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Objectives: Upon completion of this article, the reader will be
able to identify the role of transarterial therapies, including
the future directions of such therapies, in the treatment of
uveal melanoma metastatic to the liver.
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Uveal melanoma is themost common primary intraocular
malignant tumor in adults. The incidence in the United States
is 5.1 per million, or�3% of all melanomas. More than 95% of
patients have detectable disease limited to the eye at the time
of diagnosis. The median age at diagnosis is 62 years, and
almost all patients are white, often with northern European
features such as fair skin and light-colored eyes. This tumor is
rarely hereditary, and the incidence is not increasing. No
convincing link to ultraviolet exposure has been demonstrat-
ed, but there is a weak association with cutaneous
melanoma.1–3

The uveal tract is composed of the iris, ciliary body, and
choroid. Ninety percent of these tumors are located in the
choroid, the thin vascular layer between the sclera and the
retina. Diagnosis is generally made by ophthalmologic exam-
ination, with further evaluation by ocular ultrasound or
fluorescein angiography. These tumors are often detected
incidentally, but symptoms may include blurred vision, float-
ers, flashes, visual field defects, and shadows or misting. Pain
is rare. The most common treatment is radiation in the form
of plaque brachytherapy or external charged particle beam
therapy. Enucleation is performed for large tumors, tumors
with extraocular extension, or for patients with symptoms
including significant pain.3

There is substantial interest in identifying patients at risk
for metastases. Increased thickness and diameter of the
primary tumor have been closely linked to the propensity
for metastasis.4,5 Chromosomal abnormalities such as mono-
somy 3, in addition to amplification of the 8q chromosome,
are associated with an increased risk for metastasis.6 Seventy
percent of patients with monosomy 3 die within 4 years of
initial diagnosis of the primary tumor due to metastases.7

Gene expression profiling using a 15-gene assay based on a
sample of the primary eye tumor stratifies the half of patients
in class 1 who have a 1% risk of developing metastases
compared with those in class 2 who have an 80 to 90% 5-
year mortality.8,9

The approximate 5-year survival from diagnosis of the
primary tumor is 70%; the approximate 10-year survival is
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Abstract Despite successful treatment of the primary tumor, uveal melanoma has a propensity to
metastasize to the liver. Prognosis is poor due to the very aggressive nature of these
tumors. Because systemic therapies are relatively ineffective and patient survival
correlates to disease control in the liver, locoregional therapies provide a means of
prolonging survival. We review various techniques including chemoembolization,
immunoembolization, radioembolization, arterial fotemustine infusion, and hepatic
perfusion for the treatment of liver metastases from uveal melanoma.
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60%. Up to half of all patients develop systemic metastases.
These hematogenous micrometastases are considered to
occur prior to diagnosis of the eye tumor. The liver is the
predominant organ of involvement in >90% of patients with
metastases. It tends to be the first manifestation of systemic
disease, and in half of patients it remains the only site of
metastases. Other sites of metastases include lungs, bones,
brain, subcutaneous tissues, peritoneal cavity, and other
visceral organs. Nonetheless, the clinical course of most
patients with metastatic disease is generally determined by
control of the tumors in the liver. This disease tends to be very
aggressive, with patients typically progressing to liver failure;
historically, survival following development of liver metasta-
ses ranges from 2 to 9 months.2,10

Unlike cutaneous melanoma, there is no effective systemic
chemotherapy regimen for metastatic uveal melanoma.2,10

There is no proven adjuvant therapy for patients at high risk
for developing metastases. Surgery and ablation techniques
are rarely useful due to the multiplicity of tumors. In two
studies, patients who underwent surgical resection for liver
metastases <3.75 years11 or <5 years12 after diagnosis of the
primary tumor experienced early disease recurrence. Be-
cause survival of most patients with metastatic uveal mela-
noma is based on the status of the disease in the liver,
locoregional therapy is important for control of these
metastases.

Chemoembolization

Chemoembolization combines the hepatic artery infusion of
cytotoxic drugs with the blockage of the tumor blood supply.
This treatment has shown effective results, increasing the
overall survival of patients with metastatic liver disease
(►Table 1). In a study by Bedikian et al, systemic therapies,
intra-arterial chemotherapy infusion, and chemoemboliza-
tion were compared in 201 patients with liver metastases
from uveal melanoma.13 For patients treated with chemo-
embolization, a 36% response rate was achieved, whereas
systemic therapies yielded a response rate<1%. Although the
difference in overall survival for the two patient populations
was not statistically significant (median: 6.0 versus 5.0
months; p ¼ 0.2), chemoembolization responders had a sig-
nificantly longer overall survival than patients who did not
respond to chemoembolization (median: 14.5 versus 5.0
months; p ¼ 0.003) or patients who received intravenous
systemic chemotherapy (median: 14.5 versus 5.0 months;
p ¼ 0.003). The authors concluded that compared with other
therapies, chemoembolization demonstrated effective results
and should be the treatment modality of choice for patients
with liver metastases due to uveal melanoma.13

