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ABSTRACT

Introduction: Immune checkpoint inhibitors
have made tremendous progress over the last
decade in the treatment of cutaneous mela-
noma, but their application in uveal melanoma
treatment is less successful, owing in part to the
immunological privilege of the eye and the
liver, the most frequent site of metastasis. Nev-
ertheless, the therapeutic outcomes reported
currently are less pessimistic.
Methods: In this review, we provide an over-
view of recent studies of immune checkpoint
inhibitors in uveal melanoma and its metastasis
and classify studies in this field into three
groups: monotherapy of immune checkpoint
inhibitors, dual-agent immune checkpoint
inhibitors, and immune checkpoint inhibitors

combined with other systemic or regional
therapies.
Results: Briefly, monotherapy with immune
checkpoint inhibitors performed poorly. Dual-
agent immune checkpoint inhibitors had
slightly better outcomes than traditional treat-
ments, especially in specific patient popula-
tions. As for the combination therapy, the
combination with other systemic therapies did
not show superiority over dual-agent immune
checkpoint inhibitors, but combination with
hepatic regional therapies was quite promising.
Moreover, research on emerging checkpoints is
currently limited to the stage of mechanistic
studies.
Conclusion: We propose that immune check-
point inhibitors remain alternative treatments
for patients with uveal melanoma, but factors
such as cost-effectiveness should also be taken
into account. The combination therapy with
immune checkpoint inhibitors deserves to be
further explored.
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Key Summary Points

No immunotherapy regimen except
tebentafusp has shown meaningful
efficacy in patients with uveal melanoma
with metastasis.

Monotherapy comprising programmed
cell death protein 1 (PD-1), programmed
death ligand 1 (PD-L1), or cytotoxic
T-lymphocyte associated protein 4 (CTLA-
4) inhibitors has shown little clinical
benefit in patients with metastatic uveal
melanoma.

Dual-agent checkpoint inhibitors plus the
maintenance of a single-agent checkpoint
inhibitor are alternative choices for
patients with metastatic uveal melanoma.

Systemic or regional therapies in
combination with checkpoint inhibitors
are widely studied in ongoing clinical
trials, while hepatic regional therapy with
adjuvant immune checkpoint inhibitors
has shown therapeutic potential for uveal
melanoma patients with metastatic
disease.

Therapies for metastatic uveal melanoma
targeting emerging checkpoints including
lymphocyte-activation gene 3 (LAG3) are
being explored in preclinical studies.

INTRODUCTION

Uveal melanoma (UM) is a rare form of mela-
noma that arises from melanocytes in the uvea.
The incidence has ranged from\1 to[9 cases
per million from 1970 to the 2010s, and varies
by geography and race. In northern Europe and
Oceania, the incidence is close to 10 per million
population, while it is\1 per million popula-
tion in Asia and Africa [1]. Over 90% of these
tumors reside in the choroid, with a small pro-
portion in the ciliary body and the iris [2]. The
incidence of UM varies by race, with

significantly greater incidence in White people
than in Asian or Black people [3]. Even though
the majority of patients with UM are diagnosed
with the tumor in situ [4], nearly half of them
will ultimately develop distant metastases
despite primary ocular treatment. Metastases of
UM most frequently involve the liver (93%),
with other sites including the lungs (24%),
bones (16%), and soft tissues (11%) [5]. With
the limited efficacy of metastatic uveal mela-
noma (MUM) treatment, the overall survival
(OS) of patients with MUM is poor [6]. OS rates
at 1 and 2 years after the detection of MUM are
43% and 8%, respectively [7, 8]. For those who
have received almost all the therapies, the
median OS is estimated at 1.07 years [6].

There is no consensus thus far to define
standardized management for UM. Brachyther-
apy and enucleation are commonly used
worldwide for the primary foci, while other
therapeutic modalities, including laser treat-
ment, regional approaches for metastases, and
various systemic therapies, are also widely con-
sidered [1]. Nevertheless, in the field of
immunotherapy, immune checkpoint inhibi-
tors (ICIs), which have been particularly
notable in the development of treatment for
advanced cutaneous melanoma (CM) in recent
decades [9], are not highly utilized in MUM,
partially owing to the immunological privilege
of the eye and the liver, the most frequent site
of metastasis (Fig. 1). The blood–retina barrier
[10] and various immunosuppressive molecular
mechanisms including the release of trans-
forming growth factor beta (TGF-b), expression
of Fas-ligands, and decreased expression of
major histocompatibility complex (MHC) class
Ia [11, 12] make ocular immunotherapy almost
impossible. As the most common site of
metastasis, the liver also possesses immuno-
suppressive properties as a result of various
liver-resident cells including dendritic cells,
hepatic stellate cells, Kupffer cells, regulatory T
cells (Treg cells), and liver sinusoidal endothelial
cells [13–15]. In addition, both the mutational
burden [16] and programmed death ligand 1
(PD-L1) expression [17] are low in UM cells.
Thus, ICIs are often considered mediocre for
treating MUM by many oncologists and are not
prioritized in clinical practice. Nevertheless,
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outcomes from recently published clinical data
and research have been less pessimistic than
expected, demonstrating treatment effects with
the use of ICIs in different regimens that are not
inferior to common therapeutic modalities
(Fig. 2).

In the meantime, emerging strategies for
immunotherapy including cancer vaccines
[18, 19], cell therapy [20–22], oncolytic virus
[23–25], and immune-mobilizing monoclonal
T-cell receptors against cancer (ImmTAC)
[26–28] are attracting widespread research
attention and showing potential in treating
UM. Critically, tabentafusp, the newest
ImmTAC, which can redirect CD3? T cells to
gp100-expressing UM cells, has achieved
inspiring improvements in clinical outcomes
[1]. It has been approved in countries such as
the United States and countries of the European
Union for the treatment of specific patients and
has become the star that has gained the most
attention from researchers in the field. It seems
that oncologists’ sights have moved to these
new therapeutic methods rather than stopping
at ICIs. Therefore, the future of ICIs in UM,
regarding both the research value and clinical
applications, is unknown.

