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Abstract

metastatic disease.

or treatment-related deaths were reported.

Background: We report phase 1b data from patients enrolled in the JAVELIN Solid Tumor clinical trial
(NCT01772004) with unresectable stage IlIC or IV melanoma that had progressed after 21 line of therapy for

Patients and methods: Patients received avelumab (10 mg/kg)—a human anti-PD-L1 antibody. Assessments
included objective response rate (ORR), progression-free survival (PFS), overall survival (OS), and safety.

Results: As of December 31, 2016, 51 patients were treated and followed for a median of 24.2 months (range, 16.1-31.5).
Most patients had cutaneous (n = 28 [54.9%)]) or ocular (n = 16 [31.4%)]) melanoma and had received a median of 2 prior
lines of therapy (range, 0-4), including ipilimumab (n = 26 [51.0%]). The confirmed ORR was 21.6% (95% Cl, 11.3-353;
complete response, 7.8%; partial response, 13.7%). The median duration of response was not estimable (95%
Cl, 2.6 months-not estimable). Median PFS and OS were 3.1 months (95% Cl, 1.4-6.3) and 17.2 months (95% Cl,
6.6-not estimable), respectively. Subgroup analyses suggested meaningful clinical activity (ORR [95% Cl]) in
patients with non-ocular melanoma (31.4% [16.9-49.3]), PD-L1—positive tumors (42.1% [20.3-66.5]), or prior
ipilimumab therapy (30.8% [14.3-51.8]). Thirty-nine patients (76.5%) had a treatment-related adverse event
(TRAE), most commonly infusion-related reaction (29.4%), fatigue (17.6%), and chills (11.8%); 4 patients (7.8%)
had a grade 3 TRAE. Five patients (9.8%) had an immune-related TRAE (all were grade 1/2). No grade 4 TRAEs

Conclusion: Avelumab showed durable responses, promising survival outcomes, and an acceptable safety
profile in patients with previously treated metastatic melanoma.

Trial registration: ClinicalTrials.gov identifier: NCT01772004.

Keywords: PD-L1, Avelumab, Immune checkpoint inhibitor, Ocular melanoma, Cutaneous melanoma

Introduction

Cutaneous melanoma (the most common melanoma
subtype) is the 15th most prevalent cancer worldwide,
with an estimated 232,000 diagnoses each year, and
accounts for 1.6% of all cancers [1]. Non-cutaneous
melanoma comprises less common, difficult-to-treat
melanoma subtypes that occur on mucosal membranes
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of the head and neck and membranes lining the gastro-
intestinal and genitourinary tracts [2]. A very rare
melanoma subtype arises at the uvea of the eye (also
referred to as ocular melanoma). Most patients with
cutaneous melanoma initially present with localized dis-
ease (84%), 9% with regional disease, and 4% with distant
metastatic disease [3]. Patients with distant metastatic
cutaneous melanoma have historically had poor progno-
ses (estimated 5-year survival rate of 17%), compared
with 98% and 63% for patients with localized and re-
gional disease, respectively, as shown in comprehensive
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analyses of US patient data collected between 2005 and
2011 [3]. However, long-term survival rates for patients
with metastatic disease are improving with the incorpor-
ation of novel treatment options [4, 5], such as BRAF-
and MEK-targeted therapies, intratumoral oncolytic her-
pes viral therapies, and immune checkpoint inhibitors
(ICIs) targeting cytotoxic T-lymphocyte associated—pro-
tein 4 (CTLA-4) and programmed cell death-1 (PD-1)
[6]. Notably, cutaneous melanoma is typically character-
ized by extensive tumor infiltration by T cells, high
mutational burden, and an immunosuppressive pheno-
type, thereby supporting a role for ICIs. In contrast, the
rarer, non-cutaneous subtypes are distinct from cutane-
ous melanoma with respect to presentation, staging, re-
sponse to treatment, and patterns of progression [7-9].
Indeed, pembrolizumab, nivolumab, ipilimumab, and the
combination of nivolumab and ipilimumab have demon-
strated efficacy and are now approved by the United States
Food and Drug Administration (FDA) and European
Commission as treatment options for patients with
advanced cutaneous melanoma [10-12].

Avelumab is a human anti—programmed death-ligand
1 (PD-L1) IgG1l monoclonal antibody that inhibits the
PD-L1/PD-1 immune checkpoint [13]. Unlike other
anti—-PD-L1/PD-1 antibodies, avelumab contains a native
Fc region and is capable of engaging natural killer cells
to induce innate effector function against tumor cells, as
shown in preclinical models [14, 15]; additional investi-
gation is needed to determine the contribution of innate
effector function to the overall antitumor response of
avelumab. Avelumab is the first FDA- and European
Commission—approved treatment option for patients
with metastatic Merkel cell carcinoma—a rare and
aggressive cutaneous malignancy that is the second most
common cause of skin-cancer death after melanoma [16,
17]. Avelumab is also FDA-approved for the treatment
of patients with locally advanced or metastatic urothelial
carcinoma whose disease progressed during or following
platinum-containing chemotherapy.

The safety and efficacy of avelumab has been investi-
gated in the large, multicohort, phase 1 JAVELIN Solid
Tumor clinical trial. In the phase la, dose-escalation
part of the study, avelumab was safely administered at
doses up to 20 mg/kg every 2 weeks (Q2W). Based on
pharmacokinetic and pharmacodynamic data, avelumab
10 mg/kg Q2W was chosen for further investigation
[13]. Avelumab has shown acceptable safety and durable
antitumor activity in multiple tumor types investigated
in the phase 1b, dose-expansion part of the study, in-
cluding non-small cell lung cancer, urothelial carcinoma,
and metastatic breast cancer [18-21]. Here, we report
the safety and efficacy from a cohort of previously
treated patients with locally advanced or metastatic
melanoma enrolled in the phase 1b, dose-expansion part
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of the JAVELIN Solid Tumor trial with >16 months of
follow-up.

