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Introduction and background: Head and neck squamous cell carcinoma (HNSCC) has been increasingly
recognized as an immune suppressive malignancy. The efficacy of immune checkpoint inhibitors (ICI's)
in the context of recurrent/metastatic (R/M) setting anticipates the possible integration of immunother-
apy into the therapeutic armamentarium of locally advanced disease. Durvalumab (DUR) is a humanized
monoclonal IgG1, anti-PD-L1 antibody with promising data in R/M HNSCC. The aim of our study is to test
the antitumor activity of a combined regimen incorporating an immune checkpoint inhibitor into a con-
ventional bio-radiation strategy for the cure of unfavorable locally advanced HNSCC.
Methods/design: In this open label, multi-center, single-arm, phase I/Il study, enrolled patients will
receive Radiotherapy (RT) (69.9 Gy/2.12 Gy in 33 fractions) with concurrent Cetuximab (CTX) (400 mg/
m? 1 week before RT start followed by 250 mg/m? weekly) and DUR (fixed dose of 1500 mg every 4
weeks starting from RT-CTX week 1) followed by adjuvant DUR (to a maximum of 6 months after com-
pletion of RT-CTX). Primary endpoint of the study is 2-year progression-free survival (PFS). A safety run-
in is planned after the enrollment of first 12, 24 and 36 patients. Patients affected by high-risk (>N2a or
>T3, any N) larynx, hypopharynx and HPV negative oropharynx or HPV-positive oropharynx (>T2, >N2b,
>10 pack/years) will be eligible.
Discussion: Conventional intensification strategies failed to provide any benefit for the cure of locally
advanced HNSCC. For the still prevalent HPV-negative population and the high risk-HPV positive disease,
there is an unmet need for alternative treatment paradigms. Potentially, the inhibition of the PD-1/PD-L1
checkpoint may synergize with both CTX and RT through immunologic interplay, ultimately aiming to
reverse the HNSCC-induced immune suppression. The DUCRO study will seek to demonstrate if such a
strategy may be safe and active.
Trial registration: NCT number: NCT03051906
Trial registration: Eudract number: 2016-004668-20
© 2018 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction 3 weeks) is the standard non-surgical approach. However, this

treatment is associated with poor compliance and high rates of

Loco-regionally advanced head and neck squamous cell carci-
noma (HNSCC) is amenable to curative treatment but its manage-
ment poses a significant challenge to the multidisciplinary team. In
both primary [1,2] and high-risk post-operative settings [3,4], the
combination of radiotherapy (RT) with cisplatin (100 mg/m? every
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acute and late side effects [5].

In 2006, the landmark IMCL 9815 phase 3 trial [6] demonstrated
that the combination of RT with Cetuximab (CTX), a chimeric
mouse IgG1 monoclonal anti-EGFR antibody, led to improved sur-
vival compared with RT alone without an increased rate of >G3
acute toxicity or a detrimental effect on compliance and quality
of life [7,8]. In current practice, this effective regimen is an option
for patients with locally advanced HNSCC who are deemed ineligi-
ble to cisplatin, still pending the results of RTOG 1016
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(NCT01302834), the only large phase 3 randomized trial ever
designed to directly compare RT-CTX with chemo-radiation with
overall survival (0S) as primary endpoint. A series of clinical trials
conducted in last 10 years exploring other anti-EGFR targeted
strategies consistently failed [9-12] to replicate the magnitude of
benefit observed with CTX, both in the locally advanced and recur-
rent/metastatic (R/M) setting. The hallmark of an unsuccessful
intensification approach in biomarker-unselected patients is repre-
sented by the phase III RTOG 0522 study [13], which did not show
any benefit by adding CTX to cisplatin-based chemoradiation, but
only led to more >G3 toxicity and RT interruptions. The negative
results of the trial generated the hypothesis [14] that platin-
compounds and CTX may exert overlapping, but not supra-
additive, effects of radiosensitization, therefore resulting in no
additional benefit when administered together. The observation
that the efficacy of anti-EGFR treatment in HNSCC is mainly
restricted to CTX can justify the hypothesis that other factors play
a role in favoring its anticancer effect, namely immunologic mech-
anisms. Other than inducing pro-apoptotic signals and inhibiting
DNA double strand break repair mechanisms, the interplay of
CTX with both innate and adaptive immunity has been described
by several investigators [15-18]. In light of its chimeric antibody
composition and IgG1 isotype, it has been shown that CTX can
rapidly elicit a process of antibody-dependent-cellular cytoxicity
(ADCC) by natural killer (NK) cells. In addition, CTX is able to
enhance the antigenic cross-talk between dendritic and NK cells,
which in turn may favor a sustained recruitment of EGFR-specific
T cells [19,20].

