-associated oropharynx squamous
cell carcinoma (HPV+ OPSCC) are more sensitive to
chemotherapy and radiotherapy (RT) than HPV- tumors,
which is likely due to intrinsic differences in tumor
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biology (3). Different molecular drivers of tumor aggression
are also involved between these subtypes, since HPV+
OPSCC has a proclivity for distant metastatic than local
relapses. As a result of the differential prognoses, HPV+
OPSCC are now staged by an exclusive TNM classification
system, which interestingly, is not too dissimilar to the
system employed in another viral-associated head and neck
cancer—nasopharynx cancer (NPC) that is associated with
the Epstein-barr virus (EBV) (4). Of note, the consideration
of nodal metastasis in the neck is now consistent between
both tumor types; the convergence of clinical phenotypes
of HPV+ OPSCC and EBV+ NPC might suggest common
molecular pathways linked to the host immune response
that underpin tumorigenesis and aggression in head
and neck cancers that are virally induced. However, the
oncogenic potential of HPV is conventionally attributed
to the inactivation of TP53 and RBI tumor suppressor
genes by the overexpression of the E6 and E7 viral
proteins, respectively, while much less is known regarding
the modulation of the host immune response during the
malignant transformation process (5). Likewise, while
clonal expansion of EBV-infected epithelium is invariably
observed in NPC, the process for latent EBV activation
infection in the epithelial cells is less well characterized.
Nonetheless, recent evidence from comprehensive
molecular profiling of NPC highlights that regulation of
the inflammatory process is in fact a critical determinant of
tumor progression; this centers on the nuclear factor NF-
kP pathway (6,7). Additionally, mutational status of the
major histocompatibility complex (MHC) class of genes was
shown to be associated with prognosis, thus supporting the
importance of immune regulation on the tumor behavior in
EBV + NPC. Collectively, these observations argue for the
consideration of immunotherapeutic approaches in these
viral-associated head and neck cancer subtypes.

Search strategy

To identify references for this review, we searched
PubMed and MEDLINE databases for articles published
in English between Jan 1, 2000, and December 1, 2017
with the following key terms: “radiation”, radiotherapy”,
“radiosurgery”, “ablative radiotherapy”, “SABR”, “SBRT”,
“immunotherapy”, “checkpoint blockade”, “CTLA-4”,
“PD-L1”, “PD-1”, “nasopharyngeal carcinoma”, “Epstein-
Barr virus” and “clinical trials”. Selected references were
judged based on relevance to the clinical and mechanistic
focus of this review, and mainly comprised of highly cited
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publications from the recent 5 years and randomized clinical
trials. Older seminal work were also included if they were
widely referenced and highly regarded. Abstracts of recent
relevant medical conferences were also included to provide
the latest updates.

Clinical evidence for immunotherapy in EBV +
NPC

Several clinical trials have been conducted to test the efficacy
of various immunotherapeutic strategies in NPC (Table I).
One such approach entails targeting the commonly expressed
virus-coded proteins, such as Epstein-Barr virus nuclear
antigen 1 (EBNALI) and latent membrane proteins (LMP1
and LMP2); this has led to strategies like adoptive transfer of
LMP2-specific cytotoxic T-lymphocytes (CTLs) and dendritic
cell-based vaccines to LMP2, which have demonstrated
clinical efficacy in recurrent/metastatic NPC (8-10). For
example, in a phase I trial, NPC patients were vaccinated with
a modified vaccinia Ankara (MVA)-based vaccine that encoded
a functionally inactive fusion protein of full length LMP2 and
the C-terminal half of EBNA1, which resulted in markedly
increased T" cell expansion to EBNAI and LMP2 in 74% of
patients (Clinical Trials.gov, NCT01094405).

