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Abstract

The survival of patients with uveal melanoma remains poor because of the development of
metastatic disease. Adjuvant therapy after treatment of the primary tumor has been tested
but has not been shown to prevent the development of metastasis. Several new approaches
are being developed. Cytotoxic and immunotherapeutic regimens are being more rationally
applied using tumor genetic criteria to better identify patients at risk. Trials in the adjuvant
setting of novel immunotherapeutic and targeted agents active in the metastatic setting are
being developed, as are approaches to promote cellular differentiation and dormancy. The
rarity and biology of uveal melanoma present challenges. Participation in well-designed, sci-
entifically sound clinical trials is critical. © 2014 S. Karger AG, Basel

Introduction

Despite advances in diagnosis and the treatment of the primary tumor, the overall
mortality rate of uveal melanoma remains high because of the development of metastatic
disease, predominantly in the liver. Considerable progress has been made in identifying
patients at risk for metastatic death. That the loss of a chromosome 3 in the primary tumor is
associated with the development of metastasis is well established, and a variety of techniques
are being used clinically to test tumors for monosomy 3 and other high-risk chromosomal
alterations [1]. Gene array technology is also being applied to tumors to classify tumor gene
expression as ‘class 1’, associated with a low risk of metastasis, and ‘class 2’, associated with
a high risk [2].
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Treatment of the primary tumor in uveal melanoma is highly effective; local recurrences
are rare, i.e. <5%. The development of metastasis, which is often observed more than 5 years
after the treatment of the primary tumor, is frequent, occurring in up to 50%, indicating that
these patients harbored subclinical micrometastases at presentation [3]. Moreover, tumor
cells are detected in the blood of many patients clinically free of metastasis, including at diag-
nosis [4]. Metastatic uveal melanoma is almost invariably refractory to therapy. Systemic
therapy rarely produces durable responses, and there is no evidence that current treatments
actually prolong survival. Systemic therapy may be more active in the adjuvant setting, in
treating microscopic rather than macroscopic metastatic tumor, where multiple mechanisms
of resistance can complicate.

Published Studies
Randomized Trials

Only two randomized systemic adjuvant therapy trials have been reported in patients
with uveal melanoma, both now more than a decade ago. The largest involved 348 patients
and tested dacarbazine, still the only cytotoxic chemotherapeuticapproved to treat melanoma
[5]. A randomized study of the immune modulator methanol extraction residue of bacille
Calmette-Guérin (BCG) has also been reported [6]. Differences in survival were not observed
between the adjuvant-treated and the untreated control group in either study (table 1).
Although these studies were randomized, they did not apply the now better-established
clinical and cytohistologic prognostic factors, and the number of patients in the treatment and
observation groups actually at risk for metastasis is not known. Statistical power cannot be
adequately calculated, but sample sizes in these trials were most likely inadequate.
Furthermore, adjuvant dacarbazine and adjuvant BCG have not been shown to improve
survival in high-risk cutaneous melanoma.

Nonrandomized Trials

Systemic adjuvant interferon (IFN) has been shown to improve recurrence-free survival
in high-risk cutaneous melanoma. Effects on overall survival are less clear. Two studies with
historical controls matched for clinical prognostic factors did not show any benefit of systemic
adjuvantlow-dose IFN. Studies with historical controls matched for clinical prognostic factors
also did not show any benefit for intra-arterial hepatic fotemustine, a cytotoxic agent (table 2)
[7-9]. These nonrandomized studies predated the introduction of molecular prognostication,
and the number of patients in the treatment and control groups actually at risk for metastasis
is not known. Also, 2 years of adjuvant low-dose IFN have not been shown to improve survival
in high-risk cutaneous melanoma. In patients with cutaneous melanoma, higher dosing or
more protracted dosing, namely up to 5 years, of low-dose IFN is standard.

Current Approaches
Several approaches are now being implemented to improve adjuvant therapy for uveal
melanoma. Most importantly, existing cytotoxic and immunotherapeutic regimens are being

more rationally applied using tumor genetic criteria to better identify patients at risk. The
treatment of advanced cutaneous melanoma has been revolutionized with the development
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Table 1. Uveal melanoma adjuvant therapy: randomized trials

Treatment

n Treatment eligibility

Result

Reference

BCG i.d. weekly, 4 times; then
monthly for 11 months

113
melanoma

posterior uveal

no difference in survival rate of treated McLean et al. [6],
(59%, n = 34) vs. observation (70%,

n=79); p=0.60

Dacarbazine 200 mg/m? i.v.

