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Abstract: Uveal melanoma (UM) is a rare disease that can be deadly in spite of adequate local treatment. 

Systemic therapy with chemotherapy is usually ineffective and new-targeted therapies have not improved results 

considerably. The eye creates an immunosuppressive environment in order to protect eyesight. UM cells use similar 

processes to escape immune surveillance. Regarding innate immunity the production of macrophage inhibiting 

factor (MIF) and TGF-β, added to MHC class I upregulation, inhibits the action of natural killer (NK) cells. UM 

cells produce cytokines such as IL-6 and IL-10 that favor macrophage differentiation to the M2 subtype, which 

promote tumor growth instead of an effective immune response. UM cells also impair the adaptive immune 

response through production of indoleamine 2,3-dioxygenase (IDO), overexpression of programmed death ligand-1 

(PD-L1), alteration of FasL expression, and resistance to perforin. This biological background suggests that 

immunotherapy could be effective in fighting UM. A Phase II clinical trial with Ipilimumab has shown promising 

results with mean Overall Survival rate of ten months, and close to 50% of the patients alive at one year. Clinical 

trials with anti-PD1 antibodies in monotherapy and in combination with anti-CTLA4 are currently recruiting 

patients worldwide.

Keywords: Uveal melanoma (UM); immune-therapy; immune-system

Submitted Oct 04, 2015. Accepted for publication Mar 22, 2016.

doi: 10.21037/atm.2016.05.04

View this article at: http://dx.doi.org/10.21037/atm.2016.05.04

Introduction

Uveal melanoma (UM) is a rare disease accounting for 0.1% 
of all cancer deaths. On the other hand, this is the most 
common primary intraocular malignant tumor in adults, 
with an annual incidence of six cases per million in white 
populations and this rate seems to have remained stable 
over time (1). Global overall survival at five years is as low 
as 60%. This elevated mortality rate is caused by a high 
incidence of metastases (2-5). The clinical and metastatic 
behavior differs from cutaneous melanoma because of 
its initially purely hematogenous dissemination and its 
tendency to metastasize to the liver (6). The reason for this 
liver-homing is largely unknown but raises the possibility 
that hepatic environmental factors may be implicated in the 
growth, dissemination, and progression of this malignancy. 

When liver metastases develop, the prognosis is poor and 
life expectancy reduces to less than 6 months in the absence 
of treatment (7,8). 

Systemic chemotherapy is usually unsuccessful in 
metastatic UM and results in an objective response rate 
that ranges from 5% to 15%. There is no proof that 
conventional chemotherapy prolongs survival, which 
remains between 6 and 10 months with only 15% of 
patients alive at one year (7,9) [(9) is an excellent review of 
published chemotherapy trials]. Although many therapies 
have been developed, the 5-year survival rate of patients 
with UM has not improved in more than 25 years (9). 
Available clinical trials are still the best treatment option for 
these patients.

A better understanding of melanoma molecular biology 
has been critical in developing successful treatments for 
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cutaneous melanoma, but that knowledge has not yet led 
to similar developments in regard to its uveal counterpart. 
Recently, oncogenic mutations in GNAQ or GNA11 
(GNAQ/11) have been identified in 80% of primary 
UMs. GNAQ/11 activate signaling pathways, including 
the mitogen-activated protein kinase (MAPK) pathway, 
similar to the way that BRAF mutation does in cutaneous 
melanoma (10,11). A first trial has shown that blocking 
MAPK activation with selumetinib modestly improves 
progression-free survival and response rate without a 
clear effect in overall survival (12), but that has not been 
reproduced in a confirmatory phase III trial combining 
selumetinib with chemotherapy (13). A reasonable 
explanation for this might be that GNAQ/11 is positioned 
upstream in the signaling pathway, so when it is mutated, 
it activates several pathways including MAPK, YAP1, and 
others. Recent papers have shown that YAP1 is activated by 
GNAQ/11 mutations and YAP1 is responsible for tumor 
growth in the tumor models used (14,15). Other pathways 
such as PKC, and AKT are also activated by GNAQ/11, 
but the specific implication of the various pathways in UM 
pathogenesis is still unknown.

