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Abstract

Background: While immune checkpoint inhibition (ICI) has revolutionized the treatment of metastatic cutaneous
melanoma, no standard treatments are available for patients with metastatic uveal melanoma (UM). Several
locoregional therapies are effective in the treatment of liver metastases, such as percutaneous hepatic perfusion
with melphalan (M-PHP). The available literature suggests that treatment with ICI following locoregional treatment
of liver UM metastases can result in clinical response. We hypothesize that combining M-PHP with ICI will lead to
enhanced antigen presentation and increased immunomodulatory effect, improving control of both hepatic and
extrahepatic disease.

Methods: Open-label, single-center, phase Ib/randomized phase II trial, evaluating the safety and efficacy of the
combination of M-PHP with ipilimumab (anti-CTLA-4 antibody) and nivolumab (anti-PD-1 antibody) in patients with
unresectable hepatic metastases of UM in first-line treatment, with or without the limited extrahepatic disease. The
primary objective is to determine the safety, toxicity, and efficacy of the combination regimen, defined by
maximum tolerated dose (MTD) and progression-free survival (PFS) at 1 year. Secondary objectives include overall
survival (OS) and overall response rate (ORR). A maximum of 88 patients will be treated in phase I and phase II
combined. Baseline characteristics will be described with descriptive statistics (t-test, chi-square test). To study the
association between risk factors and toxicity, a logistic regression model will be applied. PFS and OS will be
summarized using Kaplan-Meier curves.
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Discussion: This is the first trial to evaluate this treatment combination by establishing the maximum tolerated
dose and evaluating the efficacy of the combination treatment. M-PHP has shown to be a safe and effective
treatment for UM patients with liver metastases and became the standard treatment option in our center. The
combination of ICI with M-PHP is investigated in the currently described trial which might lead to a better
treatment response both in and outside the liver.

Trial Registration: This trial was registered in the US National Library of Medicine with identifier NCT04283890.
Registered as per February 2020 - Retrospectively registered.
EudraCT registration number: 2018-004248-49.
Local MREC registration number: NL60508.058.19.
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Introduction
Background and rationale {6a}
Uveal melanoma (UM) is the most common intraocular
malignant tumor in adults [1]. It is a rare type of
malignancy, with an incidence of 4–7 cases per million
in Europe [2]. Treatment options for the primary tumor
include radiotherapy and enucleation [3], but even after
successful treatment of the primary tumor approximately
half of all patients will develop metastases in the following
years [3, 4]. UM has a remarkable dissemination pattern,
spreading purely hematogenously, with the liver as
dominant site. Approximately 90% of patients with
metastatic disease have liver involvement and in the
majority of patients, this is initially the only organ with
detectable disease [5]. Prognosis of metastatic UM
remains dismal and has improved little over the last 30 to
40 years [1], since no standard treatment is available.
Therefore, the need for better treatment remains.
Immune checkpoint inhibitors (ICI) improved overall

survival (OS) in metastatic cutaneous melanoma (CM)
in phase III studies [6–8], but seem to have limited
effect as monotherapy in metastatic UM [9–11]. UM
and CM are biologically two distinct tumor types, both
having a different set of driver mutations. Furthermore,
UM has a lower mutational load as compared to CM,
leading to limited neoantigen presentation. Additionally,
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there is lower PD-1 and PD-L1 expression in patients
with UM compared to CM [12]. The aforementioned
differences are most probably the reasons that systemic
treatment in UM is not as successful as in CM. A retro-
spective analysis identified 2 out of 12 UM patients that
achieved a partial response (PR) after being treated with
ipilimumab (anti-CTLA4 monoclonal antibody) and nivo-
lumab (anti-PD-1 monoclonal antibody) [13]. Interest-
ingly, both patients in this study received a form of liver-
directed therapy (selective internal radiation therapy;
SIRT) and chemoembolization) prior to ICI therapy. Re-
cent studies investigating combined ICI in metastatic UM
patients have reported promising results, with overall re-
sponse rates (ORR) varying from 11.5 to 18% [14–16].
Considering the metastatic pattern, locoregional liver

treatments play an important role. Several studies have
indeed shown the benefit of locoregional treatment in
patients with liver-dominant UM metastases. Locoregio-
nal treatment options range from surgical resection and
ablation to transarterial therapies, such as immunoem-
bolisation, radioembolization, chemoembolization, and
hepatic perfusion [17]. A promising novel liver-directed
therapy is percutaneous hepatic perfusion with melpha-
lan (M-PHP). A randomized phase III trial for patients
with liver-dominant CM and UM metastases demon-
strated the superiority of M-PHP over best alternative
care [18]. Additionally, a recent non-randomized phase
II trial showed marked response of hepatic metastatic
lesions in the majority of patients. Despite the good
response, 74% of patients developed extrahepatic disease
during follow-up, whereas the liver metastases were
mainly stable or had regressed [19].
M-PHP causes cell necrosis through deoxyribonucleic

