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ABSTRACT

We conducted a phase | dose-escalation trial of radiation with ipilimumab in patients with melanoma with
>2 metastatic lesions. Here, we report the final full clinical analysis. Patients received RT (6 or 8 Gy x 2 or 3
doses) to a single lesion followed by 4 cycles of ipilimumab. The primary endpoint was maximum
tolerated dose of RT, and secondary endpoint was response at non-radiated sites. Twenty-two patients
with treatment-naive (n = 11) or treatment-refractory (n = 11) Stage IV melanoma were enrolled. There
were 31 treatment-related adverse events (AEs), of which 16 were deemed immune-related. Eleven
patients had grade 3 AEs (no grade 4/5). There were no dose-limiting toxicities related to the radiation/
ipilimumab combination. Five of 22 patients (22.7%, 95% Cl 7.8-45.4%) had partial response as best
response and three (13.6%) had stable disease. Median overall survival was 10.7 months (95% Cl,
4.9 months to not-estimable) and median progression-free survival 3.6 months (95% Cl, 2.9 months to
7.8 months). Seven patients were still alive at the time of last follow-up (median follow-up 89.2 months),
most of whom received pembrolizumab after progression. Radiotherapy followed by ipilimumab was well
tolerated and yielded a response rate that compares favorably to the objective response rate with
ipilimumab alone. Furthermore, 32% of patients are long-term survivors, most of whom received pem-
brolizumab. Based on these results, the recommended dose that was used in subsequent Phase 2 trials
was 8 Gy x 3 doses.
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Introduction radiation showed resolution of his widespread disease. This
patient had a complete response (CR) and remains with no
evidence of disease (NED) at 6+ years.” The surprising
response of this patient following radiation after progressing

on immunotherapy suggested that perhaps the radiation

In 2010, Hodi et al. published a landmark phase 3 trial showing
that ipilimumab, an anti-CTLA-4 antibody, improves survival
in patients with metastatic melanoma,' which launched the era
of immune checkpoint blockade. In the same vyear, the

University of Pennsylvania started a trial in which patients
with metastatic melanoma were treated with the anti-CTLA-4
antibody tremelimumab and CP-870,893, an agonistic CD40
monoclonal antibody.” One patient in particular was noted to
be an exceptional responder. This patient developed rapid
clinical deterioration and tumor progression before the end
of the first cycle of immunotherapy and was removed from
study. Subsequently painful rib metastases developed, for
which the patient received a course of palliative radiation one
month after completing immunotherapy. Surprisingly, even
without any further therapy, a CT scan 4 months after

potentiated the effects of immunotherapy.

There were also pre-clinical data at the time suggesting that
the combination of anti-CTLA-4 antibody and radiation could
be effective as anti-cancer therapy.> Demaria et al. showed
that the combination of local radiotherapy and anti-CTLA-4
antibody reduces the incidence of lung metastases in a model
in which 4T'1 mouse mammary carcinoma cells were grown as
subcutaneous tumors while neither treatment by itself had
much effect.’ Using a model in which tumors (either TSA
breast carcinoma or MCA38 colon cancer) were grown in the
bilateral flanks of mice, these investigators demonstrated that
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the combination of anti-CTLA-4 therapy and fractionated
radiation to a single site leads to tumor control at the non-
irradiated (abscopal) site.

Based on the combination of these pre-clinical data and our
anecdotal patient, in 2011 we initiated a phase I trial in which
patients with metastatic melanoma received 2 or 3 days of
hypofractionated radiation therapy (HFRT) in combination
with an anti-CTLA-4 antibody. In this study, a single meta-
static lesion was irradiated in patients with at least two meta-
static lesions, with the hope that there would be a measurable
shrinkage of tumors outside of the radiation field (i.e. abscopal
effect). Our primary objective was to assess whether the com-
bination would be safe, namely to determine dose-limiting
toxicities (DLT) and the maximally tolerated dose of radiation
in combination with ipilimumab. Our secondary objective was
to assess radiologic response of abscopal tumors.

The preliminary results of this trial have been published, °
and in this paper we report the final results of this trial.