More recently, there has been great enthusiasm in
an alternative immunotherapeutic strategy of targeting
common immune checkpoint signals that are modulated
by regulatory T cells (T,,) and programmed death-1 and
-ligand 1 interaction (PD-1 and PD-L1). Inhibition of these
signals has resulted in better than expected responses in
several treatment-naive and -refractory tumor types (11,12).
Likewise in NPC, modest responses of 20-30% from
nivolumab and pembrolizumab (anti-PD-1 antibodies) have
been observed in patients with treatment-resistant recurrent
disease, which is unsurprising given that EBV-associated
overexpression of LMP1 and IFN-y is known to drive the
corresponding expression of PD-L1 on the tumor epithelial
cells (13). Of note, KEYNOTE-028 was a phase 1b trial
investigating the efficacy of pembrolizumab (an anti-PD1
antibody) in patients with recurrent NPC; in this trial,
patient recruitment was limited to individuals harboring
tumors with >1% PD-L1 expression. Response rates
(including partial responses and stable disease) were 26%
(7 of 27) and 52% (14 of 27), respectively (14). Likewise,
a companion phase II trial looking at another anti-PD1
antibody—nivolumab also demonstrated comparable
response rates; 19% (8 of 43) and 33% (14 of 43)
of patients exhibited partial response and stable disease,
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Table 1 Summary of clinical trials of immunotherapy alone and combinatorial RT and immunotherapy in NPC

Immunotherapeutic

Study Phase Inclusion criteria PI affiliation
strategy

Immunotherapy alone in NPC
Efficacy of Recombinant Epstein-Barr Virus Recombinant EBV ~ Phase NPC associated with EBV Prince of Wales Hospital, The Chinese
(EBV) Vaccine in Patients With Nasopharyngeal vaccine ] infection University of Hong Kong, Hong Kong
Cancer Who Had Residual EBV DNA Load After (NCT01094405)
Conventional Therapy
Nivolumab in Treating Patients With Recurrent and/  Nivolumab Phase Recurrent and/or metastatic =~ Mayo Clinic Cancer Center P2C,
or Metastatic Nasopharyngeal Cancer ] NPC United States (NCT02339558)
A Pilot Feasibility Study of Epstein-Barr Virus- EBV-specific Phase Relapsed or progressive Massachusetts General Hospital,
Specific Imnmunotherapy for Nasopharyngeal adoptive T-cells 1 disease & metastatic NPC Dana-Farber Cancer Institute, United
Carcinoma States (NCT00431210; NCT00834093)
Gemcitabine & Carboplatin Followed By Epstein- EBV-specific Phase Metastatic or locally recurrent National Cancer Centre, Singapore

Barr Virus-Specific Autologous Cytotoxic T
Lymphocytes Versus Gemcitabine And Carboplatin
As First Line Treatment For Advanced NPC Patients

autologous CTLs 1l EBV-positive, non-keratinizing (NCT02578641)

and/or undifferentiated NPC

Fuda Cancer Institute of Fuda Cancer
Hospital, China (NCT03007836)

High-activity Natural Killer Immunotherapy for Small  High-activity natural Phase Relapsed or progressive

Metastases of Nasopharyngeal Cancer killer cells /1l disease

Carboplatin and Docetaxel Followed by Epstein-Barr EBV-specific CTLs Phase Relapsed or refractory Houston Methodist Hospital, United
Virus Cytotoxic T Lymphocytes & G-CSF or PEG- ] disease States (NCT00953420)

G-CSF
TGF-beta Resistant Cytotoxic T-lymphocytes NPC-specific T Phase Relapsed or refractory Baylor College of Medicine, United
in Treatment of EBV-positive Nasopharyngeal cells | disease States (NCT02065362)
Carcinoma / RESIST-NPC
EpCAM CAR-T for Treatment of NPC and Breast CAR-T cells Phase Metastatic NPC Sichuan University, China
Cancer recognizing EpCAM | (NCT02915445)
The Immunotherapy of NPC Using Cancer Stem Cancer stem cells  Phase Locally advanced/ metastatic Fuda Cancer Institute of Fuda Cancer
Cells Vaccine vaccine 1/ disease post curative chemo- Hospital, China (NCT02115958)

radiation or surgical resection
Gemcitabine and Carboplatin Followed By Autologous EBV- Phase Metastatic or locally recurrent National Cancer Centre, Singapore
Laboratory-Treated T Lymphocytes in Treating specific CTLs ] disease (NCT00690872)
Patients With Metastatic or Locally Recurrent
Epstein-Barr Virus-Positive NPC
Study of DC-CTL Combined With CIK for Advanced DC-CIK and CIK Phase NPC Harbin Medical University, China
Solid Tumor /1l (NCT03047525)
A New EBV Related Technologies of T Cells in CAR-T cells Phase NPC The Second Hospital of Nanjing
Treating Malignant Tumors and Clinical Application recognizing LMP-1 I/l Medical University
(NCT02980315)

