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INTRODUCTION

Immune checkpoint inhibitors (ICI) have improved the prognosis of advanced
melanoma patients(1), particularly the anti-programmed death-1 (PD-1) monoclonal
antibodies (mAb) nivolumab and pembrolizumab. First line nivolumab or pembrolizumab has
led to better progression-free survival (PFS) and overall (OS) or melanoma specific survival
(MSS) when compared to chemotherapy or ipilimumab, an anti-CTLA-4 mAb (2, 3).
Depending on the line of treatment, anti-PD-1 monotherapy in advanced melanoma patients
without brain metastasis is associated with complete and partial response (CR and PR) rates
ranging from 20 to 40% and a median PFS of 4.1 to 6.9 months (1). Furthermore, brain
metastases, which convey a poor prognosis, have been reported for as many as 40% of
metastatic melanoma patients (4-7), and account for 10 to 20% of all patients with cerebral
metastases (8). A recent systematic review of 122 randomized controlled trials of metastatic
cutaneous melanoma treatments revealed that all but 29 of these studies excluded patients
with melanoma brain metastases (MBM) (9).

Thus, better strategies accounting for this patient population are urgently required.
Combined nivolumab with ipilimumab was demonstrated to provide higher response rates in
melanoma patients without brain metastasis, but the demonstration of longer PFS and MSS
when compared to nivolumab alone is lacking and severe adverse events (SAE) are over
twice as frequent among patients that received the combined therapies (10). This
combination was also demonstrated to provide in two non-randomized studies high response
rates, and encouraging PFS data in melanoma patients with 1-4 asymptomatic brain

metastases (11, 12), again at the cost of high toxicity.
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Radiotherapy exerts a whole range of actions upon the immune system (13), and
preclinical data suggest that ICI combined with radiotherapy could improve tumor response
(14). A systematic review of radiotherapy combined with ipilimumab in melanoma patients
revealed a 26.5% abscopal response rate (i.e. the regression or disappearance of tumor(s)
outside of the radiation field(s))(15). Although some studies have reported on the effect of
combining non-brain directed radiotherapy and anti-PD-1 mAb, its role in melanoma care is
still debated due to the frequent use of retrospective designs, inclusion of small numbers of
patients, and either multisite radiotherapy (16) or sub-optimal radiation scheduling (i.e.,
radiotherapy before anti-PD-1, insufficient dosing/session)(16, 17). In most studies, no
control group was present (18). We have previously reported that anti-PD-1 mAb and
concurrent hypo-fractionated radiotherapy induced a CR+PR rate of 36-38% that lasted for a
long period in advanced melanoma patients who either received early emergency
radiotherapy (19) because of life-threatening locations, or who had previously failed anti-PD-
1 monotherapy and received hypo-fractionated radiotherapy combined with an unmodified

anti-PD-1 mAb regimen (20).

Hypo-fractionated radiotherapy delivers higher doses than standard palliative
radiotherapy during a reduced number of sessions and may be more active when combined
with an ICI.(21) The above-mentioned results support the hypothesis that hypo-fractionated
radiotherapy could be the optimal extracranial radiotherapy to use in melanoma patients in
combination with an anti-PD-1 mADb. In cell culture and animal models, radiation-induced
immunogenic cell death occurs through the release of damage-associated molecular
patterns (DAMP), such as double-stranded DNA, which activates secretion of type-1
interferons (IFN) through the GMP-AMP synthase/stimulator of IFN genes (cGAS/STING)
pathway.(14) DNA exonuclease 3' repair exonuclease 1 (Trex1) was induced by radiation
doses above 12-18 Gy in different cancer cells and attenuated their immunogenicity by
degrading DNA.(22) Fractionated protocols of radiotherapy were more effective in inducing

immune-mediated abscopal effects than a single ablative dose and may overcome
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radiotherapy-induced adaptive resistance by upregulation of PD-L1.(23) Repeated radiations
at doses (8Gy x 3) just above the threshold of Trex1 induction greatly amplified type-1 IFN
production, resulting in recruitment and activation of Batf3-dependent dendritic cells which
are essential for priming of CD8+ T cells that mediate systemic tumor rejection in the context
of ICI.(22) In preclinical studies, the optimal dosing and fractionation strategy for each cancer
type has not yet been determined, but larger doses per fraction were associated with
enhanced abscopal effects.(23) In humans, high fraction doses were the source of most
reported abscopal effects observed without concurrent ICI.(15) In humans, a trial of
ipilimumab combined with hypo-fractionated radiotherapy (6GyX5 or 9GyX3) in 39 patients
with non-small cell lung cancer (where ipilimumab had failed to demonstrate significant
efficacy alone or in combination with chemotherapy), provided a proof-of-concept, with

radiological responses observed in 18% of patients along with type-1 IFN release.(21)