Materials and methods
Study design

The primary objective was to determine the maximum
tolerated dose (MTD) of hypofractionated radiotherapy to
a solitary metastatic focus (‘index lesion’) when followed by
ipilimumab, in metastatic melanoma patients. The study
and amendments were approved by the University of
Pennsylvania institutional review board, and patients pro-
vided written informed consent prior to study enrollment.
This trial is registered on https://clinicaltrials.gov/
(NCT01497808), first posted on 12/23/2011.

When the trial was designed, the optimal dose and fractio-
nation to induce an abscopal response was unknown. Pre-
clinical studies suggested that 8 Gy x 3 fractions might be
more effective than single fraction or lower dose/fraction
regimens, 4 however there were few clinical data at the time
to guide us in terms of the safety of this fractionation com-
bined with immunotherapy in humans. Therefore, the trial
design allowed for dose escalation up to this target dose
(Figure 1). Patients were stratified by site of index lesion:
stratum 1: bone or lung and stratum 2: liver or subcuta-
neous/nodal. The reason for the lower dose for liver or sub-
cutaneous/nodal lesions was because of concerns regarding
toxicity at these sites. Dose-limiting toxicity (DLT) was
defined as any treatment-related Grade 4 or higher immune-
related toxicity or Grade 3 or higher nonimmune-related
toxicity. The maximum tolerated radiation fraction (MTD)
was defined separately for each stratum. The plan was to treat
patients in cohorts of six patients. The study began with Dose
Level (DL) 1:2 fractions of radiation (either 6 Gy or 8 Gy
depending on stratum). Dose Level (DL) 2 escalated to 3
fractions (6 or 8 Gy depending on the stratum). MTD was
defined as the fraction dose level at which 0-1 out of 6
patients experience DLT and at least 2 patients treated at
the next higher dose level experience DLT. The plan was to
enroll a maximum of 12 patients for each stratum (total 24
patients). Blood was drawn for correlative immunologic ana-
lysis, and results were previously reported.’
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RT to single
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Enrollment (over 3 - 7 days)
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’ Biosamples and analysis
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Figure 1. Trial schema. Twenty-two stage IV patients with metastatic melanoma
were stratified by treatment site of a single index metastasis, which is the
irradiated tumor. Two dosing levels for hypofractionated radiation (HFRT) are in
each stratum. After enrollment, 2 or 3 fractions of HFRT were given over 3-7 days
(red arrows). Ipilimumab (3 mg/kg) was initiated within 7 days of the final HFRT
fraction, every 3 weeks x 4 (blue arrows). s.c - subcutaneous

Patient eligibility

Patients with an Eastern Cooperative Oncology Group perfor-
mance status of 0 or 1 with adequate renal, hepatic and hema-
tologic function to permit ipilimumab therapy were eligible for
enrollment if they were 18 years or older with histologically
proven metastatic melanoma. They were required to have an
index lesion >1 c¢m that was amenable to radiotherapy, as well
as at least one other metastatic lesion that was not irradiated
but could be followed for response using Response Evaluation
Criteria in Solid Tumors (RECIST), version 1.1 criteria. Prior
radiotherapy was allowed as long as it did not preclude radio-
therapy to the index lesion. Patients were allowed to have had
prior systemic therapy (but no anti-CTLA4 or anti-PD-1 ther-
apy) but could not have been treated with 14 days of starting
radiation and must have been deemed by the PI to have
recovered from side effects from this therapy. Notable exclu-
sions included history of CNS metastases and long-term use of
systemic corticosteroids.

Radiation therapy

Many patients were treated with stereotactic body radiation
therapy (SBRT) although this was not required if the treating
physician was comfortable using a non-SBRT plan. For SBRT,
radiation details such as number of beams and planning target
volume (PTV) coverage were specified in the protocol. Patients
received 2 or 3 fractions of radiotherapy over a span of
3-7 days. The choice of lesion to irradiate was left to the
discretion of the treating oncologist. Generally, considerations
included the tumor volume, location relative to critical radio-
sensitive organs (e.g. bowel), and the desire to minimize dose
to a non-target lesion in order to observe an abscopal response.

Study medication

Commercially available ipilimumab at 3 mg/kg intravenously
every 3 weeks (+ 2 days) was to be initiated within 7 days after
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the final radiation fraction. A total of 4 doses of ipilimumab
was planned.