Materials and methods

Study design and patients

JAVELIN Solid Tumor is an ongoing, international,
multicenter, multicohort, open-label, dose-escalation and
dose-expansion, phase 1 trial of avelumab in patients
with advanced solid tumors (NCT01772004). In this
phase 1b, dose-expansion cohort, eligible patients had
histologically or cytologically confirmed stage IIIC or IV
unresectable melanoma (according to the American
Joint Committee on Cancer/Union for International
Cancer Control [AJCC/UICC] TNM staging system, 7th
edition) [22, 23] and were required to have progressive
disease after >1 prior standard therapy for metastatic
disease. Other eligibility criteria included an Eastern Co-
operative Oncology Group performance status (ECOG
PS) of 0 or 1; age>18 years; adequate hematologic, hep-
atic, and renal function; no evidence of brain metastases;
and an available fresh or archival tumor specimen.
Patients were not selected based on tumor PD-L1 ex-
pression. Patients with ocular melanoma were permitted
to be enrolled. Patients who received prior therapy with
anti-PD-L1/PD-1 antibodies were excluded; however,
patients who received prior therapy with anti-CTLA-4
antibodies were eligible. Other exclusion criteria
included any previous anticancer treatment or major
surgery <28 days before the start of study treatment;
other cancer diagnosis <5years prior to study entry;
rapidly progressive disease; previous stem cell or solid
organ transplant; known hypersensitivity to monoclonal
antibodies; active or history of autoimmune disease or
immunodeficiency; significant acute or chronic infection
(e.g, human immunodeficiency virus, hepatitis B virus,
hepatitis C virus); persisting toxicity related to prior ther-
apy of grade >1 (except for grade 2 sensory neuropathy);
and being pregnant or lactating. Any use of steroids was
tapered before study treatment, except for patients with
adrenal insufficiency—who could continue treatment at a
physiological replacement dose.

This trial was conducted in accordance with the ethics
principles of the Declaration of Helsinki and the Inter-
national Council on Harmonization Guidelines on Good
Clinical Practice. The protocol was approved in each
center by the institutional review board or independent
ethics committee. All patients provided written consent
before their enrollment.

Treatments and assessments

Avelumab 10 mg/kg was administered as a 1-h intraven-
ous infusion Q2W until progression, unacceptable
toxicity, or occurrence of any other protocol-specified
criterion for withdrawal. Dose modifications were not
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permitted. The following adverse events (AEs) required
treatment discontinuation: any grade 4 AE, except single
laboratory values out of the normal range that were
unrelated to study treatment, without clinical correlate,
and resolved in <7 days with medical management; any
grade >3 treatment-related amylase or lipase abnormality
that was not associated with symptoms or clinical mani-
festations of pancreatitis and did not require dose delay;
increased ECOG PS >3 that did not resolve to <2 by
cycle day 14 of the following cycle (infusions were not
given during the following cycle if the ECOG PS was 23
on the day of administration); or any grade 3 AE except
for transient (<6h) influenza-like symptoms or fever
controlled with medical management; fatigue, local
infusion-related reaction (IRR), headache, nausea, or em-
esis that resolved to grade <1 in <24 h; single laboratory
values out of the normal range that were unrelated to
study treatment and without clinical correlate (excluding
grade 23 increase in liver enzyme concentrations) that
resolved to grade<1 in <7 days; and tumor flare (local
pain, irritation, or localized rash at sites of known or
suspected malignant tissue). Grade 2 AEs were managed
via reductions in infusion rates and dose delays. AEs that
did not resolve to grade<l by the end of the next
treatment cycle or that recurred, resulted in permanent
withdrawal of avelumab (except for hormone insufficien-
cies that could be managed by replacement therapy).
Premedication with an antihistamine and acetaminophen
was administered 30 to 60 min prior to all infusions
of avelumab.

Biweekly safety assessments included documentation
of AEs and concurrent medications, and ECOG PS;
other safety assessments were conducted every 6 weeks
and included physical examinations and clinical labora-
tory tests (hematology and serum chemistry). AEs and
laboratory abnormalities were classified and graded
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE)
version 4.0. A serious AE was defined as a life-threaten-
ing event that required hospitalization, resulted in dis-
ability, was a congenital anomaly, or resulted in death.
IRRs (IRR, drug hypersensitivity, or hypersensitivity) oc-
curring on the day of or the day after infusion and IRR
symptoms occurring <1 day after infusion that resolved
<2 days after onset were included. Immune-related AEs
(irAEs) were identified using a prespecified list of AE
terms and concomitant medication (eg, corticosteroids
and hormone replacement) and relationship to study
treatment was based on investigator assessment.

Clinical activity was assessed every 6weeks by the
investigators according to Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1 [24]. Radiographic
tumor assessments were performed at baseline and then
every 6weeks thereafter for the first 12 months, then
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every 12 weeks. For patients who had a partial response
or complete response, a confirmatory computed tomog-
raphy or magnetic resonance imaging scan was
performed no sooner than 28 days later and preferably at
the scheduled 6-week interval visit.

PD-L1 expression was assessed using a proprietary
immunohistochemistry assay (Dako PD-L1 immunobhis-
tochemistry 73-10 pharmDx; Dako, Carpinteria, CA)
[18-21]. In this study, PD-Ll-positive status was
defined prospectively using a cutoff of >1% of tumor cell
membrane staining of any intensity; other PD-L1 cutoffs
were also evaluated.

Outcomes

The primary objectives of the JAVELIN Solid Tumor
trial were to assess dose-limiting toxicities within the
first 3 weeks of treatment in the dose-escalation part of
the study and confirmed best overall response as adjudi-
cated by an independent review committee in specified
expansion cohorts (not including melanoma) [13]. Pre-
specified endpoints in the melanoma cohort included
investigator-assessed confirmed best overall response per
RECIST vl.1, progression-free survival (PFS) per
RECIST vl1.1, overall survival (OS), tumor PD-L1 expres-
sion, and safety. All subgroup analyses of patients with
ocular/non-ocular melanoma and those who received
prior ipilimumab therapy were exploratory. Changes in
the sum of target lesion diameters from baseline were
evaluated in patients with baseline tumor assessments
and 21 postbaseline assessment.

Statistical analysis

A sample size of 50 patients was planned to provide
point estimates and 95% Clopper-Pearson Cls for an ob-
jective response rate (ORR) of 10% (95% CI, 3.3-21.8%)
in the case of 5 responders, and of 20% (95% CI, 10.0—
33.7%) in the case of 10 responders. Time-to-event end-
points were estimated with the Kaplan-Meier method,
and CIs for the medians were calculated using the
Brookmeyer-Crowley method. P values for association
between categorical variables were determined using the
Fisher exact test. Safety and clinical activity were ana-
lyzed in all patients who received 21 dose of avelumab.