348

>10 mm LTD, >5 mm

no difference in 5-year survival rate of Desjardins et al.

daily for 5 days every 4 weeks, tumor height treated (71%) vs. observation (68%);  [5], 1998
6 times p = not significant

i.d. = Intradermally; i.v. = intravenously; LTD = largest tumor diameter.
Table 2. Uveal melanoma adjuvant therapy: nonrandomized trials
Treatment n Treatment eligibility Historic controls Result Reference
Interferon alfa-2b 39 no evidence of metastasis, 72 patients matched for no difference in 3-year Richtig et al.
3 million units s.c., <2 months from primary  sex, tumor localization, survival rate of treated [7], 2006

3 times per week for
1year

therapy

LTD, and tumor height

(82%) vs. historic controls

(90%); p = 0.27

Interferon alfa-2a 121
3 million units s.c.,
3 times per week for

2 years

age 265 years, LTD 215
mm, ciliary body
involvement, extrascleral
extension

242 patients matched
for age (%5 years), LTD
(£3 mm), gender, and
time between primary
therapy and treatment
initiation

no difference in 5-year
survival rate of treated

(76%) vs. historic controls

(83%); p=0.91

Lane et al.
[8],2009

Fotemustine 100 mg/ 22
m? i.a.h. weekly for

4 weeks; then every

3 weeks, 5 times

choroidal involvement,
LTD >20 mm, extrascleral
extension, tumor height
>15 mm

66 patients matched for
clinical and tumor
characteristics

no difference in 5-year
survival rate of treated

(75%) vs. historic controls

(56%); p = 0.5

Voelter et al.
[9], 2008

s.c. = Subcutaneously; i.a.h. = intra-arterial hepatic; LTD = largest tumor diameter.

of the cytotoxic T lymphocyte antigen (CTLA)-4 inhibitor, ipilimumab [10], and this and
other immunotherapeutic approaches are under investigation. The treatment of advanced
cutaneous melanoma has also been revolutionized with the development of targeted agents
that inhibit mutated BRAF. Although mutations in BRAF are rare in uveal melanoma, muta-
tions of other members of the mitogen-activated protein kinase (MAPK) cell signaling
pathway, namely GNAQ, are common and are being targeted [11]. Epigenetic events mediated
by DNA methylation and histone modification, which do not affect DNA sequence but which
nevertheless lead to the changes in gene expression that promote the abnormal cellular
differentiation that characterizes cancer, are also being addressed pharmacologically. A
review of the agents being tested clinically and of those being developed for testing follows

(table 3).
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Table 3. Uveal melanoma adjuvant therapy: current trials’

57

Treatment Status Results ClinicalTrials.gov
identifier®

Sunitinib or valproic acid not yet recruiting - NCT02068586

mRNA (encoding gp100 and tyrosinase)-transfected recruiting no results available NCT00929019

dendritic cell vaccination

Dacarbazine and interferon alfa-2b active, not recruiting no results available NCT01100528

Autologous tumor RNA dendritic cell vaccination not yet recruiting - NCT01983748

I Searched with the key words: uveal melanoma, adjuvant. Studies with unknown status were excluded.
2 http://clinicaltrials.gov/ct2 /results?term=uveal +melanoma+adjuvant&no_unk=Y. Last accessed: May 1, 2014.

Cytotoxic Chemotherapeutics

Fotemustine

Like dacarbazine, fotemustine is an alkylating agent with activity in melanoma. The
response rate in patients with metastatic melanoma was higher with fotemustine than dacar-
bazine in a randomized trial [12]. Fotemustine has been investigated both as an intra-arterial
hepatic and an intravenous chemotherapeutic in patients with uveal melanoma [13, 14]. Data
from a phase Il trial that compared intra-arterial hepatic with intravenous administration in
patients with uveal melanoma liver metastases have been presented. Even though intra-
arterial hepatic fotemustine administration led to a higher overall response rate and longer
progression-free survival compared with intravenous administration, it did not lead to an
improvement in the overall survival [15]. A randomized trial testing adjuvant intravenous
fotemustine is currently ongoing, selecting only high-risk patients [16]. The primary objective
is to determine effects on disease-free survival.

Cisplatin, Sunitinib, and Tamoxifen

Platinum compounds, which cross-link DNA, are considered to be among the more active
cytotoxic chemotherapeutics in melanoma [17]. Sunitinib inhibits receptor tyrosine kinases,
which signal through several pathways, including the MAPK pathway. It has antiangiogenic
and antiproliferative effects and has demonstrated activity in patients with metastatic uveal
melanoma in a pilot study [18]. There is evidence that the antiestrogen tamoxifen can inhibit
the ability of uveal melanoma cells to metastasize [19]. Additive/synergistic antitumor inter-
actions between tamoxifen and cisplatin and between sunitinib and cisplatin have been
observed [20, 21]. A pilot trial of adjuvant therapy with cisplatin, sunitinib, and tamoxifen has
been activated in patients with high-risk uveal melanoma who have undergone primary
therapy [22]. The objectives are to determine the effect on disease-free and overall survivals
as well as the toxicity of this regimen.