Response assessment

A secondary study objective was to measure disease response
which was done by performing PET CT or CT scanning at
baseline, 1-2 months after last ipilimumab treatment, and then
every several months after that. Assessment of efficacy was
based on the tumor response defined by the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1.°
Disappearance of all known lesions was scored as complete
response (CR). A reduction of at least 30% in the sum of the
diameters of target lesions was defined as partial response (PR).
Progressive disease (PD) was defined as 220% increase in the
sum of diameters of target lesions from nadir (including base-
line if it was the smallest sum). Responses that did not meet the
definitions of PR or PD were scored as stable disease (SD). PD
was also defined as unequivocal progression of existing non-
target lesions that merited discontinuation of therapy. For
evaluation by RECIST, irradiated lesions were not included as
part of measurable disease.

Toxicity assessment

An adverse event was categorized as treatment-related if it was
felt to be definitely, probably, or possibly related to ipilimumab
or radiation which was observed during treatment or within
30 days of the final ipilimumab injection. Dose-limiting toxi-
city was defined as any treatment related Grade 4 or higher
immune-related toxicity or Grade 3 or higher nonimmune-
related toxicity which was observed during treatment or within

Table 1. Demographics.

Stratum 1 2
Dose Dose
Level 1 Level 2 Dose Level 1 Dose Level 2
8Gyx2 8Gyx3 6 Gy x 2 6Gyx3

Dose: (h=6) (n=4) (n=6) (n=6)
Site of index Lung lung liver/ liver/

(irradiated) lesion subcutaneous subcutaneous
Prior Therapy*
Treatment-naive 2 (33%) 3 (75%) 3 (50%) 3 (50%)
Treatment-refractory 4 (67%) 1 (25%) 3 (50%) 3 (50%)
Stage
M1a 0 0 0 2 (33%)
M1b 2 (33%) 2 (50%) 0 2 (33%)
M1c 4 (67%) 2 (50%) 6 (100%) 2 (33%)
LDH
Elevated 4(67%) 1 (25%) 3 (50%) 2 (50%)
Not elevated 2 (33%) 3 (75%) 3 (50%) 2 (50%)
Gender
Male 5(83%) 2(50) 5(83) 5(83)
Female 1(17%) 2 (50) 1 (17%) 1 (17%)
Patient age in years,

n (%)
18-44 0 0 0 0
45-64 3 (50) 3 (75) 2 (33) 0
>65 3(50) 1(25%) 4 (67) 6 (100)
Patients with ECOG

PS, n (%)
0 4 (67) 3 (75) 3 (50) 2 (33)
1 2(33)  1(25%) 3 (50) 4 (67)

*Prior Therapies Detailed in Supplemental Table 1.
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30 days of the final ipilimumab injection and which was prob-
ably or definitely related to treatment. All toxicities were
graded by NCI CTCAE Version 4.0.

Statistical analysis

Plans for data analysis included toxicity grading and tabulation
by stratum and fractionation cohort. Descriptive statistics were
used to summarize patient characteristics. A comprehensive
tabulation of tumor and treatment characteristics and clinical
outcomes for patients was displayed by stratum and fractiona-
tion cohort. Event rates and exact 95% confidence intervals were
calculated. Progression-free survival (PES) was calculated from
date of first fraction of radiation to date of progressive disease,
death, or censored at last clinical follow-up that documented
progression-free status. Overall survival (OS) was calculated
from the date of first fraction of radiation to date of death due
to any cause or censored at last patient contact. PFS and OS
curves were estimated using the Kaplan-Meier method.
A waterfall plot of clinical response and Kaplan-Meier curves
of PFS and OS were produced in R (https://www.R-project.org).

Results
Patient characteristics

Twenty-two patients were enrolled between January 2012 and
August 2014. Table 1 shows the distribution of patient char-
acteristics by stratum and dose. All patients had metastatic
melanoma: 2 M1a, 5 M1b, and 15 Mlc by AJCC 7 Edition.
Eleven patients had no prior systemic therapy before starting
the protocol (Supplemental Table 1). Two patients had
received vemurafenib, two had temozolomide and carbopla-
tin/paclitaxel, two had a BRAF/MEK inhibitor, one had dacar-
bazine and vemurafenib, one had a BRAF/MEK inhibitor and
vemurafenib, one had temozolomide, one had tremelimumab
and CD40 agonist, and one had temozolomide, carboplatin/
paclitaxel, and mTOR inhibitor and hydroxychloroquine. Two
of the 22 patients had received prior local irradiation (one to
the axilla and one to the lower back).

