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ABSTRACT

Background. Metastatic uveal melanoma (mUM) has a
poor prognosis, with liver metastases typically presenting
a therapeutic challenge. Melphalan/Hepatic Delivery Sys-
tem (Melphalan/HDS) is a drug/medical device combina-
tion used for liver-directed treatment of unresectable mUM
patients. This study assessed efficacy and safety of Melpha-
lan/HDS versus best alternative care (BAC).

Methods. Eligible patients with unresectable mUM were
randomized (1:1) to receive Melphalan/HDS (3 mg/kg
ideal body weight) once every 6 to 8 weeks for a maximum
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of 6 cycles or BAC. Due to slow enrollment and patient
reluctance to receive BAC treatment, the study design was
amended to a single-arm Melphalan/HDS study, and all
efficacy analyses of the randomized study were treated as
exploratory.

Results. The study enrolled 85 patients. Eligible patients
were randomized to receive Melphalan/HDS (n = 43) or
BAC (n = 42), and 72 patients received study treatment
(Melphalan/HDS [n = 40]; BAC [rn = 32]). Exploratory
analyses of efficacy endpoints showed numerical differ-
ences consistently favoring the Melphalan/HDS arm ver-
sus BAC (median overall survival: 18.5 vs. 14.5 months;
median progression-free survival: 9.1 vs. 3.3 months;
objective response rate: 27.5% vs. 9.4%; and disease con-
trol rate: 80.0% vs. 46.9%). Serious adverse events (SAEs)
occurred in 51.2% of Melphalan/HDS and in 21.9% of BAC
patients. The most common (>5%) SAEs included thrombo-
cytopenia (19.5%), neutropenia (9.8%), leukopenia (9.8%)
and febrile neutropenia (7.3%) in Melphalan/HDS patients
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and cholecystitis, nausea and vomiting (6.3% each) in BAC
patients. No treatment-related deaths were observed.
Conclusion. Treatment with Melphalan/HDS shows clini-
cally meaningful efficacy and demonstrates a favorable
benefit-risk profile in patients with unresectable mUM as
compared to BAC.

Keywords Metastatic uveal melanoma - Percutaneous
hepatic perfusion - Melphalan/Hepatic Delivery System -
Liver-directed therapy - Ocular melanoma

Uveal melanoma (UM) is a rare malignancy accounting
for approximately 3% to 5% of all melanoma cases and rep-
resents the most common intraocular malignancy in adults.'
Despite optimal management of primary tumors, up to 50%
of patients with UM will develop metastatic disease (mUM),
mostly to the liver (approximately 90% of cases). Once
patients present with metastatic disease, their prognosis is
poor, with typical median overall survival (mOS) of approxi-
mately 1 year.'”

Contemporary regimens for systemic treatment of mUM
include the novel bispecific gp100 peptide-HLA-directed
CD3 T cell engager tebentafusp (which is limited to patients
who are positive for HLA-A*02:01) and immune check-
point inhibitors (ICI), such as pembrolizumab, nivolumab
and ipilimumab. Tebentafusp has demonstrated a clinically
meaningful improvement in OS, whereas ICI therapies rarely
produce durable responses or significant survival benefit.*>
Single agent or dual ICI regimens have shown limited effi-
cacy in mUM patients with objective response rates (ORR)
ranging from O to 16.7% in retrospective chart analyses.” In
prospective Phase 2 studies in mUM patients, the combina-
tion of nivolumab and ipilimumab showed ORR of 18% in
a small, single-center study,'® and of 11.5% in a multicenter
study.!' A recent systematic review and meta-analysis'>
showed mOS, median progression free survival (mPFS)
and overall ORR of 11.5 months, 3.0 months and 9.2% for
ICI in mUM.

