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Abstract

Background: Metastatic uveal melanoma is a highly aggressive disease with no

standard of care treatment option. A large proportion of patients have liver‐only met-

astatic disease which raises the question if liver‐directed therapy can be efficacious in

this subpopulation.

Aims: The study aims to evaluate the safety and efficacy of radiosensitizing chemo-

therapy in combination with yttrium‐90 microspheres in patients with uveal mela-

noma with liver‐only metastases.

Methods and results: This single arm, open labeled, non‐randomized study enrolled

10 patients with liver‐only metastatic uveal melanoma between November 2012 and

January 2018. Eligible patients received intrahepatic yttrium‐90 microspheres

followed by intravenous cisplatin (20 mg/m2) for 5 days. Ten patients were enrolled,

but nine patients received treatment who were included in the final analysis with a

median follow‐up of 30 months (range 7 to 44). Five (50%) were female, five (50%)

had an elevated lactate dehydrogenase (LDH), and one (10%) had prior anti‐PD‐1

therapy. The combination was well tolerated with no greater than or equal to grade

3 toxicity observed. The liver objective response rate (ORR) was 33% (3/9), the

median progression‐free survival (PFS) in the liver was 3 months (95% CI, 3‐NA),

and the extrahepatic PFS was 3 months (95% CI, 3‐NA). Seventy‐eight percent (7/

9) received an immune checkpoint inhibitor on disease progression, with no

responses seen. The median overall survival (OS) was 10 months (95% CI, 7‐NA).

Conclusion: The combination of cisplatin with yttrium‐90 microspheres was well

tolerated; however, it was associated with intrahepatic disease control of relatively

short duration. No responses were seen in patients treated with immune checkpoint

inhibitors post radioembolization.
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TABLE 1 Patient characteristics

Demographics Patients (n = 10)

Age, y

Mean 68

Range 56‐75

Sex, no. (%)

Male 5 (50%)
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1 | INTRODUCTION

Uveal melanoma is the most common primary intraocular malignancy

in adults and is both clinically and genomically distinct from cutaneous

melanoma.1 Despite successful local therapy, almost half of all patients

develop metastases, with the majority relapsing in the liver.2 Unlike

cutaneous melanoma, there are no effective systemic treatments for

metastatic uveal melanoma, and indeed, there is no defined standard

of care. There have been a number of agents used including chemo-

therapy, MEK inhibitors, and immune checkpoint inhibitors, but the

outcomes remain poor.3,4 This characteristic of liver‐predominant

metastatic disease, coupled with poor response rates to systemic ther-

apy, has led to the use of locoregional therapies directed at the

hepatic metastases.5

Liver‐directed therapies such as radioembolization with yttrium‐90

(90Y)‐emitting microspheres (SIR‐Spheres microspheres) has been

shown to be an effective therapy for both primary and secondary

hepatic malignancies.6 In addition, several studies have shown

yttrium‐90 microspheres can be safely combined with platinum‐based

chemotherapy.7 There have been a number of other liver‐directed

approaches in the treatment of uveal melanoma including intra‐arterial

fotemustine, percutaneous isolated hepatic perfusion, and

immunoembolization with granulocyte‐macrophage colony‐stimulating

factor (GM‐CSF), but none of these studies demonstrated an overall

survival (OS) advantage.8-10

Our study aims to assess the feasibility of combining cisplatin with

yttrium‐90 microspheres in uveal melanoma patients with liver‐only

metastases. We postulate that the addition of cisplatin chemotherapy

not only has a radiosensitizing effect but it also provides systemic con-

trol and prevention of extrahepatic disease.