Treatment

For stratum 1, there were six patients treated at DL1 and 4 at DL2
(Table 1). For stratum 2, there were six patients treated at DL1 and
6 at DL2. In 2014 the anti-PD1 antibody pembrolizumab was
approved by the FDA for the treatment of metastatic melanoma,
and this became the preferred immune checkpoint agent; hence,
we closed this trial, after having enrolled 22 out of a planned 24
patients. Accrual was completed in 3 out of the 4 dose levels.
Overall treatment was very well-tolerated. Out of 22 patients (#7,
10, 11, 12, 13, 19, 2; Supplemental Table 1), 7 failed to complete 4
cycles of ipilimumab: 5 were taken off study because of disease
progression and 2 due to toxicity. In addition to these seven
patients, one patient was taken oft study due to their preference
(#2) and another patient (#6) due to disease progression, both of
whom had completed four cycles of ipilimumab. All patients
completed their planned radiation course. Time from last radia-
tion dose to first ipilimumab dose ranged from 3 to 8 days.
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Table 2. Summary of Adverse Events

Any Grades  Grade
grade 1-2 3

Any adverse event 135 120 15
Any treatment-related adverse event 31 28 3
Specific treatment-related adverse event

(immune)
Anaphylaxis (with hypotension and 1 0 1

angioedema)
Arthralgia (flare of rheumatoid arthritis) 1 1 0
Colitis* 2 1 1
Pruritus 7 7 0
Rash 4 4 0
Uveitis 1 1 0
Specific treatment-related adverse event

(nonimmune)
Abdominal Pain 1 1 0
Anorexia 2 2 0
Chills 1 1 0
Dermatitis (radiation) 1 1 0
Diaphoresis 1 1 0
Diarrhea* 1 1 0
Fatigue 3 2 1
Headache 1 1 0
Nausea 4 4 0
Non-treatment related adverse events 104 92 12

There were no grade 4 toxicities.

* Diarrhea was defined as a disorder characterized by frequent and watery bowel
movements; colitis was defined as a disorder characterized by inflammation of
the colon.

Toxicity analysis

Supplemental Table 2 shows a comprehensive list of adverse
toxicities by dose level and Table 2 shows a summary of these
toxicities. There were no grade 4 or 5 toxicities. There were 31
adverse events (AEs) deemed to be treatment-related and 104
non-treatment-related events. There were 15 grade 3 toxicities:
3 treatment-related (1 case each of fatigue, colitis, and infu-
sion-related anaphylaxis with hypotension and edema) and 12
non-treatment-related, generally related to disease progression
(4 cases of anemia and one case each of weight loss, fatigue,
cholecystitis, dyspnea, pneumothorax, wound infection and
gastric hemorrhage due to stomach metastases and leukocyto-
sis). Of the three treatment-related grade 3 toxicities, one was
in Stratum 2, DL1 and two were in Stratum 1, DL1. Overall, 11
out of 22 patients (50%) developed a grade 3 AE, and in three of
the 22 (14%) the grade 3 toxicity was felt to be treatment-
related. Importantly, there were no DLTs felt to be related
specifically to the combination of radiation and ipilimumab.
Of the treatment-related adverse events, 16 were classi-
fied as immune-related: 7 cases of pruritus, 4 cases of rash,
two cases of colitis, one case of uveitis, and one case of
arthralgia in a patient with rheumatoid arthritis whose
disease flared on ipilimumab (Table 2). Overall, 11 patients
out of 22 (50%) had an immune AE, but the vast majority
were grade 1 or 2, with only two patients having a grade 3
immune AE (9.1%). There were no cases of pneumonitis or
hepatitis, in spite of the fact that radiation was given to the
lung in 10 patients and to the liver in 3. The patient with
Grade 3 immune-related colitis was radiated to the right
lateral liver and received no dose to the bowel. There was
Grade 3 fatigue in one patient, who had rapid disease
progression after treatment, and was shortly thereafter

diagnosed with innumerable brain metastases. Given the
small number of events, it is difficult to meaningfully assess
the influence of various risk factors on treatment-related
AEs.