For >20 years, chemoembolization has been used for the
treatment of liver metastases from uveal melanoma. Howev-
er, there are no standard protocols and no comparative
clinical trials demonstrating superior results of one particular
chemotherapeutic drug over another. In fact, several different
chemotherapeutic agents have been used for chemoemboli-
zation along with either transient or permanent embolic
material (►Table 1). In 1986, Carrasco et al reported the first

results of chemoembolization using cisplatin and polyvinyl
alcohol particles to control the growth of liver metastases
from uveal melanoma.14 Significant regression of liver me-
tastases, lasting 6 and 19 months, was demonstrated in two
patients following chemoembolization. In 1988, Mavligit et al
published their results using the same technique in a larger
series (n ¼ 30) of patients.15 The overall response rate was
46%; one patient (3%) had a complete response, and 13
patients (43%) demonstrated partial response following che-
moembolization. Themedian overall survival was 11months,
with a 14-month (range: 9.0- to 54-month) median overall
survival for responders compared with a 6-month (range:
2.0- to 19-month) median overall survival for patients who
did not respond to treatment. Although these results were
encouraging, the authors’ institution failed to achieve similar
results for chemoembolization using the same chemothera-
peutic agent. The median overall survival for the authors’
patient population (n ¼ 14) was 6.6 months with a 0%
response rate.16

In a separate study, the results of a phase 2 trial using
100 mg 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU) with
Gelfoam for 30 patients with liver metastases from uveal
melanomawere published.17 BCNUwas selected based on the
high rate of hepatic extraction, solubility in Ethiodol, and
efficacy in treating melanoma. The median overall survival in
this study was 5.2 months (range: 0.1 to 27.6 months). The
authors attributed this short overall survival to the inclusion
of patientswho did not complete at least one treatment to the
affected hepatic lobes due to rapid progression of disease. If
these patients were excluded, the median overall survival
increased to 7.4 months (range: 1.6 to 27.6 months). Similar
to the study by Mavligit et al, overall survival differed
significantly based on response to treatment. Patients who
achieved a complete or partial response had an overall
survival of 21.9 months (range: 7.4 to 27.6 months), those
with stable disease experienced an overall survival of
8.7 months (range: 2.9 to 14.4 months), and patients who
developed progressive disease had an overall survival of only
3.3 months (range: 1.6 to 5.6 months). Survival benefit and
response to chemoembolization were also related to the
volume of hepatic metastases at the time of initial treatment.
For patientswith<20% (n ¼ 6) tumor burdenwithin the liver,
the response rate (complete response plus partial response)
was 33.3% with a median overall survival of 19 months
(range: 3.8 to 27.6 months). For patients with a tumor burden
>20% (n ¼ 18), the response ratewas 16.7%. For patients with
a 20 to 50% tumor burden, the overall survivalwas 5.6months
(range: 0.1 to 14 months), and for those with >50% tumor
burden (n ¼ 11), the median overall survival was only
2.1 months (range: 0.6 to 7.5 months). Therefore, patients
with limited tumor burden (<20%) had a significantly longer
overall survival than those with larger tumor burdens at the
time of initial presentation. Patients with limited tumor
burden also had a better response to treatment than those
with more disease burden. Of note, two patients in this study
with>50% tumor burden had significant regression of hepat-
ic metastases following chemoembolization. Patients with
large tumor burdenswho benefited from chemoembolization
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were those who presented with good performance status,
normal bilirubin, and a patent hepatic vasculature. The
authors therefore recommended that chemoembolization
with BCNU be considered as a palliative treatment for bulky
disease (>50% tumor burden) in patients with the character-
istics just listed. Based on these results, the authors for several
years have been treating patients with >50% tumor burden
with chemoembolization using a higher dose (200 mg) of
BCNU. The authors have noted encouraging results in this
particular patient population with 22% surviving >1 year
following bilobar treatment of all hepatic metastases (unpub-
lished data).