Peptide Vaccine to Prevent Recurrence of NPC LMP-2 Phase Tissue type HLA-A*1101 and  National Institutes of Health Clinical

immunization | HLA-A*2402 patients with Center (NCT00078494)

local or metastatic disease
post curative chemoradiation
or surgical resection

Table 1 (continued)
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Immunotherapeutic

Study Phase Inclusion criteria PI affiliation
strategy
Combinatorial RT and immunotherapy in NPC
Nivolumab + Chemoradiation in Stage II-IVB Nivolumab Phase Stage II-IVB NPC University of California, United States;
Nasopharyngeal Carcinoma (NPC) National University Cancer Institute,
Singapore (NCT03267498)
A Study of Adoptive Immunotherapy With TILs and IL-2 Phase Stage IVa or IVb NPC and Sun Yat-sen University (NCT01462903)

Autologous Tumor Infiltrating Lymphocytes in Solid
Tumors

Phase Il Trial of TIL Following CCRT in Patients With  TILs
Locoregionally Advanced NPC

Phase T3-4N1-3 MO or any T N2-

metastatic hepatocellular
carcinoma

Sun Yat-sen University (NCT02421640)
3MO0 NPC

CAR-T cell, Chimeric antigen receptor T cell; CCRT, concurrent chemoradiotherapy; CTL, cytotoxic T lymphocyte; EBV, Epstein-Barr
virus; EpCAM, Epithelial cell adhesion molecule; G-CSF, granulocyte colony-stimulating factor; HLA-A*1101 and HLA-A*2402, alleles of
the HLA-A gene; NPC, nasopharyngeal carcinoma; PEG-G-CSF, pegylated granulocyte colony-stimulating factor, TILs, tumor infiltrating
lymphocytes. IL-2, interleukin-2; LMP, latent membrane protein; DC-CIK, Dendritic and Cytokine-induced Killer Cell; CIK, Cytokine-

induced Killer Cell.

respectively (15). Collectively, these preliminary results
arising from both tumor antigen-specific and agnostic
immunotherapeutic strategies favor the notion of EBV+
NPC as a highly immune-enriched tumor, and therefore
supports extending the consideration of immunotherapy
to the following clinical scenarios: (I) in combination with
chemotherapy in treatment-naive metastatic NPC, and (II) in
patients with advanced disease, whom are presently managed
by definitive chemo-radiotherapy alone. The latter is
particularly appealing given the emerging scientific evidence
supporting the interplay between RT and the tumor-
host immune response; this thus widens the possibility of
harnessing the immune response to target radioresistant and
occult metastatic tumor clones (16,17). However, it would also
seem that the nature of immune response depends on the RT
quality and dose (18), and as such would imply a need to cater
the therapeutic approach to the specific clinical scenario. For
example, there is early evidence supporting the concept that
a subset of patients with oligometastatic NPC may be “cured”
by combining definitive chemo-RT with local therapy to the
few metastatic lesions, either with surgery or ablative RT (19).
In this instance, a different synergy between RT and
immunotherapy may be desired, whereby immunotherapy is
employed to induce an abscopal systemic immune anti-tumor
cytotoxicity (20). A comprehensive understanding of the RT-
induced immune response is thus needed, so as to design
the optimal therapeutic strategy that is individualized to the
specific clinical indication.
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The RT-induced immune repertoire

The conventional model of how RT exerts its anti-tumor
effects is based on direct and indirect induction of DNA
damage, and the inability of the cell to repair lethal DNA
double-strand breaks (DSBs). These cellular responses
can be modeled closely using the linear-quadratic (L-Q)
equation to derive the biological effective dose (BED),
but the accuracy of this dose conversion is affected
when larger doses per RT fraction (=6 Gy) are utilized
(21,22). This would thus suggest that the RT-response is
modulated by other molecular mechanisms at different
RT doses (23). Experimental evidence now supports the
concept that RT alters the immune contexture of a tumor,
promoting a host anti-tumor immune reaction through a
number of mechanisms. For example, the accumulation
of micronuclei, formed as a result of cells harboring
residual DSBs and progressing through mitosis, induces
a cytosolic DNA damage response that activates type-I
interferon (IFN-I) via the cyclic GMP-AMP (cGAMP)
synthase (cGAS) and its downstream adaptor stimulator of
interferon genes (STING) pathway (18,24,25). Activation
of IFN-I then leads to optimal dendritic cell recruitment
and cross-priming of effector T cell, with the end result
being a tumor microenvironment (TME) that is immune-
enriched and mimics an iz situ anti-tumor vaccine.
Additionally, RT induces immunogenic cell death (ICD),
whereby immunostimulatory tumor-associated antigens
and damage-associated molecular patterns (DAMPs)