Results

Baseline patient characteristics

As of December 31, 2016, 51 patients had received
avelumab monotherapy (Table 1). Most patients had
cutaneous melanoma (n =28 [54.9%]), and 16 patients
(31.4%) had ocular melanoma. Among all patients, 17
(33.3%) and 9 (17.7%) received 2 or >3 prior lines of
therapy for metastatic or locally advanced disease,
respectively; patients had received a median of 2 prior
treatments (range, 0—4 treatments). Most patients
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Table 1 Patient demographics and baseline characteristics

Characteristic N =51
Age, n (%)

<65 years 28 (54.9)

265 years 23 (45.1)

Median (range), years 64.0 (31-84)
Sex, n (%)

Male 34 (66.7)

Female 17 (33.3)
Race, n (%)

White 35 (68.6)

Asian 2 (39

American Indian or Alaskan 120

Black or African American 120

Other 12 (23.5)
ECOG performance status, n (%)

0 25 (49.0)

1 26 (51.0)
Site of primary tumor, n (%)

Cutaneous 28 (549)

Ocular 16 (31.4)

Mucosal 2 (3.9)

Other® 5(9.8)
Time from initial diagnosis to study entry, years

Median 43

Range 0.3-335
Time since first metastatic disease, months

Median 14.8

Range 2.3-168.9
PD-L1 expression (1% of tumor cells), n (%)

Positive 19 (37.3)

Negative 20 (39.2)

Not evaluable 12 (23.5)

Number of prior lines of therapy for metastatic or locally advanced
disease, n (%)

0 10

1 23 (45.1)
17 (33.3)

23 9 (18.0)

Missing 1(20)

Median (range) 2 (0-4)

Prior anticancer therapy in >5% of patients, n (%)

Ipilimumab 26 (51.0)

Dacarbazine 11 (21.6)

Cisplatin 8 (15.7)

Interferon 6(11.8)
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Table 1 Patient demographics and baseline characteristics
(Continued)

Characteristic

5

Fotemustine
Gemcitabine
Treosulfan

Vemurafenib

Investigational drug

w A o on| =
GGQ’\BGGG
O © ® ® »® x®

Paclitaxel

1
8)
8)
8)
8)
8)
9)
9)

Sorafenib

2 Includes melanoma of the canthus (n = 1) and unknown primary (n = 4)

(n =26 [51.0%]) had received prior therapy with ipili-
mumab (anti-CTLA-4).

At the time of data cutoff, the median duration of
treatment with avelumab was 3.2 months (range, 0.5—
27.2 months), and the median follow-up time was 24.2
months (range, 16.1-31.5 months). Patients had received
a median of 7 doses of avelumab (range, 1-56 doses).
At the time of analysis, treatment was ongoing in 6
patients (11.8%). Reasons for treatment discontinu-
ation included progressive disease (n =30 [58.8%]),
AE (n =8 [15.7%]), consent withdrawal (n =3 [5.9%]),
and death (# =2 [3.9%]).

Antitumor activity
Of all 51 patients, the confirmed ORR per RECIST v1.1
was 21.6% (95% CI, 11.3-35.3) (Table 2), with complete
response in 4 patients (7.8%), partial response in 7
patients (13.7%), stable disease in 16 patients (31.4%),
and progressive disease in 18 patients (35.3%); disease
control was achieved in 52.9% of patients. Six patients
(11.8%) were not evaluable for best overall response due
to lack of available postbaseline assessments (n =4),
postbaseline assessments with an overall response that
was non-evaluable (n =1), or stable disease of insuffi-
cient duration (n = 1). Most responses occurred rapidly:
of the 11 responses, 4 occurred by first postbaseline as-
sessment (1 complete response and 3 partial responses),
and 4 additional patients achieved a partial response by
the second postbaseline assessment (Fig. 1a). Responses
were ongoing in 8 of 11 responding patients (72.7%) at
the cutoff date. The median duration of response (DOR)
was not estimable (range, 2.6 months-not estimable).
Based on Kaplan-Meier estimates, 80.0% (95% CI, 40.9—
94.6) and 68.6% (95% CI, 30.5—88.7) of responding pa-
tients had DOR of 6 and 12 months, respectively. Of 45
patients with baseline and postbaseline assessments, 15
(33.3%) experienced tumor shrinkage of >30% (Fig. 1b).
Median PFS was 3.1 months (95% CI, 1.4—6.3) (Table 2),
and 14 patients (27.5%) were event-free at the cutoff date.
The 6- and 12-month rates of PFS were 39.2 and 17.4%,



Page 5 of 13

(2019) 7:12

Keilholz et al. Journal for InmunoTherapy of Cancer

3|qewss 1ou N

(= u) Alewud umouyun pue ‘(] = u) SNYIUED 3Y) JO LLUOUR|SW ‘BWOUR[DW [ESOINW IO SNOSUEIND YIIM Ssjudlied ,

aN
(S¥/-TTE) 195
(8'¢8-S'th) 699

(€19-1'80) T6¥

(¥'8/-€0v) §9

678-¥'8%) 80/
)

(C/8-£50) 849
(6€6-59¢) 824
(¥'86-€'€h) 688

aN
(L09-8%1) €/¢
(§99-500) Ly

(LYL¥1D) L'YS
(rv8-8'Ch) ¥'89
(S'16-T€S) 682

@AN-79) 617

aN
(0'L£=S%2) 005
(C9/-560) €95

(F'79-9'50) 811

(r6/-Sth) 679

(£18-9GS) 8'SL
)

(6'85-€£0) L'sv
(CTL~vey) ¥65
(C08-6CS) £'89

) T

% (1D 9%S6) 238l LIuow-47
% ‘(1D 9%56) 218 Yuow-z |
% '(ID %S6) 918l YIuow-9

AN-£v) TLL AN-€9) 9L @AN-1'7) IN (C91-8¢) €5 @AN-9°€) IN AN-€6) TLL @AN-99 syIuoW ‘(1D 9%S6) UBIPSN
SO
(€8c-6'1) L0L (6'1v-28) €€C (8£5-171) 00 (AN-IN) 0 (L'Sy=84) L¥C @3N-IN) 0 (STr—811) 65T (0082 vLL % '(ID %S6) =181 LQUOW-¢ |
(L'ovy—+0l) 99T (089-€67) €05 (0z9-€Cl) 00K (LYy=T9) v'TT (6'L/-£'87) 9TS (€9v—59) v'eC (re9-24'80) L'ty (675—TST) ToE % (1D %G6) 9181 Yluow-9
(L'—¥'1) 8¢ (Ge-¥1) €9 AN-¥L) €€ (Iy=€1) ¥ (I'L=10 €9 (Ly=1) £'L (06-070) 6°€ (€9-+1) L'E syIuoW (1> 9%56) UeIpay
S4d
(Cle-50) 0Tl (8'15—€vl) 80€ (C£5-G9) 05T (891-0) 0 (§99-€00) L'tk (907-0) 0 (€6v—691) ¥'LE (e6e-€LL) 9le % (1D %56) Y40
Sc=u 9c=u L=u Oc=u 6lL=Uu 9l=u GE=Uu
ON SOA 3|gen|eAd 10N aniebaN SNSOd Jejnd>o /BN20-UON
(5192 Jownl 4o 91 Z) LS=N
Adesayr gewnuwjidr Joud uolssaudxa | 71-ad Jowny Arewnd Jo a1g swuaned ||y Ellilemilsle}

sdnolbgns 1usned 12919s pue siused |je Ul SSUWO0DIN0 pue asuodsay g djqel



Keilholz et al. Journal for InmunoTherapy of Cancer (2019) 7:12

respectively. The PFS curve demonstrated a stable plateau
following the 12-month time point (Fig. 2a).