Few studies have investigated the association of ICI with concurrent brain
radiotherapy, which is currently mainly given as stereotactic radiosurgery (SRS), in
melanoma brain metastases (24). SRS delivers very high doses per fraction, far above the
standard 3 Gy in 10 fractions used standard in foto brain radiotherapy. However, logistical
constraints for brain radiotherapy and, when a gamma-knife device is used, the need to
screw under anesthesia an helmet to the scalp bones, prevent repeated dosing. In a
retrospective study with a median follow-up of 15 months, the 6-month and 12-month
intracranial PFS rates were 69% (95%CI,54-87%) and 42% (95%CI,24-65%) for the 35
patients receiving SRS and nivolumab. The 12-month extracranial PFS and OS were 37%
and 78%, respectively (25). In 25 patients with brain metastasis treated with pembrolizumab
and SRS followed for a median time of 8.4 months, local control was achieved in 68% of

patients, and the median OS was 15.3 months (95%Cl,4.6-26 months) (26).
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Our objectives are to evaluate hypo-fractionated radiotherapy and/or SRS combined
with anti-PD-1 mAb continuation in a large cohort of consecutive advanced melanoma
patients treated with anti-PD-1 mAb monotherapy. To date, in our skin cancer specialized
department, more than 200 advanced unresectable melanoma patients have received anti-
PD-1 monotherapy and because of our previous works, we have largely prescribed hypo-
fractionated radiotherapy. We have entered patients characteristics and have collected
prospectively the result of radiological evaluations in the clinical system of our hospital

(ORBIS).

The aims of this retrospective study are:

1/ to look if large use of hypo-fractionated radiotherapy or SRS in routine care can
increase the rate of complete response. Complete responses have been observed in less
than 15-19% of included patients in registration trials. Our policy of frequent use of
radiotherapy in case of progression while on anti-PD-1 monotherapy or in case of emergency
in the same situation may have raised the % of complete response to 230%. Achieving CR
with anti-PD-1 mAb seems an important goal to achieve, as such patients experience long

lasting CRs even when the anti-PD-1 administration has bee stopped.

2/ to compare Kaplan Meier curves of MSS and PFS in radiated and non-radiated
patients, taking as origin anti-PD-1 initiation and, for patients with radiotherapy, comparing

those responding and those not responding from the date of first radiotherapy session.

3/ to assess the rate of patients with CR who can stop treatment without relapse.

4/ To better characterize the profile of patients achieving PR or CR with hypo-
fractionated radiotherapy by comparing those achieving PR + CR to those achieving S and P
by studying known prognostics factors of advanced melanoma or of radiotherapy: elevated
LDH serum level, ECOG performance status, N of metastatic sites, AJCC8th edition staging,

presence of brain of liver metastasis, N previous treatments of advanced melanoma,
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previous use of BRAF+MEK inhibitors in BRAFV600-mutant melanoma, presence of
oligometastatic disease’, presence of oligoprogression? (27), indication for radiotherapy
(emergency early radiotherapy versus late radiotherapy for confirmed progression), number
of radiotherapy sessions, organs radiated (lymph node/no lymph node), mutational status.
Rather than an intra-cohort case-control study, a propensy score will be used if predicitve

factors are suspected.

4/ to precise on a large number of radiated patients the percentage of patients with

abscopal effect

5/ to precise the kinetics of response in responding patients (after which delay first

response is seen?)

6/ to compare SRS, hypo-fractionated radiotherapy, and conventional radiotherapy

7/ to assess the percentage of patients with CR and treatment cessation, and the

probability of recurrence, and effect of retreatment.