For the large majority of patients with mUM who have
liver metastases, liver failure is a common outcome.'?
Accordingly, liver-directed therapies are logical treatment
options for this patient population. Current standards of
care include liver-directed therapies such as transarterial
chemoembolization (TACE), radioembolization or immu-
noembolization, thermal ablation as well as loco-regional
perfusion procedures delivering high-dose chemotherapeutic
agents: the surgical procedure intrahepatic perfusion (IHP)
and the minimally invasive procedure percutaneous hepatic
perfusion (PHP).'*!> PHP uses the Hepatic Delivery Sys-
tem (HDS), available in Europe as CHEMOSAT® and in the
US as HEPZATO KIT™ (Melphalan/HDS), which recently

received approval by the US Food and Drug Administration
(FDA).'®

Liver-directed treatment should treat the whole liver and
target all radiographically evident and occult metastases,
allow for retreatment to optimize tumor control and mini-
mize recurrence, and demonstrate an acceptable benefit/risk
profile. TACE and radioembolization fulfill some of these
requirements and generally achieve better control of hepatic
metastases relative to systemic therapy. However, these
procedures have limitations with respect to repeatability of
treatment and ability to treat the whole liver. IHP, while
demonstrating promising hepatic PFS and tumor response,
as it perfuses the whole liver, is limited by the invasive-
ness of the procedure, which carries a high risk of morbidity
and mortality; patients undergo only one treatment, which
may significantly limit its use and patient outcomes.'”!8
PHP is a minimally invasive technique optimized to satu-
rate the whole liver with chemotherapy without the need for
major surgery, and most patients are able to receive multiple
treatments.

Findings from early-phase clinical studies investigating
the safety and efficacy of PHP utilizing Melphalan/HDS in
mUM patients show encouraging results, including promis-
ing ORRs and 0S.'9-2 The multicenter, open-label, Phase
3 FOCUS study was designed to evaluate the efficacy and
safety of Melphalan/HDS in patients with unresectable
mUM in comparison to best alternative care (BAC).

METHODS
Patients

The study population included male or female patients
18 years of age or older who had histologically verified
unresectable mUM to the liver, with up to 50% liver tumor
involvement. Patients were previously treated or treatment-
naive, had Eastern Cooperative Oncology Group (ECOG)**
performance status of O to 1 at screening, had measurable
liver metastases and could have limited extrahepatic disease
that was amenable to resection or radiation.

Given that the PHP procedure requires general anesthesia
and active coagulation/anti-coagulation control, the eligibil-
ity criteria were designed to minimize the risks associated
with the procedure (e.g., exclusion of patients with moder-
ate or severe liver cirrhosis, portal hypertension, New York
Heart Association II-IV status). The eligibility criteria
remained unchanged throughout the study. Detailed inclu-
sion and exclusion criteria are described in the Supplemen-
tary Appendix.
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Study Design and Treatment

The study was initiated as a two-arm, open-label,
controlled, randomized study conducted at 22 centers in the
US and Europe. Eligible patients were randomized 1:1 to
receive Melphalan/HDS or BAC (investigator’s choice of
TACE, pembrolizumab, ipilimumab, or dacarbazine). Due
to slow enrollment with patient reluctance to receive BAC
treatment, the study design was amended to a single-arm
study, after which all eligible patients received Melphalan/
HDS.

Patients received melphalan (3 mg/kg ideal body weight;
maximum dose of 220 mg for a single treatment) treatment
once every 6 weeks for a maximum of six cycles. Prior
to each treatment, liver venous outflow was isolated by a
double-balloon catheter placed into the inferior vena cava.
Melphalan was administered over 30 minutes via an infu-
sion catheter placed in the hepatic artery. The infusion was
followed by 30 minutes of washout with extracorporeal fil-
tration to further reduce systemic exposure to melphalan.
Patients received granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF) within 72 hours of the PHP procedure
to mitigate possible neutropenic effects of melphalan.

Treatment procedures were administered by a team of
medical or surgical oncology, interventional radiology, anes-
thesiology, and a perfusionist. BAC treatments were admin-
istered in accordance with local prescribing information and
institutional guidelines. Further details are included in the
Supplementary Appendix.