Despite the fact that multimodality treatment is standard of
care in locally-advanced HNSCC, the overall prognosis has not
changed appreciably in last decades, with the only notable excep-
tion represented by the 60% reduction in risk of death observed in
the growing population with Human Papilloma Virus (HPV) - dri-
ven oropharyngeal cancer.

It is growingly recognized that HNSCC is an immune suppres-
sive malignancy [21,22]. Among other mechanisms of immune
evasion, both HPV negative and positive tumors are able to induce
a marked anergy in tumor-infiltrating lymphocytes (TIL's) by
upregulating co-inhibitory signals at the tumor cell - T cell inter-
face. In particular, as one of main immune system’s mechanisms
involved in preventing excessive inflammatory responses, the pro-
grammed death ligand 1 (PD-L1)/PD-1 axis is commonly exploited
in HNSCC to promote immune escape. Over 60% of both HPV pos-
itive and negative tumors overexpress PD-L1, thereby exhausting
PD-1 positive T cells and preventing immune elimination. Given
these observations, it has been postulated that HNSCC may benefit
from immunotherapeutic strategies, primarily aimed at PD-L1/PD1
checkpoint blockade. In analogy with two other anti-PD1 antibod-
ies [23,24], Durvalumab (DUR) was the first humanized mono-
clonal IgG1 anti PD-L1 agent to yield promising anti-tumor
response in heavily pre-treated, PD-L1 positive HNSCC patients
with R/M disease [25]. The efficacy of immune checkpoint inhibi-
tors (ICI's) in the context of R/M setting anticipates the potential
implications of integrating immunotherapy into the therapeutic
armamentarium of locally advanced disease.

For the still predominant patients’ population with HPV - neg-
ative disease, disease-free survival has not improved beyond the
historical 50% rate notwithstanding intensification approaches. In
light of the unacceptable toxicity observed with conventional
strategies, an unmet clinical need is to look for alternative thera-
peutic paradigms.

For HPV-positive, low-risk oropharyngeal cancer, ongoing de-
escalation trials will seek to demonstrate if a reduction of treat-
ment intensity can be safely employed, both in terms of non-
inferior outcome and reduced morbidity compared with standard
concurrent chemo-radiation. However, novel treatments have to

be explored for the high-risk HPV-positive subgroup, where
advanced disease and significant tobacco exposure are associated
with suboptimal long-term disease control, particularly due to dis-
tant failure [26].

With this background in mind, the aim of our study is to test the
antitumor activity of a combined regimen incorporating an
immune checkpoint inhibitor into a conventional bio-radiation
strategy for the cure of unfavorable locally advanced HNSCC.

Materials and methods
Study design and patient population

In this open label, multi-center, single-arm, phase I/II study,
enrolled patients will receive RT (69.9 Gy/2.12 Gy fx in 33 fractions
over 7 weeks) with concurrent CTX (400 mg/m? 1 week before RT
start followed by 250 mg/m? weekly) and DUR (fixed dose of
1500 mg delivered every 4 weeks starting from RT-CTX week 1)
followed by adjuvant DUR with the same schedule to a maximum
of 6 months after completion of RT-CTX (flow chart shown in
Fig. 1). The total treatment time will be of 8 months. After the last
administration of DUR, the follow-up time will consist of 36
months of observation.