Female 5 (50%)

ECOG performance status, no. (%)

0 6 (60%)

1 4 (40%)

LDH, no. (%)

≤ULN 5 (50%)

>ULN 5 (50%)

Primary ocular therapy, no. (%)

Enucleation 5 (50%)

Radiotherapy/brachytherapy 5 (50%)

Prior treatment for advanced disease, no. (%)

Surgery 1 (10%)

Anti‐PD‐1/PD‐L1 1 (10%)

Anti‐CTLA‐4 1 (10%)

None 7 (70%)

Post embolization treatment ‐ no. (%)

Anti‐PD‐1 7 (70%)

Anti‐CTLA‐4 1 (10%)

None 2 (20%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate

dehydrogenase, ULN, UpperLimit Normal.
2 | METHODS

This open label, non‐randomized pilot study was conducted at the

Austin Hospital, Melbourne, Australia, and approved by the institu-

tion's ethics committee (H2012/04888). Written informed consent

was obtained from all patients, and all methods were performed in

accordance with the protocol specified guidelines, the Declaration of

Helsinki and guidelines for Good Clinical Practice.

Patients with histologically confirmed liver‐only metastatic uveal

melanoma were enrolled between November 2012 and January

2018. Patients had to be 18 years of age or older, have an Eastern

Cooperative Oncology Group (ECOG) performance‐status score of 0

or 1, and have adequate hematologic, hepatic, and renal function.

Patients underwent angiographic and technetium‐99 macroaggre-

gated albumin assessment of suitability prior to treatment. Exclusion

criteria were significant shunting to the lung (greater than 20%), occlu-

sion of the main portal vein, presence of extrahepatic disease, sys-

temic immunosuppression, and previous liver‐directed therapy.

Eligible patients received intrahepatic yttrium‐90 microspheres (SIR‐

Spheres, Sirtex Medical Ltd., Australia) to an activity and dose deter-

mined using the body surface area model of Lau et al.11 Patients then
received intravenous cisplatin (20 mg/m2) for 5 days starting immedi-

ately after microsphere implantation.

The primary end point of the study was safety, which was evalu-

ated using the National Cancer Institute (NCI) Common Terminology

Criteria for Adverse Events (CTCAE), Version 4.0. Secondary end

points evaluated were liver‐only and overall objective response rate

(ORR), progression‐free survival (PFS), and OS. PFS was defined as

time between date of commencement of therapy to date of progres-

sion or death. Disease assessments were performed utilizing com-

puted tomography (CT) and magnetic resonance imaging (MRI) of

the abdomen. Objective response determination was made as per

the Response Evaluation Criteria in Solid Tumours (RECIST) v1.1.12

Data on post progression treatment and ORRs were collected to

explore any possible continued effects from the trial on survival

outcomes.

All patients who received the yttrium‐90 microspheres and cis-

platin chemotherapy were evaluated for safety. OS, PFS, and liver‐

only PFS were calculated using the Kaplan‐Meier method, and median

results and confidence intervals were obtained via the R statistical

software. Descriptive statistics were not performed because of the

limited sample size and lack of consistent homogenous data.