Endpoints and Assessments

The primary efficacy endpoint was overall survival (OS),
and secondary efficacy endpoints were progression-free sur-
vival (PFS) and ORR, both as determined by investigators
based on Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1.% Exploratory endpoints included
duration of response (DOR), hepatic PFS and safety.

Adverse events (AEs) were assessed by investigators and
graded according to National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) version
4.03.%

Study Oversight

The sponsor and all authors contributed to various
elements of study design, protocol development, and data
analysis. The protocol was approved by the institutional
review board or independent ethics committee at each study
center, as well as by all relevant competent authorities. This
study was conducted in accordance with the principles of
the Declaration of Helsinki and Good Clinical Practice
guidelines, as outlined by the International Council for

Harmonization. An independent data safety monitoring
board provided oversight of safety. All participants provided
written informed consent. All authors vouch for the accuracy
and completeness of the data and for the fidelity of the study
to the protocol.

Statistical Analysis

The analysis plan was based on a planned sample size
of approximately 240 patients (120 per treatment arm) and
192 OS events to provide 80% power to detect a differ-
ence between a mOS of 12 months in the Melphalan/HDS
arm versus 8 months in the BAC arm (hazard ratio = 0.67)
assuming an exponential distribution of OS event times and
0.05 significance level (two-sided). It was further assumed
that study accrual would take 30 months with 12 months of
follow-up. Final data analysis was to be performed when a
total of 192 events occurred. One interim analysis of efficacy
was planned for when approximately 50% of the total antici-
pated number of OS events (96/192 deaths) had occurred.
Unless specified otherwise, statistical testing used a two-
sided test at the 0.05 significance level.

However, because the randomized study was ended before
enrollment of the full planned sample, all efficacy analyses
performed on the randomized study were then considered
exploratory, and nominal p-values are reported without con-
trol for study-wide type I error. Demographic data were sum-
marized using descriptive statistics. Summary statistics for
continuous variables included median and range (minimum/
maximum). Categorical variables are presented as frequency
counts and percentages. Time-to-event variables were sum-
marized using Kaplan-Meier methods. For the calculation of
time-to-event endpoints the start date was the randomization
date. Descriptive statistics were used for safety analysis in
the safety population, which included all patients for whom a
study treatment or procedure was attempted. Analyses were
performed using Statistical Analytics System (SAS) v9.4
or later.

RESULTS
FPatient Disposition and Baseline Characteristics

The planned study size was 240 patients; due to slow
enrollment and patient reluctance to receive BAC treatment,
the study design was amended to a single-arm Melphalan/
HDS study, and all efficacy analyses of the randomized study
were treated as exploratory.

From February 2016 to October 2018, 129 patients were
screened. Of these patients, 85 met the eligibility criteria and
were enrolled in the study. Treatment was attempted for 41
of the 43 patients randomized to the Melphalan/HDS arm,
and 40 of these patients received treatment. The remaining
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FIG.1 CONSORT diagram.
Abbreviations: BAC, best
alternative care; HDS, Hepatic
Delivery System

Patients screened: 129

Not randomized: 44

Patients enrolled: 85

« Withdrew from study: 9

« Did not meet eligibility criteria: 35

Melphalan/HDS
« Allocated to treatment: 43
* Received treatment: 40
« Did not receive treatment: 3
* Treatment not attempted: 2!
* Treatment attempted: 12

Melphalan/HDS
« Completed study treatment per protocol: 18
* Discontinued treatment: 22
* Overall disease progression: 11
* Hepatic-only disease progression: 3
* Serious adverse event: 4
* Adverse event: 2
* Suspected disease progression: 1
» Withdrawal of Consent: 1

Melphalan/HDS
Intention-to-treat population (N=43)
Safety population (N=41)
Treated population (N=40)
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ITen (10) BAC patients withdrew consent before their first scheduled treatment.
One (1) melphalan/HDS patient withdrew consent before the first scheduled treatment,
and one (1) melphalan/HDS patient deteriorated soon after randomization and no longer met

the eligibility criteria.