Tumor response

To evaluate secondary efficacy endpoints, response was
assessed using RECIST criteria.” In examining out-of-field
response using an aggregate diameter of nonirradiated
RECIST target metastases, the best response was partial
response (PR) in five patients (22.7%, 95% CI 7.8-45.4%),
stable disease (SD) in three (13.6%) and progressive disease
(PD) in 14 patients (63.4%), as shown in the waterfall plot in
Figure 2. Twelve patients had radiographic progression, while
two patients had clinical progression without imaging
(denoted ** in Figure 2). RECIST criteria are not reliable in
assessing response in irradiated lesions, especially in the lung,
because post-radiation changes often occur and make adequate
assessment of tumor response challenging. However, we did
assess the metabolic response of the index (irradiated) lesion in
the 12 patients who had follow-up PET scanning. None had
progressive disease by PET scanning: 4 had complete metabolic
response (CMR), 5 had partial metabolic response (PMR), and
3 had stable disease.

Survival analysis

The length of follow-up ranged from 2.7 to 106.8 months all
patients. The median length of follow-up for seven living
patients was 89.2 months (range 24.9-106.8) (Supplemental
Table 1). The median OS for all patients was 10.7 months (95%
CIL 4.9 months to upper bound not estimable) and the median
PFS was 3.6 months (95% CI, 2.9 months to 7.8 months) as
shown in Figure 3. Almost all patients (21 out of 22) eventually
had progression of disease. Twelve patients (57%) received
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Figure 2. Radiation + ipilimumab is associated with regression of unirra-
diated tumors in some patients. Waterfall plot of clinical response in unirra-
diated tumors after radiation treatment (RT) to a single index lesion with
ipilimumab. Dashed lines are thresholds for progressive disease (PR; red) and
partial response (PR; blue). * Patients with new lesions. ** Clinical progression
without imaging.
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Figure 3. Survival curves. Progression-free survival (PFS) and overall survival (OS) for all patients (dashed line: 95% Cl).

pembrolizumab at relapse. Six of the 12 patients (50%) who
received salvage pembrolizumab had favorable responses with
long-term survival. Three of these patients also received some
form of local therapy at relapse, including SBRT to a new lung
lesion and resection of a brain metastasis in one patient, resec-
tion and gamma knife for brain metastases in a second patient,
and mastectomy for progression in the breast in a third patient.

Seven patients treated on this trial were still alive at the time
of last follow-up (Table 3). Three of the seven had PR as best
distant response following radiation + ipilimumab (patient
#10, 16, 22 in Table 3). Two of the seven had SD as best
response to radiation + ipilimumab (#1, 20). The other two
patients who are still alive (#8, 17) had progressive disease as
best distant response after radiation + ipilimumab. Of the
seven surviving patients, only one required no therapy follow-
ing initial therapy on the trial. One was placed on a B-Raf
inhibitor, and the remaining five were treated with
pembrolizumab.

Discussion

We started this prospective study based on our own anecdotal
experience and pre-clinical reports suggesting that radiation
could potentiate the effect of anti-CTLA therapy. Shortly after
the trial started, a case report was published that appeared to
validate the concept.” This report described a patient with
metastatic melanoma who had progressive disease on ipilimu-
mab and was then treated palliatively with radiation therapy to
a paraspinal mass (9.5 Gy x 3 fractions). The patient then
showed regression of both the paraspinal tumor and a non-
irradiated metastatic lesion.” This anecdotal case report
spurred efforts to combine radiotherapy with immune check-
point blockade to stimulate an abscopal response.>® The final
results of our initial trial demonstrate that the combination of
radiation and ipilimumab was well tolerated, yielded a 23%
response rate of unirradiated lesions, and there are several
long-term survivors.