Patients and methods

Most data are prospectively collected in our skin cancer department since January 1,

2014 (date of early access programs and commercialization of anti-PD-1 mAb) and

" A type of metastasis in which cancer cells from the original (primary) tumor travel through the body
and form a small number of new tumors (metastatic tumors) in one or two other parts of the body

2 Oligoprogression is an increasingly recognized concept in oncology, denoting a state where after
an initially successfully systemic therapy of disseminated metastases, a single or very few lesions
display further progression. A key difference between the related concepts of oligometastasis and
oligoprogression is that a patient with the latter can have generally any number of metastases as long
as only a solitary or a select few show progression, with the rest displaying either regression or
stability while the patient continues to receive systemic antitumor therapy '. By definition, the state of
oligoprogression occurs after initially successful therapy of polymetastatic disease, where disease
progression is encountered only in a minority of the affected sites 2. The criteria of oligoprogression
have not yet solidified, with some studies describing a precise number e.g. four or fewer sites of
progression in NSCLC as the prerequisite for it
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maintained to date for melanoma patients treated with anti-PD-1 mAb and not included in
industry-sponsored clinical trials. BRAF'®® and NRAS®®' mutational status are assessed as
previously reported.(28, 29) Nivolumab was given intravenously initially every 2 weeks at a
dose of 3 mg/kg and pembrolizumab at 2 mg/kg every 3 weeks, according to product labels,
until unambiguous PD, unacceptable side effects, or clinician decision to discontinue
treatment. Fixed dose schedules were also used when this new regimen granted marketing
authorization in France. Additionally, anti-PD-1 mAb was continued beyond progression at
first evaluation to allow for pseudo-progression(30) or later if at least one lesion could be

treated with a local treatment such as radiotherapy or surgery.

Patients are followed according to our standard procedures, which require a medical
consultation with standardized questionnaire before each infusion and standardized blood
tests before and at every other infusion of anti-PD-1 mAb. Efficacy was evaluated every 3
months using thoracic, abdominal and pelvic computed tomography (CT) scans, head CT
scan or magnetic resonance imaging, carried out by radiologists experienced in melanoma.
In addition, normal (18)F-labeled fluorodeoxyglucose-positron emission tomography (FDG-
PET) scans were required to confirm CR or to address ambiguous CT images. All images
were analyzed on a weekly basis during a joint meeting with radiologists, with measuring of
target lesions according to Response Evaluation Criteria In Solid Tumors version 1.1
(RECIST 1.1) guidelines(31) and evaluation of tumor response. All tumor evaluations were
carried out blinded to characteristics of radiotherapy (except the site) and stored
prospectively in the patient files. Adverse events were routinely graded according to the

Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.

Our specialized melanoma tumor board provided the indications for concomitant
radiotherapy which could be performed either within the first 3 months of PD-1 blockade for
rapidly progressing symptomatic or life-threatening lesion(s), or later in patients with PD or in
patients with long-lasting SD on anti-PD-1 therapy. The radiotherapy regimen was

standardized for most patients: for extra-cranial lesions, patients received 3-5 doses; for
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cranial radiotherapy, patients received stereotactic radiosurgery (SRS) in one or two

sessions delivered through a Gamma-knife or another stereotactic procedure.

For this study, the collection of data will be locked on April 30, 2021, and we will search
for records of all patients with confirmed inoperable, AJCC stage IlIC-IV cutaneous or
mucous membrane melanoma treated with pembrolizumab or nivolumab monotherapy,
regardless of BRAF and NRAS mutational status and number and type of previous therapies,

between January 1, 20154, and August 30, 2019.

Key exclusion criteria will be: age <18 years, association with ipilimumab, ECOG status
>2, inclusion in a randomized industry-sponsored trial for which we were blinded to the

treatment received.

We will search for the patients who received concomitant radiotherapy (defined as at
least one dose given during pembrolizumab or nivolumab treatment and one month after last
dose). All radiotherapy procedures performed during study window will be recorded.
Conventional radiotherapy will be defined around 2 Gy/fraction, with 5 fractions/week.
Hypofractionated radiotherapy will be defined as >4 Gy/fraction and less fractions.
Stereotactic radiosurgery (SRS) will be defined use of ablative single doses between 9 and

24 Gy and one or very few fractions, with very precise irradiation of small tumor volumes.

Patients will then be divided in 2 groups: those with concomitant radiotherapy and
those without radiotherapy. Those with concomitant radiotherapy will be divided in 2
subgroups: those with rapidly progressing symptomatic lesions or threatening location(s)
receiving radiotherapy within the first 3 months of PD-1 blockade (“emergency radiotherapy
group”); and those with PD either slowly or after first response or long-lasting SD (confirmed

on two consecutive CT-scans) on anti-PD-1 therapy (“late radiotherapy group”).