acid (DNA) damage, which may evoke immunomodulation
and enhance antigen presentation. ICIs also induce an
immunomodulatory effect via a different mechanism. Anti-
CTLA-4 antibodies boost T cell activation and the follow-
ing anti-tumor response by blocking the interaction of
CTLA-4 and CD80/86 and inducing immune responses to
weak tumor antigens. Antibodies against PD-1 or its ligand
PD-L1 prevent the inactivation of tumor-reactive immune
cells [2, 12]. Considering these mechanisms we hypothesize
that the combination of M-PHP and ICI could lead to im-
proved hepatic and extrahepatic disease control through a
synergistic effect.
In this trial, the combination therapy of M-PHP with

ICI is investigated with the use of immunotherapeutic
agents ipilimumab and nivolumab. The maximum toler-
ated dose (MTD) of ipilimumab and nivolumab in com-
bination with M-PHP will be established in a phase Ib
study. The following randomized phase II study will
determine the efficacy of combination treatment of M-
PHP with ipilimumab and nivolumab compared to M-
PHP alone.

Objectives {7}
The primary objective of phase Ib is to determine the
safety and toxicity of the combination of M-PHP with
ipilimumab and nivolumab. Based on the number of
dose limiting toxicities (DLTs), the MTD and recom-
mended phase II dose of the combination treatment will
be determined. In the randomized phase II part, the pri-
mary objective is to evaluate the efficacy of combination
treatment of M-PHP with ipilimumab plus nivolumab.
Secondary objectives are to determine OS, best ORR,

overall clinical response according to Response Evaluation
Criteria in Solid Tumors version 1.1 (RECIST 1.1) and
Immune Response Evaluation Criteria In Solid Tumors
(irRECIST), and duration of response for patients
achieving an objective response.

Trial design {8}
This is an open-label, single-center, phase Ib/random-
ized controlled phase II trial, evaluating the safety and
efficacy of the combination of M-PHP with ipilimumab
and nivolumab in patients with metastasized uveal mel-
anoma in the Netherlands. The superiority of the com-
bination of M-PHP with ipilimumab and nivolumab will
be compared to M-PHP only, assuming superiority of
the combination therapy.

Methods: Participants, interventions, and
outcomes
Study setting {9}
The study will be conducted according to the principles
of the Declaration of Helsinki (Declaration of Helsinki,
64th WMA General Assembly, Fortaleza, Brazil, October
2013) and in accordance with the Dutch Medical
Research Involving Human Subjects Act (WMO). The
protocol has been written, and the study will be
conducted according to the ICH Harmonized Tripartite
Guideline for Good Clinical Practice (GCP). The study
protocol was approved by the Central Committee on
Research Involving Human Subjects (CCMO), the
Competent Authority (CA) and the Medical Research
Ethics Committee (MREC) of Leiden, The Hague, and
Delft and will be performed at the Leiden University
Medical Center (LUMC) in the Netherlands.

Eligibility criteria {10}
Patients with unresectable hepatic metastases of UM,
with or without limited extrahepatic disease. The main
study inclusion and exclusion criteria are depicted in
Fig. 1.

Who will take informed consent? {26a}
The written patient information and consent form is
given to each patient by his or her treating physician. It
is the responsibility of the investigator to obtain signed
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informed consent (IC) from every patient prior to the
registration in the study and the start of any study-
related procedure. This will be done in accordance with
the national and local regulatory requirements. The IC
procedure will conform to the ICH guidelines on Good
Clinical Practice. This implies that “the written IC form
will be signed and personally dated by the patient or by
the patient’s legally acceptable representative.”

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
Patients are informed in the IC form of the additional
blood drawings and biopsies that will be performed for
the study. In the IC form, there is also mentioned that
data is stored for 15 years for additional studies if
needed. Patients have the option to agree or not agree to

this, this will not have any effect on their participation in
the CHOPIN trial.