T
A
B
LE

2
T
re
at
m
en

t
de

ta
ils

an
d
re
sp
o
ns
es

P
at
ie
nt

Se
x

T
im

e
fr
o
m

In
it
ia
l

D
ia
gn

o
si
s
to

Li
ve

r
M
et
as
ta
se
s,
m
o

T
im

e
fr
o
m

D
ia
gn

o
si
s

o
f
Li
ve

r
M
et
as
ta
se
s

to
R
ad

io
em

bo
liz
at
io
n,

m
o

M
ic
ro
sp
he

re

D
el
iv
er
ed

A
ct
iv
it
y,

G
B
q

A
E
s

B
es
t
Li
ve

r
R
es
po

ns
e

D
ur
at
io
n
o
f

R
es
p
o
n
se

in
Li
ve

r,
m
o

B
es
t

O
ve

ra
ll

R
es
p
o
n
se

Su
b
se
q
u
en

t
T
h
er
ap

y

B
es
t

R
es
p
o
n
se

T
o

Su
b
se
q
u
en

t
T
h
er
ap

y

1
F

4
5

4
1
.8

G
1
fa
ti
gu

e
P
D

1
P
D

N
il

2
M

1
7

1
1
.7

G
1
na

us
ea

G
1
ab

do
m
in
al

pa
in

SD
9

SD
P
em

b
ro
liz
u
m
ab

Ip
ili
m
u
m
ab

b

P
D

3
F

2
4

3
1
.4
2

G
1
ab

do
m
in
al

pa
in

P
R

2
9

P
R

P
em

b
ro
liz
u
m
ab

P
D

4
M

5
9

6
7

1
.8

G
2
ab

do
m
in
al

pa
in

P
R

9
P
R

P
em

b
ro
liz
u
m
ab

P
D

5
M

8
3

1
.6
5

G
1
ab

do
m
in
al

pa
in

P
R

3
P
D

a
P
em

b
ro
liz
u
m
ab

P
D

6
M

1
4

1
2
.3

G
2
fa
ti
gu

e

G
2
an

o
re
xi
a

G
2
ab

do
m
in
al

pa
in

P
D

1
P
D

P
em

b
ro
liz
u
m
ab

P
D

7
F

4
0

8
2
.0

G
1
fa
ti
gu

e
P
D

3
P
D

N
iv
o
lu
m
ab

b

T
ra
m
et
in
ib

P
D

8
F

9
8

2
2
.5

G
1
fa
ti
gu

e

G
1
an

o
re
xi
a

SD
3

P
D

a
N
il

9
F

7
3

1
.6
5

N
il

SD
6

SD
P
em

b
ro
liz
u
m
ab

N
E

1
0

M
1
0
9

3
N
il

N
il

0
N
il

N
il

A
bb

re
vi
at
io
ns
:
A
E
,a

dv
er
se

ev
en

t;
G
,g

ra
de

;
N
E
,n

o
t
ev

al
ua

bl
e;

P
D
,p

ro
gr
es
si
ve

di
se
as
e;

P
R
,p

ar
ti
al

re
sp
o
ns
e;

SD
,s
ta
bl
e
di
se
as
e.

a
E
xt
ra
he

pa
ti
c
di
se
as
e
pr
o
gr
es
si
o
n
de

sp
it
e
o
ng

o
in
g
in
tr
ah

ep
at
ic

di
se
as
e
co

nt
ro
l.

b
Se

qu
en

ti
al

tr
ea

tm
en

t.

ARULANANDA ET AL. 3 of 6



4 of 6 ARULANANDA ET AL.
3 | RESULTS

A total of 10 patients were enrolled onto the study. Of those enrolled,

nine patients were included in the final analysis; one patient died prior

to receiving treatment due to rapid disease progression. The median

duration of follow‐up after radioembolization was 30 months (range

7 to 44).

Patient characteristics show a mean age of 68 years; all patients

were of ECOG PS 0‐1, and 50% had an elevated baseline lactate dehy-

drogenase (LDH) (Table 1). The median interval from diagnosis of met-

astatic disease to radioembolization was 3 months (range 1 to 62). No

high grade treatment‐related toxicities were observed. Grades 1 and 2

toxicities were reported in 89% and included abdominal pain (n = 5,

56%), fatigue (n = 4, 44%), anorexia (n = 2, 22%), and nausea (n = 1,

11%) (Table 2). There were no other adverse events noted.

The intrahepatic ORR was 33% (n = 3 PR), with no CRs. The

intrahepatic disease control rate (DCR) was 68% (n = 3 PR, n = 3 SD)

(Figure 1). The median duration of response in the liver was 3 months

(range 1 to 29), with one patient achieving a response lasting

29 months. The overall (intra‐ and extrahepatic disease) ORR was

22% (n = 2 PR), and DCR was 44% (n = 2 PR, n = 2 SD) due to extra-

hepatic progression in two patients despite ongoing intrahepatic dis-

ease control (n = 1 intrahepatic PR, n = 1 intrahepatic SD) (Table 2).
Of the patients treated with radioembolization, 78% (7/9) received

an immune checkpoint inhibitor upon disease progression, with no

responses seen (Table 2). The median PFS in the liver

post radioembolization was 3 months (95% CI, 3‐NA). The overall

median PFS was 3 months (95% CI, 3‐NA), and median OS was

10 months (95% CI, 7‐NA). The 1‐year OS was 44%.
4 | DISCUSSION

This is the first study to evaluate the combination of radiosensitizing

chemotherapy with yttrium‐90 microspheres in patients with uveal

melanoma and liver‐only metastases. Treatment‐related adverse

events reported in this study were mild and are consistent with other

reports13,14; all adverse events were managed with standard support-

ive care. The addition of low‐dose cisplatin in this study did not result

in high grade adverse events. Importantly, there was no radiation‐

induced liver disease or treatment‐related deaths in our study.

