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Abstract

Purpose To define a safe treatment dose of ipilimumab

(IPI) and nivolumab (NIVO) when applied in combination

with percutaneous hepatic perfusion with melphalan (M-

PHP) in metastatic uveal melanoma (mUM) patients

(NCT04283890), primary objective was defining a safe

treatment dose of IPI/NIVO plus M-PHP. Toxicity was

assessed according to Common Terminology Criteria for

Adverse Events version 4.03 (CTCAEv4.03). Secondary

objective was response rate, PFS and OS.

Materials and Methods Patients between 18–75 years with

confirmed measurable hepatic mUM according to RECIST
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1.1 and WHO performance score 0–1 were included.

Intravenous IPI was applied at 1 mg/kg while NIVO dose

was increased from 1 mg/kg in cohort 1 to 3 mg/kg in

cohort 2. Transarterial melphalan dose for M-PHP was

3 mg/kg (maximum of 220 mg) in both cohorts. Treatment

duration was 12 weeks, consisting of four 3-weekly cour-

ses IPI/NIVO and two 6-weekly M-PHPs.

Results Seven patients were included with a median age of

63.6 years (range 50–74). Both dose levels were well tol-

erated without dose-limiting toxicities or deaths. Grade III/

IV adverse events (AE) were observed in 2/3 patients in

cohort 1 and in 3/4 patients in cohort 2, including Systemic

Inflammatory Response Syndrome (SIRS), febrile neu-

tropenia and cholecystitis. Grade I/II immune-related AEs

occurred in all patients, including myositis, hypothy-

roidism, hepatitis and dermatitis. There were no dose-

limiting toxicities. The safe IPI/NIVO dose was defined as

IPI 1 mg/kg and NIVO 3 mg/kg. There was 1 complete

response, 5 partial responses and 1 stable disease (3

ongoing responses with a median FU of 29.1 months).

Conclusion Combining M-PHP with IPI/NIVO was safe in

this small cohort of patients with mUM at a dose of IPI

1 mg/kg and NIVO 3 mg/kg.

Keywords Advanced uveal melanoma � Liver
metastases � Percutaneous hepatic perfusion �
Melphalan � Immunotherapy

Introduction

Uveal Melanoma (UM), the most common intraocular

tumor in adults, is associated with a poor prognosis once

metastasized. Currently, there are limited systemic treat-

ment options [1]. Whereas immune checkpoint inhibitors

(ICI) have led to a breakthrough in the treatment of cuta-

neous melanoma (CM), the efficacy of ICI monotherapy in

UM seems limited, with 0–11.7% reported response rates

[2–5]. Dual-agent immunotherapy shows more promising

response rates of 11.6%—18% [6–9]. More recently,

tebentafusp has been shown to improve 1-year overall

survival (OS) in HLA-A*02:01–positive, previously

untreated metastatic UM patients [10].

UM metastases primarily spread to the liver and in

more than 90% of patients the liver is the only site of

detectable metastases at time of diagnosis [11]. Recent

systematic reviews have indicated that local, liver-di-

rected therapies may prolong survival in patients with

metastatic UM [12, 13]. Percutaneous hepatic perfusion

with melphalan (M-PHP) is a liver-directed therapy that

allows delivery of a high dose of melphalan hepatically,

but with limited systemic toxicity. M-PHP has been

demonstrated to be safe and effective in metastatic UM

patients [14–17]. Despite control of hepatic metastases

after treatment with M-PHP, approximately 75% of

patients eventually progress with extrahepatic disease

[18]. Therefore, there is a need for treatment (combina-

tions) that allows tumor control in both hepatic and

extrahepatic metastases [8, 19]. In the previous study

(SECIRA-UM) testing radio frequency ablation

(RFA) ? ipilimumab, extrahepatic control was observed

from the ICI treatment, while most patients often pro-

gressed hepatically [20]. These observations were the

basis of combining ICI with M-PHP in the CHOPIN

trial.

CHOPIN is a phase Ib/randomized phase II trial evalu-

ating the combination of M-PHP with ipilimumab (IPI)

plus nivolumab (NIVO). Here, we report the results of the

phase Ib part, which had the primary objective to establish

a safe dose of IPI/NIVO in combination with M-PHP.