Interventions
Explanation for the choice of comparators {6b}
In this trial, we will assess the effect of combined
treatment with ipilimumab and nivolumab in UM
patients. This treatment combination has been approved
as standard therapy for irresectable late-stage CM in the
Netherlands, based on superior response rate and
progression-free survival from a randomized phase III
trial [7]. While a lower rate of response to ipilimumab/
nivolumab treatment has been described in UM patients
[13], more recent trials [14–16] show promising results.
The other intervention assessed in the CHOPIN trial is
the M-PHP procedure. This is a novel intervention, but
the superiority of M-PHP over standard available ther-
apy has been demonstrated in a randomized controlled
multicenter phase III trial for patients with liver metasta-
ses from CM and UM [18]. As UM is often associated
with isolated diffuse (and thus unresectable) hepatic dis-
ease and effective systemic therapies are limited, M-PHP
has been increasingly performed in these patients over
the last two decades [18–23]. Combining M-PHP with
checkpoint inhibitors could together lead to control of
the hepatic and extrahepatic disease. In the randomized
phase, the efficacy of the combination of M-PHP with
ICI will be compared to M-PHP only.

Intervention description {11a}
The phase Ib part of the study will evaluate the safety
and determine the MTD of the combination of M-PHP
with ipilimumab and nivolumab in a 3+3 design, consist-
ing of two dose cohorts of each three patients (Fig. 2).
The first cohort in the phase Ib part will start with ipili-
mumab 1 mg/kg and nivolumab 1 mg/kg followed by
M-PHP (3 mg/kg melphalan with a maximum dose of
220 mg). Subsequently, two courses of ipilimumab 1
mg/kg and nivolumab 1 mg/kg will be administered,
followed by the second M-PHP and a last course of ipili-
mumab 1 mg/kg and nivolumab 1 mg/kg. In case of
bone marrow toxicity ≥ grade 3 (according to the Com-
mon Terminology Criteria for Adverse Events version
4.03 (CTCAE v 4.03)) after the first M-PHP-procedure,
a dose reduction of 25% will be applied at the second
M-PHP. Treatment of the last patient in the first cohort
and the first patient in the second should be at least 12
weeks apart.
In the second cohort of the phase Ib part the ICI dose

will be escalated from 1 mg/kg both medications to
ipilimumab 1 mg/kg and nivolumab 3 mg/kg. Besides
that, the treatment scheme will be similar to the first
cohort (Fig. 2). After determining the MTD, the
randomized phase II part of the study will be opened.

Fig. 1 Inclusion and exclusion criteria. WHO, World Health
Organization; UM, uveal melanoma; WBC, white blood cell; AST,
aspartate aminotransferase; ULN, upper limit of normal; ALT, alanine
aminotransferase; INR, international normalized ratio; PTT, partial
thromboplastin time; LDH, lactate dehydrogenase; M-PHP,
percutaneous hepatic perfusion with melphalan
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Randomization on a 1:1 basis will take place between M-
PHP with ipilimumab and nivolumab versus M-PHP
alone. In the phase II part, the sequence of treatments
for the M-PHP with ipilimumab and nivolumab arm will
be identical to the phase Ib part (Fig. 2), as well as the
melphalan dose.

Criteria for discontinuing or modifying allocated
interventions {11b}
Treatment should be permanently discontinued in case
of any drug/device-related liver function test (LFT)
abnormality that meets the following criteria: AST or
ALT >8× upper limit of normal (ULN), total bilirubin
>5× ULN, concurrent AST or ALT >3× ULN and total
bilirubin >2× ULN. Any grade 4 drug/device-related
adverse event (AE) or laboratory abnormality requires
discontinuation, except for grade 4 bone marrow toxicity
which has restored to grade ≤1 or baseline value at the
time of the second M-PHP procedure. In the case of
grade 3 or 4 bone marrow toxicity (CTCAE v 4.03) after
the first M-PHP procedure, a melphalan dose reduction
of 25% will be performed at the second M-PHP. Add-
itionally, any adverse event, laboratory abnormality, or
intercurrent illness which, in the judgment of the inves-
tigator, presents a substantial clinical risk to the subject
with continued nivolumab or ipilimumab dosing and/or
melphalan/PHP will be a reason for discontinuation of
the trial. If grade 3 or 4 immune-related AE (irAE) oc-
curs, immunotherapy will be discontinued but patients
will still be eligible for treatment with M-PHP according
to the study scheme. In case of unexpected toxicity, the

sponsor will discuss premature termination of the study
with the subsidizing parties Bristol-Myers Squibb (BMS)
and Delcath Systems Inc as well as the MREC.

Strategies to improve adherence to interventions {11c}
All patients are adequately informed of the aims of the
study, possible side effects, procedures, and possible
hazards to which he/she will be exposed, as well as the
mechanism of treatment allocation.