An antibody against the Cytotoxic T-lymphocyte-
associated protein-4 (CTLA-4), Ipilimumab, has been 
approved for the treatment of metastatic melanoma due to 
a slightly but significant improvement in overall survival 
leading to an increased proportion of patients alive at a 
later follow up point (16-18). Unfortunately these trials 
systematically excluded patients with metastatic UM. 
Experiences with Ipilimumab in metastatic UM are 
restricted to a couple of phase II trials and retrospective 
ana lys i s  o f  severa l  expanded-use  programs  in  a 
heterogeneous population (9,19-27). Recently two blocking 
antibodies against the T-cell programmed death-1 (PD-1)  
checkpoint protein have shown impressive activity in 
metastatic melanoma and both have been approved as first 
line treatment for this disease (28,29). Again, these trials 
systematically excluded patients with metastatic UM and, to 
date, there is no extant data regarding activity of anti-PD-1 
or anti-programmed death ligand-1 (PD-L1) in treating 
metastatic UM patients.

In the present paper we review UM immune-biology 
with a special focus on those points that can be exploited as 
targets for immune-therapy.

The immune-privileged nature of the eye and 
how uveal melanoma (UM) exploits it

The eye is a slightly asymmetrical globe mostly filled with a 

gel called the vitreous. The front part includes the cornea, 
the uvea, the pupil, the sclera, and the conjunctiva. The 
main function of the cornea and the pupil is to absorb the 
light and focus it through the lens to the back of the eye. 
The inside lining of the back of the eye is covered by light-
sensing cells, called the retina, which convert light into 
electrical impulses that are carried to the brain by the optic 
nerve. The uvea, constituted by the iris, the ciliary body 
and the choroid, has two main functions; nutrition and gas 
exchange. The uvea divides the front area into two separate 
spaces: the anterior chamber, which is the space between the 
cornea and the iris that is filled by aqueous humor; and the 
posterior chamber, which consists of a small space directly 
posterior to the iris but anterior to the lens. In the uvea we 
can find endothelial cells, immune cells and melanocytes. 
Melanocytes give color to the eye, and are the cells from 
which UM develops.

The eye is considered an immune-privileged organ; 
it possesses some singularities in regard to immune 
response. It has a unique ability to defend itself against 
uncontrolled inflammation that could damage eyesight. 
This immune privilege influences the immune response 
against UM cells and provides escape mechanisms for 
UM (30). Different factors play a role in the immune-
privilege of the eye. For example, the aqueous humor is 
rich in immunosuppressive proteins such as transforming 
growth factor β (TGF-β), vasoactive intestinal peptide 
(VIP), α-melanocyte-stimulating hormone (α-MSH), and 
complement regulatory proteins (CRP’s); the blood-eye 
barrier restricts inflammatory cell access to the eye; eye 
cells reduce major histocompatibility complex (MHC) class 
Ia expression to escape cytotoxic mediated lyses; and, ocular 
cells express PD-L1 which inhibits T cell response (31).  
Furthermore this immune response inhibition is not 
limited to the eye, and by means of a process called anterior 
chamber-associated immune deviation (ACAID) active 
immune cells interact with the immune system to induce 
unusual suppression of the systemic immune response when 
an antigen is detected in the anterior chamber. The eye, the 
thymus, the spleen, and the sympathetic nervous system are 
also involved in ACAID (32). The objective is to moderate 
inflammation against antigens presented into the eye as an 
evolutionary adaptation to prevent the loss of eyesight.

Immunotherapy has proven extraordinarily effective 
in the treatment of several kinds of tumors (18,28,29,33). 
In order to achieve the maximal benefit of this treatment, 
it is crucial to have a deeper understanding of the 
interaction between the immune system and cancer cells. 