Regarding our primary endpoint, we found no DLT' related
to the combination of radiation and ipilimumab, even at the

highest dose level, 24 Gy (8 Gy x 3 fractions). We saw no
obvious increase in toxicity as a result of adding radiation to
ipilimumab. Specifically, there were no grade 4 toxicities.
Grade 3 toxicity occurred in 50% of patients, but the rate of
treatment-related grade 3 toxicity was 14%, which is identical
to the treatment-related grade 3-4 toxicity rate seen in another
prospective trial testing the combination of ipilimumab and
radiation from Hiniker et al. .'"’ These rates are not higher than
those observed in large randomized trials using ipilimumab at
the same dose (3 mg/kg). In the ipilimumab-only arm in the
trial reported by Hodi et al. the overall rate of grade 3-4
toxicity was 45.8%, the drug-related grade 3-4 toxicity was
22.9%, and the immune-related grade 3-4 adverse toxicity
rate was 14.5% ." In other large randomized trials including
KEYNOTE-006, the drug-related grade 3-5 toxicity rate in the
ipilimumab arm has ranged from 20% to 24% .'"'* Grade 3
immune-related toxicity occurred in 9.1% of patients on our
trial. We found no evidence that immune-related adverse
effects increased in an organ when radiotherapy was delivered
near that organ. Specifically, we found no cases of pneumonitis
or hepatitis in patients who received lung or liver irradiation,
respectively. This lack of increased immune-related toxicity
when radiation is added to ipilimumab is consistent with
what others have found in retrospective series.>™'°

Our secondary endpoint in this study was to determine
the effect of radiation and ipilimumab on the radiologic
response of unirradiated tumors, which we found to be
23%. By way of comparison, the ipilimumab-only arms in
multiple large prospective studies have reported an objec-
tive response rate of approximately 11%."'"'>!” Hence, our
observed response rate of 23%, although based on a very
small number of patients, could represent an improvement
over that expected with ipilimumab alone. Several retro-
spective studies have suggested this as well.'"*'*'® In gen-
eral, patients reported in these prior studies received
conventional radiation to one or more lesions for the pur-
pose of palliation. In one such study, the rates of overall
responses (including irradiated lesions) were 37.1% and
19.4% (p = .11) respectively in patients who received
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Table 3. Patients alive at last follow-up.
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SBRT to new lung lesion; resection of brain met; pembro

(RECIST) (months)

Radiation site  Stratum Dose

Lung

9.8

SD

8 Gy

1

X2
8 Gy

pembro

5.4

PD

1

Lung

X2
6 Gy

88.7

NED

N/A

N/A

PR

2

Liver

10

X2
8 Gy

82.6

Stable disease on

Gamma Knife and resection of brain mets; then pembro

PR 122

1

Lung

16

pembro

pembro; then progressed in breast; mastectomy; placed on  Alive; SD on B-Raf

X3
6 Gy

82.2

PD 33

2

Axillary nodal

17

inhibitors
SD on pembro

B-raf inhibitors

pembro

X3
8 Gy

mass
Lung

249

7.6

SD

1

20

X3
8 Gy

57.6

Stable disease on

pembro

PR 12.3

1

Lung

22

pembro

X3

ipilimumab/radiation versus ipilimumab alone'’> and in
another study 37.8% and 17.9%.* The latter study also
examined abscopal effects and found that in 4 out of 19
patients (21%) who received ipilimumab and radiation,
there was a response in metastatic sites distant from locally
treated sites. Both of these studies also found improved
overall survival with the addition of radiation to ipilimu-
mab. However, these retrospective studies are difficult to
interpret because there is tremendous variation in the dose
and timing of radiation with respect to ipilimumab admin-
istration. Furthermore, there may be a bias in which
patients are referred for palliative radiation.

The prospective trial from Hiniker et al. found an abscopal
radiologic response similar to ours; out of 22 patients treated with
ipilimumab and radiation, three had a CR of unirradiated lesions
and three had a PR (overall response rate 6/22 = 27.2%)."
However, in the only other prospective trial of ipilimumab and
non-CNS radiation for melanoma that has been published of
which we are aware, only one patient out of 13 had a response
(7.7%) ."° There are some key differences between our study and
these two other trials. In our study, radiation was given prior to
the first dose of ipilimumab whereas in the other studies it was
given after either the first dose'® or the second dose ."” The timing
of RT relative to ipilimumab administration might make
a difference, as one pre-clinical study showed that anti-CTLA4
therapy was most effective in a mouse model when given prior to
radiation therapy, in part due to regulatory T-cell depletion, *°
whereas in our trial, the first dose of ipilimumab was delayed until
after radiation was completed. The dose of radiation was in our
study was lower than in the other two studies. We used 6 or 8 Gy
for 2 or 3 doses whereas Sundahl ef al. used 8, 10, or 12 Gy for 3
doses" and in Hiniker et al. most patients received 30-45 Gy, in
5-15 fractions ."" In fact the optimal timing of radiation with
respect to immune checkpoint block or even the radiation dose to
elicit the best response remains unclear.”!