20ne (1) melphalan/HDS patient’s procedure was aborted before administration
of the study drug due to hepatic artery thrombosis, and no further treatments were attempted.

patient did not receive treatment because of hepatic artery
thrombosis noted before administration of study drug.

Of the 42 patients were randomized to the BAC arm, 32
received treatment. In the treated population, 45% of patients
treated with Melphalan/HDS completed the maximum of
six cycles permitted per protocol; the primary reasons for
discontinuation were disease progression (35.0%) and AEs/
SAEs (15.0%). Of the treated BAC patients, 34.4% com-
pleted treatment per protocol; the primary reasons for dis-
continuation were disease progression (56.3%) and with-
drawal of consent (9.4%) (Fig. 1).

At the time of the data cut-off of December 2, 2022,
median duration of follow-up was 56.1 months, and 6.9%
of the treated patients were still being followed for survival.
In the treated patient population, key baseline disease char-
acteristics were comparable between the two arms of the
study (Table 1). Median time since diagnosis of primary
tumor was 42.8 months for the Melphalan/HDS group)
and 42.5 months for the BAC group. Median time from
primary diagnosis to liver metastasis was 36.5 months for
the Melphalan/HDS group and 35.3 months for the BAC
group. Median time since diagnosis of liver metastasis was
5.4 months for the Melphalan/HDS group and 2.5 months
for the BAC group. Median baseline hepatic tumor burden

was 60.0 mm in the Melphalan/HDS group and 52.5 mm in
the BAC group. Baseline extent of liver involvement (<25%
vs. 26-50%) was 77.5% versus 22.5%, respectively, for
the Melphalan/HDS group and 75.0% versus 25.0%, respec-
tively, for the BAC group. The number of hepatic lesions for
the Melphalan/HDS versus the BAC patients was one (7.5%
vs. 3.1%), two (25.0% vs. 31.3%) or three or more (67.5%
vs. 65.6%). 12.5% of Melphalan/HDS and 21.9% of BAC
patients had extrahepatic disease. Baseline lactate dehydro-
genase (LDH) levels were elevated in 38.5% of Melphalan/
HDS patients and 51.6% of BAC patients. Baseline ECOG
status for Melphalan/HDS versus BAC patients was zero
(85.0% vs. 71.9%), one (10.0% vs. 25.0%), and not recorded
(5.0% vs. 3.1%). Before study entry, 47.5% of Melphalan/
HDS patients and 43.8% of BAC patients had received prior
therapy for their metastatic disease.

Efficacy

All efficacy analyses (described in Table 2) were explora-
tory, as they were underpowered due to early termination of
the randomized study. In the primary endpoint, mOS was
numerically higher in patients treated with Melphalan/HDS
(18.5 months) versus BAC (14.5 months) (Fig. 2). OS rate at
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TABLE 1 Patient demographics and baseline characteristics (treated population)

Characteristic Melphalan/HDS (n = 40) BAC (n=32)
Median age (range)—years 63.0 (20-78) 61.0 (31-82)
Male sex—no. (%) 20 (50.0) 14 (43.8)
Ethnicity—no. (%)

Hispanic or Latino 1(2.5) 2(6.3)

Non-Hispanic or Latino 38 (95.0) 28 (87.5)

No response 1(2.5) 2(6.3)
Race—no. (%)

White 39 (97.5) 30 (93.8)

Other 0 (0.0 0(0.0)

No response 1(2.5) 2(6.3)

Median time since primary diagnosis (range)—months'

Median time from primary diagnosis to liver metastasis (range)—months

42.8 (0.7-107.2)
36.5 (0.0-105.1)

42.5 (7.3-134.0)
35.3 (0.9-120.7)