Materials and Methods

Trial Design and Treatment

Here, we report the phase Ib part of the CHOPIN trial: a

combined phase Ib/randomized phase II trial

(NCT04283890). The study is currently ongoing in phase II

and is conducted according to the principles of the Dec-

laration 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. Approval was granted by the Central

Committee on Research Involving Human Subjects, the

Competent Authority and the Medical Research Ethics

Committee of Leiden, The Hague and Delft.

The study was conducted in a 3 ? 3 dose-escalation

design, consisting of 2 cohorts of 3 patients with a pre-

defined IPI and NIVO dose. In cohort 1, four courses of

intravenous IPI and NIVO were given at 1 mg/kg each, at a

3-week interval. Total treatment duration was 12 weeks.

Cohort 2 was opened 12 weeks after cohort 1 was com-

pleted without any safety concerns. In the second cohort,

IPI and NIVO doses were 1 mg/kg and 3 mg/kg, respec-

tively. One patient in cohort 2 could not complete treat-

ment according to the study schedule as deemed safe by

treating physicians due to development of an extensive

allergic reaction on CT-contrast. For this reason, 1 addi-

tional patient was included in this cohort. All patients are

reported here. Following completion of both cohorts, the

safe IPI/NIVO dose was defined (Fig. 1).

123

T. M. L. Tong et al.: Combining Melphalan Percutaneous Hepatic Perfusion with Ipilimumab Plus… 351



Participants

We prospectively included patients with unresectable UM

liver metastases. Main study inclusion and exclusion cri-

teria have previously been reported [21]. Most importantly,

patients between 18–75 years of age with a WHO perfor-

mance score 0/1 with no prior systemic treatment were

included. Patients with limited extrahepatic disease were

eligible for inclusion. Key exclusion criteria were cerebral

metastases and ongoing use of immunosuppressive ther-

apy, except for topical steroids and B 10 mg prednisolone

or equivalent. All patients were discussed in a multidisci-

plinary tumor board.

Fig. 1 Flowchart study inclusion and safety assessment. DLT dose-limiting toxicity. DSMB data safety monitoring board. ICI immune

checkpoint inhibitor. M-PHP percutaneous hepatic perfusion with melphalan
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Interventions

The treatment schedule has previously been reported [21]

and the protocol is attached as supplementary material.

Screening procedures included a liver tumor biopsy,

contrast-enhanced computed tomography (ceCT) of

abdomen and chest and contrast-enhanced magnetic res-

onance imaging (ceMRI) of the liver. At week 0, patients

received the first intravenous infusion of nivolumab 1 mg/

kg for 30 min (cohort 1) or 3 mg/kg for 60 min (cohort

2), followed by ipilimumab for 30 min. The following

infusions were in week 3, 6 and 9. M-PHP procedures

were scheduled in week 1 and 7 (Supplementary material:

Fig. 1). The pre-procedural work-up and M-PHP proce-

dure have previously been described [22–24]. In short, all

patients underwent angiography prior to M-PHP. If nec-

essary, hepatico-enteric anastomoses were embolized in

order to prevent unwanted melphalan leakage during the

procedure. M-PHP was performed in an angiographic

suite under general anesthesia. At the start of the proce-

dure, an initial heparin dose of 300 U/kg was adminis-

tered and an activated clotting time (ACT) of C 450 s

was maintained throughout the procedure. An infusion

catheter was placed in the hepatic artery and a double-

balloon catheter was positioned with the tip in the right

atrium. Blood was aspirated through the catheter fenes-

trations in a segment between the two balloons and

actively filtered using the second-generation Delcath

extracorporeal filtration system. Melphalan was adminis-

tered transarterial at a dose of 3 mg/kg of body weight

(maximum of 220 mg). The coagulation was corrected

with protamine sulfate 3 mg/kg at the end of the proce-

dure. Patients received granulocyte colony-stimulating

factor (G-CSF) 48 h after M-PHP. In case of grade 3/4

hematologic toxicity after the first M-PHP, melphalan

dose was reduced to 75% of the initial dose for the sec-

ond procedure. If progressive disease occurred after the

first M-PHP and 2 courses of immunotherapy, treatment

was discontinued.