We had some radiologic responders in our study, but the more
important question is whether this treatment regimen impacted
long-term outcomes. Unfortunately, most patients progressed
after initial treatment with radiation/ipilimumab (Figure 2).
However, we do have seven survivors out of 22 patients (31.8%),
with a median follow-up of 82.2 months. One patient is alive at
88.7 months without requiring any further therapy. One patient
had local therapy after progression and is on a B-raf inhibitor; the
remaining six patients were placed on pembrolizumab (+ local
therapy) after progression. Whether this long-term OS rate of
31.8% is better than what would be expected with upfront ipili-
mumab alone is unclear. In a systematic retrospective analysis of
1,034 patients with advanced melanoma included in a European
Expanded Access Program (EAP) (EURO-VOYAGE) the interim
analysis showed that the 4-year OS rate was only 8%.>* However,
in a pooled analysis that included patients with metastatic mela-
noma from 12 studies of ipilimumab (n = 1,861) as well as patients
enrolled on an U.S. EAP (n = 2,985) the 3-year OS rate was 21%.>
5-year OS rates were 31% and 26%, respectively, in the ipilimu-
mab arms in the KEYNOTE-006'"> and CheckMate-67 trials.”*

Since the majority of long-term survivors in our study received
pembrolizumab after initial progression, this raises the question of
whether SBRT + ipilimumab potentiates the response to salvage
PD-1 inhibition relative to upfront ipilimumab alone. On our



trial, 6 of 12 patients (50%) who received salvage pembrolizumab
had favorable responses with long-term survival, compared to the
6-month progression-free survival of 34% reported on
KEYNOTE-002> and an objective response rate of 32% on the
CheckMate 037 study using nivolumab after progression on anti-
CTLA-4 therapy.”® The importance of our results is that we
provide long-term follow-up for the first prospective trial testing
the combination of radiation with ipilimumab, showing that this
treatment can be given safely. Our off-target objective response
rate of 23% with the combination is very similar to what others
have seen in patients who have received radiation and
ipilimumab.'®"* It might be higher than the radiologic response
rate seen in large studies using ipilimumab alone, ''>!” which
would give some support to the hypothesis that radiation can
potentiate immunotherapy. A number of studies in mouse models
have also suggested this.>****” This hypothesis is also supported
by clinical studies that find that the combination of radiation and
ipilimumab in non-small cell lung cancer, which generally does
not respond to anti-CTLA-4 therapy, leads to responses in
a subset of patients.”**’

While it is disappointing that our response rate was not
higher, in our initial report, we showed in mouse models
that resistance to radiation and anti-CTLA-4 therapy was
due to upregulation of PD-L1 on melanoma cells and was
associated with T-cell exhaustion.” Using samples from
patients on the clinical trial reported in this paper, we
showed that patients whose tumors exhibited high PD-L1
expression did not respond to radiation plus anti-CTLA-4,
demonstrated persistent T-cell exhaustion, and rapidly pro-
gressed. Furthermore, in that study we showed that mice
bearing melanoma tumors did better when treated with the
triple therapy of radiation, anti-CTLA4 therapy and anti-
PD-1 therapy. Of note, many of the patients in our trial
who did progress responded very well to pembrolizumab,
and many are alive years later.

The major limitation of this study is the small number of
patients, which makes it difficult to draw firm conclusions about
the toxicity of this approach, or the oncologic outcomes.
Furthermore, the treatment after progression was heterogeneous.

As ipilimumab monotherapy is no longer first-line treat-
ment for patients with advanced melanoma, but rather anti-
PD1 therapy, we have subsequently conducted a trial combin-
ing hypofractionated radiation and pembrolizumab, for which
results from the safety phase have been published.*
Furthermore, we are currently testing the combination of
nivolumab and ipilimumab with and without radiation in
a randomized study (NCT03646617).
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