Relevant concomitant care permitted or prohibited
during the trial {11d}
As previously stated in the in- and exclusion criteria patients
with concurrent medical conditions requiring the use of
immunosuppressive medications, or immunosuppressive
doses of systemic corticosteroids ≥ 10mg/day prednisone or
equivalent, are not eligible. Use of systemic corticosteroids
at <10 mg daily prednisone equivalent is allowed.
Additionally, topical, inhaled, nasal and ophthalmic steroids,
and adrenal replacement therapy are also allowed.
Furthermore, it is not allowed to use other investigational
drugs before study drug administration for systemic
malignancy. Pregnant or nursing patients cannot participate.

Provisions for post-trial care {30}
The sponsor has an insurance that is in accordance with
the legal requirements in the Netherlands (Article 7
WMO). This insurance provides cover for damage to
research subjects through injury or death caused by the
study. The insurance applies to the damage that

Fig. 2 Treatment scheme. C1, Cohort 1; C2, Cohort 2; CT th/abd, CT-scan of the chest and abdomen; MRI, magnetic resonance imaging;

Chemosaturation, percutaneous hepatic perfusion; , PBMC; , CT Th/abd, MRI liver; , tumor biopsy
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becomes apparent during the study or within 4 years
after the end of the study.

Outcomes {12}
Endpoints phase Ib
In this phase, safety and toxicity will be defined by the
MTD, which is determined by assessing DLTs. A DLT is
defined as any unexpected adverse event or serious
adverse event deemed related to the investigational
combination treatment. DLT observation period ranges
from week 0 to week 12 after M-PHP plus ipilimumab
and nivolumab infusion.
The flowchart for the establishment of the MTD is

depicted in Fig. 3. If in the first cohort no DLT is
observed in three patients, the second cohort will be
opened. If two or more patients have DLTs, the study
will be terminated without having identified the MTD.
The procedure following possible DLTs in the first and
second cohorts is depicted in Fig. 3.

Endpoints phase II
The primary endpoint is progression-free survival (PFS)
at one year. Secondary study endpoints are best ORR ac-
cording to RECIST 1.1 and irRECIST [24, 25] and OS.
PFS and OS will be assessed using Kaplan-Meier

curves. Median values of OS along with 2-sided 95% CI
will be calculated. OS rates at selected time points, in-
cluding survival rates at years 1 and 2, together with
their 95% CIs will also be estimated using Kaplan-Meier
estimates. Adverse events from date of enrolment up to
the last contact with patients will be presented for the
full study duration and separately for events that occur
on- or post-treatment.

Participant timeline {13}
Screening phase
The schedule of the study assessments can be found in
Table 1. Following the signing of the IC form for
screening and enrolment in the study, the remainder of
screening procedures and tests will be performed.
During screening and before the start of treatment,
blood samples will be collected and isolated peripheral
blood mononuclear cell (PBMC) as well as serum/
plasma samples will be cryopreserved until further
analysis.

During treatment
Targeted physical examination and standard blood tests
will be regularly performed (hematology and chemistry).
A second liver tumor biopsy is taken at week 6.
Computed tomography (CT) scans of chest and
abdomen are performed in weeks 6, 12, and 24. The
treating physician will record in their standardized

clinical notes any observed AEs during the course of
treatment and follow-up.

Follow-up procedure
Follow-up will consist of a three-monthly physical exam-
ination, blood tests and CT scans of the chest and abdo-
men during the first year (and MRI of the liver if liver
metastases are not measurable according to RECIST 1.1
on CT-scan). In the second and third years, the same
evaluations are performed approximately every four
months and then every 6 months in the following years.
In case of disease progression, PBMCs and tumor biop-
sies will be collected.

Sample size {14}
Phase Ib will consist of a minimum of 3 and maximum
of 12 patients, according to the dose-escalation schedule
and flowchart previously described (Figs. 2 and 3). In the
randomized phase II part of the study, we aim to dem-
onstrate the superiority of combined M-PHP plus ipili-
mumab and nivolumab over M-PHP only based on the
assumption that PFS at 1 year will increase from 20% in
the M-PHP arm to 50% in the combination arm. Using a
one-sided α of 5% and 80% power (β), this requires 38
patients in each arm (α=0.05, β=0.20, P0=20%, P1=50%),
resulting in a total of 76 patients. In total, 79–88 patients
will be treated with the optimal dose in phases Ib and II
combined.

Recruitment {15}
The LUMC is the main referral center in the
Netherlands for UM patients and is currently the only
center in the Netherlands that performs the M-PHP pro-
cedures. Patients will be recruited in oncology centers in
the Netherlands and referred to the LUMC for treat-
ment. The trial is currently recruiting patients. The ex-
pected recruitment rate is 20–25 patients per year, with
a treatment duration of 24 weeks per patient. Based on
this the estimated study completion date is in December
2024.