Chin Clin Oncol 2018;7(2):15
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such as ATP, calreticulin and HMGB-1 are released
from dying tumor cells, thus facilitating the recruitment,
activation and maturation of dendritic cells (26). T cell
attracting chemokines such as CXCL-9 and CXCL-10
are also released during ICD, and these signals increase
the density of tumor-infiltrating lymphocytes (TILs)
within the tumor (27). Apart from stimulating the immune
microenvironment, RT can also induce a temporary
overexpression of MHC Class-1 and Fas receptors on the
tumor cells, which increases their vulnerability to effector T
cell killing.

Perhaps unsurprisingly, the RT-immune response
is comprised of a network of immune-stimulatory and
-inhibitory signals; upregulation of immune checkpoint
proteins, such as PD-1/PD-L1 and cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4), along with increased levels of
immunosuppressive T, within the tumor have been observed
post-RT (28). Contrary to the intrinsic radiosensitivity of
other lymphoid cells, the T,
due to an increased ratio of antiapoptotic-to-proapoptotic

subpopulation is radioresistant

proteins (29). This balance of immune-stimulatory and
-inhibitory signals probably explains why RT alone is usually
unable to induce anti-tumor immune-mediated cytotoxicity.
It is therefore logical that combinatorial strategies are
needed to more effectively exploit the anti-tumor immune
response by RT. Alluding to the clinical scenarios highlighted
in the preceding section, we summarize some potential
RT-immunotherapeutic strategies that may improve the
therapeutic ratio of RT in these patients, along with the
corresponding mechanistic concepts for each approach.

Overcoming radioresistance in de novo and
recurrent T3-4 NPC

With the advent of precision RT techniques like intensity-
modulated RT, the community has witnessed substantial
improvements in tumor control even for patients with
locally advanced NPC (30). However, about 10-20% of
patients still harbor radioresistant disease; a proportion of
which may be attributed to inadequate RT dose intensity
because of proximity to critical normal organs. To explore
the role of immunotherapy as a potential radiosensitizer,
several laboratories have combined RT with immune
checkpoint blockade therapies, and demonstrated improved
tumor control in preclinical iz vivo 4T1 breast cancer
and MC38 colorectal cancer models (31,32). Importantly,
these preliminary findings translated to the clinic; notably,
in a recent report of the PACIFIC study (a randomized
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controlled phase III trial of sequential treatment with
a PD-L1 inhibitor, durvalumab post-platinum-based
chemoRT in stage III non-small cell lung cancer),
treatment intensification with durvalumab significantly
prolonged progression-free survival (16.8 vs. 5.6 months in
the placebo arm) in these patients (33). Translating these
findings to locally advanced NPC, it is appealing to test if
immunotherapy can be an effective adjunct to RT; especially
in T3-4 cases where dose intensity is compromised to
preserve normal organ function. Adjuvant immunotherapy
post-chemoRT could also activate the systemic immunity to
target occult metastatic tumor clones.

On this note, depending on the desired synergistic
effects between RT and immunotherapy, we argue that
sequencing and type of immunotherapy both play crucial
roles in optimizing clinical responses (Figure I). Foremost,
neoadjuvant immunotherapy serves to “prime” the tumor
immune microenvironment, enriching for effector and
memory T cells within the tumor to exert their anti-tumor
cytotoxic effects. This may be particularly relevant in
NPC, since the baseline microenvironment of these tumors
is typically characterized by syncytial sheets of tumor
epithelial cells that are admixed with rich lymphocytic
infiltrates. In support of this sequencing approach, Young
et al. demonstrated the most pronounced responses when
anti-CTLA-4 was given as a neoadjuvant therapy before RT
in mice bearing CT26 colorectal tumors; complete tumor
regression and 100% survival were achieved in all tumor-
bearing mice when treated with anti-CTLA-4 7 days before
RT. In contrast, complete tumor cures were observed in
only 50% (3 of 6) of the tumor-bearing mice which received
anti-CTLA-4 1 or 5 days post-RT; median survival of the
mice was 92 and 53 days, respectively (34). Binding of
CTLA-4 to B7 ligand of antigen presenting cells (APCs)
also triggers inhibitory signals causing anergy of effector
T cells and clonal contraction (35). Targeting CTLA-
4 therefore not only reverses these immunosuppressive
effects, but also contributes to further immune “priming”
by F.-dependent depletion of T, cells within the tumor.
Together, these effects induce an immuno-conversion from
a “cold” to a “hot” tumor.

