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Uveal melanoma is the most common primary intraocular
tumor in adults with an annual incidence of 5.2 per million
population.1 Men have a higher age-adjusted incidence than
women with 6.0 per million population compared with 4.5
per million population, respectively.1 The median age at the
time of diagnosis is 62 years, with a peak age range between
70 and 79 years. Ninety-eight percent of patients who
develop uveal melanoma are Caucasian with rare cases
occurring in other races and ethnicities.1

Risk factors for developing uveal melanoma include fair
skin; inability to tan; light eye color; cutaneous, iris or
choroidal nevi; oculodermal melanocytosis; and the pres-
ence of germline BRCA 1-associated protein mutations.2

Sunlight exposure has not been unequivocally implicated
as a risk factor for developing uveal melanoma.2,3 However,
arc welding is a known environmental risk factor for devel-
oping the disease.2,3

Uveal melanoma develops from melanocytes located in
the uveal tract with 4, 6, and 90% arising from the iris, ciliary
body, and choroid, respectively.2 Uveal melanomas are often

found incidentally on ophthalmologic examination. Howev-
er, patientsmayalso present with symptoms such asfloaters,
photopsia, metamorphopsia, blurred vision, and visual field
defects.2 Themost common treatment for uvealmelanoma is
plaque radiotherapy achieving tumor control in greater than
92% of patients.2 Enucleation is recommended for larger
diameter and thicker tumors, extraocular extension, and
for patients with pain or poor visual acuity at presentation.3

At the time of primary eye tumor diagnosis, detection of
metastatic disease is uncommon occurring in less than 2% of
patients.4 However, metastatic disease via hematogenous
spread occurs in up to 50% of patients despite successful
treatment of the primary eye tumor. Patients at increased
risk formetastatic spread includemale gender, advanced age
at presentation, ciliary body tumors, larger diameter and
thicker tumors, extraocular tumor extension, intraocular
hemorrhage, and the presence of subretinal fluid.2 In addi-
tion, cytogenetic alterations, including monosomy 3 and 8q
amplification, are associated with an increased metastatic
risk and a poor prognosis.5–7 Monosomy 3 is detected in
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Abstract Uveal melanoma is the most common primary intraocular tumor in adults. Approxi-
mately 50% of patients develop metastatic disease despite successful treatment of the
primary eye tumor. The liver is themost common site of metastatic disease occurring in
more than 90% of patients. Clinical prognosis is dependent on the ability to control the
growth of liver tumors. Locoregional therapies play an important role in stabilizing liver
metastases, prolonging survival for patients with metastatic uveal melanoma. As
overall survival is prolonged, the development of extrahepatic disease becomes more
common. Immunoembolization, a form of liver-directed therapy, not only focuses on
treating hepatic metastases by stimulating the local immune system to suppress the
growth of liver tumors, but it potentially generates a systemic immune response
delaying the growth of extrahepatic metastases as well. The following article discusses
immunoembolization for the treatment of metastatic uveal melanoma including the
rationale, mechanism of action, indications, contraindications, outcomes, and associ-
ated toxicities.
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�65% of tumors and is associated with a 5-year survival of
37%.5 Patients with tumors expressing at least one 8q
amplification have a 5-year survival of 29%.5 The presence
of both cytogenetic alterations is associated with an ex-
tremely poor prognosis. Gene-expression profiling is an
important prognostic indicator of metastatic risk proving
to be even more accurate than the previously described
clinical factors or cytogenetic alterations. A commercially
available 15-gene expression profile developed by Castle
Biosciences (Friendswood, TX) divides primary uveal mela-
nomas into two classes. Class 1 indicates a low risk of
metastatic disease, while Class 2 indicates a high risk of
metastatic disease.8,9 Class 1 tumors are further subdivided
into Class 1a and 1b. The 5-year risk ofmetastatic disease is 2,
21, and 72% for patients with Class 1a, Class 1b, and Class 2
tumors, respectively.6 The process has been recently refined
andmodified to employ a 12-gene expression profiling assay
along with the analysis of PRAME mRNA expression. Class 1
PRAME-negative tumors, Class 1 PRAME-positive tumors,
and Class 2 tumors have a reported metastatic risk of 0, 38,
and 71%, respectively.10