The PFS and OS reported in our study are similar to those in other

studies.13,14 Higher 1‐year survival and ORR were reported by Ken-

nedy et al15; however, differences in prior treatment as well as imag-

ing modalities used to evaluate responses are likely to account for this.
FIGURE 1 A, MRI diffusion‐weighted
images showing partial resolution of
pepperpot disease post‐90Y resin

microspheres implantation 6 months
post treatment. B, Portal venous phase MRI
showing partial resolution of the target
segment eight lesion post‐90Y resin
microspheres implantation 10 months post‐
90Y resin microspheres implantation. C, Portal
venous phase CT showing complete necrosis
of the target lesion 3 months post‐90Y resin
microspheres implantation. CT, computed
tomography; MRI, magnetic resonance
imaging
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Preliminary results of a study evaluating various liver‐directed

catheter therapies in patients with unresectable liver metastases from

chemotherapy‐refractory cutaneous or ocular melanoma reported bet-

ter PFS (10.1 vs 2.30 months; P = .04) and OS (15.5 vs 5.9 months;

P = .04) in those treated with yttrium‐90 microspheres compared with

standard transcathether ablation.16 Patients with low‐volume meta-

static disease and absence of extrahepatic disease demonstrate

greatest survival following yttrium‐90 radioembolization treatment.17

Of note, our study included patients with poor prognostic factors

including 50% with an elevated LDH and relatively moderate liver dis-

ease burden.

In addition, we were able to evaluate the efficacy of anti‐

programmed cell death protein‐1 (PD‐1)‐based therapies post

radioembolization. The majority of our cohort received anti‐PD‐1

immune checkpoint blockade therapy following progression after

radioembolization/cisplatin. Small prospective and retrospective stud-

ies evaluating immune checkpoint inhibitors in metastatic uveal mela-

noma have been disappointing with poor ORRs and no survival benefit

demonstrated.18 In our study, none of the patients that received

immune checkpoint inhibitors post radioembolization had disease

response. Although not directly assessed, these results suggest that

there was no clinically relevant effect of radioembolization on immune

priming or generation of immunogenic cell death within treated

tumors in what is known to be a typically immunotherapy‐resistant

melanoma subtype.

The exact mechanisms by which uveal melanomas evade the

immune system yet remain resistant to existing checkpoint blockade

immunotherapies remain to be elucidated; however, possible reasons

include use of immunosuppressive pathways and checkpoints other

than the PD‐1/PD‐L1 axis, and a low somatic mutation burden

resulting in lower intrinsic immunogenicity relative to cutaneous mel-

anomas.19 In contrast to cutaneous melanoma, a high proportion of

tumor infiltrating lymphocytes (TILs) in uveal melanoma tumors is

associated with a poorer outcome which could reflect differences in

the functional composition of those TIL, and the presence of incom-

pletely enumerated nonfunctional or regulatory/suppressive cell

subsets.20

Intriguingly, a recent meta‐analysis demonstrated that pooled OS

was improved with liver‐directed strategies including isolated hepatic

perfusion, immunoembolization, and surgery compared with chemo-

therapy, but OS was inferior in patients who received immune check-

point inhibitors when compared with chemotherapy.21 Possible

reasons for this are the inclusion of studies with small sample sizes,

heterogeneous disease assessment tools and differing patient charac-

teristics (ie, patients who were treated with liver‐directed therapy

were highly selected, and patients treated with immune checkpoint

inhibitors were more likely to have been treated with prior liver‐

directed therapy or have extrahepatic disease).

Larger prospective studies are required to confirm the benefit of

liver‐directed therapies in this patient population especially given that

a third of our study patients rapidly developed extrahepatic progres-

sion post‐treatment. Biomarker development is urgently needed to

identify these rapidly progressing patients. In addition, translational
studies are required to determine if locoregional therapies are capable

of enhancing immune responses and thereby improving responses to

immune checkpoint therapies.
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