Next, concurrent RT and immunotherapy exploits a
separate mechanism that is linked to RT-induced DNA
damage (Figure I). As previously explained, the accumulation
of cytosolic dsDNA fragments in the irradiated tumor cell
activates IFN-I via the cGAS-STING pathway (18,25). This
phenomenon is cumulative with increasing RT dose (per
fraction), but nonetheless appears to have a plateau effect

Chin Clin Oncol 2018;7(2):15
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Figure 1 Sequencing approaches for combinatorial RT and immunotherapy for de novo and isolated recurrent locally advanced NPC.
APC, antigen-presenting cell; cGAS, cyclic GMP-AMP (cGAMP) synthase; CTLA4, cytotoxic T-lymphocyte-associated antigen 4; IFN,
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tumor microenvironment; Trex1, three-prime repair exonuclease 1; NPC, nasopharyngeal carcinoma.

beyond 10 Gy. In fact, it was recently shown by Vanpouille-
Box and colleagues that above this dose, three-prime
repair exonuclease 1 (Trex1) is induced, which causes
rapid degradation of cytosolic DNA, precluding the
activation of cGAS-STING pathway and subsequent IFN-I
production (24). This highlights the importance of
developing a sound mechanistic understanding of the RT-
induced immune response, so that the optimal RT dose
and fractionation regime can be designed for maximum
therapeutic efficacy in combination with immunotherapy.
RT-induced ICD also has the potential to drive immuno-
conversion by modulating the microenvironment to enhance
T cell infiltration, but this however often associated with
corresponding upregulation of PD-L1 expression on surviving
tumor cells (36). PD-L1 upregulation has been attributed
to DSB-dependent damage signaling mediated by ataxia
telangiectasia mutated (ATM), ataxia telangiectasia and
Rad3-related protein (ATR) and checkpoint kinase 1 (Chkl)
kinases (37). Binding of PD-L1 on tumor cells to PD-1 on
effector T cells results in T cell exhaustion and immune
suppression despite of the increased T cell infiltration post-RT.
Hence, maintenance immunotherapy can be deployed to target
such RT-induced immune suppression in “hot” tumors. For
example, a study by Dovedi ez 4/. found that inhibition of PD-1/

PD-L1 axis concurrently or immediately after RT reverses T
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cell exhaustion and increases T cell lytic activity (26,38). Young
et al. also found that immunotherapy with agonistic anti-OX40
worked best when given one day after RT during the post-RT
window of increased antigen presentation (34). This was because
resting T" cells did not express OX-40; the expression of OX-40
was transiently induced on activated T cells following antigen
stimulation, with peak expression observed between 24 h to 5 d
following initial stimulation (39). The binding of OX-40 on
effector T cells with the natural OX-40L ligand or agnostic
anti-OX40 antibody promoted their survival and expansion (40).
T, cells also constitutively express OX-40, and OX-40
stimulation on T, cells have been demonstrated to inhibit their
suppressor functions, thereby enhancing immune response (41).
In summary, each of the above sequential approaches
potentiates the RT response through independent pathways,
but much more work is needed to define the optimal
sequencing, type and cycles of immunotherapy to achieve
the maximum potentiation of RT. Moreover, while it would
seem that combination RT-immunotherapy is better tolerated
compared to chemo-RT, some retrospective studies have also
highlighted the potential for increased neurological toxicities
post-stereotactic radiosurgery for brain metastases (42).
Ongoing clinical trials (Table 1) investigating for different
combinatorial strategies will yield insights on other novel
pathways of immune modulation by RT, including the
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differential effects on tumor and normal tissues.