For patients who develop metastatic disease, the liver is
the predominant organ of involvement in more than 90% of
patients and �50% of patients will develop extrahepatic
metastases within a median of 4.4 months (range, 1.1–17.1
months).11Unfortunately, less than 10% of patientswith liver
metastases are eligible for surgical resection or ablative
therapies due to the presence of multiple tumors at the
time of diagnosis (►Fig. 1). Clinical prognosis following the
development of hepatic metastases is dependent on the
ability to control the growth of liver tumors. Historically,
prior to the advent of liver-directed therapies, survival for
patients with hepatic metastases ranged between 2 and
9months.11,12More recently, locoregional therapies, includ-
ing immunoembolization, chemoembolization, radioembo-
lization, and percutaneous hepatic perfusion, have been
successful in controlling the growth of hepatic tumors,

prolonging the survival of patients with uveal melanoma
hepatic metastases.13–20 This article discusses immunoem-
bolization for the treatment of metastatic uveal melanoma
including the rationale, mechanism of action, indications,
contraindications, outcomes, and associated toxicities.

Immunoembolization

Background and Rationale
Historically, there have been no effective systemic therapies
for the treatment of metastatic uveal melanoma. Chemo-
embolization was the first liver-directed therapy used to
successfully control the growth of liver tumors.13–15Howev-
er, chemoembolization is limited by cumulative toxicities
and is also incapable of preventing the progression of
extrahepatic metastases necessitating the development of
a modified approach to treat this disease.

Immunoembolization offers several advantages beyond
the ischemic effect caused by embolization itself. The con-
comitant administration of a biological response modifier,
also known as an immunomodulator, is intended to promote
an inflammatory response within both the targeted tumors
and the adjacent hepatic parenchyma, thereby attracting and
stimulating antigen-presenting cells. In turn, this inflamma-
tory response facilitates antigen uptake released by necrotic
tumor cells, enhancing the local immune system’s ability to
recognize and destroy residual tumor cellswithin the liver. In
addition, stimulation of the local immune system can poten-
tiate a systemic immune response against tumor cells,
thereby suppressing the growth of non-targeted tumors,
specifically extrahepatic metastases. In other words, immu-
noembolization has the ability to potentially create an in situ
tumor vaccine.

The concept of immunoembolization was first developed
in Japan for the treatment of hepatocellular carcinoma using
a penicillin-killed and lyophilized preparation of a low
virulence strain of Streptococcus pyogenes known as OK432
(Chugai Pharmaceuticals, Tokyo, Japan). Several reports
describe encouraging results following embolization with
OK432, fibrinogen, and ethiodized oil, along with infusion of
immature dendritic cells stimulatedwith OK432 followed by
embolization.21–24 Furthermore, in a series of six patients,
resection of hepatic tumors following immunoembolization
demonstrated massive tumor infiltration of mononuclear
cells in conjunction with tumor necrosis.21 Based on these
findings, our group adopted the concept of immunoemboli-
zation and modified its technique as OK432 was not
commercially available in the United States.

Granulocyte macrophage-colony-stimulating factor (GM-
CSF) is a glycoprotein predominantly secreted by activated
T-cells that stimulatesmacrophages, promotesmaturation of
dendritic cells, and increases the cytotoxicity of monocytes
toward tumor cell lines. GM-CSFwas selected as the cytokine
of choice for immunoembolization based on a study by
Dranoff et al that compared the vaccination properties of
murine tumor cells transduced with ten retroviruses encod-
ing different potential immunomodulators.25 In this study,
irradiated B16melanoma cells alone generated no antitumor

Fig. 1 Multiple melanoma metastases on the surface of the liver
(arrows) in a patient undergoing surgical resection for a presumed
solitary tumor.
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immunity. However, new tumors were prevented and estab-
lished tumors regressed in mice injected with irradiated B16
melanoma cells containing the transducedGM-CSF gene. The
antitumor immunity was also found to be potent, specific,
and long-lasting maintaining a presence several months
after injection of B16 melanoma cells producing GM-CSF.
This antitumor activity was attributed to the effect of
GM-CSF on thematuration and/or function of dendritic cells.
GM-CSF was also found to be the most potent stimulator of
systemic anti-tumor immunity of the 10molecules tested by
Dranoff et al.