Objectives and Endpoints

Primary objective was defining a safe treatment dose of

IPI/NIVO plus M-PHP. Toxicity was assessed according

to CTCAEv4.03. Secondary objectives were determina-

tion of response rate, progression-free survival (PFS) and

OS. The primary study endpoint of the phase Ib trial was

the assessment of a safe IPI/NIVO dose when applied in

combination with M-PHP, based on dose-limiting toxici-

ties (DLT). The DLT observation period ranged from

week 0 until 12 after the first infusion of IPI/NIVO. DLTs

were defined as unexpected serious adverse events (SAE)

and adverse events (AE) deemed related to the

investigational combination treatment. Toxicity was

assessed according to Common Terminology Criteria for

Adverse Events version 4.03 (CTCAEv4.03) [25].

Adverse events (AEs) were classified as related to

immunotherapy, M-PHP, both or due to other causes. The

secondary endpoints analyzed in this phase Ib study were

best overall response (BOR), PFS and OS.

Response Assessment

Follow-up imaging consisted of ceCT of chest and abdo-

men and ceMRI at 6 weeks after the first and second

M-PHP, and then every 3 months in the first follow-up year

and 4-montly thereafter. BOR was assessed according to

Response Evaluation Criteria in Solid Tumors 1.1

(RECIST 1.1) [26]. Response was also evaluated according

to immune-related RECIST (irRECIST) and modified

RECIST (mRECIST) criteria [27, 28]. Objective response

rate (ORR) was defined as the percentage of patients with

complete response (CR) or partial response (PR), while

disease control rate (DCR) was the percentage of patients

with CR, PR or stable disease (SD). Duration of response

was calculated as the time period in between the first

objective response assessment, to the date of PD or the end

of follow-up.

Survival Assessment

PFS was measured as the time between study inclusion

until objective disease progression on follow-up imaging,

or death, whichever occurred first. OS was defined as the

time interval between the start of treatment and the date of

death due to any cause.

Statistical Analysis

Descriptive statistics were used to describe the population

characteristics. The AE data are presented on a patient

basis. Response and survival analyses were performed with

SPSS version 25.0. Change in tumor measurements was

plotted with GraphPad Prism 9.0.1.

Results

Patient Characteristics

Between December 2019 and August 2020, seven patients

were enrolled; 4 men and 3 women [median age 63.6 years

(range 50–74)]. Detailed baseline characteristics are pre-

sented in Tables 1and 2.
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Safety and Tolerability

Three patients were included in cohort 1. All 3 patients

completed treatment according to the study scheme and no

DLTs occurred. The second cohort also consisted of 3

patients, initially. However, one patient developed chole-

cystitis and an extensive allergic reaction to iodine contrast

medium after CT scan in week 6 which was a contra-

indication for the second M-PHP. Both events were not

declared to be related to the treatment combination, and as

such not classified as DLTs. Study treatment was

discontinued after 1 M-PHP and 2 courses of IPI/NIVO.

The safety and response assessments of this patient are also

included in this report. After consulting with the data safety

monitoring board (DSMB), a fourth patient was included in

cohort 2 and completed treatment according to the study

schedule. No DLTs were registered in cohort 2.

Adverse Events

All grade C 3 AEs are specified per patient and per cohort

in Table 3. Grade 1/2 AEs were seen in all patients (Sup-

plementary material: Table 1) and 71.4% experienced

grade 3/4 toxicities. In detail, immunotherapy-mediated

hepatitis (2 patients in cohort 2), hypothyroidism grade 1/2

(3 patients in total), dermatitis (3 patients in total) and

vitiligo grade 2 in 2 patients were observed. In addition to

these, 1 patient experienced grade 2 myalgia in the arms

and legs, for which treatment with prednisone was started,

followed by methotrexate for flair-ups. One patient expe-

rienced localized grade 1 myalgia, which was treated with

prednisone. Three other patients experienced myalgia in

the chest area, on the back and the extremities, respec-

tively, for which no treatment was required (all grade I/II).

Post-M-PHP AEs were mostly nausea, fatigue and

vomiting. All patients experienced transient M-PHP-re-

lated anemia grade 1 or 2 after the first or second M-PHP.

In the first cohort, 2 out of 3 patients experienced grade 3/4

AEs. One patient developed a Systemic Inflammatory

Response Syndrome (SIRS)-like reaction. This patient was

readmitted with grade 2 hypotension and grade 3 fever.