Immunotherapy
Interferon Alfa-2b and Dacarbazine

Patients with high-risk tumor genotypes have been enrolled on adjuvant therapy with a
sequential program of low-dose dacarbazine and interferon alfa-2b, a regimen that increased
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disease-free survival in cutaneous melanoma patients in a randomized adjuvant trial [23].
The goals are to estimate disease-free survival of this patient population to establish a baseline
to help design follow-up clinical trials and to establish a patient cohort for biologic studies.
Specifically, the treatment was applied as a means of ‘unmasking’ key immune factors. Both
drugs regulate antitumor immune responses. Interferon alfa-2b, a cytokine with a broad
spectrum of immunomodulatory activities, has been shown to prevent metastasis in a mouse
ocular melanoma model [24]. Dacarbazine can sensitize tumors to immune effectors, directly
activating immune effectors, releasing antigenic determinants and cross-priming and/or
reducing regulatory T cells [25]. Natural killer cell activity is increased in patients treated
with the combination [26]. Furthermore, the sequential nature of the program selected allows
assessing the effects of a chemical and a cytokine independently. Accrual has been completed,
and results will be forthcoming.

Ipilimumab

CTLA-4 is a negative regulator of T cell responses, an immune ‘checkpoint’. The mono-
clonal antibody ipilimumab blocks CTLA-4, which in turn augments T cell responses to tumor
cells. In phase Il trials in patients with advanced cutaneous melanoma, ipilimumab improved
overall survival when administered alone and compared to gp100 vaccine (10.1 vs. 6.5
months), and when combined with dacarbazine and compared to dacarbazine alone (11.2 vs.
9.1 months). Although response rates in these trials were low (5.7-10.9% for ipilimumab in
previously treated patients and 15.2% in combination with dacarbazine in treatment-naive
patients), responses in several patients had been durable [27, 28]. However, toxicity can be
problematic. Severe immune-mediated adverse events including colitis/diarrhea, dermatitis,
hepatitis, and endocrinopathies, likely the result of breaking immune tolerance upon CTLA-4
blockade, have been observed in 18.4% of the patients [29]. Uveitis can also occur. The anti-
tumor effects of ipilimumab in metastatic uveal melanoma have not been defined. Response
rates in retrospective analyses have been approximately 5%, and overall survivals have
ranged from 5.2 to 9.6 months [30-32]. Between 28 and 45% of patients with uveal melanoma
did not complete the recommended four infusions because of disease progression or toxicity.
The effects of ipilimumab in the adjuvant setting are currently being evaluated in cutaneous
melanoma. Adjuvant ipilimumab has recently been reported to improve recurrence-free
survival in stage Il cutaneous melanoma [33]. Effects on overall survival are not yet known.
Toxicity was problematic. Approximately 50% of the patients who started adjuvant ipili-
mumab discontinued their therapy due to treatment-related adverse effects. A phase I /11 trial
of adjuvant ipilimumab in patients with uveal melanoma whose tumors manifested high-risk
genotypes was initiated but has been suspended [34].

Dendritic Cell Vaccine

Vaccines have been an attractive though not yet clinically approved adjuvant therapy for
melanoma. Dendritic cell vaccines have shown promise [35]. An open-label nonrandomized
phase II intervention study of a vaccine approach consisting of autologous dendritic cells
transfected with melanoma antigens has been initiated in HLA-A2-positive patients with
high-risk uveal melanoma with proven expression of tyrosinase and/or gp100 [36]. This is
an exploratory study aiming to demonstrate proof of principle. The first study endpoints are
in vivo immunological response induced in high-risk uveal melanoma patients vaccinated
with mRNA-transfected dendritic cells, administered intravenously or intradermally, and
toxicity. Secondary study endpoints are progression-free survival, overall survival, and
toxicity.
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MAPK Inhibitors