Median OS was 17.2 months (95% CI, 6.6-not estim-
able) (Table 2 and Fig. 2b), and 27 patients (52.9%) were
alive at the cutoff date. The 12- and 24-month rates of
OS were 59.4% and 43.7%, respectively.

Subgroup analyses
Of 35 patients with cutaneous or mucosal melanoma,
melanoma of the canthus, or unknown primary (collect-
ively referred to as patients with non-ocular melanoma),
the ORR was 31.4% (95% CI, 16.9-49.3) (Table 2), which
included the previously described 11 patients with an
objective response. ORRs according to tumor site
subgroups are shown in Additional file 1: Table S1.

In patients with non-ocular melanoma, median PFS
was 3.9 months (95% CI, 2.0-9.0), and 6- and 12-month
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PFS rates were 47.1 and 25.9%, respectively. Median OS
was 17.2 months (95% CI, 9.3-not estimable), and 12-
and 24-month OS rates were 64.9% and 44.8%, respect-
ively. No objective responses were observed in the 16 pa-
tients with ocular melanoma, although 7 of 16 patients
(43.8%) had transient stable disease. Median PFS was 1.7
months (95% CI, 1.4—4.1), with 6- and 12-month rates of
PES of 23.4 and 0%, respectively. Median OS was not yet
reached (95% CI, 3.6 months-not estimable); the
12-month OS rate was 50.0% and the 24-month OS rate
was not estimable (Table 2, Fig. 3, and Additional file 2:
Figure S1).

Of 39 patients with biopsy material assessable for
PD-L1 expression, those with PD-L1-positive tumors at
a 1% cutoff (7 = 19) had a confirmed ORR of 42.1% (95%
CI, 20.3-66.5): 2 patients experienced a complete re-
sponse and 6 a partial response vs an ORR of 0% (95%

140
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R A Partial response
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%k End of treatment
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Time since treatment initiation, months
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Change from baseline in target lesions, % 0
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b

-1004

Time since treatment initiation, months

Fig. 1 Time to and duration of response (a) and change in tumors in all patients (b)
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Fig. 2 PFS (a) and OS (b) in all patients

43 36 30 27 26

Time since treatment initiation, months

12 14 16 18 20 22 24 26 28

25 219 17 12 11 10 6 1

CI, 0-16.8) in patients with PD-Ll-negative tumors
(n =20) (Fisher exact test, P =0.001); in patients whose
tumors were not evaluable for PD-L1 expression (1 = 12),
the ORR was 25.0% (95% CI, 5.5-57.2): 2 patients expe-
rienced a complete response and 1 a partial response
(Table 2 and Additional file 2: Figure S1). If confined to
patients with non-ocular melanoma, objective re-
sponses were observed in 8 of 14 patients (57.1% [95%
CI, 28.9-82.3]) with PD-L1-positive tumors vs an ORR
of 0% (95% CI, 0-26.5) in patients with PD-L1-negative

tumors (n =12) (Fisher exact test, P =0.002); of 9 pa-
tients whose tumors were not evaluable for PD-L1 ex-
pression, 3 objective responses were observed (33.3%
[95% CI, 7.5-70.1]) (Additional file 3: Table S2).

Of 45 patients with baseline and postbaseline measure-
ments, 23 patients had a reduction in the sum of target
lesion diameters of any kind: 12 patients with PD-L1-
positive tumors, 5 with PD-L1-negative tumors, and 6
patients whose tumors were not evaluable for PD-L1
expression (Fig. 4a). Of these patients, tumor shrinkage



Keilholz et al. Journal for InmunoTherapy of Cancer (2019) 7:12 Page 8 of 13
P
100 1
—— Non-ocular
90 A —— Ocular
2
— 80 A
©
>
S 70
<
3
» 60
]
& 50
<
S 401
]
o 301
> f f H—H
o 204
o
10 A
0 <4
T T T T T T T T T T T T T T
0 6 8 10 12 14 16 18 20 22 24 26
Time since treatment initiation, months
Number at risk
Non-ocular 35 21 14 14 10 7 7 6 5 5 5 5 2 0
Ocular 16 8 5 3 3 2 0 0 0 0 0 0 0 0
100 A
— Non-ocular
90 —— Ocular
80 -
X 701
£ ooy
<
L L Ll T N ]
2 501 T I —— 1
T 40
[
>
6 301
20 A
104
oA
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time since treatment initiation, months
Number at risk
Non-ocular 35 28 24 21 20 19 18 15 14 1 10 9 6 1 0
Ocular 16 15 12 9 7 7 7 6 3 1 1 1 0 0 0
Fig. 3 PFS (a) and OS (b) in patients with non-ocular and ocular melanoma

was 230% in 10 patients with PD-L1—positive tumors, in
1 patient with a PD-Ll-negative tumor, and in 4
patients with tumors not evaluable for PD-L1 expres-
sion. The changes in the sums of target lesions between
baseline and best postbaseline assessment according to
tumor site are shown in Additional file 4: Figure S2.
Median PFS was 6.3 months (95% CI, 2.1-11.1; HR,
0.41 [95% CI, 0.20-0.86]) in patients with PD-L1-posi-
tive tumors, 1.4 months (95% CI, 1.3—-4.1) in those
with PD-Ll-negative tumors, and 3.3 months (95%
CI, 1.4-not estimable; HR, 0.39 [95% CI, 0.16—0.97])
in those with tumors not evaluable for PD-L1 expression
(Table 2 and Fig. 4b). Patients with PD-L1-positive
tumors had a median OS of 24.9 months (95% CI, 6.2-not
estimable; HR, 0.34 [95% CI, 0.13—-0.87]) compared with
5.3 months (95% CI, 3.8-16.2) in those with PD-L1-nega-
tive tumors; median OS was not estimable (95% CI,
2.1-not estimable; HR, 0.21 [95% CI, 0.05-0.79]) in

patients whose tumors were not evaluable for PD-L1 ex-
pression (Table 2 and Fig. 4c). If confined to patients with
non-ocular melanoma, median PFS was 7.9 months (95%
CI, 1.3-not estimable) in patients with PD-L1—positive tu-
mors, 1.3months (95% CI, 1.1-6.3) in patients with
PD-L1-negative tumors, and 3.7 months (95% CI, 1.4-not
estimable) in patients whose tumors were not evaluable
for PD-L1 expression. Median OS was 24.9 months
(95% CI, 6.2-not estimable), 4.9 months (95% CI, 3.8—
12.9), and not estimable (95% CI, 18.5-not estimable),
respectively (Additional file 3: Table S2 and Add-
itional file 5: Figure S3).