This review is aimed at providing clinicians
and researchers with the latest resources and

perspectives on the future of ICIs in MUM, as
well as calling for further investigations in this
field.

METHODS

In this review, we summarize recent studies, in
particular clinical trials and retrospective stud-
ies, concerning monotherapy with ICIs, dual-
agent ICIs, or ICIs combined with other thera-
pies for treating MUM.

We conducted a search of PubMed and
Embase using the following key search terms:
‘‘uveal melanoma,’’ ‘‘melanoma of the uvea,’’
‘‘ocular melanoma,’’ ‘‘eye melanoma,’’ ‘‘chor-
oidal melanoma,’’ ‘‘immune checkpoint inhi-
bitor,’’ ‘‘checkpoint inhibitor,’’ ‘‘immune
checkpoint blockers,’’ ‘‘checkpoint blockers,’’
‘‘immune checkpoint blockade,’’ ‘‘checkpoint
blockade,’’ ‘‘immune checkpoint inhibition,’’
‘‘checkpoint inhibition,’’ ‘‘PD-L1 inhibitors,’’
‘‘PD L1 inhibitors,’’ ‘‘PD-1 inhibitors,’’ ‘‘PD 1
inhibitors,’’ ‘‘programmed cell death protein 1
inhibitors,’’ ‘‘programmed death-ligand 1 inhi-
bitors,’’ ‘‘programmed death ligand 1 inhibi-
tors,’’ ‘‘PD-1 blockade,’’ ‘‘PD-L1 blockade,’’ ‘‘PD 1
blockade,’’ ‘‘PD L1 blockade,’’ ‘‘CTLA-4 inhibi-
tors,’’ ‘‘CTLA 4 inhibitors,’’ ‘‘cytotoxic

Fig. 1 Uveal melanoma in the immune-privileged envi-
ronment of the eye and the liver. The blood–retina barrier
mechanically and the regulation of molecular expression in
aqueous humor chemically contribute to immunological
privilege of the eye. Immunological privilege in the liver

depends primarily on liver-resident cells. MHC major
histocompatibility complex, IDO indoleamine 2,3-dioxy-
genase, MIF macrophage migration inhibitory factor,
TGF-b transforming growth factor beta, Treg cells regula-
tory T cells
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T-lymphocyte-associated protein 4 inhibitors,’’
‘‘cytotoxic T lymphocyte associated protein 4
inhibitors,’’ and ‘‘immunotherapy.’’ Boolean
operators ‘‘AND’’ and ‘‘OR’’ were used. The last
access date was 10 December 2023. All papers in
English discussing ICIs in UM were eligible for
inclusion. Books and documents were excluded.
Additionally, we searched ClinicalTrials.gov
with the terms ‘‘uveal melanoma,’’ ‘‘ocular
melanoma,’’ and ‘‘‘choroidal melanoma’’ to
include clinical trials which were not reported
on PubMed or Embase.

This article is based on previously conducted
studies and does not contain any new studies

with human participants or animals performed
by any of the authors.

CURRENT STATUS OF CLINICAL
STUDIES REGARDING ICIS
IN PATIENTS WITH MUM

ICIs as Monotherapy

In clinical studies concerning melanoma,
patients with UM have always been excluded
due to obvious differences between UM and
common melanoma such as CM. However, after
the cytotoxic T-lymphocyte associated protein 4

Fig. 2 Different ICI-related therapies for uveal melanoma
and its liver metastases. ICIs are applied to uveal melanoma
and its liver metastases mainly in the form of monother-
apy, dual-agent therapy, and in combination with other

systemic or regional therapies. ICIs immune checkpoint
inhibitors, PD 1 programmed cell death protein 1, PD L1
programmed death ligand 1, CTLA-4 cytotoxic T-lym-
phocyte associated protein 4
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(CTLA-4) inhibitor ipilimumab was approved by
the Food and Drug Administration (FDA) as the
first drug for metastatic CM therapy in 2011
[29], research on the use of ICIs in cancer ther-
apy has expanded to the field of UM. Unfortu-
nately, the efficacy of single-agent ICIs in
treating UM has not met expectations. Here, we
present the most recent clinical studies of sev-
eral inhibitors of immune checkpoint pro-
grammed cell death protein 1 (PD-1)
(pembrolizumab and nivolumab), PD-L1 (ave-
lumab), and CTLA-4 (ipilimumab) as
monotherapy regimens (Table 1).

Monotherapy with PD-1 Inhibitors
Five patients with UM were treated with pem-
brolizumab in a terminated phase II trial [30].
Three patients had liver metastasis and the
other two had prior chemotherapy. One with
prior therapy and no liver metastasis achieved
complete response (CR), two showed stable dis-
ease (SD), and the other two patients who had
bulky liver involvement experienced rapid pro-
gression. In another study, the efficacy and
safety of pembrolizumab as first-line therapy for
MUM was assessed in a prospective cohort.
Among 17 patients with histologically con-
firmed advanced UM without any prior sys-
temic anticancer treatment, an overall response
rate (ORR) of 11.7% and 3.8-month median
progression-free survival (PFS) were observed,
and patients with metastasis detected after more
than 5 years after the diagnosis of the primary
tumor had longer median PFS than those with
an interval of less than 5 years (9.7 months vs.
2.6 months, P = 0.039) [31]. In addition, a ret-
rospective study demonstrated limited efficacy
of pembrolizumab, with a 4.5-month median
PFS and an 11.5-month median OS in nine
patients with stage IV UM (eight with metasta-
sis) [32]. Nivolumab, another antibody against
PD-1, was assessed in a large single-arm phase II
trial with 1008 patients with melanoma whose
disease progressed on or after treatment with
ipilimumab (103 patients with ocular mela-
noma with an unknown proportion of UM or
MUM) [33]. The median OS of those with ocular
melanoma was 12.6 months, which is relatively
low among all kinds of melanoma. Further, a
retrospective study of 17 patients with MUM

reported a median PFS of 5.8 months, a median
OS of 10.5 months, and an ORR of 18% with
nivolumab therapy [34]. Therefore, results
indicate that pembrolizumab or nivolumab
monotherapy may not be effective in patients
with MUM.