Median time since diagnosis of liver metastases (range)—months’ 5.4 (0.5-40.4) 2.5 (0.3-26.0)
ECOG performance status score—no. (%)
0 34 (85.0) 23 (71.9)
1 4(10.0) 8 (25.0)
Not recorded 2 (5.0) 13.1)
Elevated LDH—no./N (%) 15/39 (38.5) 16/31 (51.6)
Extent of liver involvement—no. (%)?
<25% 31(77.5) 24 (75.0)
26—-50% 9(22.5) 8(25.0)
Median baseline hepatic tumor burden (mm)>? 60.0 52.5
Largest hepatic lesion—no. (%)**
<3 cm (Stage Mla) 16 (40.0) 14 (43.8)
3.1 to 8 cm (Stage M 1b) 19 (47.5) 17 (53.1)
> 8.1 cm (Stage M1c) 5(12.5) 13.1)
Extrahepatic lesions—no. (%)* 5(12.5) 7(21.9)
Lesion location—no. (%)
Lymph node 3(7.5) 0(0.0)
Lung 2 (5.0) 2(6.3)
Bone 1(2.5) 309.4)
Other visceral® 1(2.5) 3094
Soft tissue 12.5) 2(6.3)
Brain 0 (0.0 0(0.0)
Prior therapies—no. (%)° 19 (47.5) 14 (43.8)
Radiation 6 (15.0) 2(6.3)
Surgery7 6 (15.0) 4(12.5)
Systemic 12 (30.0) 11 (34.4)
Immune checkpoint inhibitor 10 (25.0) 7(21.9)
Chemotherapy 1(2.5) 3(9.4)
TACE 1(2.5) 0 (0.0)
Immunoembolization 0(0.0) 13.1)
SIRT 0(0.0) 1@3.1)

ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; TACE, transarterial chemoembolization; SIRT, selective internal

radiation therapy

"Months from diagnosis of either primary tumor or liver metastases to randomization

2Assessed by the investigator

3Based on sum of hepatic target lesion diameters. One Melphalan/HDS patient, who had no hepatic lesions > 10 mm at baseline, was excluded

from calculation of the median.

4Tumor staging per American Joint Committee on Cancer (AJCC Cancer) Staging Manual, 7th edition

SIncludes stomach, pancreas, ovaries, and abdominal viscera.

SPatients with multiple therapies of a given type are counted once for that type.

"Includes only therapeutic surgeries/procedures and excludes non-therapeutic prior surgeries/procedures, e.g., biopsy. Each surgery/procedure
was retrospectively classified as therapeutic or non-therapeutic
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TABLE 2 Clinical outcomes in patients treated with Melphalan/Hepatic Delivery System or BAC (Treated population—Assessed by the Inves-

tigator)

Characteristic

Melphalan/HDS (n = 40)

BAC (n = 32)

Primary endpoint
Median overall survival—months [95% CI]'
P-value (Log-rank)
Hazard ratio [95% CI}*
P-value (Chi-square)
Overall survival at 1 year—% [95% CI]'
Overall survival at 2 years—% [95% CI]'
Secondary endpoints
Median progression-free survival—months [95% CI]'
P-value (Log-rank)
Hazard ratio [95% CIJ*
P-value (Chi-square)
Progression-free survival at 6 months—% [95% CI]!
Progression-free survival at 1 year—% [95% CI]'
Objective response rate—% [95% CIJ?
P-value (Fisher’s Exact)
No. of patients who achieved objective response
Best overall response—no. (%)*?
Complete response
Partial response
Stable disease
Progressive disease
Not evaluable
Exploratory endpoints

Median duration of response in responders—months [95% CI]!