The confirmed ORR was 30.8% (95% CI, 14.3-51.8) in
patients who received prior ipilimumab therapy (n = 26),
compared with 12.0% (95% CI, 2.5-31.2) in patients who
did not (n =25) (Table 2 and Additional file 2: Figure
S1). Median PFS of 6.3 months (95% CI, 1.4-9.5) in pa-
tients who received prior ipilimumab therapy compared
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with 2.8 months (95% CI, 1.4-4.1) in patients who did
not. Median OS was 16.2 months (95% CI, 5.3 months-not
estimable) in patients who received prior ipilimumab
therapy compared with 17.2 months (95% CI, 4.7 months-
not estimable) in patients who did not (Table 2).

ORRs for other subgroups can be found in Additional
file 2: Figure S1.

Safety
Overall, 50 patients (98.0%) had an AE (Additional file 6:
Table S3), 39 (76.5%) of whom had a treatment-related

AE (TRAE) of any grade (Table 3). The most com-
mon TRAEs (occurring in >10% of patients) were IRR
(n=15 [29.4%]), fatigue (n=9 [17.6%]), and chills (n=
6 [11.8%]). Grade 3 TRAEs occurred in 4 patients
(7.8%): nausea, gamma-glutamyltransferase increased,
hypokalemia, and lipase increased (n =1 [2.0%] each). A
TRAE led to permanent discontinuation in 5 patients
(9.8%)—most commonly IRR (r =3 [5.9%]), nausea (n =1
[2.0%]), and sarcoidosis (n =1 [2.0%]). Serious TRAESs oc-
curred in 3 patients (5.9%): IRR (resolved with concomi-
tant medication), pyrexia (resolved with concomitant
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Table 3 Incidence of treatment-related adverse events

Any-grade in 2 5% of patients or any N =51
grade 3 TRAEs Any grade Grade 3
n (%) n (%)
Patients with =1 event 39 (76.5) 4(7.8)
Infusion-related reaction 15 (294) 0
Fatigue 9 (17.6) 0
Chills 6(11.8) 0
Diarrhea 5(9.8) 0
Dysgeusia 4 (7.8) 0
Pyrexia 4 (7.8) 0
Aspartate aminotransferase increased 359 0
Dry mouth 3(5.9) 0
Nausea 2 (39 1(2.0)
Gamma-glutamyltransferase increased 1(20) 10
Hypokalemia 1(2.0) 1(2.0)
Lipase increased 1 (2.0 1(2.0)
All immune-related TRAEs
Patients with =21 event 5(9.8) 0
Hypothyroidism 2 (39 0
Pneumonitis 2 (39 0
Hyperthyroidism 1(2.0) 0
Sarcoidosis 1(20) 0
Vitiligo 1(2.0) 0

medication), and sarcoidosis (led to treatment discontinu-
ation). All serious AEs of any causality are shown in Add-
itional file 7: Table S4. No grade 4 TRAEs and no
treatment-related deaths were reported.

IRRs occurred at the first infusion in 8 patients
(15.7%), at the second infusion in 3 patients (5.9%), at
the third infusion in 1 patient (2.0%), and at the fourth
or later infusion in 3 patients (5.9%). IRRs led to treat-
ment discontinuation in 3 patients (5.9%). Five patients
(9.8%) experienced irAEs related to treatment, and all
were grade 1/2: hypothyroidism and pneumonitis (n =2
[3.9%] each) and hyperthyroidism, sarcoidosis, and
vitiligo (n =1 [2.0%] each) (Table 3). An irAE led to
treatment discontinuation in 1 patient (2.0%) due to
sarcoidosis (previously mentioned serious, treatment-re-
lated event).

Discussion

In this analysis of previously treated patients with
advanced melanoma, avelumab demonstrated durable
responses and promising survival outcomes. Of all en-
rolled patients, the confirmed ORR was 21.6 and 31.4%
in patients with non-ocular melanoma. These findings
are consistent with results from larger pivotal studies of
ICIs for second-line or later treatment of advanced
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melanoma, which ranged from 21 to 37% [25-30]. After
a median follow-up of ~2years, the median DOR for
avelumab was not estimable in this cohort of patients,
consistent with findings after longer-term follow-up in
pivotal studies of other ICIs [26, 28, 30]. Median PFS
was 3.1 months and 3.9 months in patients with
non-ocular melanoma, which was also comparable to
that seen in these earlier pivotal studies [25-30], and
ongoing clinical benefit was observed in a subset of
patients—as evidenced by the plateau of the PFS curve.
Although the number of patients who had received prior
ipilimumab therapy in this analysis is small, the median
OS of 16.2 months is comparable to that reported in
studies of patients with advanced melanoma who
received pembrolizumab (KEYNOTE-002; 13.4 months
[2 mg/kg; n = 180] and 14.7 months [10 mg/kg; n = 181])
or nivolumab (CheckMate 037; 15.7 months [ =272])
following disease progression on ipilimumab [26, 28]. Add-
itionally, in a study of patients treated with pembrolizumab
who had received <1 prior therapy that did not include an
ICI (KEYNOTE-006), median OS had not been reached
after a median follow up of 22.9 months [30].

Subgroup analyses suggested meaningful clinical activ-
ity in patients who had non-ocular primary tumors,
received prior ipilimumab therapy, or had PD-L1-posi-
tive tumors. In the JAVELIN Solid Tumor melanoma
cohort, no objective responses were observed in patients
with ocular melanoma, which is consistent with reported
ocular melanoma studies of other checkpoint inhibitors.
However, 7 of 16 patients (43.8%) with ocular melanoma
in this cohort had a best overall response of stable dis-
ease with avelumab, which may be explained by the min-
imal mutational load associated with ocular melanoma
[31]. Despite a lack of objective response in these pa-
tients, OS appeared comparable to that of patients with
non-ocular melanoma. Importantly, CheckMate 037,
KEYNOTE-002, and KEYNOTE-006 did not enroll pa-
tients with ocular melanoma. In patients who received
prior ipilimumab therapy, the confirmed ORR was
30.8%, which was consistent with that seen in
ipilimumab-refractory patients receiving nivolumab
(27%) or pembrolizumab (22% [2 mg/kg] and 28% [10
mg/kg]) [26, 28].