Annals of Translational Medicine, Vol 4, No 9 May 2016 Page 3 of 10

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(9):172atm.amegroups.com

The immunoediting theory explains how tumors modify 
themselves and their microenvironment with the purpose 
of evading destruction by the immune cells (34). In other 
words, immunoediting is characterized by changes in the 
immunogenicity of tumors due to the anti-tumor response 
of the immune system, resulting in modification of the 
tumor microenvironment and the emergence of immune-
resistant variants of the tumor. Recently, the existence 
of four different types of tumor microenvironments has 
been proposed based on the presence or absence of tumor-
infiltrating lymphocytes (TILs) and PD-L1 expression 
(Table 1), and this classification might have therapeutic 
implications (35). 

Immune-escape mechanisms exploited by cancer can 
be far different between various diseases (35,36), and there 
is strong evidence that UM cells mimic the mechanisms 
that enable normal ocular cells to be immune-privileged, 
both in the eye and other metastatic locations (30). Deeper 
knowledge of the immune-escape mechanism of UM will 
improve our therapeutic approach in regard to this deadly 
disease.

Innate immunity might be more important than 
we expect

The innate immune system is the nonspecific part of the 
immune system that responds to pathogens in a generic way 
without conferring long-lasting or protective immunity on 
the host. Two cell types of the innate immune system might 
play an important role in UM; the natural killer (NK) cells, 
and the macrophages. 

NK cells protect us against viral infections and neoplasms. 
Their main function is to recognize and kill any cell failing 
to express MHC class I molecules (37). Characteristically,  

endothelial cells that line the anterior chamber of the eye 
as well as UM cells seem to express little or no MHC class 
I molecules (30,38). In fact, it has been observed in vitro 
that tumor cells’ susceptibility to cytolysis by NK cells 
is inversely correlated with the expression of MHC class 
I molecules. Although this may suggest that endothelial 
and tumor cells would be the perfect targets for NK, that 
is not the case. In 1990, a large immunohistochemical 
study of immune-cell populations demonstrated that there 
was no NK infiltrate in primary UM nor in the anterior 
chamber of the eye (39). NK cells are believed to have an 
important influence on the growth and metastatic potential 
of UM, however their specific role is still unclear. Several 
mechanisms have been described in order to explain 
how UM cells avoid NK destruction. One of them is the 
presence of macrophage migration inhibitory factor (MIF) 
and TGF-β in the aqueous humor of the anterior chamber, 
two cytokines capable of inhibiting NK cell-mediated 
cytolytic activity, as it has been observed in vitro and in vivo 
studies. Apte et al. found that NK-sensitive human UM cells 
transplanted subcutaneously to nude mice were rejected by 
NK cell-dependent processes whereas when transplanted 
into the anterior chamber tumors grew progressively in 
the eye (40,41). Interestingly, TILs have been observed 
in primary UM, and as much as 40% of them express NK 
membrane cell markers (42). Not only in the primary 
site, but also once in the peripheral blood and especially 
in the liver, UM metastatic cells find themselves in an 
environment that has the highest concentration of NK cells 
of any organ in the body (43). It seems that these cells are 
able to produce higher amounts of MIF than primary tumor 
cells, allowing them to escape this anti-tumor immune step (44).

Following this step, another way to escape NK cells 
is related to the expression of HLA-E, a MHC class Ib 

Table 1 Types of tumor microenvironment extracted from Teng et al. (35) 

Types of tumor 
microenvironment

PD-L1 TIL Characteristics

Type I + + Frequent in cutaneous melanoma; this is the group thought to be largely responding to 
checkpoint blockade

Type II − − Microenvironment with lack of detectable immune reaction; single agent checkpoint blockade 
would not be successful due to the lack of preexisting T-cell infiltrates

Type III + − PD-L1 is expressed constitutively on cancer cells through oncogenic signaling; more similar 
to type II than type I tumors

Type IV − + Immune-tolerant tumor microenvironment; other suppressive pathways might be dominant