Monotherapy with PD-L1 Inhibitors
Avelumab, an inhibitor of PD-L1, showed poor
clinical activity in 16 patients with stage IIIc or
IV unresectable metastatic ocular melanoma,
with a 1.7-month median PFS and an ines-
timable median OS in phase Ib results from the
JAVELIN Solid Tumor trial [35]. Although
patients in this trial had prior standard therapy
for metastasis and the proportion of UM was
unknown, this monotherapy approach does not
seem to demonstrate a clear clinical benefit in
patients with MUM.

Monotherapy with CTLA-4 Inhibitors
Ipilimumab, an inhibitor of CTLA-4, showed no
superior effects on MUM. The results of a ran-
domized phase II trial comparing the efficacy of
ipilimumab with bevacizumab plus nab-pacli-
taxel in 24 patients with unre-
sectable metastatic melanoma (including the
unknown proportion of MUM) demonstrated
comparable limited therapeutic efficacy
between these two regimens (median OS:
6.8 months vs. 4.6 months; median PFS:
3.1 months vs. 4.6 months; ORR: 8.3% vs.
25.0%) (NCT02158520). Obviously, the ipili-
mumab monotherapy regimen in MUM should
not be reconsidered as it seems not even supe-
rior to chemotherapy combined with targeted
drugs, both of which have limited effects.

To summarize, none of the ICI monothera-
pies in these studies resulted in a median OS of
more than 1 year in patients with MUM. In light
of the very limited clinical benefit from the
studies mentioned above, the number of studies
on ICI monotherapy in MUM has decreased in
recent years. Nevertheless, the results of these
studies are sufficient to suggest that monother-
apy with existing ICIs has shown frustrating
results in patients with MUM and that there is
no evidence that monotherapy should be
selected as first-line therapy. However,
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according to two single-arm clinical studies
with small samples [30, 36], single-agent pem-
brolizumab or ipilimumab seems to have finite
clinical benefit for patients with UM with low or
no metastatic burden, respectively. More large-
scale and high-quality trials are needed to vali-
date this potential clinical benefit.

Dual-Agent ICIs

Due to the low effectiveness of monotherapy
with conventional ICIs in treating MUM, trials
and research are increasingly turning to dual-
agent ICIs. Among these treatments, dual-agent
anti-PD-1 and anti-CTLA-4 drugs seem to have
substantial therapeutic prospects (Table 2).

Clinical Trials Demonstrating Improved
Outcomes with Nivolumab Plus Ipilimumab
Piulats et al. conducted a multicenter single-
arm phase II trial of nivolumab plus ipilimumab
in 52 patients with systemic treatment-naı̈ve
MUM (78.8% of them with liver metastasis).
Fifty of these patients had undergone local
therapy (including enucleation procedure,
brachytherapy, external radiotherapy, or con-
servative surgery) before enrollment in this trial.
The treatment showed a 3.0-month median PFS
and a 12.7-month median OS, and patients with
extrahepatic disease had better survival than
those with liver metastasis, although not sta-
tistically significant. In addition, the 12-month
OS was 51.9% (95% CI, 38.3–65.5) in this trial
[37]. A similar single-center phase II trial
administered by Pelster et al. presented even
better outcomes of 35 patients with MUM (80%
with liver metastasis) [38]. The median PFS and
the median OS of patients who underwent
treatments with the combination of nivolumab
and ipilimumab together with the maintenance
of nivolumab for up to 2 years were 5.5 months
and 19.1 months, respectively [38]. An ORR of
18% was reported. One case with a CR and five
cases with partial response were also reported.
Notably, dual-agent ICIs were found to have
greater drug toxicity than ICI monotherapy.
These two clinical trials mentioned above
reported grade 3 or greater treatment-related
adverse events (TRAEs) in 57.7% and 40% of

participants, respectively. While both are
viewed by investigators as having manageable
toxicity, controlling the number of cycles of
dual-agent use may be a way to reduce ICI-re-
lated side effects. Therefore, these clinical trials
demonstrated that the combination of nivolu-
mab and ipilimumab improved the prognosis of
patients with UM, resulting in a higher
observed median OS than the average OS of
patients with UM receiving any treatment.

Retrospective Studies with Controversial
Findings Related to Dual-Agent ICIs
Several retrospective studies have also demon-
strated slightly better clinical outcomes for
patients treated with dual-agent ICIs [39, 40].
Retrospective data from 16 centers demon-
strated a 3.0-month median PFS and a 16.1-
month median OS in 64 patients with stage IV
MUM (90.6% with liver metastasis) receiving
ipilimumab plus nivolumab/pembrolizumab in
any treatment line. Complete response and
partial response were observed in 3.1% and
12.5%, respectively [41]. Another single-insti-
tution retrospective cohort of 47 patients with
MUM (98% with liver metastasis) investigated
two regimens, nivolumab 1 mg/kg ? ipili-
mumab 3 mg/kg, and nivolumab 3 mg/
kg ? ipilimumab 1 mg/kg. The median PFS was
4.4 months and 3.0 months, respectively,
which was not significantly different. However,
only 4% of patients in this study achieved par-
tial response, which may have been because
researchers used magnetic resonance imaging
(MRI) rather than computed tomography (CT)
in order to sensitively assess tumor burden in
the liver [42]. Additionally, 89 patients with
MUM in 14 centers receiving this combined
regimen had a 2.7-month median PFS and 15.0-
month median OS [43]. However, the favorable
OS or PFS from these retrospective data should
be interpreted with caution, as they are inher-
ently limited by the lack of a control group.