Based on the results of this study and the important role
GM-CSF plays in the immune system, our group hypothe-
sized that GM-CSF emulsified with ethiodized oil could be
administered intra-arterially to treat uveal melanoma he-
patic tumors and potentially induce systemic immunity
against melanoma cells to prevent or slow the growth of
extrahepatic metastases.

Literature Review
Immunoembolization using GM-CSF was first shown to be
safe in a study utilizing a normal porcine model.26 Subse-
quently, our institution conducted a dose-escalating Phase I
(2000–2004) trial to investigate the safety of treating meta-
static uveal melanoma patients with immunoemboliza-
tion.27 Thirty-four patients with less than 50% hepatic
tumor burden were enrolled in the study. Patients under-
went lobar treatments at 4-week intervals using 25 to
2,000μg of GM-CSF emulsified in ethiodized oil followed
by gelatin sponge embolization. Contrast-enhanced MRI and
CTwere performed after every two treatments to evaluate for
tumor response and extrahepatic disease. The primary
endpoints in this study were dose-limiting toxicity and
maximum tolerated dose.

A median of 6 (range, 1–14) procedures were performed
per patient. Thirty-two percent of patients had a complete
(n¼2) or partial response (n¼8), and 32% of patients
achieved stable disease. The median overall survival follow-
ing treatment was 14.4months with a 1-year survival of 62%.
The median overall survival for patients who responded to
treatment was 33.7 months and the median overall survival
for patients with stable or progressive disease was 12.4
months. Progression of extrahepatic disease occurred at a
median of 10.4 months. In two out of six patients, significant
inflammation was found in resected remote extrahepatic
metastases. Treatments were well tolerated with symptoms
of mild postembolization syndrome. A maximum tolerated
dose was not determined in this Phase I trial.

A subsequent analysis compared a similar group of patients
treated with chemoembolization using 1,3-bis (2-chloroethyl)-
1-nitrosourea (BCNU) to those treated with immunoemboliza-
tion with either high-dose GM-CSF (�1,500μg) or low-dose
GM-CSF (< 1,500μg).28 Patients treated with immunoemboli-
zation using high-dose GM-CSF had a significantly longer
median overall survival compared with patients treated with
BCNU chemoembolization (20.4 vs. 9.8 months; p¼0.005).
However, there was no significant difference in overall survival
for patients treated with low-dose immunoembolization

compared with those treated with BCNU chemoembolization.
In addition, there was a significantly longer progression-free
survival from extrahepatic metastases in patients treated with
high-dose immunoembolization compared with those treated
with chemoembolization (12.4 vs. 4.8 months; p¼0.001). A
delay in onset or progression of extrahepatic metastases was
also detected in the high-dose immunoembolization group
compared with the low-dose immunoembolization group
(12.4 vs. 5.6 months; p¼0.007). Based on these results, stabili-
zationofhepaticmetastaseswas likelyachieved in the low-dose
immunoembolizationgroupbythe ischemiceffectsof recurrent
embolization and not from the administration of GM-CSF. In
addition, the delay in extrahepatic progression in thehigh-dose
immunoembolization group suggested the induction of a sys-
temic immune response against uveal melanoma cells stimu-
lated by the immunomodulator.