Data extraction
The following information will be extracted from the ORBIS clinical database and

retrospectively analyzed:
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For all patients, treatment initiation date and final date of anti-PD-1 mAb, age at anti-
PD-1 initiation, gender, primary melanoma characteristics (date of diagnosis of primary and
of metastatic disease, histologic subtype of primary, Breslow, ulceration, mitotic index,
BRAF, NRAS and cKit mutational status), previous systemic therapies for advanced
melanoma, and, at initiation of anti-PD-1 mAb, AJCC8th edition staging, Eastern
Cooperative Oncology Group (ECOG) performance status, metastatic site(s), lactate
dehydrogenase (LDH) serum levels (<UNL, >1UNL<2, >2UNL), presence of brain or liver
metastasis, dates and results of all radiological and final survival assessments, treatments
given after progression if any.

For patients with concomitant radiotherapy, we will add dates and characteristics of
the radiotherapy sessions (date of first fraction, N fraction, N Gy/fraction, total dose,
targets), its intention (early emergency/late radiotherapy), some further characteristics of
the melanoma (oligometastatic, oligoprogression), responses in radiated and non-radiated

lesions (and thus the presence of abscopal effect), and toxicity.

Endpoints

The primary endpoints will be responses according to RECIST 1.1 criteria. The
baseline images for evaluating radiotherapy and PD-1 blockade will be those taken
immediately prior to radiotherapy. According to the RECIST 1.1 criteria,(31) CR will be
defined as the disappearance of all lesions (with lymph nodes having reached a dimension
<10 mm in their smallest axis), PR as a decrease by at least 30% of the sum of the
diameters of the target lesions, PD as an increase >20% of the sum of the diameters of the
target lesions or occurrence of any new lesions, and SD as having neither sufficient
shrinkage to qualify for PR nor sufficient increase to qualify for PD. For radiated patients,
separate evaluation will be performed as previously published (19) in radiated and non-
radiated areas using RECIST 1.1 criteria, with abscopal effect defined as PR or CR outside

radiated fields.
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Secondary endpoints will be MSS (time from the first dose of anti-PD1 mAb to death
from melanoma), PFS (time from first dose to documented PD or death), and safety. We will

also calculate MSS and PFS from the first day of radiotherapy.

Ethics

According to French Law, this study abides by standard medical practices and does
not require a written informed consent. However, consent was obtained orally from all
patients. In addition, numerous patients gave written informed consent to participate in one
or two national prospective cohorts of advanced melanoma (MelBase: NTC028228202, RIC-
Mel: NCT03315468). Study will be conducted according to the principles of the declaration of

Helsinki.(32)
Methods of informing the population concerned

All patients will be fully and fairly informed, in understandable terms, of the objectives
of the study, of their rights to refuse to participate in the study or of the possibility to withdraw
from the study at any time. Individual information concerning research activities in the

institution must be provided to the persons concerned.

If the patient objects to the use of his or her data, a member of the medical team must

mention this in his or her medical file.
Steps relating to IT regulations and freedom
1.1.1. Data processing in France
Commitment to comply with the "Reference Methodology" MR 004

This research falls within the framework of the "Reference Methodology for the
processing of personal data implemented in the framework of research in the field of health"
(MR-004 modified). AP-HP, the promoter of the research, has signed an undertaking to

comply with this "Reference Methodology".
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The law stipulates that the declaration of the computerised file of personal data

collected for the research must be made before the actual start of the research.

Statistics

If difference are observed in radiated and non-radiated patients, a propensity score
matching (PSM) will be performed to match treatment groups (with/without radiotherapy)
according to patient characteristics. For PSM, all covariates that could have an influence on
outcome will be included (age, ECOG PS status, brain metastases, previous therapy,
AJCC8th edition staging, LDH serum level, N of sites with metastasis 23, <3). We will
measure covariate balance by calculating the z-difference [63]. Statistical analyses will be
performed separately for the entire patient cohort and for the PSM cohort. All statistical
analyses will be performed using SPSS v. 24 (IBM Corp, Armonk, NY, USA)and R v. 3.4.3
(R Core Team, Vienna, Austria: R Foundation for Statistical Computing, 2017). Patient and
disease characteristics, as well as treatment-related toxicities, will be compared by the
Kruskal-Wallis test for continuous variables and Pearson’s chi-square test for categorical
variables where appropriate. PFS and MSS will be estimated by the Kaplan—Meier method
and curve comparisons were calculated using the log-rank test. Multivariable Cox
proportional hazards regression will be performed to evaluate the effect of multiple covariates
simultaneously on outcomes. In any case, p-values < 0.05 will be considered significant and
refer to two-sided tests. Quantitative data will be expressed as median and range, qualitative
data as frequency and percent.

Number of patients to include: With >200 patients treated in the study period, of whom
=100 have received concurrent radiotherapy, we have enough power to demonstrate an

increase of the CR rate from 15-20% to 30%.
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