PD-L1, programmed death ligand-1; TIL, tumor infiltrating lymphocytes.
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molecule that specifically inhibits NK cells, and other 
inhibitory molecules such as FasL, PD-L1, or TRAIL 
on tumor cell membranes in response to different pro-
inflammatory cytokines such TNF-β and IFN-α (30,38). In 
UM cells, loss of heterozygosity at the MHC class I locus 
is a frequent event found in approximately 50% of primary 
tumors (45-47). Similar to the endothelial cells of the 
anterior chamber, HLA-E is overexpressed and significantly 
enhanced by INF-γ in UM cells (48). Additionally, there 
is a lack of HLA-A or -B expression on the surface of UM 
cells, and that has been associated with longer patient 
survival (36,45-47). This seems to be discordant with 
what we observe in most malignant tumors where down-
regulation or mutations on antigen-presenting machinery 
are associated to poor prognosis (36,49,50). This might 
be related to the pure hematogenous dissemination of 
UM. A high amount of NK cells are found in the blood, 
so UM cells need to increase expression of MHC class I 
molecules prior to dissemination in an attempt to avoid 
being recognized by NK cells. The fact that UM remodels 
the expression of MHC class I molecules in a way that is 
different to most solid tumors, and the presence of NK 
inhibitory molecules locally and in the metastatic site, 
might be related to the predominant role that NK cells 
have during the immunoediting process in this disease. To 
support this, it has been shown that neoadjuvant treatment 
with INF-α2b in a murine model has resulted in decreased 
hepatic micro-metastasis and increased survival time 
through increasing intrinsic hepatic NK cell-mediated 
tumor apoptosis (51,52). There are no available treatments 
that target NK cell activation but pharmaceutical and 
biotechnological companies are working on compounds 
that potentiate NK cell activation and tumor rejection. 
UM should be a major target for new immunotherapy 
treatments that activate NK cells.

Macrophages have different functions depending on the 
subtype. The M1 subtype has an immunostimulatory role 
acting as antigen-presenting cells (APCs), while the M2 
subtype favors angiogenesis and works as myeloid-derived 
suppressor cells (MDSC), inhibiting the development 
of effective immune responses and participating in 
the induction of immune tolerance. Tumor-associated 
macrophages (TAMs) are responsible for the immune-
suppression within the tumor (37) and some studies claim 
that in UM, TAMs are mainly M2 and their presence 
confers poor prognosis (53). The first observation was 
performed by Mäkitie et al. They observed that a high 
density of macrophages in the tumor was associated 

with poor prognosis (54). A second study by Maat et al., 
determined the density of TAMs in 149 choroidal and ciliar 
body melanomas. The group with moderate to high density 
constituted 83% of the tumors and was associated with 
more patients dying from UM metastasis (55). Interestingly, 
it was also related to bad prognostic pathologic features 
such as larger basal tumor dimensions, epithelioid cell 
type, heavy pigmentation, and high microvascular density. 
Inflammatory infiltrates in the tumor microenvironment are 
critical for the development of malignancies, and UM cells 
might take advantage of this inflammatory environment 
through the recruitment of macrophages in the tumor that 
drive the pro-angiogenic and immunosuppressive function. 
TAMs-driven angiogenesis is vital to tumor growth in UM 
as shown by Ly et al. In this study, when macrophages were 
removed from an intraocular tumor model in old mice, 
tumor growth was almost completely prevented (56). 