In contrast, a single-center retrospective
study presented a controversial conclusion that
among patients with MUM who received anti-
PD-1/L1 ? anti-CTLA-4 therapy versus anti-PD-
1/L1 monotherapy, no significant difference
was found in the clinical response rate, clinical
PFS, or OS. The total median clinical PFS and
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median OS for these two regimens were
2.7 months and 10.0 months, respectively. The
similar efficacy may have been because of the
toxicity of combined ICIs, which limits the
number of therapy cycles. However, as this was
a single-center study from Canada, the results
may not be generalizable to the broader popu-
lation. Additionally, the demographic charac-
teristics of patients differed between those
receiving monotherapy and those with combi-
nation therapy. Among patients receiving sin-
gle-agent anti-PD-1/L1, 54% were 65 years or
older, whereas this proportion in those receiv-
ing anti-PD-1 ? anti-CTLA-4 was 33%, which
may reflect a drug selection bias by oncologists
in this center [44]. Overall, the conclusions of
these retrospective studies on the effect of dual-
agent ICIs are somewhat controversial, and
none are sufficiently convincing due to their
small samples.

Cases Reported to Benefit from Dual-Agent
ICIs
Significant efficacy has been reported in some
rare cases [45]. Notably, both a 66-year-old
woman [46] and a 53-year-old woman [47] with
diffuse MUM treated with the combination of
ipilimumab and nivolumab showed almost
complete resolution of all metastatic sites.
Genetic characteristics may play a role in ther-
apeutic responses, as the former carried several
germline single-nucleotide polymorphisms.
Although not currently clinically informative,
these findings could potentially guide future
research.

Taken together, although not comparable to
the efficacy approved for CM, dual-agent ICIs
can lead to modest improvements in outcomes
for patients with UM. These drugs result in
more advantageous outcomes than monother-
apy with anti-PD-1/L1 drugs or anti-CTLA-
drugs in patients with UM, especially those with
metastatic disease. Compared with patients
with liver metastasis only, patients with diffuse
metastases may benefit more from combined
ICI therapy [48]. Thus, for patients with MUM
who lack options, ICIs are worthy of consider-
ation. Although there has not been a definite
biomarker of prognostication for ICIs in MUM,
several studies agreed that the lactate

dehydrogenase (LDH) level is associated with
ICI treatment response [34, 37, 44]. The low
LDH values potentially indicate the benefit of
treatment of ICIs in MUM [49]. In addition to
ensuring both safety and efficacy, long-term
maintenance of single-agent ICIs after several
cycles of combined ICIs might be the best
option for ICI-only therapy for patients with
MUM. Especially for those with a low LDH level,
therapy based on ICIs might be considered to a
great extent.

Combination of ICIs and Other Therapies

In the absence of indications for the use of the
bispecific protein tebentafusp, treatment with
dual ICIs is sometimes considered in contem-
porary practice. However, owing to the limited
durability of the therapeutic benefit of these
agents, studies of other therapies combined
with ICIs in patients with MUM have been
conducted in recent years. Tremendous ongo-
ing prospective clinical trials indicate the great
promise of systemic or regional therapy with
concomitant ICIs in patients with MUM
(Table 3).

Combination of ICIs and Other Systemic
Therapies
Epigenetic therapy is suggested to enhance the
efficacy of immunotherapy by promoting the
expression of additional human leukocyte
antigens (HLA) and cancer antigens in tumor
cells to upregulate their immunogenicity.
Moreover, for immune checkpoint genes, the
methylation of specific CpG sites is strongly
associated with their messenger RNA (mRNA)
expression levels [50]. In vitro experiments
demonstrated that the histone deacetylase
inhibitor entinostat could induce HLA and PD-
L1 expression in UM cells [51]. The efficacy of
treatment with entinostat together with pem-
brolizumab in 29 patients with stage IV MUM
was assessed in the PEMDAC multicenter phase
II trial, which showed an ORR of 14%, 2.1-
month median PFS, and 13.4-month median OS
[52]. The DNA demethylating agent decitabine
(5-aza-20-deoxycytidine), when combined with
ICI therapy, also has the potential to treat

Ophthalmol Ther (2024) 13:1103–1123 1111



T
ab
le
3

C
lin

ic
al
tr
ia
ls
of

IC
Is
co
m
bi
ne
d
w
it
h
ot
he
r
sy
st
em

ic
or

re
gi
on
al
th
er
ap
ie
s
in

pa
ti
en
ts
w
it
h
M
U
M

T
he
ra
py

St
ud

y
de
si
gn

T
ar
ge
te
d
pa
ti
en
ts

In
te
rv
en
ti
on

St
at
us

M
ed
ia
n

O
S

(m
on

th
s)

M
ed
ia
n

P
FS

(m
on

th
s)

O
R
R

(%
)

R
ef
er
en
ce
s

C
om

bi
na
ti
on

of
IC

Is
an
d

ot
he
r

sy
st
em

ic
th
er
ap
ie
s

Si
ng
le
-a
rm

ph
as
e
I

30
pa
ti
en
ts
w
it
h
ad
va
nc
ed

so
lid

m
al
ig
na
nc
ie
s
(i
nc
lu
di
ng

un
kn
ow

n
pr
op
or
ti
on

of
M
U
M
)

T
bi
o-
41
01

?
pe
m
br
ol
iz
um

ab
R
ec
ru
it
in
g

N
C
T
05
57
60
77

Si
ng
le
-a
rm

ph
as
e
II

34
pa
ti
en
ts
w
it
h
M
U
M

Si
tr
av
at
in
ib

m
al
at
e
?

ti
sle
liz
um

ab
R
ec
ru
it
in
g

N
C
T
05
54
23
42

Si
ng
le
-a
rm

ph
as
e
II

37
pa
ti
en
ts
w
it
h
M
U
M

O
la
pa
ri
b
?

pe
m
br
ol
iz
um

ab
R
ec
ru
it
in
g

N
C
T
05
52
49
35

Si
ng
le
-a
rm

ph
as
e
II

30
pa
ti
en
ts
w
it
h
M
U
M

L
en
va
ti
ni
b
?

pe
m
br
ol
iz
um

ab
R
ec
ru
it
in
g

N
C
T
05
30
89
01

Si
ng
le
-a
rm

ph
as
e
II

54
pa
ti
en
ts
w
it
h
M
U
M

L
en
va
ti
ni
b
?

pe
m
br
ol
iz
um

ab
R
ec
ru
it
in
g

N
C
T
05
28
29
01

Si
ng
le
-a
rm

ph
as
e

I/
II
a

20
0
pa
ti
en
ts
w
it
h
so
lid

tu
m
or
s

(i
nc
lu
di
ng

un
kn
ow

n
pr
op
or
ti
on

of
M
U
M
)