During admission, bacteremia due to a splenic abscess was

diagnosed, for which the patient was adequately treated

with antibiotics and a drainage catheter. For the other

patient, the melphalan dose was decreased to 75% of the

initial dose for the second M-PHP due to grade 4 neu-

tropenia after the first procedure.

Table 1 Baseline patient characteristics

N %

Number of patients 7

Gender

Male 4 57.1

Female 3 42.9

Age [median, years (range)] 63.6 (50–74)

WHO Performance score

0 3 42.9

1 4 57.1

Treatment primary UM

Brachytherapy 3 42.9

Proton therapy 2 28.6

Surgery/enucleation 2 28.6

Prior treatment metastases

Yes 0 0

No 7 100

Extrahepatic disease

Yes 0 0

No 7 100

Sum target lesions [median, mm (range)] 32 (28–99)

Baseline LDH [median (range)] 184.0 (150–309)

WHO world health organization; UM uveal melanoma; LDH lactate

dehydrogenase; Mm millimeters

Table 2 Individual patient characteristics

Patient

No

Treatment primary

UM

Interval primary UM—metastases

(months)

Number of

metastases

Sum of target lesions

(mm)

Baseline LDH (U/

L)

1 Brachytherapy 38 [ 10 51 309

2 Proton therapy 8 \ 5 32 184

3 Brachytherapy 14 [ 10 53 213

4 Enucleation 46 5–10 28 160

5 Brachytherapy 16 [ 10 28 150

6 Proton therapy 57 [ 10 28 192

7 Enucleation 82 [ 10 99 166

UM uveal melanoma; Mm millimeters; LDH lactate dehydrogenase
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Efficacy

BOR according to irRECIST was in accordance with

RECIST 1.1, consisting of 1 (14%) CR, 5 (71%) PR and 1

(14%) SD. ORR and DCR were thus 85.7% and 100%,

respectively.

With a median FU of 29.1 months (range 8.9 – 30.2),

1/1 CR and 2/5 PR are ongoing. Hepatic disease control as

measured by mRECIST criteria revealed CR in 4 patients

(57%), PR in 1 patient (14%), and SD in 2 patients (29%)

(Table 4). In Fig. 2, the change in sum of diameter of target

lesions over time is depicted.

Four patients experienced PD after 8.9, 14.3, 22.4 and

29.1 months. The median duration of response was

27.1 months (range 7.4 – 28.5). Three of four patients who

experienced PD went on with treatment in the form of

repeated M-PHP cycle. One patient that underwent a new

cycle of two M-PHP procedures again experienced PD, for

Table 3 Adverse events

grade C 3 per patient
Cohort 1: IPI 1 mg/kg NIVO 1 mg/kg Cohort 2: IPI 1 mg/kg NIVO 3 mg/kg

Grade C 3 AE Pt 1 Pt 2 Pt 3 Pt 4 Pt 5 Pt 6 Pt 7

Hematological

Leukopenia X

Thrombopenia X

Neutropenia X

Hepatic

Increased AST X X

Increased ALT X

Gastrointestinal

Cholecystitis X

General disorders

Fever x

Hypotension X

Infections

Febrile neutropenia X

SIRS-like reaction* x*

*Followed by splenic abscess with bacteremia and pleural empyema AE adverse event; AST aspartate

aminotransferase; ALT alanine aminotransferase; IPI ipilimumab; NIVO nivolumab; Pt Patient; SIRS
systemic inflammatory response syndrome

Table 4 Response to treatment

RECIST 1.1 irRECIST mRECIST

N 7 7 7

Best overall response, n (%)

CR 1 (14) 1 (14) 4 (57)

PR 5 (71) 5 (71) 1 (14)

SD 1 (14) 1 (14) 2 (29)

PD 0 0 0

CR complete response; PR partial response; PD progressive disease;

SD stable disease; RECIST 1.1 Response Evaluation Criteria in Solid

Tumors 1.1; irRECIST immune-related RECIST; mRECIST modified

RECIST

Fig. 2 Spider plot depicting change in target lesion sum of diameters

over time. CR complete response. PR partial response. SD

stable disease
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which treatment with Temodal was started. In Fig. 3, the

baseline and follow-up MRIs are shown of a study patient

with partial response.

Survival

At the cut-off date of November 15, 2022, the median

follow-up was 29.1 months (range 8.9–30.2). Median PFS

was 29.1 months (95% CI 11.9–46.3). All patients are still

alive.