High infiltration by TAMs has also been associated to the 
presence of chromosome 3 monosomy, a genetic alteration 
related to worse tumor prognosis. This seems to be 
asociated with a loss of function mutations in the BRCA1-
associated protein 1 (BAP1) gene (57-59). This genetic 
alteration is thought to contribute to the generation of this 
characteristic inflammatory microenvironment in which 
macrophages play an important role (57). In a recent work 
Jager et al. proposed the term “inflammatory phenotype” 
to define uveal malignant tumors carrying a high density 
of macrophages and T-lymphocytes, a high expression of 
MHC class I and II, a high microvascular density, and a 
presence of epithelioid cells (60). This might be mediated 
by cytokines produced not only by the tumor cells but also 
by normal cells in the eye such as IL-6, IL-10, TGF-β, MIF, 
GM-CSF, and VEGF. Most of those are immunosuppressive 
and are known to polarize macrophages to the M2 subtype. 
For example, the EMAP-II is a chemotactic cytokine 
with an important effect on macrophages that has been 
identified in several primary UM tumor cells (61). Other 
soluble factors are produced by macrophages themselves, 
such as melanoma inhibitory activity (MIA), that facilitates 
the detachment of the tumor cells from the extracellular  
matrix (62). M2 TAMs can modify T-lymphocyte responses 
as they drive the conversion of naïve T-cells to T-regulatory 
lymphocytes (T-reg) and regulate their recruitment. The 
presence of T-reg in the tumor has been strongly correlated 
to the amount of M2 macrophages. A loss of certain 
markers expressed in eye tissues and TAM’s, like CD40, a 
marker necessary for the lymphocyte T-mediated immune-
response has been observed (63). This loss seems to impede 
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a proper T cell-mediated anti-tumor response due to an 
incorrect APC function. 

Finally, treatment of the primary tumor may activate 
recruitment of immune-related cells with anti-tumor 
effect. Irradiated tumors have moderate to high numbers of 
infiltrating TAMs carrying pigment, also called melanophages. 
Moreover, a study comparing primarily- and secondarily-
enucleated eyes after brachytherapy showed significantly 
more necrosis and low micro-vascular density in the second 
group even though the number of macrophages was similar 
in both groups. This observation suggests that the role of 
macrophages in that situation is mostly to clear damaged 
tumor cells and to repair tissue, but little is known if that 
observation has any clinical impact (64).

There are no available treatments that target the function 
of macrophages but extensive efforts are being made to 
achieve compounds that allow us to modulate the activation 
of macrophages from an immunosuppressive M2 to a more 
antitumoral M1 class. 

Adaptive immune system, friend or foe?

The adaptive immune system is composed of highly 
specialized cells. As the name itself says, cells are able to 
adapt to different pathogens and generate immunological 
memory after an initial response to a specific antigen. This 
adaptation leads to an enhanced response to subsequent 
encounters with that pathogen. The adaptive immune 
system includes both humoral immunity and cell-mediated 
immunity. Given the goal of this review, we are going to 
focus on cell-mediated immunity, and the main key player, 
the T-lymphocyte (65).

Activated T-cells, both T-helper and T-cytotoxic, are 
present in UM, and they can be inhibited by tumor cells 
using a variety of processes. One of them is the production 
of indoleamine 2,3-dioxygenase (IDO), which is an enzyme 
that leads to tryptophan depletion, impairing lymphocyte 
proliferation (66). Furthermore, metabolites produced by 
this enzyme act as immune suppressors at other cellular 
levels such as NK-cells and macrophages. Expression of an 
altered Fas Ligand, resistance to perforin action via INF-γ 
secretion, and alteration of CRPs are three ways in which 
the lysis of tumor cells can be avoided (30).

The most relevant mechanism to inhibit T-cell action 
by tumor cells is the overexpression of PD-L1 receptor, 
and the same can be said for UM. Multiple in vitro studies 
demonstrate that UM cell lines express this ligand when 
exposed to IFN-γ, and this expression seems to be functional 