L
N
S8
80
1
vs
.L

N
S8
80
1
?

pe
m
br
ol
iz
um

ab
R
ec
ru
it
in
g

N
C
T
04
13
05
16

Si
ng
le
-a
rm

ph
as
e
Ib

12
0
pa
ti
en
ts
w
it
h
m
et
as
ta
ti
c

m
el
an
om

a
(i
nc
lu
di
ng

un
kn
ow

n
pr
op
or
ti
on

of
M
U
M
)

IN
10
01
0
/
IN

10
01
8
?

co
bi
m
et
in
ib

/
IN

10
01
8
?

co
bi
m
et
in
ib

?
at
ez
ol
iz
um

ab
R
ec
ru
it
in
g

N
C
T
04
10
94
56

Si
ng
le
-a
rm

ph
as
e
Ib

/
II

22
4
pa
ti
en
ts
w
it
h
m
et
as
ta
ti
c

m
el
an
om

a
or

ad
va
nc
ed

so
lid

tu
m
or
s
(i
nc
lu
di
ng

un
kn
ow

n
pr
op
or
ti
on

of
M
U
M
)

A
PG

-1
15

?
pe
m
br
ol
iz
um

ab
R
ec
ru
it
in
g

N
C
T
03
61
18
68

Si
ng
le
-a
rm

ph
as
e
Ib

34
pa
ti
en
ts
w
it
h
M
U
M

A
ut
ol
og
ou
s
C
D
8
?

SL
C
45
A
2-
sp
ec
ifi
c
T

ly
m
ph
oc
yt
es

?
cy
cl
op
ho
sp
ha
m
id
e
?

al
de
sle
uk
in

?
ip
ili
m
um

ab
A
ct
iv
e,
no
t

re
cr
ui
ti
ng

N
C
T
03
06
86
24

Si
ng
le
-a
rm

ph
as
e
I

36
or

m
or
e
pa
ti
en
ts
w
it
h

ad
va
nc
ed

so
lid

tu
m
or
s

(i
nc
lu
di
ng

un
kn
ow

n
pr
op
or
ti
on

of
M
U
M
)

R
P2

/
R
P2

?
ni
vo
lu
m
ab

R
ec
ru
it
in
g

N
C
T
04
33
62
41

Si
ng
le
-a
rm

ph
as
e
Ib

11
pa
ti
en
ts
w
it
h
M
U
M

C
ox
sa
ck
ie
vi
ru
s
A
21

?
ip
ili
m
um

ab
C
om

pl
et
ed

3.
7

0
N
C
T
03
40
85
87

[5
3]

Si
ng
le
-a
rm

ph
as
e
II

29
pa
ti
en
ts
w
it
h
M
U
M

E
nt
in
os
ta
t
?

pe
m
br
ol
iz
um

ab
A
ct
iv
e,
no
t

re
cr
ui
ti
ng

13
.4

2.
1

14
.0

N
C
T
02
69
76
30

[5
2,

79
]

Si
ng
le
-a
rm

ph
as
e
I

9
pa
ti
en
ts
w
it
h
M
U
M

A
D
I
PE

G
20

?
ni
vo
lu
m
ab

pl
us

ip
ili
m
um

ab
C
om

pl
et
ed

8.
6

1.
5

0
N
C
T
03
92
28
80

[5
4]

1112 Ophthalmol Ther (2024) 13:1103–1123



T
a
b
le
3

co
n
ti
n
u
ed

T
he
ra
py

St
ud

y
de
si
gn

T
ar
ge
te
d
pa
ti
en
ts

In
te
rv
en
ti
on

St
at
us

M
ed
ia
n

O
S

(m
on

th
s)

M
ed
ia
n

P
FS

(m
on

th
s)

O
R
R

(%
)

R
ef
er
en
ce
s

C
om

bi
na
ti
on

of
IC

Is
an
d

re
gi
on
al

th
er
ap
ie
s

Si
ng
le
-a
rm

ph
as
e
II

40
pa
ti
en
ts
w
it
h
M
U
M

SB
R
T
?

ni
vo
lu
m
ab

pl
us

re
la
tli
m
ab

R
ec
ru
it
in
g

N
C
T
05
07
72
80

Si
ng
le
-a
rm

ph
as
e
I/
II

26
pa
ti
en
ts
w
it
h
M
U
M

Y
tt
ri
um

-9
0
?

ni
vo
lu
m
ab

pl
us

ip
ili
m
um

ab
w
it
h
m
ai
nt
en
an
ce

of
ni
vo
lu
m
ab

A
ct
iv
e,
no
t

re
cr
ui
ti
ng

15
.0

5.
5

20
.0

N
C
T
02
91
34
17

[6
0]

Si
ng
le
-a
rm

ph
as
e
II

10
pa
ti
en
ts
w
it
h
M
U
M

T
um

or
-t
re
at
in
g
fie
ld
s
?

ni
vo
lu
m
ab

pl
us

ip
ili
m
um

ab
R
ec
ru
it
in
g

N
C
T
05
00
40
25

Si
ng
le
-a
rm

ph
as
e

I/
II
b

80
pa
ti
en
ts
w
it
h
M
U
M

SD
-1
01

in
fu
si
on

/
SD

-1
01

in
fu
si
on

?
ni
vo
lu
m
ab

/
SD

-1
01

in
fu
si
on

?
ni
vo
lu
m
ab

pl
us

ip
ili
m
um

ab
/
SD

-1
01

?
ni
vo
lu
m
ab

pl
us

re
la
tli
m
ab

R
ec
ru
it
in
g

N
C
T
04
93
52
29

R
an
do
m
iz
ed

ph
as
e
I

18
pa
ti
en
ts
w
it
h
M
U
M

IH
P
fo
llo
w
ed

by
4
co
ur
se
s
of

ni
vo
lu
m
ab

an
d
ip
ili
m
um

ab
w
it
h

m
ai
nt
en
an
ce

of
ni
vo
lu
m
ab

vs
.1

co
ur
se

of
ni
vo
lu
m
ab

an
d

ip
ili
m
um

ab
fo
llo
w
ed

by
IH

P
an
d
3
co
ur
se
s
of

ni
vo
lu
m
ab

an
d

ip
ili
m
um

ab
w
it
h
m
ai
nt
en
an
ce

of
ni
vo
lu
m
ab

A
ct
iv
e,
no
t

re
cr
ui
ti
ng

N
C
T
04
46
33
68

R
an
do
m
iz
ed

ph
as
e
Ib
/

II

83
pa
ti
en
ts
w
it
h
M
U
M

(7
in

Ib
pa
rt
)