Angiographic findingsmay also help predict overall survival
and treatment response. Ethiodized oil is often combined
with chemotherapeutic agents prior to chemoembolization
(►Figs. 1A and 1B) In a study by Monsky et al, the volume of
ethiodized oil correlated with subsequent tumor necrosis,
reduction in whole tumor volume, and patient survival.18 In

2007, Vogl et al evaluated the pattern of Lipiodol (Guerbet,
Villepinte, France) uptake and response to treatment in 12
patients with liver metastases from uveal melanoma following
chemoembolization with 10 mg/m2 mitomycin-C and resorb-
able microspheres.19 Patients who achieved a partial response
(n ¼ 3) or stable disease (n ¼ 5) had more hypervascular
tumors with significant Lipiodol uptake, whereas patients
with relatively hypovascular tumors and minimal Lipiodol
uptake were more likely to demonstrate progressive disease
(n ¼ 4). Furthermore, median overall survival for patientswho
demonstrated a partial response to treatment had a signifi-
cantly longer overall survival than thosewho failed to respond
to chemoembolization (median: 21 versus 16.5 months),
respectively (p < 0.01).

In 2008, Sharma et al performed chemoembolization using
50 mg cisplatin, 50 mg doxorubicin, and 10 mg mitomycin C
emulsified with ethiodized oil followed by either Gelfoam or
polyvinyl alcohol particles to slow arterial flow.20 Of the 20

Table 1 Reported Studies Evaluating Chemoembolization of Uveal Melanoma Hepatic Metastases using Various Chemotherapeutic
Agents

Study No. of patients Drug(s) OS responders
(mo)

OS nonresponders
(mo)

Median OS
(mo)

Mavligit et al15 30 Cisplatin 14 6 11

Cantore et al22 8 Carboplatin – – 15

Bedikian et al13 44 Cisplatin 14.5 5 6

Sato et al16 14 Cisplatin – – 6.6

Patel et al17 24 BCNU (100 mg) 21.9 3.3 5.2

Huppert et al23 14 Cisplatin/Carboplatin 14.5 10 11.5

Vogl et al19 12 Mitomycin C 21 16.5 21

Dayani et al21 21 Mitomycin C, cisplatin,
doxorubicin

12.7 3.7 7.6 (mean)

Gupta et al24 125 Mostly cisplatin 15.8 6.1 6.7

Abbreviation: OS, overall survival.
Median overall survival along with the comparison of survival between responders and nonresponders.

Figure 1 (A) Axial contrast-enhanced computed tomography (CT) of the liver prior to chemoembolization demonstrates two uveal melanoma
hepatic metastases. The largest tumor replaces the lateral segment of the left lobe. A smaller tumor is present in the right lobe of the liver. (B) Axial
contrast-enhanced CT of the liver 1 year following four chemoembolization treatments with BCNU/Lipiodol. Dense Lipiodol uptake is present
within the tumors with a significant decrease in the size of the left lateral segment tumor.
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evaluable patients, 13 patients (65%) achieved stable disease
and 7 patients (35%) developed progressive disease. The
median overall survival was 271 days. Patients with tumors
that had a nodular angiographic appearance had a longer
overall survival than patients with an infiltrative pattern of
disease (median: 750 versus 109 days; p ¼ 0.0002). The
authors hypothesized that the angiographic findings and
subsequent survival benefit might correspond to the genetic
profile of the metastatic tumor and that the infiltrative
pattern would more likely be associated with aggressive
tumor genetics.

In 2009, the same group further evaluated patients for
angiographic patterns predictive of survival following che-
moembolization.21 They divided patients into the same two
angiographic patterns as their initial study: a nodular pattern
with discrete well-defined tumors (n ¼ 11) and a diffuse
infiltrative (n ¼ 9) pattern of metastases. Results showed a
significantly longer overall survival time for patients with the
nodular pattern (mean: 12.7 months) than those with the
infiltrative pattern of disease (mean: 3.7 months). Further-
more, the 1-year survival rate for patients with the nodular
pattern was 58%, whereas 0% of the patients with infiltrative
disease survived 1 year. The authors once again concluded
that the angiographic pattern of livermetastaseswas strongly
predictive of overall survival following chemoembolization.
Unlike their initial study, biopsies were performed in a
subgroup of patients to determine histopathologic and
genetic features of the liver metastases. The biopsy results
were subsequently compared with the angiographic pattern
of metastatic disease. Epithelioid cytology, indicative of a
poor prognosis, was found infive patientswith the infiltrative
pattern and in only one patient with nodular metastases.
Evaluation of genetic features (n ¼ 9) also demonstrated a
more aggressive tumor cell behavior in those with infiltrative
tumor. The deletion of a metastatic suppressor gene on
chromosome 8p was found in four patients with the infiltra-
tive disease and in no patients with the nodular pattern of
metastases. Although these findings did not reach statistical
significance, the infiltrative angiographic pattern showed a

trend toward more aggressive histopathologic and genetic
features than the nodular pattern ofmetastatic disease,which
correlated with survival benefit.