Patients will undergo a centralized assessment of their tumor
tissue sample to determine PD-L1 status through Ventana SP263
assay. A pre-specified cut-off level of >25% of tumoral PD-L1
expression will categorize the samples into PD-L1 positive or
negative.

Patients eligible for curative treatment not considered for pri-
mary surgery based on multidisciplinary decision will be enrolled.
The main inclusion criteria are as follows:

histologically proven diagnosis of squamous cell carcinoma of
the oropharynx, hypopharynx and larynx

for patients with oropharyngeal cancer: confirmed HPV status
by HPV-DNA in-situ hybridization prior to registration

clinical stage of HPV-negative oropharynx and all hypopharynx
and larynx: T1-2, N2a-N3 or T3-4, any N (AJCC, 7th ed.)
clinical stage of HPV-positive oropharynx: T2-4, N2b-N3 (AJCC,
7th ed), with smoking history of >10 pack/years

- adequate normal organ and marrow function

- Eastern Cooperative Oncology Group (ECOG) performance sta-
tus of O or 1.

Subjects should not enter the study if any of the following
exclusion criteria are fulfilled:

- head and neck cancer of any other primary anatomic location
not specified in the inclusion criteria including patients with
HNSCC of unknown primary

Concurrent treatment
IMRT SIB - 69.9 Gy/2.12 Gy fx in 33 fractions over 7 weeks
CTX 400 mg/m? 1 week before RT, followed by 250 mg/m? g1w
DUR 1500 mg g4w starting from RT-CTX week 1

Adjuvant treatment
Adjuvant DUR 1500 mg g4w starting 2 weeks after
RT-CTX (week 9), to a maximum of 6 months

’ Survival Follow-up

Fig. 1. Study schema.
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- gross total excision of both primary and nodal disease

induction chemotherapy

current or prior use of immunosuppressive medication within

28 days before the first dose of DUR, with the exceptions of

intranasal and inhaled corticosteroids or systemic corticos-

teroids at physiological doses, which are not to exceed 10 mg/-

day of prednisone

- active or prior documented autoimmune disease (within the
past 2 years) or inflammatory bowel disease.

Study objectives

The primary objective of the study is to evaluate the antitumor
activity of the combined regimen of Durvalumab, Cetuximab and
Radiotherapy (DUCRO) in terms of 2-year progression free-
survival (PFS) according to RECIST 1.1. The secondary objectives
of the study are to assess:

- the safety of DUCRO in terms of acute and late toxicities
(according to CTCAE v.4)

- the tolerability of DUCRO in terms of relative dose intensity
(RDI) of each component

- the efficacy of DUCRO in terms of 2-year locoregional control
and 2-, 5-year overall survival (OS)

- disease-related symptoms and health-related quality of life
with validated questionnaires (EORTC QLQ-C30 and EORTC
QLQ-H&NS35).

The exploratory objectives of the study are to assess the role of
immune-related markers in tumor and blood samples predicting
clinical benefit (Table 1).

Methodology

A fixed dose of 1500 mg DUR will be administered every 4
weeks. In line with standard practice, CTX will be given weekly
at a dose of 250 mg/m? following a loading dose of 400 mg/m? 7
days before the start of RT. DUR and CTX will be delivered with a
minimum of 48 h apart. Intensity modulated radiation therapy
(IMRT) is deemed mandatory for this study. IMRT will be delivered
in 33 fractions over 7 weeks, 5 fractions weekly with a simultane-
ous integrated boost (SIB) technique. The dose will be prescribed to
the median of Planning Target Volumes (PTV’s) as follows:

e PTV1 will be prescribed 2.12 Gy per fraction up to a total dose of
69.9 Gy

e PTV2 will be prescribed 1.8 Gy per fraction up to a total dose of
59.4 Gy

e PTV 3 will be prescribed 1.6 Gy per fraction up to a total dose of
52.8 Gy.