PH
P
vs
.P

H
P
?

ni
vo
lu
m
ab

pl
us

ip
ili
m
um

ab
R
ec
ru
it
in
g

85
.7 fo
r

Ib pa
rt

N
C
T
04
28
38
90

[6
5,

66
]

Si
ng
le
-a
rm

ph
as
e
II

14
pa
ti
en
ts
w
it
h
M
U
M

Im
m
un

oe
m
bo
liz
at
io
n
?

ni
vo
lu
m
ab

?
ip
ili
m
um

ab
A
ct
iv
e,
no
t

re
cr
ui
ti
ng

N
C
T
03
47
25
86

Si
ng
le
-a
rm

ph
as
e
Ib
/

II

41
pa
ti
en
ts
w
it
h
M
U
M

R
ad
io
-f
re
qu
en
cy

ab
la
ti
on

?
ip
ili
m
um

ab
C
om

pl
et
ed

14
.2

3.
0

0
[6
7]

Si
ng
le
-a
rm

ph
as
e
II

4
pa
ti
en
ts
w
it
h
no
n-
sm

al
l
ce
ll

lu
ng

ca
rc
in
om

a
an
d
7

pa
ti
en
ts
w
it
h
M
U
M

A
D
V
/H

SV
-t
k
?

va
la
cy
cl
ov
ir
?

SB
R
T
?

ni
vo
lu
m
ab

T
er
m
in
at
ed

15
.0

0
N
C
T
02
83
19
33

a

IC
Is

im
m
un

e
ch
ec
kp
oi
nt

in
hi
bi
to
rs
,
U
M

uv
ea
l
m
el
an
om

a,
M
U
M

m
et
as
ta
ti
c
uv
ea
l
m
el
an
om

a,
O
S
ov
er
al
l
su
rv
iv
al
,
PF

S
pr
og
re
ss
io
n-
fr
ee

su
rv
iv
al
,
O
R
R

ov
er
al
l
re
sp
on
se

ra
te
,
SB

R
T

st
er
eo
ta
ct
ic

bo
dy

ra
di
ot
he
ra
py
,I
H
P
is
ol
at
ed

he
pa
ti
c
pe
rf
us
io
n,

PH
P
pe
rc
ut
an
eo
us

he
pa
ti
c
pe
rf
us
io
n

a R
es
ul
ts
of

th
is
tr
ia
l
ar
e
po
te
nt
ia
lly

de
fic
ie
nt

an
d
in
co
ns
is
te
nt

ac
co
rd
in
g
to

th
e
qu
al
it
y
re
vi
ew

Ophthalmol Ther (2024) 13:1103–1123 1113



unresectable liver-predominant metastases
including MUM.

To date, clinical studies of other systemic
therapies combined with ICIs have demon-
strated very limited therapeutic efficacy. In two
phase I trials [53, 54], intravenous coxsack-
ievirus A21 (V937) plus ipilimumab, and argi-
nine deprivation plus nivolumab and
ipilimumab showed tolerable toxicity but
lacked a meaningful clinical benefit in 11 and 9
patients with MUM, respectively. In addition,
Zenella et al. reported three MUM cases treated
with the mitogen-activated protein kinase
kinase (MEK) inhibitor selumetinib and ICIs
[55]. Among these patients, serious adverse
events were observed and the efficacy of treat-
ment could not be assessed.

Nevertheless, in vivo experiments and expe-
rience in the management of other tumors have
indicated several potentially effective systemic
treatment strategies. Kim et al. suggested that
the combination of the rho-kinase (ROCK)
inhibitor ripasudil, PD0L1 inhibitor, and local
photodynamic therapy (PDT) could reduce the
primary tumor burden and prevent metastasis
in an orthotopic intraocular melanoma model
[56]. A new virus-like drug conjugate (AU-011)
and the inhibitor of the receptor for the hepa-
tocyte growth factor (HGF) are also worth
studying in systemic treatment combined with
ICIs [57, 58].

In summary, with the exception of epige-
netic therapy in combination with pem-
brolizumab, which demonstrated similar
clinical benefits to dual-agent ICIs, systemic
therapies with combined ICIs have not shown
improvements in outcomes.

Combination of ICIs and Regional Therapies
Various liver-targeted therapies for hepatic
metastases, as well as their combination with
ICIs, have been investigated in this field. For
example, in a single-center retrospective study
of 42 patients with UM with liver metastasis
receiving various treatments, Blomen et al.
roughly divided patients into two cohorts:
cohort 1 was treated with ICIs plus one of the
liver-specific therapies (including surgical
resection, selective internal radiation therapy
[SIRT], transarterial chemoembolization [TACE]

or chemosaturation), and cohort 2 was treated
with any other regimens alone or in combina-
tion [59]. Compared with cohort 2, cohort 1
demonstrated a significant advantage in median
OS (22.5 months vs. 11.4 months, P = 0.036).
However, it is clear that different liver-specific
therapies vary, and therefore there were limita-
tions in dividing all patients into two cohorts.
Additionally, after excluding patients who
underwent metastasectomy, the difference was
no longer statistically significant (P = 0.074).