Several other reports in the literature have shown effective
results for chemoembolization in the treatment of liver metas-
tases from uveal melanoma. ►Table 1 summarizes these
studies.13,15–17,19,21–24 Of note, when evaluated, the overall
survival for chemoembolization responders was consistently
longer than for those who failed chemoembolization.

Drug-Eluting Beads
Over the past several years, drug-eluting beads (DC/LC Beads,
Biocompatibles, Surrey, UK) have been used to treat both
primary and secondary tumors of the liver. Drug-eluting beads
are produced from a polyvinyl alcohol hydrogel that has been
modified with sulphonate groups for the controlled loading
and delivery of chemotherapy agents. Therefore, embolization
of tumorswith drug-eluting beads allows for local delivery and
sustained release of cytotoxic drugs directly into the tumor
while concurrently rendering tumors ischemic.

Drug-eluting beads loaded with irinotecan or doxorubicin
have both been used to treat liver metastases from uveal
melanoma (►Figs. 2A and 2B). In 2009, Fiorentini et al
reported their phase 2 trial using irinotecan (100 mg) drug-
eluting beads to treat 10 patients.25 Following chemoembo-
lization, all patients achieved a partial response to treatment
using modified Response Evaluation Criteria in Solid Tumors
(RECIST). Three patients (30%) had a major response with a
reduction in tumor size of 90%, three patients (30%) had a
tumor reduction of 80%, and four patients (40%) had a tumor
reduction between 60% and 70% following transarterial che-
moembolization. Patients with limited tumor burden (�25%
liver volume) at the time of initial chemoembolization had
the greatest response to treatment (90%); patients with larger
tumor burden (�75% liver volume) demonstrated less of a
treatment response. The median overall survival time was
6.5months (range: 4 to 9months). Eight patientswere alive at
the time of their analysis. Two patients with a 60% and 75%
tumor burden died at 6 and 4 months, respectively, due to

Figure 2 (A) Contrast-enhanced axial magnetic resonance (MR) image demonstrates one of the patient’s multiple large metastases from uveal
melanoma prior to treatment. (B) Contrast-enhanced MR image demonstrates significant shrinkage of this tumor 14 months after initial
treatment with drug-eluting beads loaded with doxorubicin, followed by three treatments with BCNU chemoembolization.
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tumor progression after chemoembolization. Treatment-
related toxicity was short lived and included grade 2 abdomi-
nal pain following 12 chemoembolization procedures. Grade
3 toxicity occurred after three treatments and included one
transient paralytic ileus and two cases of nonicteric hepatitis.
More recently, Venturini et al found an 80% response rate
following treatment of five patients with irinotecan (100 mg)
drug-eluting beads (100 to 300 µm).26 One patient achieved a
complete response, two patients had a partial response, one
patient achieved stable disease, and another patient had
progressive disease. Follow-up ranged from 8 to 13 months
(mean: 10.6 months), and all patients were alive at last
follow-up. Although both of these studies show encouraging
results, our initial experience using irinotecan drug-eluting
beads has not been as promising.

A phase 2 multicenter clinical trial (n ¼ 20 patients) for
metastatic melanoma to the liver using doxorubicin drug-
eluting beads was recently completed in the United States.
Data are currently being analyzed at the time of this writing.
At the authors’ institution, doxorubicin drug-eluting beads
are currently part of the armamentarium for treating patients
withmetastatic uveal melanoma, both as salvage therapy and
in patients presenting with >50% tumor replacement.

Immunoembolization

Immunoembolization consists of infusion of an immunologic
stimulant into the hepatic artery followed by embolization.
The liver contains >70% of all tissue macrophages (Kupffer
cells), many other antigen-presenting cells, and innate im-
mune cell populations. Despite this abundance of immune
cells, the liver tends to induce tolerance rather than immuni-
ty. This avoids unnecessary activation of the immune system
due to continuous exposure to food-derived antigens and
probiotics from the gastrointestinal tract, and it prevents
damage to hepatocytes. The rationale for immunoemboliza-
tion starts with destruction of tumor by embolization to
control tumor progression locally and to provide tumor
antigens to the local immune system. Concurrent use of
biological response modifiers would induce an inflammatory
response in the tumor and surrounding tissue that may
improve the antigen presentation to the local immune sys-
tem. Local stimulation of the immune system may result in
the development of a systemic immune response against
tumor cells that may suppress the growth of the untreated
tumors; immunoembolization could thereby potentially cre-
ate an in situ tumor vaccine.27