Table 1
Translation research overview.

Material/ T1 (pre-treatment) T2 (+15 days from T3 (+90 days from
Timing RT start) RT last day)
Tumor TIL's (CD3+,CD4+, (Optional re- None
CD8+; Foxp3+); biopsy) (optional in case of
PD-L1; TIL's (CD3+,CD4+, salvage surgery)
HPV-ISH; CD8+; Foxp3+);
PTEN; PD-L1
HER3
Plasma PBMCs; IL-6, IL-10, TGFb, IL-6, IL-10, TGFb,
IL-6, IL-10, TGFb, Galectin-1, IFN- Galectin-1, IFN-
Galectin-1, IFN- gamma gamma
gamma

RT: radiotherapy; PBMCs: peripheral blood mononuclear cells

By definition, the PTV will consist of a 5-mm expansion margin
given to the corresponding Clinical Target Volume (CTV). A margin
expansion of 3 mm will be allowed in case of daily Image Guided
Radiation Therapy (IGRT). In order to exploit the positive immune
modulatory effects of RT on tumoral micromilieu, but also to to
avoid a potential RT-induced chronic loco-regional immunosup-
pression, a dose-painting technique will be employed to spare
lymph node basins deemed at very low risk of disease spread. As
a low-planning priority, the objective is to keep a median dose
<40 Gy to these areas. Nodal target volume selection recommen-
dations are described in Table 2. In addition, planning efforts are
encouraged to avoid skin hot spots and snap the dose off the super-
ficial layers. If judged clinically acceptable, it is recommended that
the PTV’s are cropped within 3 mm of the skin surface. Preliminary
credentialing of participating centres focused on their technologi-
cal assessment is planned. The execution of a dummy-run proce-
dure before the start of the clinical activity will be required. The
quality assurance procedures will be performed by the coordinat-
ing center.

Statistical analysis

Assuming a 2-year PFS of 66% based on historical data from
RTOG study 0129 [27] in patients treated with concomitant
chemoradiotherapy, the combined regimen of DUR, CTX and RT
is hypothesized to yield a 12% absolute increase in anti-tumor
activity at 2 years, corresponding to a hazard ratio of 0.6. An A’Hern
design will be used, assuming the null hypothesis (HO) that the 2-
year PFS is 66% versus the alternative hypothesis (Ha) that the 2-
year PFS is 78%. The significance level is alfa=0.1 and the power
is 0.80 when the 2-year PFS is 78%. The required sample size with
this design is 66. The proportion of patients progression-free at 24
months will be summarized with corresponding 80% 2-sided con-
fidence intervals. If at least 49/66 patients are progression-free at
24 months the combination therapy will be declared worthy of fur-
ther investigation, corresponding to the lower limit of the confi-
dence interval excluding 66%. In order to account for withdrawal
and drop out of patients from the trial, a 5% increase in accrual is
warranted, to a total of 69 patients to be enrolled. Patient accrual
is expected to be completed within 24 months. PFS, locoregional
control and OS will be estimated by the Kaplan Meyer method.

The safety of DUCRO will be specifically evaluated by the inves-
tigators after the enrolment of first 12, 24 and 36 patients (phase I
part of the study). In particular, the assessment period of 3 consec-
utive cohorts of 12 patients each will start from the beginning of
the concurrent phase until 8 weeks after its completion. By
definition:

the incidence of dose limiting toxicity (DLT) should be <33% of
each consecutive cohort

the incidence of serious adverse event (SAE’s) should be <10% of
each consecutive cohort

the incidence of DUR-related, out-of field >G3 rash (as AESI)
should be <10% of each consecutive cohort.