(67,68). In a work performed on primary UM tumors 
and metastatic UM cell lines authors demonstrated that 
expression of PD-L1 by UM cells regulates T-cell function 
by suppressing IL-2 production. Furthermore, the presence 
of INF-γ in the tumor local microenvironment promotes 
up-regulation of the PD-L1 expression by UM, promoting 
immune escape by impairing T-cell function (31). Another 
work demonstrated that UM cell lines constitutively express 
PD-L1 mRNA and negatively regulate T-cell immune 
response through the inhibition of T-cell activation (68).  
A more recent work has demonstrated that PD-L1 
expression is dynamic and tied to INF-γ expression, and 
IL-2 production from purified CD3+ T-cells co-stimulated 
with INF-γ treated UM cells was significantly enhanced 
by the addition of anti-PD-L1 monoclonal antibody (67). 
This observation suggests that PD-L1 contributes to 
suppression of T-cells by decreasing IL-2 production. UM 
cells do not constitutively express PD-L1 while they are in 
the immunoprivileged ocular microenvironment, but when 
they metastasize, these cells come in contact with IFN-γ 
produced in the new organ and consequently, PD-L1 is 
up-regulated leading to T-cell apoptosis and a decrease 
in the production of cytokines. Furthermore INF-γ, an 
immunostimulatory cytokine, has an inhibitory effect 
since it boosts the MHC class I presentation machinery 
but suppresses their MHC class I-restricted destruction 
by CD8+ lymphocytes (30). According to that data, UM 
not only benefits from the immune privilege of the eye but 
also has adopted many of the mechanisms that contribute 
to ocular immune privilege as a strategy for protecting 
UM cells once they leave the sanctuary of the eye and are 
disseminated systemically in the form of metastases.

Contrary to what is found in other tumors, lymphocytic 
infiltration is related to poor prognosis in UM (69,70). TILs 
in UM are mainly CD8+ cytotoxic T cells (39) and they 
were present in all 43 cases analyzed by Bronkhorst et al.  
In addition, CD4+ T-helper cells could also be found in 
91% of the samples, and approximately half of these were  
FoxP3+ T-reg cells (57). It is also noteworthy that a well-
characterized prognostic factor in UM, such as chromosome 
3 monosomy, seems to be strongly correlated with larger 
lymphocytic infiltrate. The key question here is why TILs  
confer poor prognosis. One of the hypothesis is that metastatic 
dissemination is required to create a T-cell response due 
to the peculiar immune ocular characteristics (70). If that 
hypothesis is true, only the UM that disseminate outside 
the eye should have TILs in the primary tumor. The 
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immunosuppressive microenvironment of the primary site, 
along with inhibitory characteristics displayed by UM cells 
would render this infiltrate non-effective when it comes to 
immune-surveillance. Another, more intriguing, possibility 
is that TILs not only fail to eliminate tumor cells but also 
help tumor growth (9). Many examples demonstrate that 
inflammation can promote proliferation and survival of 
cancer cells (71). Activated TILs can produce inflammatory 
mediators, generating a cancer-related inflammatory 
microenvironment. In this tumor promoting ambient, 
secondary activated macrophages play a key role.

Is there a role for immunotherapy in  
metastatic uveal melanoma (UM)?

Among patients with advanced ocular melanoma, the 
development of autoimmune phenomena or hypothyroidism 
during therapy has been associated with a favorable 
outcome. In a recent study, among the patients affected with 
UM, it was reported that 8.8% had a systemic autoimmune 
disease and 13.2% had autoimmune hypothyroidism (72). 
The same study concluded that there is a trend toward 
longer survival from the date of metastasis in UM patients 
with a systemic autoimmune disorder, suggesting that 
systemic autoimmunity may play a role in modifying the 
activity of established metastases.

There are not many clinical trials in metastatic UM. 
Recently all data from the few phases II and the only 
one phase III clinical trials available have been reviewed. 
Overall response rate (ORR) was 4.6% (95% CI: 3.3–6.3%),  
and no responses were seen in more than 50% of the 
trials included. Interestingly, the best responses were 