Exploiting the systemic abscopal effect of
immunotherapy in metastatic NPC

In widespread metastatic NPC, RT is often administered for
symptom relief using profound or moderate hypofractionation
regimens (single 8—10 Gy or 20-30 Gy in 5 fractions);
progressively, in patients with oligometastatic disease, local
therapy to the metastases using either stereotactic ablative
RT (30-50 Gy in 3-5 fractions) or surgical excision is being
considered, given the long-term control observed in some
patients (43). Such ablative doses of RT have been shown to
induce cellular and tissue effects amounting to an immuno-
conversion of the tumor into an #n situ vaccine; this process is
believed to be crucial in driving an acute systemic anti-tumor
response, resulting in what is known as an abscopal effect—
regression of tumors outside of the radiation field. However,
abscopal responses induced by RT alone are infrequent
(<10%) (44); reasons for this include physical anatomical
barriers and interlesional (tumoral) antigen heterogeneity
that may prevent an anti-tumor T' cell response in the non-
irradiated lesions. Nonetheless, unpublished data from our
group and others have revealed a systemic immune response
post-RT that is characterized by acute shifts in CD8 and CD4
(mainly effector memory subset of) T cells within 1 week
of irradiation; interestingly, these observations are also diverse
between patients. These findings raise the possibility of
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manipulating this systemic immune response to induce the
abscopal effect; in this space, combining immune checkpoint
blockade is the most commonly tested strategy at present,
albeit with some success (45,46). For example, Demaria ez /.
investigated the combinatorial treatment of RT and anti-
CTLA-4 in mice bearing 4T1 mammary carcinoma, and
observed that combining both therapies resulted in the greatest
reduction of the number of lung metastases (5 metastatic
nodules per mouse) compared to RT or anti-CTLA-4
treatment alone (17 and 14 nodules, respectively) (47). This
corresponded to a significantly longer mean survival of 49 days
for the group that received combinatorial treatment, compared
to 41 and 43 days for the individual treatments, respectively.
Mechanistically, the improved metastatic control is attributed
to the conversion of tumors into an iz situ vaccine by RT,
which involves the release of tumor-associated antigens as a
result of RT-induced ICD (Figure 2). These tumor-associated
antigens are taken up by APCs, which then traffic to draining
lymph nodes for presentation and T cell activation. By
combining RT with CTLA-4 blockade, sustained activation
and proliferation of tumor-specific T cells are achieved, which
then traffic to the distant metastases outside of the radiation
field, causing immune-mediated killing of these lesions.
Similarly, combinatorial treatment of RT and anti-
PD1 antibodies has been observed to produce abscopal
effects in mouse models of melanoma, renal cell carcinoma
and other cancers, along with clinical evidence supporting
this approach (48,49). A study by Sharabi ez 4/. showed
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that PD-1 blockade in combination with RT increases the
number of tumor-specific effector memory T cells (50). In
another proof-of-principle trial studying the combination of
RT and granulocyte-macrophage colony-stimulating factor
(GM-CSF), abscopal effect was reported in 26.8% (11 of 41)
of patients with metastatic solid tumors (51). Here, GM-CSE,
a potent cytokine, promotes differentiation of dendritic cells,
facilitating greater capture of tumor-associated antigens and
migration of antigen-loaded dendritic cells to the lymph nodes,
leading to enhanced presentation to T cells (52). In summary,
it can be observed that combinatorial RT and immunotherapy
serves to create an enhanced and sustained anti-tumor immune
response that can aid in the control of distant tumors via various
distinct mechanisms depending on the specific immunotherapy
that is utilized. Nonetheless, given the complex interplay
between the host immune system and the tumor immune
microenvironment, it is unsurprising that mechanisms of
resistance to combinatorial immune checkpoint blockade and RT
have been described. Referring to an elegant study by Twyman-
Saint and colleagues, they demonstrated that tumors eventually
developed a compensatory escape mechanism via PD-1/PD-L1
overexpression to resume tumor-associated immune blockade
following treatment with and-CTLA4 and RT; treatment with
dual checkpoint blockade and RT consequently resulted in a
significantly prolonged duration of response and survival (53).
It is therefore necessary to obtain a complete understanding of
the molecular pathways underpinning response and resistance to
immunotherapy and combinatorial strategies (54).