A DLT is defined as follows:

onset of >G3 bioradiation dermatitis during the first two weeks
of combined treatment (before week 3, within 21.2 Gy)

onset of >G4 bioradiation dermatitis during the first three
weeks of combined treatment (before week 4, within 31.8 Gy)
onset of >G3 mucositis during the first two weeks of combined
treatment (before week 3, within 21.2 Gy)

onset of G4 mucositis during the first three weeks of combined
treatment (before week 4, within 31.8 Gy)

G4 bioradiation dermatitis and/or G4 mucositis lasting >14 days
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Table 2
Recommendations on nodal target volume selection.
Site CTV2 CTV3 Spared level(s) Caveats
Oropharynx ipsilateral II, III, IV controlateral I bilateral IB and V, if pathologic node is IIA, ipsilateral

T1-T3 NO-2a (lateralized T, mainly tonsillar fossa/
pillars: BOT not involved, T < 1 cm soft palate)

Oropharynx ipsilateral II, III, IV and V
T1-T3 N2a (BOT, soft palate, median tumors)
or T1-T3 N2b

Oropharynx bilateral II

T4NO (median or bulky tumors)

Oropharynx ipsilateral II, III, IV and V
T4, N1-N2b and controlateral II
Oropharynx bilateral I, III, IV and V

Any T, N2c or N3
Hypopharynx

T1/T2 N2a (lateral wall of pyriform sinus)
Hypopharynx

T1/T2 N2b (lateral wall of pyriform sinus)

ipsilateral II, III, IV

ipsilateral II, III, IV and V

Hypopharynx bilateral II and III
T3/T4NO

Hypopharynx ipsilateral II, III, IV and V
T4, N1-N2b and controlateral I, III

Hypopharynx bilateral II, III, IV and V
Any T, N2c or N3

Larynx bilateral Il and III
T3/T4NO

Larynx ipsilateral II, III, IV and V
Any T, N1-N2b and controlateral II, 111

Larynx bilateral 11, III, IV and V

controlateral Il
and 1II

bilateral III

controlateral
11, IV and V

consider
avoiding CTV3

controlateral Il
and 111

controlateral II
and III

bilateral IV

controlateral
IV and V

consider
avoiding CTV3

bilateral IV

controlateral
IV and V

consider

controlateral III, IV,
RF

bilateral IB,
controlateral IV and
V, RF

bilateral IB, IV and V,
RF

bilateral IB and RF
bilateral IB and RF
bilateral IB and V,

controlateral IV, RF

bilateral IB,
controlateral IV and
V, RF

bilateral IB and V, RF
bilateral IB and RF
bilateral IB and RF
bilateral IB and V, RF

bilateral IB and RF

bilateral IB and RF

IB should be in CTV2

o if pathologic node is IIA, ipsilat-
eral IB should be in CTV2

e if posterior pharyngeal wall is
infiltrated, RF should be in
CTv2

if posterior pharyngeal wall is
infiltrated, RF should be in CTV2

(See above caveats)
(See above caveats)
if pathologic node is IIA, ipsilateral

IB should be in CTV2

(See above caveats)

if posterior pharyngeal wall is
infiltrated, RF should be in CTV2

(See above caveats)

(See above caveats)

if posterior pharyngeal wall is
infiltrated, RF should be in CTV2

(See above caveats)

(See above caveats)

Any T, N2c or N3

avoiding CTV3

BOT: base of tongue; CTV: clinical target volume; RF: retropharyngeal nodes.

- any toxicity leading to an interruption of RT longer than 1 week
- persistence of > G3 mucositis and/or bioradiation dermatitis for
>4 weeks after completion of the combined regimen.

A formal assessment of tolerability will be performed by the
investigators as part of the safety run-in after the enrolment of
the 36th patient. The study may be discontinued if, in the judge-
ment of the investigators and the institutional review board, study
patients are placed at undue risk because of clinically significant
findings based on the aforementioned criteria analyzed in the
phase I part of the trial.