seen for chemo-immunotherapy (ORR 10.3%; 95% CI: 
4.8–18.7%), though mainly in first-line patients (9). In 
addition, some of the longest overall survivals reported 
are in the chemo-immunotherapy group as well. This new 
era of immunotherapy has provided new drugs that have 
been tested already in UM. Ipilimumab, an antibody that 
blocks CTLA-4 has been approved to treat patients with 
metastatic melanoma based on better OS and long-term 
survival in a proportion of patients (16-18). Once again, 
metastatic UM patients were systematically excluded from 
those trials. Experience with Ipilimumab in metastatic UM 
is limited to data from few expanded-use programs and two 
phase II clinical trials (Table 2) (19-27). A first phase II trial 
from the DeCOG group in Germany has been reported (26). 
No patients experienced responses, and 1- and 2-year OS 
were 22% and 7% respectively. The authors concluded that 
ipilimumab has very limited clinical activity in this setting. 
A second phase II trial has been presented by the Spanish 
Melanoma Group (GEM) (27). Partial responses were seen 
in close to 10% of the patients, and responses were seen 
even in liver metastases. Overall survival was 10 months and 
1- and 2-year OS were 48% and 25%, respectively. There 
are several differences between both studies. The DeCOG 
trial used ipilimumab at a dose of 3 mg/kg, and 85% of 
patients were pretreated. In the GEM trial ipilimumab was 
administered at a higher dose of 10 mg/kg, and all patients 
were treatment-naïve. Results in the GEM trial are in 
line with clinical experience with first line ipilimumab in 
cutaneous melanoma. Toxicity was manageable in both trials 
and did not differ from other clinical trials with ipilimumab 
in other tumors. There is still no available results with 
anti-PD1 or anti-PD-L1 in metastatic UM, and a few 

Table 2 Summary of reported results using Ipilimumab in metastatic uveal melanoma

Author
Ipilimumab 

dose (mg/kg)
Study  
design

Patients
Line of  

treatment
Median PFS 

(months)
Median OS 

(months)
1-year  
OS (%)

Kelderman et al. (21) 3 EAP 22 Pretreated 2.9 5.2 27

Khattak et al. (22) 3 EAP 5 Pretreated n.a. 10.3 n.a.

Danielli et al. (20) 10 EAP 13 Pretreated n.a. 9.0 n.a.

Maio et al. (24) 3 EAP 83 Pretreated 3.6 6.0 31

Luke et al. (23) 3 and 10 Retrospective 39 Mostly pretreated (89%) n.a. 9.6 n.a.

Piulats et al. (27) 10 Phase 2 32 First line n.a. 10.0 48.5

Zimmer et al. (26) 3 Phase 2 53 Mostly pretreated (84%) 2.8 6.8 22

EAP, expanded access program; PFS, progression-free survival; OS, overall survival; n.a., not assessed.
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experiences are limited to patients treated in phase I trials. 
As we previously explained, PD-L1 is inducible in UM cell 
lines, and seems to be functional (67,68), so treatment with 
anti-PD1, anti-PD-L1, or combinations may be effective. 
There are currently three clinical trials exploring this 
strategy; pembrolizumab in monotherapy (NCT02359851) 
and the combination of ipilimumab and nivolumab 
(NCT01585194 and NCT01585914). The results from 
these clinical trials are expected to be available no earlier 
than 2017. Another interesting immunotherapeutic 
approach in this disease, different to checkpoint inhibitors, 
is the infusion of autologous TILs, which is being tested in 
a clinical trial at the NIH (NCT01814046). 

Conclusions

In conclusion, there is a need to improve systemic 
treatment in metastatic UM patients. Still today, there is 
no evidence that any treatment prolongs overall survival 

in metastatic UM and results obtained with chemotherapy 
are unsatisfactory. UM cells evade immune surveillance 
through several mechanisms that involve inhibiting both 
innate and adaptive responses. The knowledge of this 
processes leads to new therapeutic approaches, some that 
are already being tested like PD1 inhibition and other 
potential treatments like checkpoint activating antibodies, 
IDO and TGF-β Figure 1. To improve the knowledge about 
how UM, a tumor that arises in an immune-privileged site, 
evade the immune system is mandatory and can lead to the 
development of new therapeutic strategies in this disease. 
Also new clinical trials are needed to apply this knowledge. 
Therefore close collaboration between basic and clinical 
scientists is presumably the best way to improve treatments 
to further help patients.
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Figure 1 Interactions between eye tissues, tumor and inflammatory cells. Green lines represent positive interactions, and red lines negative 
interactions.
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