Based on these encouraging results, our institution con-
ducted a randomized, double-blind Phase II (2005–2010)
clinical trial comparing immunoembolization to bland em-
bolization.29 Fifty-two patients were treated using either
2,000μg of GM-CSF or saline emulsified in ethiodized oil
followed by gelatin sponge embolization. This study was
specifically designed to compare immunologic outcomes.
Peripheral blood specimens were drawn to determine
GM-CSF and cytokine levels before and at two time points
postprocedure. Treatment and follow-up were the same as
previously described for our Phase I trial, but the presence of
extrahepatic metastasis excluded patients from enrollment.
Patients were stratified based on a hepatic tumor burden
of<20% or 20 to 50%. Overall median survival was 21.5
months for patients undergoing immunoembolization com-
pared with 17.2 months for those treated with bland embo-
lization. In patients with 20 to 50% hepatic tumor burden,
there was a significant difference in median overall survival
of 18.2 months for those treated with immunoembolization
compared with 16.0 months for those treated with bland
embolization (p¼0.047). A trend toward a delay in the
development of extrahepatic metastases was observed in
the immunoembolization group (10.4 months) compared
with patients in the bland embolization (7.1 months) group.
All patients eventually developed progression of hepatic
metastases. There were no complete responses in either
group. A partial response was seen in 21.2% of patients in
the immunoembolization group and 16.7% of patients in the
bland embolization group. Unexpectedly, for patients with
less than 20% hepatic tumor burden, 28% in the immunoem-
bolization group versus 7% in the bland embolization group
experienced progression of disease as their best radiologic
response. We hypothesized that high-dose GM-CSF caused a
paradoxical response in patients with limited tumor burden
within the liver. Since patients with extrahepatic disease
were excluded from this trial, we had a contemporaneous
comparison group of patients treated under a modified
immunoembolization protocol using 1,500μg of GM-CSF.30

A retrospective analysis of this patient population revealed
that the time to hepatic tumor progression and overall
survival were both improved in patients with<20% tumor
burden compared with our Phase II trial.25 Therefore,
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1,500 μg of GM-CSF remains our standard dose currently
used for patients undergoing immunoembolization.

Our Phase II study was not powered to determine survival
benefit but rather it was designed to investigate the hypoth-
esis that embolization with GM-CSF would enhance the
release of proinflammatory cytokines and delay the devel-
opment of extrahepatic metastases.29 In patients treated
with bland embolization, a significant elevation in levels of
interleukin (IL)-6 and IL-8 was identified 18hours postpro-
cedure. In patients treated with immunoembolization, a
rapid increase in tumor necrosis factor-α, IL-6, and
IL-8was detectedwithin an hour post-procedure, suggesting
a faster and stronger inflammatory response compared with
patients treated with bland embolization, along with a
continued increase in IL-6 and IL-8 levels 18hours postpro-
cedure. Furthermore, an increased IL-6 level at 1 hour and an
increased IL-8 level at 18hours postprocedure correlated
with a delay in onset of extrahepatic metastases in a
dose–response pattern.

Despite the aggressive nature of this disease, a subset of
patients may experience a prolonged survival. A retrospec-
tive analysis of 174 patients initially treated with immu-
noembolization showed that 16, 11, and 5% of patients
survived more than 3, 4, and 6 years, respectively.31 Unfor-
tunately, we are currently unable to prospectively determine
which patients will achieve this long-term benefit. However,
patients with SF3B1-mutated tumors may have a better
prognosis and a prolonged survival compared with patients
without this tumor mutation, but further investigation is
required.32