Although there are a few prior descriptions of hepatic
arterial infusion of cytokines,28 immunoembolization was
first described in the treatment of patients with hepatocellu-
lar carcinoma.29,30 This approachwas pursued at the authors’
institution for patients with metastatic uveal melanoma in
attempts to control progression of extrahepatic metastases
that commonly developed after liver metastases were con-
trolled by chemoembolization.17

Granulocyte-macrophage colony-stimulating factor (GM-
CSF) is a glycoprotein secreted by immune cells such as
activated T cells that increases myeloid cell production,

stimulates macrophages, increases cytotoxicity of monocytes
toward tumor cell lines, and promotes maturation of dendrit-
ic cells. This was selected as the cytokine used for the
immunoembolization of metastatic uveal melanoma, based
on an elegant study that examined the vaccination properties
ofmurine tumor cells transducedwith 10 retroviruses encod-
ing various potential immunomodulators.31 Irradiated B16
melanoma cells alone generated no antitumor immunity;
however, new tumors were prevented and established
tumors regressed in mice injected with irradiated B16 melano-
ma cells containing the transduced GM-CSF gene. The
immunity was long lived and specific; antitumor activity
was present several months after injection of B16 melanoma
cells producing GM-CSF, and this did not produce immunity
against several other murine cancers. The antitumor activity
required both CD4þ (helper) and CD8þ (killer) T cells. The
absence of either T-cell fraction abrogated the systemic
immunity. This antitumor activity was attributed to the
influence of GM-CSF on the maturation and/or function of
dendritic cells.

It was therefore hypothesized that introduction of GM-CSF
into tumors via intra-arterial Ethiodol emulsion would pro-
duce an environment allowing an immune response and
antitumor activity similar to tumor cells with the transduced
GM-CSF gene.27 GM-CSF retains its activity after separation
from an emulsion with Ethiodol. Immunoembolization was
shown to be safe in a study using a normal porcine model.32

A phase 1 trial was initiated to investigate the feasibility
and safety of immunoembolization in the treatment of liver
tumors.33 A total of 34 of the 39 patients in this study had
metastatic uveal melanoma. All patients were deemed un-
resectable, with <50% tumor involvement. Patients under-
went lobar hepatic artery embolization every 4 weeks using
an escalating dose of GM-CSF (25 to 2000 µg) emulsified with
Ethiodol, followed by Gelfoam slurry. Computed tomography
(CT) of chest/abdomen/pelvis and magnetic resonance imag-
ing of the liver were performed after every two treatments to
assess results using RECIST, along with clinical assessment.
Primary end points of the study were dose-limiting toxicity
and the maximum tolerated dose.

Of the 34 patients with metastatic uveal melanoma, the
median agewas 56 years, and 35%weremale. A total of 97% of
patients had a very good clinical performance (Eastern Co-
operative Oncology Group Performance Status: 0). A total of
29% had <20% tumor involvement, 29% had limited extrahe-
patic metastases, and 29% had an elevated lactase dehydro-
genase (LDH). There was a median of six procedures per
patient (range: 1 to 14). Two patients had a complete re-
sponse, and eight patients had a partial response, for a 32%
response rate (►Figs. 3A and 3B, 4A and 4B). Another 32% had
stable disease. The median overall survival was 14.4 months,
with a survival rate at 1 and 2 years of 62% and 26%,
respectively. The survival was 33.7 months for those
experiencing a complete or partial response compared with
12.4 months for those with stable or progressive disease. The
median progression-free survival in the liver was 4.8 months,
compared with a 10.4-month systemic progression-free sur-
vival. Twenty-one percent of patients developed progression
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of extrahepatic metastases prior to growth of liver metasta-
ses, whereas 32% developed progression of liver metastases
before extrahepatic progression. Eighteen percent developed
simultaneous progression of liver and extrahepatic metasta-
ses, but 29% died of liver metastases without extrahepatic
progression.

The authors compared patients undergoing high-dose
immunoembolization (�1500 µg) to those who received
low-dose immunoembolization (�1000 µg).34 In patients
receiving high-dose immunoembolization, therewas a longer
systemic progression-free survival of 12.4 months compared
with 5.6 months in patients receiving low-dose immunoem-
bolization (p < 0.05), suggesting induction of a systemic
immune response against themelanoma cells. Although there
was a trend toward longer progression-free survival in the
liver and overall survival, these results did not reach statisti-
cal significance. When patients undergoing high-dose immu-

noembolization were compared with similar patients (<50%
tumor involvement) treated at the authors’ institution with
BCNU chemoembolization, the high-dose immunoemboliza-
tion group demonstrated a longer median overall survival
(20.4 versus 9.8 months; p ¼ 0.005) and a longer median
systemic progression-free survival (12.4 versus 4.8 months;
p ¼ 0.001), although there was no significant improvement
in progression-free survival in the liver. There was no signifi-
cant difference in overall or progression-free survival be-
tween patients who received BCNU chemoembolization and
low-dose immunoembolization. It was proposed that stabili-
zation of hepatic metastases was most likely achieved by the
ischemic effects of embolization rather than by the adminis-
tered medication. Tumor regression was sustained after
discontinuation of immunoembolization in several patients,
and a response took as long as 4 months to achieve. Repeated
immune stimulation has been shown to be necessary to