In patients evaluable for response according to PD-L1
expression, those with PD-L1-positive tumors had an
ORR of 42.1%—57.1% when confined to patients with
non-ocular melanoma—consistent with previous find-
ings from CheckMate 037 (43.6%) [25, 29, 30]. In this
study, patients with PD-L1l-negative tumors did not
achieve an objective response, in contrast with the
observed modest efficacy in the much larger cohorts of
patients with PD-L1-negative tumors in pivotal studies
of ICIs [25-30]. However, a comparative study using
samples obtained from patients with non-small cell lung
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cancer showed greater sensitivity of the PD-L1 immuno-
histochemistry assay used in this study (Dako 73-10)
compared with that used in the KEYNOTE 002 and 006
studies (Dako 22C3) [32], suggesting a possible discrep-
ancy in the ability to identify truly PD-L1-negative tu-
mors. Although prior post hoc analyses assessed the
association between response to nivolumab and PD-L1
expression across the full range of expression levels and
suggested that ORR increased with increasing PD-L1 ex-
pression, no PD-L1 expression threshold that may pre-
dict response to nivolumab was identified [26]. Future
research could endeavor to address whether additional
biomarkers, such as tumor mutational burden [33-35],
may identify subgroups of patients with either ocular or
PD-L1-negative tumors who respond to avelumab.

The safety profile was considered manageable and
tolerable, and generally consistent with that of other ICIs
and of studies of avelumab monotherapy in advanced
cancers [18-20]. In this study, grade 3 TRAEs occurred
in 7.8% of patients and no grade 4 events and no
treatment-related deaths were reported, compared with
grade 3/4 TRAEs occurring in =15% of patients in
studies of pembrolizumab and nivolumab, and few, but
notable, reported deaths [26, 28, 30]. In addition, no
grade 3/4 irAEs occurred compared with an incidence of
~4% to 10% in these other studies [29, 31].

Conclusions

Avelumab showed durable responses, promising survival
outcomes, and an acceptable safety profile in patients
with previously treated metastatic melanoma, consistent
with other ICIs. Encouraging efficacy outcomes were
observed in patients with PD-L1-positive tumors and in
patients who had progressed on prior ipilimumab therapy.

Additional files

Additional file 1: Table S1. ORR according to tumor site subgroups.
(PDF 31 kb)

Additional file 2: Figure S1. Subgroup analyses of efficacy. (PDF)
(PDF 135kb)

Additional file 3: Table S2. Response and outcomes in patients with
non-ocular melanoma according to PD-L1 status. (PDF) (PDF 319 kb)

Additional file 4: Figure S2. Best percentage change from baseline in
target lesions in all evaluable patients (n = 45). (PDF 137 kb)

Additional file 5: Figure S3. PFS (A) and OS (B) in patients with non-
ocular melanoma according to tumor PD-L1 expression (n = 35).
(PDF) (PDF 111 kb)

Additional file 6: Table S3. All adverse events (N =51). (PDF) (PDF 154 kb)

Additional file 7: Table S4. All serious adverse events (N =51). (PDF)
(PDF 101 kb)

Abbreviations

AE: Adverse event; AJCC: American Joint Committee on Cancer;

Cl: Confidence interval; CTLA-4: Cytotoxic T-lymphocyte associated-protein 4;
DOR: Duration of response; ECOG PS: Eastern Cooperative Oncology Group

Page 11 of 13

performance status; FDA: Food and Drug Administration; HR: Hazard ratio;
ICI: Immune checkpoint inhibitor; IgG1: Immunoglobulin G1; irAE: Immune-
related AE; IRR: Infusion-related reaction; NCI-CTCAE: National Cancer Institute
Common Terminology Criteria for Adverse Events; NE: Not estimable;

ORR: Objective response rate; OS: Overall survival; PD-1: Programmed cell
death-1; PD-L1: Programmed death-ligand 1; PFS: Progression-free survival;
Q2W: every 2 weeks; RECIST: Response Evaluation Criteria in Solid Tumors;
TRAE: Treatment-related adverse event; UICC: Union for International Cancer
Control

Acknowledgments

The authors thank the patients and their families, investigators, co-
investigators, and study teams at each of the participating centers, at Merck
KGaA, Darmstadt, Germany, and at EMD Serono, Billerica, MA, USA (a business
of Merck KGaA, Darmstadt, Germany).

Funding

This trial was sponsored by Merck KGaA, Darmstadt, Germany, and is part of
an alliance between Merck KGaA and Pfizer, Inc,, New York, NY, USA. Medical
writing support was provided by ClinicalThinking, Inc,, Hamilton, NJ, USA,
and funded by Merck KGaA, and Pfizer, Inc.

Availability of data and materials

The datasets used and/or analyzed during this study are available from the
corresponding author on reasonable request. More information can be
found at https//www.emdgroup.com/en/research/our-approach-to-research-
and-development/healthcare/clinical-trials/commitment-responsible-data-
sharing.html

Authors’ contributions

VK, KC, AvH, and JLG conceived and designed the study, developed the
methodology, and analyzed and interpreted the data. UK, JMM, SB, HB, MRP,
DG, JIN, MHT, LW, KWL, and AvH participated in data acquisition. UK and
JMM provided supervision of the study. All authors participated in writing
the manuscript and approved the final version of the manuscript.

Ethics approval and consent to participate

All patients were enrolled in accordance with approved protocols, international
standards of good clinical practice, institutional review board approvals, and
institutional safety monitoring. Written informed consent was provided.

Consent for publication
Not applicable.

Competing interests

UK has received honoraria from and is a member of advisory boards for
AstraZeneca; Bristol-Myers Squibb; Merck, Sharp & Dohme; Merck KGaA;
and Pfizer.

JMM reports consultancy for Merck, Sharp & Dohme and Amgen;
reimbursement for travel and accommodations from EMD Serono and
Merck, Sharp & Dohme; other relationships with Amgen, EMD Serono, and
Merck KGaA; honoraria from Genentech and EMD Serono; JMM's institution
received research funding from Merck KGaA, Sanofi, Novartis, Polynoma,
Immunocore, Amgen, and AstraZeneca.