Indications and Contraindications
Patients with uveal melanoma typically present with multi-
ple tumors in both lobes of the liver whenmetastatic disease
is diagnosed. Immunoembolization is our preferred treat-
ment of choice for patients with limited hepatic tumor
burden, multiple small hepatic metastases (< 1–2 cm), and
minimal extrahepatic disease. Occasionally, patients will
present with oligometastatic disease defined as less than
three hepatic tumors. Ablation or surgical resection may be
considered under these circumstances depending on the
length of time between the primary eye tumor diagnosis
and confirmation of metastatic disease. In the surgical
literature, ablation or surgical resection is favored for
patients with oligometastatic disease that develops more
than 5 years from initial eye tumor diagnosis.33–35 We
similarly follow these guidelines since this typically corre-
sponds with a more indolent tumor biology and a higher
likelihood of achieving a prolonged period of “no active
disease” following surgery or ablation. In our experience,
immunoembolization is less effective for patients with
hepatic tumor burdens greater than 50% or with liver metas-
tases measuring greater than 5 to 6 cm. Chemoembolization,
which administers a cytotoxic agent that destroys hepatic
tumors, is a more appropriate treatment option for patients
presenting with extensive tumor burden within the liver. At
our institution, BCNU chemoembolization is the treatment of
choice for these particular patients.14 On the other hand, we

will perform immunoembolization for patients with 20 to
50% tumor burden especially if there is a delay between the
primary eye tumor diagnosis and the development of meta-
static disease akin to the guidelines used for ablation and
surgical resection.

Intravenous or oral steroid administration is contraindi-
cated for patients undergoing immunoembolization since
this could hinder the intended immune augmentation.
Therefore, carbon dioxide or gadolinium is used as intravas-
cular contrast agents for patients with allergies to iodinated
contrast that require steroid preparation. Similarly, patients
with immune disorders that require chronic steroid therapy
should not be treated with immunoembolization.

Toxicity and Adverse Reactions
As previously mentioned, immunoembolization is typically
very well-tolerated. Patients may occasionally experience
transient hypotension and/or bradycardia shortly after
immunoembolization which is treated with intravenous
fluids and, rarely, intravenous atropine. It is common for
patients to experience mild post-embolization syndrome,
and mild flu-like symptoms related to the administration of
GM-CSF. Vascular leak syndrome, a side-effect of immuno-
therapy, is exceedingly rare after immunoembolization. Vas-
cular leak syndrome is characterized by a massive leakage of
plasma from capillaries producing hypotension, diffuse
edema, and organ failure. Of note, vascular leak syndrome
or serious adverse events were not encountered in either of
our Phase I or Phase II clinical trials. Despite the rare
occurrence of serious adverse events, we typically observe
patients overnight following the first couple of treatments to
monitor for and manage symptoms related to the procedure.
However, if patients tolerate their initial treatments well,
they are often discharged the same day following subsequent
immunoembolization procedures.

Immunoembolization and Systemic Therapy
Over the past several years, multiple systemic therapies have
been developed to treat a variety of cancer types. Immune
checkpoint inhibitors or blockades are agents that remove
inhibitory signals of T-cell activation, giving tumor-reactive
T-cells the ability to overcome regulatory mechanisms and
mount an effective response against tumors. Unfortunately,
and dissimilar to cutaneous melanoma, multiple small trials
and retrospective reviews have shown poor response rates
(3–17%) using immune checkpoint inhibitors to treat meta-
static uveal melanoma.36–39 Therefore, our institution sought
to enhance the systemic effects of both immune checkpoint
inhibitors and immunoembolization by supplementing
immunoembolization with ipilimumab (anti-CTLA-4) alone
or in combinationwith nivolumab (anti-PD-1). In a retrospec-
tive review, 27 patients with metastatic uveal melanoma
underwent treatment with ipilimumab either right before or
contemporaneously with initiation of immunoemboliza-
tion.40 The median survival in this group of patients was
20.1 months. Unfortunately, the addition of ipilimumab did
not prevent the spread of extrahepatic disease as intended. In
fact, 89%of the 18 patientswithout extrahepaticmetastases at
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the start of treatment eventually developed systemic disease.
Although it appears that it is safe to use ipilimumab with
immunoembolization, patients often experienced typical and
well-known toxicities associated with ipilimumab therapy
that wehave not seenwith immunoembolization alone. Based
on this experience, we subsequently conducted a prospective
clinical trial evaluating the use of ipilimumab and nivolumab
along with immunoembolization. Due to severe toxicities
associatedwith this combination therapy, the trial was termi-
nated prematurely. It is important to note that while steroid
administration should be avoided in patients treated with
immunoembolization, side effects and toxicities commonly
seen with immune checkpoint inhibitors often require treat-
ment with steroids, thereby delaying and suppressing the
immunologic effects of immunoembolization.