Assignment of interventions: allocation
Sequence generation {16a}
This is an open-label trial. In phase II patients will be
randomized on a 1:1 basis to receive M-PHP with ICI or
M-PHP only. Randomization is performed by means of a
computerized randomization schedule via Castor Elec-
tronic Data Capture.

Concealment mechanism {16b}
Allocation is concealed by assigning the treatment group
to the patient until after recruitment and signing of IC.
Considering the nature of the two treatment arms it is

Tong et al. Trials          (2022) 23:137 Page 6 of 13



not possible to blind either the patients or the
physicians/research team.

Implementation {16c}
Sequence generation will be performed by means of the
computerized program Castor Electronic Data Capture
by a person that does not have a therapeutic relationship
with the trial participants.

Assignment of interventions: Blinding
Who will be blinded {17a}
This is an open-label trial, blinding is not applicable.

Procedure for unblinding if needed {17b}
This trial is unblinded, therefore no unblinding
procedure is needed.

Data collection and management
Plans for assessment and collection of outcomes {18a}
The treating physician will give the IC form to
patients. Baseline information is collected via the
oncology and radiology departments, by means of
laboratory testing for blood samples, imaging, and
biopsies. Data is inserted in the electronic database by
the data manager.

Fig. 3 Flowchart establishment of MTD. DLT, dose limiting toxicity; MTD, maximum tolerated dose; DSMB, Data Safety Monitoring Board; ICI,
immune checkpoint inhibitor (ipilimumab + nivolumab); M-PHP, percutaneous hepatic perfusion with melphalan
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Plans to promote participant retention and complete
follow-up {18b}
Patients are adequately informed prior to attending the
trial and are followed up according to a detailed follow-
up plan.

Data management {19}
All data that are relevant for the study will be collected
on case report forms (CRFs). The CRFs must be
reviewed, signed, and dated by the Principal Investigator
(PI) or sub-investigator. The CRFs will be kept at the
LUMC. Entered data will be cleaned using consistency
checks according to a Data Validation Plan. After
complete cleaning of the data, a quality control check
will be performed. When the result of this check is satis-
factory, the database will be locked. All data manage-
ment procedures will be documented in detail in a
study-specific Data Management Plan.

Confidentiality {27}
The handling of personal data complies with the Dutch
General Regulation Data Protection. Uncoded data will

be available to the study monitors and the Dutch Health
and Youth Care Inspectorate for inspection purposes.
Data will be stored for a maximum of 15 years. Patient
material (tumor and blood material) will be stored for a
maximum of 15 years. The involved research team can
work with the material. The handling of personal data
complies with the Dutch General Regulation Data
Protection. After that period, it will be destroyed under
responsibility of the PI. At the request of the patient, the
material will be destroyed earlier.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Patient material (tumor and blood material) will be stored
for a maximum of 15 years to be used for additional
(immunological) research in line with the current research
question. New technological advancements and new
insights may result in new questions related to the
improvement of treatment for melanoma patients, for
which the isolated patient materials are uniquely suited as
test material.

Table 1 Schedule of enrolment, interventions, and assessments

Week − 4 until − 1 − 1 0 1 2 3 6 7 9 12 24 Treatment discontinuation/disease progression