P-value (log-rank)
Hazard ratio [95% CI)?
P-value (Chi-square)
Disease control rate—% [95% CIJ*
P-value (Fisher’s Exact)
No. of patients who achieved disease control
Median time to objective response—months [95% CI]!
Median hepatic progression-free survival—months [95% CI]*
P-value (log-rank)
Hazard ratio [95% CI)?
P-value (Chi-square)
Hepatic objective response rate—% [95% CIJ>

18.5[16.30, 22.41]
0.714

0.91[0.54, 1.54]
0.728

79 [62, 89]

27 [14, 42]

9.0[6.37,11.83]
0.015

0.35[0.20, 0.61]
0.0002

64 [54, 83]

31 [20, 50]
27.5[14.60, 43.89]
0.074

11

3(7.5)
8 (20.0)
21 (52.5)
8 (20.0)
0 (0.0)

14.0[5.29, 14.29];n =11

0.003

0.07 [0.01, 0.81]
0.034

80.0 [64.35, 90.95]
0.006

32
3.1[2.60,6.21;n=11
11.4 [9.03, 15.90]
0.0008

0.28 [0.16, 0.51]
<0.0001

35.0[20.63,51.68];n =14

14.5[11.10, 19.78]

67 [47, 81]
26 12, 43]

3.1[2.89,5.91]

32[12,43]
11 [3, 26]
9.4 [1.98,25.02]

0 (0.0)
3(9.4)
12 (37.5)
16 (50.0)
13.1)

5.6[4.90,NC];n=3

46.9 [29.09, 65.26]
15

8.4[2.66, NCl;n=3
3.312.89, 8.18]

9.4[1.98,25.02;n=3

CI, confidence interval

Kaplan-Meier estimate

2Hazard ratio is from a Cox regression model with main effect of treatment and with (US vs. Outside US) and extent of liver involvement (<25%
vs. 26-50%) as covariates. Hazard ratio is relative to BAC with <1 favoring Melphalan/HDS

3Patients without at least 1 post-baseline response assessment were designated as non-responders

“Best overall response (Response Evaluation Criteria in Solid Tumors v1.1) from the date of randomization until disease progression

SFor complete response or partial response, confirmation was required by repeat assessment >4 weeks after initial documentation. To qualify as
stable disease, the image must have been taken at least 9 weeks after start of therapy
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FIG. 2 Kaplan—Meier plot

of overall survival in patients
treated with Melphalan/Hepatic
Delivery System or BAC.
Abbreviations: BAC, best
alternative care; HDS, Hepatic
Delivery System

1.00 4

0.75

0.50

Survival Probability

0.25 4

0.00 H

Melphalan/HDS

Number at risk:

Months

Melphalan/HDS BAC

BAC 32 19
FIG. 3 Kaplan—-Meier plot of 1.00 -
progression-free survival in
patients treated with Melphalan/
Hepatic Delivery System or 0.75
BAC - Assessed by the investi- _
gator. Abbreviations: BAC, best Z
alternative care; HDS, Hepatic 3
Delivery System = 050
3
0.25
0.00
T T
0 6
Number at risk:
Melphalan/HDS 40 26

BAC 32

1 year numerically favored the Melphalan/HDS arm (79%)
versus the BAC arm (67%). At 2 years, the OS rates were
comparable (27% vs. 26%). mPFS was approximately three
times longer in patients treated with Melphalan/HDS versus
BAC (9.1 months vs. 3.3 months) (Fig. 3). The 6-month PFS
rates were 71% versus 26%, and the 1-year PFS rates were
34% versus 11% in patients treated with Melphalan/HDS
versus BAC, respectively.

Similarly, ORR and disease control rate (DCR) were
numerically higher in the Melphalan/HDS arm versus
the BAC arm, with ORRs of 27.5% versus 9.4% and DCRs
of 80.0% versus 46.9%. mDOR was 14.0 months in the Mel-
phalan/HDS arm and 5.6 months in the BAC arm.