Recently, a class of drug known as immune-mobilizing
monoclonal T-cell receptors against cancer (ImmTACs) has
been FDA-approved for the treatment of metastatic uveal
melanoma. Tebentafusp or KIMMTRAK (Immunocore, Ltd)
marks a new systemic treatment strategy, whereby the drug
serves as a “magnet” pulling T-cells to the melanoma cells.41

This helps solve the adeptness of melanoma cells to success-
fully evade immune surveillance. Tebentafusp is typically
administered weekly and requires a certain tissue type
(human leukocyte antigen-0201–restricted gp100 peptide),
present in �50% of the Caucasian population, to be effective.
In both the first in-human and phase I study for metastatic
uveal melanoma, tebentafusp demonstrated promising
results with a disease control rate of 71% and durable disease
control rateof 41%.42Progression-free survivalwas6months,
and 1-year overall survival was 75%. Additionally, the ad-
verse event profile is much more favorable than that of
immune check point inhibitors. Our institution is currently
implementing a clinical trial to investigate the feasibility,
safety, and efficacy of combining immunoembolization with
tebentafusp to treat patients with this aggressive disease.

Imaging Surveillance
Patients diagnosed with uveal melanoma require imaging
surveillance given that �50% of patients develop metastatic
disease despite successful treatment of the primary eye

tumor. Abdominal MRI at 1.5 or 3 Tesla is the modality of
choice with the highest sensitivity for detecting uveal mela-
noma hepatic metastases. Contrast-enhanced MRI using
gadoxetate disodium or Eovist (Bayer Healthcare, Whippany,
NJ) is superior to CT in the detection of small hepatic
metastases. On delayed phase imaging, also known as the
hepatobiliary phase, metastases unlike normal functioning
hepatocytes do not retain Eovist and essentially appear as
“holes” in the liver parenchyma making them more conspic-
uous on MRI compared with other contrast agents
(►Fig. 2).42 Diffusion-weighted sequences are also remark-
ably sensitive in depictingmelanomametastases and should
be included as part of the MRI exam (►Fig. 3).43 Although
MRI is superior for detecting metastatic disease, CT imaging
is important for the detection of extrahepatic disease includ-
ing but not limited to pulmonary, osseous, and peritoneal
metastases.

Based on the rapid growth that may be seen with this
disease, we suggest that an MRI be obtained shortly before
starting treatment to provide a contemporaneous baseline.

Fig. 2 (a and b) Contrast-enhanced MRI with gadoxetate disodium (Eovist). Multiple metastatic uveal melanomas (arrows) appear as “holes” in
the liver on delayed phase or hepatobiliary phase imaging.

Fig. 3 Uveal melanoma metastases (arrows) appear bright on MRI
diffusion-weighted imaging.
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While imaging within 4 weeks of starting treatment is
acceptable, 2 weeks is often preferable based on the aggres-
sive nature of this disease (►Fig. 4).

Conclusion

Immunoembolization for the treatment of uveal melanoma
hepatic metastases is beneficial to prolonging survival for
patients with this aggressive disease. Immunoembolization
is ourmainstay treatment for patients presentingwith limited
hepatic tumor burden because it is well tolerated, has limited
side-effects, no cumulative toxicities, and affords good quality
of life between scheduled treatments. The benefit of adding
tebentafusp to liver-directed treatment is still unknown.How-
ever, as previouslymentioned,we are currently implementing
a clinical trial combining immunoembolization and tebenta-
fuspwith thehopes ofdelaying theprogressionof bothhepatic
and extrahepatic disease, thus prolonging the overall survival
of patients with metastatic uveal melanoma.
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