Funding

This is an investigator-initiated study designed by the coordi-
nating center. The study sponsor is Azienda Ospedaliero-
Universitaria Careggi, University of Florence, Italy. Partial financial
support for the conduct of the research and disposal of DUR will be
provided by Astrazeneca, who had no role in study design and in
the preparation of this article. It will also have no role in the collec-
tion, analysis and interpretation of the data as in the writing of the
final manuscript. Funding is also ensured by the study sponsor and
by a no-profit charity organization (Fondazione Firenze Radioter-
apia Oncologica). Eight Italian centers will participate in the trial.

Discussion

Recent trials [18,23-25] showed that ICI's have promising
efficacy in HNSCC. Both in R/M and locally advanced disease,

combination strategies are currently being explored to enhance
the antitumor activity achieved with single-agent PD1/PD-L1
blockers. In the curative setting, when prioritizing how to exploit
and potentially boost the efficacy of ICI's, two main strategies
can be envisioned. In light of its ability to induce ADCC, some
investigators referred to CTX as the first immunotherapy available
in head and neck cancer. Recently, the biologic mechanisms sup-
porting a potential synergy between CTX and ICI's were further
unravelled. The EGFR pathway is recognized to mediate several
immune-suppressive signals [28]. After analyzing PD-L1 expres-
sion in tissue samples from 134 patients, Concha Benavente et al.
[29] investigated in a panel of 8 HNSCC cell lines the molecular
pathways involved in PD-L1 upregulation. As already demon-
strated in lung cancer [30], the authors showed that PD-L1 is
upregulated at mRNA and protein levels as a result of EGFR down-
stream pathways, such as the JAK2/STAT1 signaling. In addition, Jie
et al. [31] showed that in patients receiving CTX in a prospective
phase 2 study (NCT01218048), the increased frequency of PD-1
on CD8+ TIL’s was inversely correlated with response to treatment.
Overall, translational data and early preclinical evidence warrant
further investigations on the combination of CTX and ICI's. Another
active area of research is focused on the possible interplay between
RT and immune blockers. There is accumulating evidence that RT is
able to induce an immunogenic cell death mainly through
enhanced antigen presentation, activation of dendritic cells, prim-
ing of tumor-specific T cells and increased density of TIL's [32]. In
addition, PD-L1 is commonly upregulated in surviving tumor cells
after radiation, thus representing a possible counterbalancing
mechanism of radioresistance [33,34]. In a murine model, Deng
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et al. [35] showed that a significant growth delay was obtained
when anti-PD-L1 blockade was delivered together with radiation
through a CD8+ T-cell dependent manner. The induction of stimu-
latory effects by RT can be accompanied by immune suppressive
mechanisms such as an increase in regulatory T cells and
myeloid-derived suppressor cells, as showed by a longitudinal
analysis of peripheral blood samples in a pilot cohort of 20 patients
[36]. In addition, it was hypothesized [32,37] that an extensive
irradiation of elective lymph node basins may prevent the genera-
tion of favorable radiation-induced immune responses through the
elimination of tumor-specific CD8+ T cells and effectory memory
cells. Taking altogether, a sound rationale may support the hypoth-
esis that a restored PD-L1/PD-1 axis through the use of ICI's may
synergize with a combined CTX - RT approach, ultimately aiming
to reverse the HNSCC-induced immune suppression. Preliminary
data on the safety of ICI's in the context of locally advanced HNSCC
have recently been disclosed. A dose finding study [38] on 18
patients showed that the combination of CTX, IMRT and 1 mg/kg
of Ipilimumab is feasible. In a cohort of 27 patients [39], the addi-
tion of Pembrolizumab to cisplatin-based chemo-radiation was
well tolerated, not compromising the delivery of standard treat-
ment. Large phase 3 trials testing the integration of ICI's with stan-
dard chemo- (NCT02764593; NCT03040999; NCT02952586) or
bio-radiation (NCT02999087) are ongoing or soon due to start
accrual. The potential breakthrough of immunotherapy and its
combination with standard treatments in the context of locally
advanced HNSCC will be dependent on the evidence produced by
such trials in upcoming years.
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