SB has received honoraria from Pharmamar, GlaxoSmithKline, Pfizer, and
Bayer; has received research support from Novartis, Blueprint Medicines, and
Ariad; reports consultancy for GlaxoSmithKline, Novartis, Pfizer, Bayer,
Fresenius, Lilly, Blueprint Medicines, and Deciphera; and received travel
support from Pharmamar and Bayer.

HB has nothing to disclose.

MRP is a member of an advisory board for Guardant and speaker’s bureau
for Exelixis, Bristol-Myers Squibb, Medivation, Genentech, and Gilead.

DG has nothing to disclose.

JIN has nothing to disclose.

MHT has received honoraria from Blueprint Medicines, Trillium Pharma,
Bristol-Myers Squibb, and Eisai; is a member of an advisory board for
Blueprint Medicines and speaker’s bureau for Eisai; and reports consultancy for
Trillium Pharma and Bristol-Myers Squibb.

LW reports consultancy for and has received honoraria from Amgen, Roche,
and Merck.


https://doi.org/10.1186/s40425-018-0459-y
https://doi.org/10.1186/s40425-018-0459-y
https://doi.org/10.1186/s40425-018-0459-y
https://doi.org/10.1186/s40425-018-0459-y
https://doi.org/10.1186/s40425-018-0459-y
https://doi.org/10.1186/s40425-018-0459-y
https://doi.org/10.1186/s40425-018-0459-y
https://www.emdgroup.com/en/research/our-approach-to-research-and-development/healthcare/clinical-trials/commitment-responsible-data-sharing.html
https://www.emdgroup.com/en/research/our-approach-to-research-and-development/healthcare/clinical-trials/commitment-responsible-data-sharing.html
https://www.emdgroup.com/en/research/our-approach-to-research-and-development/healthcare/clinical-trials/commitment-responsible-data-sharing.html

Keilholz et al. Journal for InmunoTherapy of Cancer (2019) 7:12

KWL's institution received research funds from AstraZeneca, Daiichi Sankyo,
Five Prime Therapeutics, Green Cross Corp., Macrogenics, Merck KGaA, Merck
& Co., Ono Pharmaceutical and Taiho Pharmaceutical.

VK'is employed by EMD Serono.

KC is employed by EMD Serono.

AvH is employed by Merck KGaA.

JLG has nothing to disclose.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

Charité Comprehensive Cancer Center, Charitéplatz 1, 10117 Berlin,
Germany. 2Rutgers Cancer Institute of New Jersey, New Brunswick, NJ, USA.
Department of Medical Oncology, University Hospital Essen, West German
Cancer Center, University Duisburg-Essen, Essen, Germany. 4C\ihique Victor
Hugo - Centre Jean Bernard, Le Mans, France. *Florida Cancer Specialists/
Sarah Cannon Research Institute, Sarasota, FL, USA. 6Baptist Cancer Center,
Memphis, TN, USA. “University of Toledo College of Medicine, Toledo, OH,
USA. 8Oregon Health & Science University, Portland, OR, USA. “Maria
Sktodowska-Curie Memorial Cancer Center, Department of Oncology and
Radiotherapy and Biostatistics and Bioinformatics Unit, Warsaw, Poland.
'%Seoul National University Bundang Hospital, Seoul National University
College of Medicine, Seongnam, South Korea. YEMD Serono, Billerica, MA,
USA. "?EMD Serono, Rockland, MA, USA. *Merck KGaA, Darmstadt, Germany.
Genitourinary Malignancies Branch and Laboratory of Tumor Immunology
and Biology, Center for Cancer Research, National Cancer Institute, National
Institutes of Health, Bethesda, MD, USA.

Received: 19 July 2018 Accepted: 20 November 2018
Published online: 16 January 2019

References

1. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):£359-86.

2. Mihajlovic M, Vlajkovic S, Jovanovic P, Stefanovic V. Primary mucosal

melanomas: a comprehensive review. Int J Clin Exp Pathol. 2012;5(8):739-53.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin.
2016;66(1):7-30.

4. Hodi FS, Kluger H, Sznol M, Carvajal R, Lawrence D, Atkins M, et al. Abstract
CT001: durable, long-term survival in previously treated patients with
advanced melanoma (MEL) who received nivolumab (NIVO) monotherapy
in a phase | trial. Cancer Res. 2016;76(14 Supplement).CT001.

5. Long GV, Eroglu Z, Infante J, Patel S, Daud A, Johnson DB, et al. Long-
term outcomes in patients with BRAF V600-mutant metastatic
melanoma who received dabrafenib combined with trametinib. J Clin
Oncol. 2018;36(7):667-73.

6.  Luke JJ, Flaherty KT, Ribas A, Long GV. Targeted agents and
immunotherapies: optimizing outcomes in melanoma. Nat Rev Clin Oncol.
2017;14(8):463-82.

7. Luke JJ, Triozzi PL, McKenna KC, Van Meir EG, Gershenwald JE, Bastian BC, et
al. Biology of advanced uveal melanoma and next steps for clinical
therapeutics. Pigment Cell Melanoma Res. 2015;28(2):135-47.

8. Lopez F, Rodrigo JP, Cardesa A, Triantafyllou A, Devaney KO, Mendenhall
WM, et al. Update on primary head and neck mucosal melanoma. Head
Neck. 2016;38(1):147-55.

9. Buder K, Gesierich A, Gelbrich G, Goebeler M. Systemic treatment of
metastatic uveal melanoma: review of literature and future perspectives.
Cancer Med. 2013;2(5):674-86.

10. Opdivo (nivolumab) [package insert]. Princeton, NJ: Bristol-Myers Squibb
Company; 2017. https://packageinserts.oms.com/pi/pi_opdivo.pdf.

11. Yervoy (ipilimumab) [package insert], Princeton, NJ: Bristol-Myers Squibb
Company; 2017. https:;//packageinserts.oms.com/pi/pi_yervoy.pdf.

12. Keytruda (pembrolizumab) [package insert]. Whitehouse Station, NJ, US:
Merck & Co, Inc; 2017. https.//www.merck.com/product/usa/pi_circulars/k/
keytruda/keytruda_pi.pdf.

13. Heery CR, O'Sullivan-Coyne G, Madan RA, Cordes L, Rajan A, Rauckhorst M,
et al. Avelumab for metastatic or locally advanced previously treated solid

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Page 12 of 13

tumours (JAVELIN Solid Tumor): a phase 1a, multicohort, dose-escalation
trial. Lancet Oncol. 2017;18(5):587-98.