History1 X X X X X X X X

Physical examination 2 X X X X X X X X

Viral serology 3 X

Pregnancy test 4 X X X X X

Hematology and blood chemistry 5 X X X X X X X X

ECG X

Imaging 6 X X X X X

Ipilimumab/Nivolumab i.v.,
every 3 weeks for 4 courses7

X X X X

PHP7 X X

PBMC and EDTA blood8 X X X X

Biopsy metastasis9 X X X

ECG electrocardiogram, i.v. intravenous, Hb hemoglobin, Ht hematocrit, ANC absolute neutrophil count, PT prothrombin time, INR international normalized ratio,
APTT activated partial thromboplastin time, LDH lactate dehydrogenase, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma-glutamyl
transferase, TSH thyroid-stimulating hormone, fT4 free thyroxine, CRP C-reactive protein, ESR erythrocyte sedimentation rate, RECIST 1.1. Response Evaluation
Criteria in Solid Tumors version 1.1, DLT dose limiting toxicity, PBMC peripheral blood mononuclear cell, FFPE formalin-fixed paraffin-embedded
1Histological confirmation of UM liver metastases
2Including the assessment of patients’ height, weight, performance status, and vital signs
3HIV antibody titer, HbsAg determination, Anti-HCV, anti-CMV antibody titer
4For female patients of child bearing age only
5Hematology: Hb, platelet count, absolute neutrophil count, white blood cell diff, hematocrit, PT/INR, APTT. Chemistry: LDH, phosphorus, sodium, potassium,
magnesium, chloride, calcium, creatinine, albumin, total protein, AST, ALT, bilirubin (indirect + direct), GGT, alkaline phosphatase, glucose, amylase, lipase, TSH, fT4,
cortisol, CRP, ESR
6CT of the chest and abdomen, and MRI of the liver (if liver metastases are not measurable according to RECIST 1.1 on CT scan) to assess the number and size of
metastases. Lesions must be defined according to RECIST version 1.1. Ideally, initial imaging is performed as closely as possible to the first ipilimumab/nivolumab
infusion, but never more than 4 weeks apart. Thereafter, patients should be evaluated with CT/MRI scans every 3 months in year 1, every 4 months in years 2 and
3, and every 6 months in years 4 and 5
7We will first start with four courses of ipilimumab 1 mg/kg and nivolumab 1 mg/kg and two M-PHP-procedures. In case of a safe application according to the
criteria described in the cohort/DLT-section, we will continue with 4 courses of ipilimumab 1 mg/kg and nivolumab 3 mg/kg and two M-PHP-procedures.
8PBMC’s and EDTA blood (for isolation of plasma and thrombocytes) will be taken twice before the start of treatment. Furthermore, PBMC’s will be collected in
week 6, and week 12, and in case of tumor relapse/disease progression
9Liver biopsies will be performed prior to treatment, in week 6 and in case of tumor relapse/disease progression (optional), 3× 14g: 2× frozen, 1× FFPE for
additional molecular biological and immunological tests
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Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
Baseline characteristics will be described for all patients
in phases Ib and II. Continuous variables will be
compared with a t-test and categorical variables with the
Chi-square test. To study the association between risk
factors and toxicity a logistic regression model will be
estimated. Analyses will be performed after treatment in
the cohorts in the phase Ib part and after treatment of
all included patients at the end of phase II.
OS is defined as the time between the start of

treatment and the date of death due to any cause. A
patient who has not died will be censored at the last
known date alive. Patients will be followed up while
on the study drug and every 4 weeks via in-person or
phone contact after discontinuation of the study. PFS
and OS will be assessed using Kaplan-Meier curves.
Median values of OS along with 2-sided 95% CI will
be calculated. OS rates at selected time points, in-
cluding survival rates at years 1 and 2, together with
their 95% CIs will also be estimated using Kaplan-
Meier estimates. Adverse events from the date of en-
rolment up to the last contact with patients will be
presented for the full study duration and separately
for events that occur on- or post-treatment. These
AEs will include the safety endpoints, high-grade,
treatment-related select AEs and their characteristics,
and all other AEs. In particular, safety data will be
summarized and listed for all treated. All on-study
AEs, drug-related AEs, serious adverse events (SAEs),
and drug-related SAEs will be tabulated using the
worst grade per CTCAE version 4.03 criteria.

Interim analyses {21b}
A conditional power analysis will be performed mid-
way. In total 79-82 patients will be treated with the
optimal dose in phases I and II combined. Three
months after the start of treatment of the 40th pa-
tient all data on PFS of the included patients will be
analyzed. The conditional power will be used as the
basis for potential early termination for futility when
there is little evidence of a beneficial effect. The stop-
ping rule will be set at a conditional power of 10%.
However, the decision on early termination of the
trial will be based on the opinion of the Data Safety
Monitoring Board (DSMB) after consulting the
principle investigator.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
OS summary statistics by subgroups will also be reported.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Study participation status including completion and
discontinuation of treatment will be reported. Reasons
for discontinuation will be summarized. Inevitable
missing data, such as withdrawals or loss to follow-up
data will be analyzed according to the intention-to-treat
principle.

Plans to give access to the full protocol, participant level-
data and statistical code {31c}
The protocol information is accessible via the trial
registry website.

Oversight and monitoring
Composition of the coordinating center and trial steering
committee {5d}
This is a single-center study. The PI and research team
are in charge of patient recruitment, data collection,
CRF completion, and patient follow-up. Additionally, the
DSMB will guard the safety of the procedures and the
monitoring committee will frequently monitor the study.