Randomized trials have led to the approval of three oral agents to treat patients with
metastatic melanoma manifesting mutations in BRAF, which occur in about half of all patients
with cutaneous melanoma. When compared to dacarbazine, the BRAF inhibitors, vemu-
rafenib and dabrafenib, significantly prolonged overall and/or progression-free survivals
and increased response rate [37, 38]. Clinically significant cutaneous side effects are common
with both vemurafenib and dabrafenib. Secondary cancers, including cutaneous squamous
cell carcinoma and second melanomas, have also been observed. MEK is ‘downstream’ to
BRAF in the MAPK pathway. Trametinib, a MEK inhibitor, increased progression-free survival
in cutaneous melanoma patients with tumor BRAF mutations when compared with chemo-
therapy (dacarbazine or paclitaxel) [39]. Secondary cancers have been less frequently
observed with MEK inhibitors. The combination of dabrafenib with trametinib, which signif-
icantly increases response rate when compared to monotherapy, has also been approved for
use in cutaneous melanoma patients with tumor BRAF mutations [40]. Activation of the MAPK
pathway by mutant GNAQ, which acts ‘upstream’ to BRAF, appears to be critical for the devel-
opment of uveal melanoma [41]. The MEK inhibitor selumetinib, which did not improve
overall survival in trials in patients with cutaneous melanoma [42], was tested in a phase II
study in patients with advanced uveal melanoma, most with tumor GNAQ mutations [43].
Treatment with selumetinib increased progression-free survival (15.9 vs. 7 weeks) and
response rate (15 vs. 0%) when compared to treatment with temozolomide, essentially an
oral formulation of dacarbazine. The difference in overall survival was not reported to be
significant. Additional trials of MEK inhibitors in metastatic uveal melanoma are underway.
Asnoted, sunitinib can inhibit signaling through the MAPK pathway through effects primarily
upstream of GNAQ. Its use as a single agent in the adjuvant setting is under investigation [44].

The major limitation of MAPK pathway inhibitors in the treatment of melanoma has been
the lack of durable response; these drugs tend to work for an average of 6-10 months. It is
possible that adjuvant therapy with MAPK pathway inhibitors leads to more aggressive recur-
rence that will confound overall survival. Furthermore, toxicity in the adjuvant setting again
may be problematic. Long-term toxicities have not been identified.

Epigenetic Modifiers

Histone Deacetylase Inhibitors

DNA is wrapped around histones, and DNA expression is regulated by histone acetylation
and deacetylation. Thus, inhibition of histone deacetylase (HDAC) regulates DNA expression.
HDAC inhibitors were identified in screening studies of compounds that could shift uveal
melanoma cells from the class 2 to the class 1 signature. HDAC inhibitors have been shown to
induce differentiation of uveal melanoma cells and dormancy of micrometastatic disease
[45]. Thus, HDAC inhibitors may be well suited for adjuvant therapy applications, even though
they may not be effective for advanced disease. HDAC inhibitors, including suberolanilide
hydroxamic acid and valproic acid, are used clinically and are being considered for adjuvant
testing in patients with high-risk uveal melanoma [44, 46].

Hypomethylating Agents

That alterations of epigenetic events by aberrant DNA methylation occur during
melanoma progression is well established. DNA methylation is mediated by DNA methyl-
transferase. In melanoma models, frequent, intermittent, low concentrations of the DNA
methyltransferase inhibitor decitabine suppressed proliferation and promoted cellular
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differentiation. This was associated with increases in the late differentiation genes relative to
microphthalmia-associated transcription factor, a lineage-specific factor associated with
melanocyte commitment. Frequent, intermittent, low-dose decitabine also induced altera-
tions in potential host regulators of microphthalmia-associated transcription factor in the
tumor stroma [47]. Host immune cells were also modified. Macrophage cytotoxicity and
dendritic cell activation was increased and myeloid-derived suppressor cells were reduced
[48]. An adjuvant trial of low-dose decitabine, which is in clinical use, in patients with high-
risk uveal melanoma is being activated.

Challenges in Designing Suitable Trials

Uveal melanoma is a rare cancer. The sample sizes necessary to assess traditional clinical
endpoints of adjuvant therapy are not practical. Novel trial designs are necessary [49]. That
metastasis can be delayed also confounds trial development and interpretation. Molecular
prognosis is still evolving. Tumor genotyping can identify patients at risk for metastasis and
guide adjuvant therapy recommendations. Assessment of the primary tumor, however, does
not indicate how far along the metastatic process is and cannot indicate whether treatment
is reducing or eliminating metastasis. New blood biomarkers of uveal melanoma are needed.
Finally, the biology of uveal and cutaneous melanoma is different, and extrapolations between
the two are tenuous. The biology of micro- and macrometastatic melanoma is also different.

Conclusion

Adjuvant therapy has not been adequately studied in uveal melanoma. At present, there is
no evidence that any approach improves outcome. Existing cytotoxic and immunotherapeutic
regimens are now being more rationally applied using tumor genetic criteria to better identify
patients at risk. Several novel cytotoxic, immunomodulatory, and targeted compounds are
being investigated in the metastatic setting, alone and in combinations, which may be appli-
cable to the adjuvant setting. Other immune checkpoint modulators are in development, such
as those targeting the Program Death-1 pathway, and clinical testing of these are also antici-
pated. Other components of the MAPK pathway and other oncogenic pathways are also being
targeted in uveal melanoma [50]. Approaches that promote uveal melanoma cellular differen-
tiation and/or dormancy have shown promise in preclinical studies. Participation in well-
designed, scientifically sound clinical trials is essential to develop effective adjuvant therapies.
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