Figure 4 (A) Coronal contrast-enhancedmagnetic resonance (MR) image demonstrates several hepatic metastases from uveal melanoma prior to
treatment. (B) Coronal contrast-enhanced MR image shows tumor shrinkage and necrosis following one immunoembolization treatment to each
lobe.

Figure 3 (A) Arteriogram prior to immunoembolization demonstrates several large hypervascular metastases from uveal melanoma.
(B) Arteriogram 2 months after the initial immunoembolization procedure shows that these tumors are nearly avascular, with residual Ethiodol
(arrows). This effect is largely due to the embolization component.
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overcome tolerance and induce a vigorous response.35,36 Of
note, six patients underwent resection of a remote extrahe-
patic metastasis, as deemed appropriate for their medical
management. On pathologic examination, two showed signs
of immune response, with CD4þ and CD8þ T cell and
dendritic cell infiltration; one showed monocyte infiltration
with tumor necrosis.

In 10 patients, the maximum tolerated dose was not
demonstrated following administration of 2000 µg of GM-
CSF. There were no treatment-related deaths or life-threaten-
ing adverse events. These procedures were tolerated quite
well; most of the patients developed only mild postemboli-
zation symptoms for 1 or 2 days. Of 10 patients undergoing 55
procedures with the administration of 2000 µg of GM-CSF,
there was only one grade 3 toxicity (asymptomatic elevation
of liver function tests) and one grade 4 toxicity (respiratory
suppression due to narcotic use that did not require
intubation).

The favorable results of this study led to a randomized
double-blind phase 2 clinical study of immunoembolization
in patients with metastatic uveal melanoma.37 Fifty-two
patients were randomized to undergo embolization with
Ethiodol and Gelfoam (Pfizer, New York, NY) slurry, with or
without 2000 µg GM-CSF. The primary end point was regres-
sion of liver metastases, and the secondary end points were
time to progression and overall survival. Development of a
local and systemic immune response was also assessed.
Patientswere stratified based on amount of liver involvement
by tumor (<20% versus 20 to 50%) andHLA-A2 status. Patients
with prior local liver therapies or extrahepatic metastases
were excluded. Patients were otherwise treated in similar
fashion to the phase 1 study, with lobar embolization every
4 weeks followed by imaging and clinical assessment every
8 weeks.

Both immunoembolization and bland embolization were
well tolerated with acceptable toxicity profiles. Both ap-
proaches induced cytokine production, but it was more
prominent in patients treated with immunoembolization.
Survival in patients with 20 to 50% tumor involvement
following immunoembolization was 18.2 months versus
16.0 months for those undergoing bland embolization
(p ¼ 0.047). There was a trend toward a longer systemic
progression-free survival following immunoembolization.
Unexpectedly, progression-free survival in the liver was
shorter following immunoembolization in patients with
<20% tumor involvement, suggesting a potential suppressive
response to high-dose GM-CSF. There was a paradoxical
negative correlation between posttreatment serum GM-CSF
levels and systemic progression-free survival when the post-
treatment serum GM-CSF level exceeded a certain threshold.
A paradoxical suppressive effect fromGM-CSFwas previously
described.38 Further analysis of data from this study is
ongoing.

Radioactive Microspheres

Based on the excellent response rate of plaque radiotherapy
for primary uveal melanoma, radioembolization using ytr-

rium-90 (90Y) has been used to treat patients with liver
metastases from uveal melanoma.39–41 There are two types
of 90Y microspheres commercially available: TheraSpheres
and SIR-Spheres. TheraSpheres (MDS Nordion, Ottawa,
Canada) are nonbiodegradable glass microspheres with a
diameter of 20 to 30 µm. Each glass microsphere has a
maximum activity of 2500 Bq at the time of calibration.42 A
3-GBq dose vial of TheraSpheres has 1.2 million glass micro-
spheres. In contrast, SIR-Spheres (Sirtex, Sydney, Australia)
are nonbiodegradable resin 90Ymicrosphereswith a diameter
of 20 to 40 µm. The activity per resinmicrosphere is�40 to 70
Bq; therefore a typical administration of SIR-Spheres involves
20 to 40 million microspheres, a much larger number of
particles compared with a similar dose of TheraSpheres.43

Because of the larger number of microspheres delivered, SIR-
Spheres also provide an embolic effect in addition to deliver-
ing radiation directly to the tumors. Therefore, SIR-Spheres
are preferred in our institution for radioembolization of
metastatic uveal melanoma because in most patients the
tumors are hypervascular, numerous, and dispersed through-
out both lobes of the liver.