SIRT concurrently with ICIs was assessed in
several studies. In a multicenter single-arm
phase I/II trial, a 5.5-month median PFS,
15-month median OS, and ORR of 20% were
observed in 26 patients with UM with hepatic
metastasis involving less than 50% of the liver.
These patients were treated with hepatic artery
infusions with a relatively low dose of yttrium-
90 (Y-90) as well as ipilimumab and nivolumab
(35 Gy for Y-90 and 1 mg/kg for ipilimumab)
[60]. Another patient with MUM was even
reported to be free of disease for at least
14 months after treatment with SIRT and ipili-
mumab [61]. Aedo-Lopez et al. conducted a real-
world single-center retrospective cohort study
of 32 patients with MUM to compare the safety
and efficacy of SIRT with or without the com-
bination of ipilimumab and nivolumab [62].
The median OS was 49.6 months for patients
receiving SIRT with ICI, and 13.6 months for
patients receiving SIRT only (P = 0.027). How-
ever, 44.4% of the patients treated with SIRT
and ICIs experienced grade 3 or higher TRAEs,
suggesting that ICIs might enhance the efficacy
of SIRT at the risk of increasing adverse events.
It should also be noted that in the combination
therapy group, one third of the patients
received ICI first and two thirds received SIRT
first. Thus, the results of TRAEs should be
interpreted with caution.

The potential benefit of radiotherapy com-
bined with ICIs was assessed via retrospective
data. Radiotherapy plus pembrolizumab in 22
patients with MUM had a 4.8-month median
PFS and a 21.2-month median OS [63]. Gryn-
berg et al. reported that radiotherapy could
significantly enhance the efficacy of dual or
single ICIs by comparing the clinical outcomes
of ICI therapies with or without radiotherapy

1114 Ophthalmol Ther (2024) 13:1103–1123



(median PFS: 22 months vs. 3 months; median
OS: 26 months vs. 7.5 months: ORR: 44% vs.
10%) [64]. However, the credibility of these
surprising results might be compromised by the
differing ICI regimens and baseline patient
profiles between the two groups. In the group of
patients treated with the combination of
radiotherapy and ICIs, the proportion receiving
dual-agent ICIs was higher than that in the
group of patients with ICIs only.

For other regional therapies, the ongoing
CHOPIN randomized phase Ib/II trial has been
exploring the clinical efficacy of melphalan
percutaneous hepatic perfusion with ipili-
mumab plus nivolumab in patients with MUM
and has defined the safe dose as ipilimumab
1 mg/kg and nivolumab 3 mg/kg [65, 66]. The
SECIRA-UM trial also investigated combined
radio-frequency ablation and ipilimumab in
MUM, with a 3-month median PFS and 14.2/
9.7-month median OS for two different doses of
ipilimumab [67]. In addition, eight patients
with MUM in a small retrospective study
received a combination of TACE, ipilimumab,
and nivolumab, with two and four patients
achieving a partial response (PR) and SD,
respectively [68].

Thus, according to the research described
above, ICIs could play a promising role as
adjuvant or neoadjuvant therapy for patients
with UM with metastases where surgery, SIRT,
or other local therapy is conducted as the core
treatment.

To sum up, many studies are being con-
ducted in the field of ICIs in combination with
other systemic and regional therapies. Research
reported so far has not demonstrated a greater
clinical benefit of systemic treatment with
combined ICIs over dual-agent ICIs. As an
emerging therapeutic strategy, ICIs combined
with epigenetic therapy have great potential,
but additional research is needed. Notably, the
combination of ICIs and regional therapies
seems to have favorable clinical outcomes.
Considering that surgical resection can provide
substantial clinical benefits in patients with UM
liver metastasis, it should still be preferred if
indications are met [69]. Muraki et al. reported
that a 53-year-old woman with multiple liver
metastases of choroidal malignant melanoma

underwent treatment with surgery and adju-
vant nivolumab, with no recurrence appearing
for 22 months [70]. Clinical studies of neoad-
juvant or adjuvant ICIs with surgical resection
should be conducted to validate their efficacy.
Additionally, the combination of ICIs plus SIRT
or radiotherapy has demonstrated even greater
than 25-month median OS in current retro-
spective studies. However, safety should be
carefully monitored, as studies have reported
excessive toxicity in this combination therapy.
Although larger prospective studies are war-
ranted to confirm the efficacy, these regimens
with proper doses could still be options for
patients with MUM in the absence of a better
alternative.

New Immune Checkpoint Targets

In addition to the well-known immune check-
points CTLA-4 and PD-1/L1, and in light of the
low response rate of their inhibitors in MUM,
emerging immune checkpoints have been
explored in preclinical studies.

Lymphocyte-Activation Gene 3 and Its
Inhibitor
Lymphocyte-activation gene 3 (LAG3) which is
closely related to CD4, expressed on the surface
of T cells, natural killer (NK) cells, and plasma-
cytoid dendritic cells [71], is an inhibitory co-
receptor that plays a crucial role in immune
tolerance [72]. Souri et al. reported that LAG3
and its ligand galectin-3 are increasingly
expressed in UM with monosomy 3/BAP1 loss
[73]. With a similar conclusion, Kashyap et al.
also found a potential association between
higher LAG3 expression and shorter metastasis-
free survival [74]. An in vivo experiment by Huis
In ’t Veld et al. showed a CR rate of 75% in a
murine model with distant MC38 tumors after
treatment with AU-011 and a LAG3 inhibitor
[57]. Thus, by observing valuable results from
in vitro and in vivo experiments, the clinical
effect of antibodies against LAG3 in UM, espe-
cially in the process of tumor metastasis,
deserves to be investigated and validated.
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Other Potential Targets of Immune Checkpoint
Inhibitors
Other emerging immune checkpoints have
been noted for their targetable potential. In UM
tissue, Stålhammar et al. observed a significant
increase in T-cell immunoglobulin and ITIM
domain (TIGIT)-positive cells in primary UM
that eventually developed metastases compared
with those that did not (P\0.01). A correlation
was also found between increased expression of
both TIGIT and indoleamine 2,3-dioxygenase
(IDO) [75]. Protein tyrosine phosphatase 1B
(PTP1B) [76] and tumor necrosis factor-alpha-
induced protein-8 like 2 (TNFAIP8L2) [77] were
found to be highly expressed in most tumors
(including UM) and associated with poor prog-
nosis in patients with UM. The latter was also
found to significantly affect the tumor immune
microenvironment, such as the stem cell index
and dendritic cell infiltration. However, the
specific mechanism of these immune check-
points is unclear, and further research needs to
be carried out.