Composition of the data monitoring committee, its role,
and reporting structure {21a}
The monitoring committee of the LUMC will be in
charge of frequent monitor visits to guard the
completeness of acquired study data and quality
assurance of the trial. Monitor visits are conducted by a
dedicated research monitor. This study is considered a
high-risk study.
A DSMB is installed that will meet after treatment of

every cohort in the phase Ib part and after treatment of
3patients who have been randomized to the
combination treatment of M-PHP with ipilimumab and
nivolumab, to evaluate the safety and toxicity of treat-
ment. The DSMB consists of a medical oncologist, an
interventional radiologist, and a statistician. All members
have experience with M-PHP and/or immunotherapy
and/or clinical trials, but are not involved in the de-
scribed clinical protocol. This is required for the object-
ive evaluation of the safety and toxicity of treatment.
The advice(s) of the DSMB will be sent to the sponsor
of the study. Should the sponsor decide not to fully im-
plement the DSMB advice, they will send the advice to
the reviewing MREC, including a note to substantiate
why (part of) the advice of the DSMB will not be
followed.

Adverse event reporting and harms {22}
The investigator will report all SAEs to BMS and
Delcath within 24 hours of knowledge, including
pregnancy, overdose, secondary cancer, drug-induced
liver injury, and other severe laboratory test
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abnormalities. The investigator will report the SAEs
through the web portal ToetsingOnline to the MREC,
within 7 days of first knowledge for SAEs that result in
death or are life-threatening followed by a period of a
maximum of 8 days to complete the initial preliminary
report. All other SAEs will be reported within a period
of maximum 15 days after the sponsor has first know-
ledge of the serious adverse events.

Frequency and plans for auditing trial conduct {23}
At the start of the trial, an initiation visit is planned with
the monitoring committee. Source data verification of
the CRFs and check of the Investigator Study File
documents will be performed by the clinical research
monitor, according to the procedures described in the
Monitor Plan and in the heading “ Composition of the
data monitoring committee, its role, and reporting
structure”.

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}
All substantial amendments will be notified to the
MREC and to the competent authority.
Non-substantial amendments will not be notified to

the MREC and competent authority, but will be
recorded and filed by the investigator.

Dissemination plans {31a}
The results from this trial will be submitted to a peer-
reviewed journal for publication. Data will be published
anonymously.

Discussion
This is the first trial to evaluate the effect of M-PHP
combined with ipilimumab and nivolumab in UM pa-
tients. The MTD of the combination treatment will be
defined in phase Ib. Subsequently, the efficacy of the
combination of M-PHP and ICI will be compared to M-
PHP only in a randomized phase II trial.
ICI revolutionized the treatment of patients with CM

in the past years. Treatment with ICI relies on activation
of antigen-specific T cells by inhibiting their normal im-
munoregulatory mechanisms [12, 26]. Updated survival
data from the Checkmate 067 trial after a minimum
follow-up of 5 years showed the supremacy of nivolu-
mab either alone or in combination with ipilimumab
over ipilimumab monotherapy in CM. The five-year OS
was 52% in patients that were treated with ipilimumab
plus nivolumab, compared to 44% and 26% in the nivo-
lumab only and ipilimumab only groups respectively
[27]. Several studies evaluated the effect of anti-CTLA-4
and anti-PD-1 monoclonal antibodies in CM patients [2,
9–11, 26], but results of ICI in patients with UM have

been disappointing. Possible reasons for the lower re-
sponse rates of ICI in metastatic UM may include the
low mutational burden and therefore the limited expres-
sion of neoantigens recognizable by cytotoxic T cells.
One explanation for this difference is the lack of
ultraviolet-radiation damage in UM, when compared to
CM [12]. Additionally, only about 10% of UM primary
tumors [28] and 5% of the UM cells in metastatic disease
express PD-L1 [29]. Another factor is that UM arises in
an immune-privileged environment, that possesses in-
hibitory properties against both the innate and the adap-
tive immune system [30]. Finally, it is postulated that the
liver functions as an immune-modulating organ, possibly
enhancing tolerance to tumor antigens [2, 31]. To im-
prove the efficacy of ICI, broadening of the T cell reper-
toire is necessary. Combining ipilimumab and
nivolumab might overcome the need for a high muta-
tional load [32]. Recent studies confirm that combin-
ation treatment shows higher response rates than single-
agent treatment with either PD-1 or CTLA-4 inhibitors
alone in UM patients. A recent large retrospective trial
including both pre-treated and treatment-naïve patients
with metastatic uveal melanoma showed an ORR of
11.6% and disease control rate of 36.0% (median OS of
15 months) [14]. These results were comparable with
those of a phase II trial, with an ORR of 18% and clinical
benefit rate of 37% (median OS 19.1 months) [15]. In
the GEM-1402 study, a phase II trial conducted on
treatment-naïve metastatic UM patients, a similar ob-
jective response rate of 11.5% was found, with a higher
disease control rate of 63.5% and a median OS of 12.7
months. Interestingly, in this trial patients with extrahe-
patic disease showed a longer survival than patients with
metastases located in the liver (23.5 months compared
to 9.2 months). Even though this difference was not sta-
tistically significant, it suggests that patients with extra-
hepatic disease could better benefit from combination
treatment with ipilimumab and nivolumab compared to
those with hepatic metastases [16].
As the liver is the dominant predilection site for UM