In 2009, Kennedy et al reported their results of a retro-
spective study that included 11 patients from five centers
around the world who underwent treatment for metastatic
uveal melanoma using SIR-Spheres.39 The median activity
delivered per treatment was 1.55 GBq. Toxicity was minimal
with one grade 3 gastrointestinal toxicity of a gastric ulcer
that healed within 6 weeks with supportive care. At 3-month
follow-up, CT and positron emission tomography (PET)
showed a 100% response rate, with one patient (9.1%) achiev-
ing a complete response. The 1-year survival for the 10
patients with available follow-up was 80%.

In 2011, the authors reported 32 patients treatedwith SIR-
Spheres as salvage therapy after failure of initial therapies
such as immunoembolization and chemoembolization.40 A
dose reduction of 25% was applied to each patient due to
multiple prior embolization procedures. The median dose
delivered per patient was 1.08 GBq (29.28mCi) (range: 0.63 to
1.86 GBq [16.77 to 50.10 mCi]). Patients were divided into
three groups based on pretreatment tumor burdenwithin the
liver: <25% (n ¼ 25), 25 to 50% (n ¼ 5), and >50% (n ¼ 2).
Clinical follow-up lasted 1.0 to 29.0 months (median: 10
months). At the conclusion of the follow-up period, 10
patients were still alive 4.7 to 27.0 months (median: 9.4
months) following radioembolization. Twenty-two patients
died 1.0 to 29.0 months (median: 5.8 months) postprocedure
due to progressive disease (n ¼ 13), extrahepatic disease
(n ¼ 4), or both (n ¼ 5). Overall survival for the 32 patients
ranged from 1.0 to 29.0 months (median: 10 months).
Patients with <25% tumor burden had a significantly longer
overall survival period than those with �25% tumor burden
(10.5 versus 3.9 months; p ¼ 0.0003). With respect to treat-
ment response, one patient (3.1%) achieved a complete
response, one patient (3.1%) had a partial response, 18
patients (56.3%) had stable disease, and 12 patients (37.5%)
developed progressive disease (►Figs. 5A and 5B). Patients
with stable disease or better had significantly longer overall
survival times (14.7 months) compared with patients with
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progressive disease (4.9 months) (p ¼ 0.006). Median pro-
gression-free survival of hepatic metastasis was 4.7 months
(range: 1.0 to 26.5 months). Patients with limited pretreat-
ment tumor burden (<25%) had significantly longer progres-
sion-free survival of hepaticmetastasis than did patientswith
�25% pretreatment tumor burden (6.4 versus 3.0 months;
p ¼ 0.03). In addition, patients who had a complete response,
partial response, or stable disease had a significantly longer
progression-free survival of hepatic metastasis compared
with patients with progressive disease following radioembo-
lization (7.9 versus 3.1 months; p < 0.0001). Systemic toxici-
ty after treatment wasmainly grade 1 to 2 fatigue (n ¼ 9) and
gastrointestinal symptoms such as indigestion (n ¼ 2) and
abdominal discomfort (n ¼ 5), all of which were self-limited.

In a similar study, Klingenstein et al published their results
of 13 patients treated with radioembolization following
failure of first-line therapy.41 In this study, eight patients
(61.5%) achieved a partial response, two patients (15.4%)
achieved stable disease, and three patients (23.1%) had
progressive disease. The median overall survival was
7 months.

Fotemustine Infusion Therapy

Fotemustine is an alkylating agent with a short half-life and a
high first-pass extraction resulting in hepatic concentration
of 8 to 47 times compared with other tissues. This drug has
been investigated in the treatment of metastatic uveal mela-
noma, based on its efficacy in the treatment of metastatic
cutaneous melanoma.43,44 In a multi-institutional trial in-
volving 101 patients,44 fotemustine was administered via a
surgically implanted hepatic arterial port system as a 4-hour
outpatient infusion weekly for 4 weeks followed by a 5-week
treatment break. The therapy was repeated every 3 weeks
until disease progression, unacceptable toxicity, or patient
refusal. The liver was the only site of metastases in 88% of
patients. Patients underwent a median of eight infusions. A
total of 15% had a complete response, and 21% had a partial

response. Forty-eight percent had stable disease for a median
duration of 9.4 months. Overall survival was 15 months with
1- and 2-year survival rates of 67% and 29%, respectively.
Additional trials are underway in Europe investigating use of
this medication for both adjuvant therapy and in the treat-
ment of liver metastases. This agent is not currently available
for administration in the United States.