The optimal RT dose and fractionation required to
stimulate systemic anti-tumor immunity and the abscopal
effect is still under active investigation. RT regimens of
8 Gy x3 fractions or 6 Gy x5 fractions in combination with
immunotherapy were reported to result in an increased
likelihood of abscopal responses compared with a single
20 Gy dose. This may be explained by the activation of the
DNA exonuclease Trex1 and rapid degradation of cytosolic
DNA at high radiation doses, precluding cGAS-STING
activation and IFN-I production. In clinical practice, most
ablative RT regimens used to target metastatic lesions fall
within the range of 6-8 Gy per fraction (55,56), which
would be supported by the findings from preclinical models.
Ongoing clinical and companion translational studies will
help to inform on the optimal dose and fractionation.

Future directions: selecting the “right” patient

and immunotherapeutic agent

Looking ahead, it is obvious that optimizing patient selection

© Chinese Clinical Oncology. All rights reserved.
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is crucial given the immune diversity of cancer patients.
Moreover, the combination of RT and immunotherapy
may not be suitable for all patients, given the potential for
increased toxicities (42). In the space of radioresistant NPC,
our group has developed a novel clinical tool—PRANCIS
(Predicting RAdioresistant Nasopharynx Cacrclnoma
Survival) that accurately predicts survival and treatment-
related complications with a repeat course of RT (http://
prancis.medlever.com) (57). Using PRANCIS, patients
could be stratified into two risk-groups with disparate
survival outcomes of 75% (low-risk) vs. 25% (high-risk)
at 3 years post-RT. Here, we present a novel clinical trial
concept where PRANCIS can be utilized for optimal patient
selection to either a combinatorial immunotherapy-RT arm
or immunotherapy alone (Figure 3). In addition, we further
allow for the choice of immunotherapy between adaptive
vaccine against EBV-encoded proteins and checkpoint
inhibitors, given the efficacy of both agents in the metastatic
setting (14,15). As such, we may gain a deeper understanding
on the differential immune-related pathways between
adaptive vaccines and checkpoint inhibitors when combined
with RT that underpin the exaggerated clinical responses.
It is plausible that radioresistant NPC tumors harbor a
substantially higher mutational burden than treatment-
naive tumors, and therefore may respond preferentially to

checkpoint inhibitors (7).

Conclusions

RT has evolved in the last decade to achieve the optimal
delivery of radiation for maximum local tumor control,
along with minimizing toxicities; this is particularly evident
in NPC. The advent of immunotherapy has now triggered
the growing enthusiasm of using RT to invoke both local
and systemic immune response. Current evidence for the
potential efficacy of combinatorial treatment with RT and
immunotherapy is largely derived from in vitro and animal
models, which may not necessarily translate to responses
in the clinic. Robust hypothesis-testing clinical trials with
companion translational investigation on biological surrogates
of response and eventual resistance are therefore needed to
drive these experimental regimes into the clinic. Here, we
argue that combinatorial RT-immunotherapy may benefit
NPC patients across disease states; in particular, the role of
immunotherapy in the locally advanced subset is appealing,
since these patients succumb to radioresistant local and
systemic metastatic relapses. In addition, companion accurate
predictive tools are needed to identify suitable patients who

Chin Clin Oncol 2018;7(2):15
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Clinical trial schema for radioresistant nasopharynx cancer

1 Image-guided RT (IGRT)
= 60 Gy in 27 sessions (moderate hypofractionation)

Z SunYatsen Universiy = 63.8 Gy in 58 sessions, twice daily (hyperfractionation)

National Cancer
0 Centre Singapore

SingHealth

PRANCIS

Inclusion criteria:

QO Radioresistant I'NPC

0O Oligometastatic (<5 lesions
with primary Ir'NPC;
excluding liver)

Immunotherapy + IGRT
= EBV adaptive vaccine or common checkpoint inhibitors
= Prime 1 week before and concurvent

= Hypothesized benefit:
10% OS improvement

= EBV adaptive vaccine or Nivolumab / Pembrolizumab
(single or dual combination)

= Hypothesized Benefit:
20% response rates based on Phase IT trials'+!5

Historica risk of mortality

R ] & > 3

Figure 3 A novel clinical trial concept on combining RT and immunotherapy in NPC. EBV, Epstein-bar virus; RT, radiotherapy; IrNPC,
locally recurrent NPC; OS, overall survival; NPC, nasopharyngeal carcinoma.
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