T T T T T
12 18 24 30 36

Months

Safety

A total of 72 patients (n = 40 and n = 32, Melphalan/
HDS and BAC, respectively) received study treatment, and
1 patient (Melphalan/HDS) had treatment attempted; there-
fore, 73 patients were assessed for safety (safety popula-
tion; see safety results in Table 3). In the Melphalan/HDS
arm, 14.6% of patients experienced treatment-emergent AEs
(TEAES) leading to discontinuation of study treatment, and
7.3% experienced TEAEs leading to dose reduction. No
patients in the BAC arm experienced TEAEs leading to
treatment discontinuation or dose reduction. Two patients
died during the study, both in the Melphalan/HDS arm. The
causes of death were acute hepatic failure and bacterial peri-
tonitis, occurring at 62 and 64 days, respectively, after the
last study treatment. Neither of the deaths were considered
related to study treatment, device, or procedure.
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All Melphalan/HDS patients and 93.8% of BAC patients
experienced at least one TEAE; 85.4% of Melphalan/HDS
and 34.4% of BAC patients had at least one severe (grade
3 or 4) TEAE. Hematological toxicity was the dominant tox-
icity in the Melphalan/HDS arm, with 56.1%, 36.6%, 36.6%
and 34.1% of patients experiencing severe thrombocytope-
nia, leukopenia, neutropenia and anemia respectively. The
only other severe TEAE occurring in >10% of patients in
this arm was hypophosphatemia (14.6%). SAEs occurring
in the Melphalan/HDS arm were also mostly hematologi-
cal with 19.5%, 9.8%, 9.8% and 7.3% of patients experienc-
ing serious thrombocytopenia, leukopenia, neutropenia and
febrile neutropenia, respectively. Hematological toxicity was
transient and manageable with standard supportive care.

In the BAC arm, severe TEAEs included alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST)
elevation and hypertension (6.3% each) as well as nausea,
vomiting, leukopenia, abdominal pain, and upper abdominal
pain (3.1% each); and SAEs included cholecystitis, nausea
and vomiting (6.3% each). None of the BAC-treated patients
experienced hematological SAEs.

DISCUSSION

Metastatic uveal melanoma presents a therapeutic chal-
lenge. Among the limited treatment options is tebentafusp,
a bispecific immunotherapeutic agent indicated for HLA-
A*02:01-positive adult patients with unresectable mUM.*’
Approximately 45% of mUM patients are HLA-A*02:01-
positive, and for these patients tebentafusp is a treatment
option. The only FDA-approved liver-directed treatment for
patients with mUM is HEPZATO KIT, recently approved
by the FDA based on the results from the FOCUS study.
Because of its viability in mUM patients regardless of tumor
genotype, HEPZATO KIT offers broad utility in the treat-
ment of mUM. The FOCUS study evaluated PHP using the
drug/device combination of Melphalan/HDS for treatment
of patients with unresectable mUM. The PHP procedure
isolates hepatic blood flow, delivers high-dose melphalan
directly to the liver, and filters out residual melphalan, reduc-
ing systemic toxicity and limiting melphalan-related AEs.

The FOCUS study population was heterogenous and
included patients who had hepatic disease with up to 50%
of liver tumor involvement who also could have had limited
extrahepatic disease. Demographic and baseline character-
istics were generally similar between treatment arms, except
for a numerical difference in the percentage of patients with
extrahepatic disease at baseline (Melphalan/HDS arm:
12.5%; BAC arm: 21.9%). In the Melphalan/HDS arm, there
was a nearly even split between patients who were previ-
ously treated (47.5%) and those who were treatment-naive
(52.5%) (Table 1).

The diverse study population, along with operational
conduct at 22 study centers was expected to provide a
robust evaluation of efficacy and safety of Melphalan/HDS
in patients with unresectable mUM. Slow recruitment and
reluctance of patients to receive BAC treatment led to early
termination of the randomized study. Thus, all efficacy anal-
yses presented in this report are exploratory and, as such,
are intended to provide directional information for future
studies.

Efficacy endpoints (see Table 2), including mOS, 1-year
OS rate, mPFS, 6-month and 1-year PFS rates, mDOR, ORR
and DCR were consistently numerically higher in the Mel-
phalan/HDS arm than in the BAC arm. After completion of
study treatment, data on subsequent therapies patients may
have received were not collected, so the potential effect of
post-study therapies on OS is unknown. All other efficacy
endpoints were based on imaging conducted prior to initia-
tion of subsequent therapies.