Boyerinas B, Jochems C, Fantini M, Heery CR, Gulley JL, Tsang KY, et al.
Antibody-dependent cellular cytotoxicity activity of a novel anti-PD-L1
antibody avelumab (MSB0010718C) on human tumor cells. Cancer Immunol
Res. 2015;3(10):1148-57.

Fuijii R, Friedman ER, Richards J, Tsang KY, Heery CR, Schlom J, et al.
Enhanced killing of chordoma cells by antibody-dependent cell-mediated
cytotoxicity employing the novel anti-PD-L1 antibody avelumab.
Oncotarget. 2016;7(23):33498-511.

Bavencio (avelumab) injection [package insert]. Darmstadt, Germany: Merck
KGaA; 2017. https://www.emdserono.com/content/dam/web/corporate/
non-images/country-specifics/us/pi/bavencio-pi.pdf.

Bavencio (avelumab) injection [summary of product characteristics].
Darmstadt, Germany: Merck KGaA; 2017. https://www.ema.europa.eu/
documents/product-information/bavencio-epar-product-information_en.pdf.
Gulley JL, Rajan A, Spigel DR, lannotti N, Chandler J, Wong DJL, et al.
Avelumab for patients with previously treated metastatic or recurrent non-
small-cell lung cancer (JAVELIN Solid Tumor): dose-expansion cohort of a
multicentre, open-label, phase 1b trial. Lancet Oncol. 2017;18(5):599-610.
Apolo AB, Infante JR, Balmanoukian A, Patel MR, Wang D, Kelly K, et al.
Avelumab, an anti-programmed death-ligand 1 antibody, in patients with
refractory metastatic urothelial carcinoma: results from a multicenter, phase
Ib study. J Clin Oncol. 2017,35(19):2117-24.

Dirix LY, Takacs |, Jerusalem G, Nikolinakos P, Arkenau HT, Forero-Torres A, et
al. Avelumab, an anti-PD-L1 antibody, in patients with locally advanced or
metastatic breast cancer: a phase 1b JAVELIN Solid Tumor study. Breast
Cancer Res Treat. 2018;167(3):671-86.

Patel MR, Ellerton J, Infante JR, Agrawal M, Gordon M, Aljumaily R, et al.
Avelumab in metastatic urothelial carcinoma after platinum failure (JAVELIN
Solid Tumor): pooled results from two expansion cohorts of an open-label,
phase 1 trial. Lancet Oncol. 2018;19(1):51-64.

Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK; et al,
editors. American Joint Committee on Cancer (AJCC) Cancer Staging
Manual. 7th ed. New York: Springer; 2009.

Sobin LH, Gospodarowicz MK, Wittekind C, editors. UICC International Union
Against Cancer: TNM Classification of malignant tumours. 7th ed. Hoboken:
Wiley-Blackwell; 2011.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009;45(2):228-47.

Weber JS, D'Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns B, et al. Nivolumab
versus chemotherapy in patients with advanced melanoma who progressed
after anti-CTLA-4 treatment (CheckMate 037): a randomised, controlled, open-
label, phase 3 trial. Lancet Oncol. 2015;16(4):375-84.

Larkin J, Minor D, D'Angelo S, Neyns B, Smylie M, Miller WH Jr, et al.
Overall survival in patients with advanced melanoma who received
nivolumab versus investigator's choice chemotherapy in CheckMate 037:
a randomized, controlled, open-label phase Il trial. J Clin Oncol. 2018;
36(4):383-90.

Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C, et al.
Pembrolizumab versus investigator-choice chemotherapy for ipilimumab-
refractory melanoma (KEYNOTE-002): a randomised, controlled, phase 2 trial.
Lancet Oncol. 2015;16(8):908-18.

Hamid O, Puzanov |, Dummer R, Schachter J, Daud A, Schadendorf D, et al.
Final analysis of a randomised trial comparing pembrolizumab versus
investigator-choice chemotherapy for ipilimumab-refractory advanced
melanoma. Eur J Cancer. 2017,86:37-45.

Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, et al.
Pembrolizumab versus ipilimumab in advanced melanoma. N Engl J Med.
2015;372(26):2521-32.

Schachter J, Ribas A, Long GV, Arance A, Grob JJ, Mortier L, et al.
Pembrolizumab versus ipilimumab for advanced melanoma: final overall
survival results of a multicentre, randomised, open-label phase 3 study
(KEYNOTE-006). Lancet. 2017;390(10105):1853-62.

Royer-Bertrand B, Torsello M, Rimoldi D, El Zaoui |, Cisarova K, Pescini-
Gobert R, et al. Comprehensive genetic landscape of uveal melanoma
by whole-genome sequencing. Am J Hum Genet. 2016;99(5):1190-8.
Feng Z, Schlichting M, Helwig C, Chand VK, Gelb A, Jin H, et al. Comparative
study of two PD-L1 expression assays in patients with non-small cell lung
cancer (NSCLQ). J Clin Oncol. 2017;35(15):e20581.


https://packageinserts.bms.com/pi/pi_opdivo.pdf
https://packageinserts.bms.com/pi/pi_yervoy.pdf
https://www.merck.com/product/usa/pi_circulars/k/keytruda/keytruda_pi.pdf
https://www.merck.com/product/usa/pi_circulars/k/keytruda/keytruda_pi.pdf
https://www.emdserono.com/content/dam/web/corporate/non-images/country-specifics/us/pi/bavencio-pi.pdf
https://www.emdserono.com/content/dam/web/corporate/non-images/country-specifics/us/pi/bavencio-pi.pdf
https://www.ema.europa.eu/documents/product-information/bavencio-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/bavencio-epar-product-information_en.pdf

Keilholz et al. Journal for InmunoTherapy of Cancer (2019) 7:12 Page 13 of 13

33. Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, Desrichard A, et al.
Genetic basis for clinical response to CTLA-4 blockade in melanoma. N Engl
J Med. 2014;371(23):2189-99.

34. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ, et al.
Cancer immunology. Mutational landscape determines sensitivity to PD-1
blockade in non-small cell lung cancer. Science. 2015;348(6230):124-8.

35. Van Allen EM, Miao D, Schilling B, Shukla SA, Blank C, Zimmer L, et al.
Genomic correlates of response to CTLA-4 blockade in metastatic
melanoma. Science. 2015;350(6257):207-11.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Patients and methods
	Results
	Conclusion
	Trial registration

	Introduction
	Materials and methods
	Study design and patients
	Treatments and assessments
	Outcomes
	Statistical analysis

	Results
	Baseline patient characteristics
	Antitumor activity
	Subgroup analyses
	Safety

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