In general, although immune checkpoints
are increasingly being discovered and thought
to be targetable in UM therapy, exploration of
these checkpoints is still limited to immuno-
histochemical analyses of tumor samples and
initial mechanistic studies. There is still a long
way to go in translating these potential drug-
gable targets into therapeutic agents for treating
UM.

CONCLUSION

While most studies have used median OS and
median PFS as their primary outcome metrics
for evaluating the efficacy of ICIs or other
immunotherapies in patients with UM, PFS has
not differed significantly among therapy
modalities. Even the landmark tebentafusp trial
achieved a median PFS of only 3.3 months and
showed no superiority [78]. This is partially due
to the fact that the effect of immunotherapies is
often not immediate but is long-lasting, result-
ing in PFS with a similar duration. Thus, for
patients with UM, who have a poor prognosis
and no standard treatment yet, clinical deci-
sions about various immunotherapies could

also be made with reference to OS and other
long-term metrics.

Clearly, with regard to OS, the therapeutic
efficacy of single-agent ICIs, dual-agent ICIs, or
therapy with concomitant ICIs is inferior to
that of tebentafusp, which was assessed in an
open-label phase III trial and demonstrated a
21.6-month median OS and a 1-year OS rate of
73% in patients with MUM [78, 79]. Neverthe-
less, this benefit was limited to HLA-A*02:01-
positive patients only. In addition, cost-effec-
tiveness is equally important for patients in
choosing a treatment modality. As a newly
developed and approved effective orphan drug,
tebentafusp puts considerable financial pressure
on the potential beneficiaries. In light of the
current price, tebentafusp may not be beneficial
for improving outcomes in patients with MUM.
Using a three-state partitioned survival model,
researchers found that, compared to a control
group (monotherapy of pembrolizumab, ipili-
mumab, or dacarbazine), tebentafusp led to an
increase of 0.47 quality-adjusted life years
(QALYs) and an incremental cost of $444,280
for patients with MUM. The willingness-to-pay
threshold for US payers was $200,000/QALY,
which is far less than the incremental cost-ef-
fectiveness ratio (ICER) of tebentafusp
($953,230/QALY) [80].

Unfortunately, no research has been pub-
lished on whether ICIs are cost-effective in
treating UM compared to other conventional
therapies. For other types of melanoma,
research has been conducted in several coun-
tries on the cost-effectiveness of single-agent or
combined ICIs, drawing controversial conclu-
sions [81–84]. For example, for patients with
advanced melanoma in Iran, researchers com-
pared ipilimumab, nivolumab, and the combi-
nation of ipilimumab and nivolumab with
temozolomide, which showed ICERs of
$40,365.53, $19,591.13, and $24,578 per QALY,
respectively. None of these ICI regimens was
found to be cost-effective when compared with
the cost-effectiveness threshold of $3532 in Iran
[81]. However, in analysis using similar models,
the combination of nivolumab and ipilimumab
for advanced melanoma in Japan was consid-
ered to be cost-effective [82]. Therefore, studies
specifically focused on the cost-effectiveness of
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ICIs in UM are needed. Obviously, demo-
graphic/economic factors in different countries/
regions should also be taken into account.
Additionally, region-specific clinical data are
more valuable when examining the cost-effec-
tiveness of ICIs in UM in a certain country/re-
gion. Considering the apparent low incidence
of UM, the availability of a large amount of
region-specific clinical data is one of the major
challenges for cost-effectiveness studies of ICIs
in UM.

In conclusion, completed clinical trials have
demonstrated that both dual-agent ICIs and
SIRT plus ICIs are effective, with a manageable
toxicity profile, in treating patients with MUM
[37, 38, 60]. When the patients’ genetic char-
acteristics limit the option of tebentafusp, these
two regimens should be considered for patients.

However, there still remain gaps and chal-
lenges for future research of ICIs in UM. Firstly,
existing studies have mainly focused on
patients with unresectable MUM, and thus
studies discussing the combination of ICIs and
liver metastasis resection are rare. Given the
priority of surgery for patients with MUM,
studies of ICIs as a neoadjuvant or an adjuvant
therapy to surgery are critically needed. Addi-
tionally, according to the search results on
ClinicalTrials.gov, many clinical trials focusing
on the combination of ICIs and other systemic
or regional therapies are recruiting patients. In
these studies, the potential increase in TRAEs
from combination therapies is noted and
requires increased attention in monitoring and
interpreting treatment safety metrics. The bias
caused by treatment sequence for each patient
must also be controlled. Furthermore, new
checkpoint inhibitors are in the early stage of
research, and additional clinical studies are
needed. However, as patients with UM have
frequently been excluded from trials in patients
with melanoma in previous studies, separate
cohorts of patients with UM should be included
for future studies. Moreover, because of the
poor prognosis of UM, slight improvements in
OS or PFS in future studies would be promising.
But results should be viewed with caution.
Together with common tumor metrics for the
measurement of outcomes, health economics
metrics mentioned above, including QALYs and

ICERs, should be emphasized as well when
evaluating the advantages and disadvantages of
a therapy. Finally, patient inclusion is also a
major challenge for future clinical studies. In
part because of the low incidence of UM, the
number of patients enrolled in clinical trials to
date has been limited, thus limiting the studies’
relevance for the ophthalmologist and the
oncologist. Studies with large samples are
expected.

To summarize, further studies are needed
regarding the application of neoadjuvant or
adjuvant ICIs together with other therapies and
translation from emerging immune check-
points to effective and economical ICIs. One of
the most promising therapies is relatlimab, an
inhibitor of LAG3, which has already shown
advantages in other types of melanoma. Com-
pared with nivolumab monotherapy, relatlimab
provided greater benefit in combination with
nivolumab for 714 patients with previously
untreated metastatic or unresectable melanoma
(UM was excluded) in a global randomized
phase III trial [85]. For UM, a phase II single-
institution trial investigating relatlimab plus
nivolumab in 27 patients with MUM is ongo-
ing, and its therapeutic effects are widely
anticipated.
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