Observed response rates in both arms of the FOCUS
study are lower than those previously reported elsewhere.
Analysis ORR results in the BAC arm showed that in the
25/32 BAC patients treated with TACE, ORR was 12%.
While interpretation of post-hoc analyses of small sub-
groups and cross-trial comparisons are methodologically
challenging, it is interesting to note that in a recent review
of regional therapies for mUM, ORRs from 5 prospective
clinical studies of TACE varied widely: 16%, 21%, 57%,
60% and 100%.%® Similarly, ORR of 27.5% in the Melphalan/
HDS arm was lower than the ORRs of around 60% reported
in several small clinical studies investigating the safety and
efficacy of the PHP procedure using Melphalan/HDS.!*-23
One factor that may have contributed to this difference is the
large number of clinical sites in the FOCUS study that did
not have prior experience with the PHP procedure, whereas
prior studies were conducted in centers highly experienced
with the PHP procedure. Furthermore, patient selection and
methodological differences in study design and conduct
might have also contributed to the observed differences in
ORR.

Comparisons with results from other clinical studies eval-
uating liver-directed therapies in mUM patients are difficult
given markedly different patient populations, e.g. exclusion
of patients with extrahepatic disease and other methodo-
logical differences. The EORTC 18021 study, in treatment-
naive patients, compared efficacy and safety of fotemustine
administered intravenously or via hepatic intra-arterial
(HIA) infusion. In the HIA arm, mOS was 14.6 months,
mPFS was 4.5 months, ORR was 10.5%.% In a double-blind,
randomized Phase 2 study, the immunoembolization arm
had a mOS of 21.5 months, a mPFS of 10.4 months, and an
ORR of 21.2%.%

Review of safety results showed that patients treated with
Melphalan/HDS generally had more AEs and more severe
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AEs than patients treated with BAC. Most of the AEs were
hematological. While blood filtration after liver perfusion
removes 86%°! of administered melphalan dose (up to 220
mg per treatment), the residual melphalan is the likely reason
that a significant proportion of patients experienced severe
myelosuppression; the observed safety profile is consistent
with previous experience at these exposure levels.*>3* The
hematological AEs were generally transient in nature, with
nadirs at the end of the second week after treatment, and
were mostly treated as an outpatient with observation.

Tolerability of Melphalan/HDS is good, as evidenced by
a median of 4.5 completed treatment cycles and 45% of the
patients completing the planned 6 treatment cycles as per
study protocol. No new safety signals for Melphalan/HDS
were reported.

An area of ongoing investigation is the combination
of Melphalan/HDS treatment with ICI (ipilimumab and
nivolumab) in mUM patients. Tong and colleagues recently
published results from a small Phase 1b clinical study evalu-
ating the combination of Melphalan/HDS with ipilimumab
and nivolumab, indicating a good safety profile for this
combination, as well as an intriguing early activity signal
(DCR, 100%; ORR, 86%).* The rationale for combining
chemotherapy with ICI is based on the ability of Melpha-
lan/HDS to enhance antigen presentation from killed can-
cer cells. This may result in immunomodulation, whereas
anti-CTLA-4 and anti PD-1 antibodies enhance immune
responses to released and circulating tumor antigens with
activation of tumor-reactive immune cells.

Melphalan/HDS is a promising liver-directed treatment
option for unresectable mUM. Additional clinical studies
in other tumor types with unresectable hepatic metastases
and combinations with immunotherapy are needed to fur-
ther explore the full clinical potential of this novel treatment
approach.

CONCLUSIONS

The randomized FOCUS study provides evidence of the
potential for clinical benefit of Melphalan/HDS in patients
with unresectable mUM. This therapy offers a treatment
option for patients with this rare condition which is associ-
ated with a poor prognosis and limited treatment options.
Overall, the results demonstrate an acceptable benefit-risk
profile for Melphalan/HDS in this patient population. A for-
mal statistical analysis was not feasible due to early termina-
tion of the study and the small sample (85 enrolled vs. 240
planned).

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-025-17231-x.
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