Hepatic Perfusion Therapy

Isolated hepatic perfusion is a surgical technique developed
for the treatment of liver metastases in patients without
significant extrahepatic disease.45 The vascular supply to the
liver is isolated, and branches of the suprarenal inferior vena
cava are also ligated. High-dose chemotherapy is infused
through an arterial catheter in the liver, and hepatic venous
blood draining into the inferior vena cava flows out through a
cannula to allow reperfusion of the liver. Melphalan and
warmed perfusate circulate in this system for an hour.
Veno-veno bypass is simultaneously used to maintain perfu-
sion through the rest of the body. This operation typically
takes �8 hours, with a 7- to 10-day hospitalization after-
ward.2 Significant hemodynamic changes often occur during
the procedure, and operative mortality is 4%.45 In a series of
29 patients with ocular melanoma treated by isolated hepatic
perfusion using melphalan, there was a 62% response rate
(10% complete response, 52% partial response), with an
overall survival of 12 months and progression-free survival
of 8 months. Two thirds of patients recurred initially in the
liver. There were no operative mortalities in this small
group.46

A phase 3 randomized trial comparing percutaneous
hepatic perfusion using melphalan with best alternative
care was completed in 2010.47 This technique uses a unique
double-balloon inferior vena cava catheter (Delcath Systems,
New York, NY) to allow high-dose chemosaturation of the
liver using melphalan infused via the hepatic artery while
limiting systemic distribution by extracting the hepatic

Figure 5 (A) Axial T2-weighted magnetic resonance (MR) image prior to radioembolization of the liver showing a metastasis from uveal
melanoma in the left lateral segment and in the right lobe of the liver (arrows). (B) Axial T2-weighted MR image 6 months following
radioembolization demonstrating complete tumor response.
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venous blood for filtration before return to the body. This
device allows use of the perfusion technique while avoiding
the major abdominal operation. A total of 44 patients were
randomized to percutaneous hepatic perfusion; 49 patients
received best alternative care. Patients receiving best alter-
native care were allowed to cross over to hepatic perfusion
after progression. The planned treatment regimen allowed
four to six treatments at 4- to 5-week intervals. The median
hepatic progression-free survival was 8 months for patients
undergoing hepatic perfusionwith an overall response rate of
34%, compared with hepatic progression-free survival of 1.6
months in those patients receiving best alternative care. The
median overall survival for patients undergoing percutane-
ous hepatic perfusion was 9.8 months.48 These data are
currently under review by the Food and Drug Administration
as the application for device approval proceeds.

Summary

Various locoregional therapies have played a significant role
in prolonging the lives of patients with metastatic uveal
melanoma. Unfortunately, these are palliative without poten-
tial for cure.

In general, for patients with liver metastases with <50%
tumor replacement, good performance status, preserved liver
function, and deemed inappropriate for resection, the au-
thors start treatment in our institution with either immu-
noembolization or SIR-Spheres. At our institution, a phase
2 clinical trial is underway to further evaluate the efficacy
and safety of SIR-Spheres for both initial and salvage therapy.
Our experience has shown that patients with tumors >5 cm
diameter do not respond as well to immunoembolization, so
we generally treat these patients initially with chemoembo-
lization. Likewise, patients who present with >50% tumor
replacement are treated with chemoembolization. We are
currently investigating the use of an initial treatment with
drug-eluting beads loaded with doxorubicin to each lobe,
followed by BCNU chemoembolization. Chemoembolization
is also used as salvage therapy following tumor progression
after treatment with immunoembolization or SIR-Spheres.

Further research is necessary to help determine the effi-
cacy of these various treatments. Patient accrual is often
challenging in such a rare disease. To help better understand
the value of these treatments, future studies should stratify
patients based on tumor burden at the time of therapy
initiation. Also, knowledge of the underlying tumor genetics
would be quite helpful in evaluating the outcome following
treatment. This may help physicians counsel patients and
their families regarding response to locoregional therapies
and survival benefit.

There are several clinical trials of potential systemic
therapies such as ipilimumab, PD-1 and PDL-1 inhibitors,
protein kinase C inhibitors, and MEK inhibitors. Clinical
benefit to patients has not been established. Therefore,
locoregional therapy will likely play a significant role in the
treatment of patients with liver metastases from uveal mela-
noma for at least the next several years.
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