metastases and survival correlates with disease control in
the liver, a variety of liver-directed therapies have been
studied. While published literature varies considerably in
terms of patient selection, disease extent, design, and
outcome measurements, it suggests that locoregional
liver therapies offer survival benefit in selected patients
with hepatic metastases [33–36].
Locoregional therapies may induce immune responses

and trials are trying to exploit the potential synergistic
effect of combined local liver therapy with ICI in
melanoma patients. However, the number of studies
investigating such combination therapy in UM is limited
up until now. A retrospective study evaluated a
combination treatment of transarterial radioembolizaton

Tong et al. Trials          (2022) 23:137 Page 10 of 13



(TARE) with CTLA-4 or PD-1 antibody therapy showed
promising results. The study demonstrated a median
hepatic PFS of 15.0 months and OS of 17.0 months after
the start of TARE, with a local disease control rate of
63.6%. However, no standard treatment regimen was ap-
plied and the study sample size was small [37]. A recent
prospective, phase Ib/II trial showed that combining
radio-frequency ablation (RFA) with ipilimumab 3 mg/
kg was well tolerated by patients. This resulted nonethe-
less in very limited clinical activity, measured by a low
disease control rate of 7%, a 6-month PFS of 7%, and a
1- and 2-year OS of 51% and 7%, respectively [38]. A
phase II trial combining ipilimumab and nivolumab with
immuno-embolization in metastatic UM patients is on-
going (recruiting, trial number NCT03472586).
In the present trial, we are combining M-PHP with ICI.

M-PHP has become the standard of care in our institu-
tion, showing safe and favorable outcomes in patients with
hepatic metastases of UM [39, 40]. The principle of M-
PHP is to isolate the venous return of the liver from the
systemic circulation. The blood returning from the liver is
purified from melphalan via an extracorporeal circuit and
returned to the patient. This allows perfusion of the liver
with a very high dose of melphalan, which would be toxic
and would lead to severe complications when adminis-
tered systemically. The superiority of M-PHP over best al-
ternative care has been demonstrated in a randomized
controlled multicenter phase III trial for patients with liver
metastases from CM and UM [18]. In this trial, the hep-
atic PFS and OS in the M-PHP group were 7.0 and 5.4
months respectively, compared to 1.6 and 1.6 months, re-
spectively, in the best alternative care group. In a pro-
spective, phase II trial including 35 patients with UM
metastases confined to the liver, we found a 72% objective
response rate after M-PHP and a median OS of 19.1
months [19]. A recent retrospective study on M-PHP in
51 patients with metastatic UM demonstrated a slightly
lower median OS of 15.3 months. However, this study also
included patients with limited extrahepatic metastases,
which could explain the difference [20]. To date little is
known on immunomodulation by M-PHP. The available
evidence stems mainly from studies on Isolated Limb Per-
fusion (ILP) [41] in metastatic CM patients and Isolated
Hepatic Perfusion (IHP) [42] in metastatic UM patients,
which are two procedures with a similar principle as M-
PHP. In these studies, it was concluded that the efficacy of
ILP and IHP rely, in part, on T cell activation following
the procedure. The authors hypothesize that immunomo-
dulation by IHP may help to overcome the low immuno-
genicity of UM and turn “cold tumors” into “hot tumors”
targetable by immunotherapy. Exploratory end-points are
included in our study to analyze immunological parame-
ters and changes in tumor immune-infiltrates, PBMC, and
serum.

Conclusion
Patients with metastasized UM have a poor prognosis
and no standard treatment options. When it comes to
metastatic disease to the liver, M-PHP is an effective
treatment. However, the majority of patients will eventu-
ally develop the extrahepatic disease. In order to im-
prove the clinical outcome for metastatic UM patients,
we have initiated this phase Ib/randomized phase II clin-
ical trial combining M-PHP with the ICIs ipilimumab
(anti-CTLA4 monoclonal antibody) and nivolumab
(anti-PD-1 monoclonal antibody). This combination
might induce a synergistic effect, leading to a better and
sustained treatment response both in and outside the
liver.

Trial status
This trial was registered in the U.S. National Library of
Medicine with identifier NCT04283890 and is currently
recruiting participants. Enrolment for phase Ib started in
December 2019. The current study protocol is version 6.
All significant protocol amendments will be submitted
to the MREC and will be submitted to the trial
registration website www.ClinicalTrials.gov. Estimated
study completion is in December 2024.
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