Discussion

In the current reported phase Ib study, we demonstrate that

the combination of M-PHP and IPI/NIVO is safe. Since no

deaths or DLTs occurred, IPI 1 mg/kg with NIVO 3 mg/kg

was declared to be the safe dose to commence the ran-

domized phase II part of the CHOPIN trial. The majority of

AEs observed were mild and well manageable, and this

treatment combination did not lead to unexpected or more

severe (S)AEs as compared to treatment with either M-PHP

or IPI/NIVO alone [7–9]. The median PFS was

29.1 months, and no deaths occurred.

Metastatic UM is a relatively treatment-refractory dis-

ease. According to our observations and the available lit-

erature, liver-directed therapies can provide long-lasting

disease control in the liver, but extrahepatic disease pro-

gression is a major problem. Conversely, IPI/NIVO treat-

ment shows a trend toward control of extrahepatic lesions,

but hepatic disease progression regularly occurs [9, 18, 20].

With this trial, we aim to control hepatic disease, as well as

prevent extrahepatic disease in follow-up.

UM is characterized by a different set of driver muta-

tions and lower mutational load compared to CM, leading

to limited neoantigen presentation and lower efficacy of

ICI. Additionally, there is lower PD-1 and PD-L1 expres-

sion in patients with metastatic UM compared to metastatic

CM [11]. By combining M-PHP with IPI/NIVO, we aim to

increase the efficacy of ICI by turning a ‘cold tumor’ into a

‘hot tumor’. A more recent study also demonstrates the

importance of combining IPI/NIVO with liver-directed

therapies [29]. To date, little is known about the

immunomodulatory effects of M-PHP. Current available

evidence comes from studies on isolated limb perfusion

(ILP) and isolated hepatic perfusion (IHP), which is the

surgical counterpart of M-PHP [30, 31]. These data show

that ILP and IHP can lead to T-cell activation following the

procedures. We hypothesize that this is also the case for

M-PHP, leading to an improved activation of the immune

system together with ICI. The combination of locoregional

therapies with ICI has gained interest over recent years, but

it is currently unknown which locoregional therapy has the

best immunomodulatory effect. Theoretically, thermal

ablation has the advantage of inducing a stronger inflam-

matory response as compared to M-PHP. In the SECIRA-

UM trial thermal ablation was combined with IPI

monotherapy in patients with mUM, but clinical activity

was limited in this trial [20].

In this trial evaluating the combination of M-PHP with

IPI/NIVO, two treatment modalities that can both be hep-

atotoxic when applied individually were studied. There-

fore, defining the toxicity of the treatment combination was

essential. Landmark studies on metastatic CM often

Fig. 3 A Baseline MRI of a 74-year-old patient with metachronous

bilobar liver metastases from uveal melanoma, showing hyperintense

multiple metastases in both liver lobes on the unenhanced images.

The patient was treated with 2 courses of M-PHP together with IPI/

NIVO 1 mg/kg each. In panel B, follow-up MRI shows partial

response of baseline lesions. In panel C, 2 years and 3 months after

baseline imaging, most lesions disappeared indicating sustained

partial response. Yet, CT of the chest (not shown) demonstrated a

new metastasis of the sixth rib on the right side consistent with

progressive disease
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applied IPI 3 mg/kg and NIVO 1 mg/kg [32, 33]; however,

IPI 1 mg/kg combined with NIVO 3 mg/kg yielded a lower

amount of severe AEs while still maintaining treatment

efficacy [34]. Previous studies, combining Yttrium90 with

either IPI alone or IPI/NIVO, have shown that IPI in high

dose leads to excessive hepatic and non-hepatic toxicity in

patients [20, 35]. In contrast to these studies, our applica-

tion of low dose IPI might be the reason that both cohort

doses were tolerated and no DLT’s occurred. We did

observe low-grade immune-related toxicities and PHP-re-

lated hematological toxicities in the treated groups.

Hematological toxicity is a common AE after M-PHP,

affecting approximately three-quarters of patients. All 7

patients in our study experienced grade 1/2 anemia. One

patient developed a splenic abscess, which may have been

related to transient leukocytopenia. To prevent severe

leukopenia/neutropenia, G-CSF is administered within

48 h after M-PHP in our center. The phase II part of the

CHOPIN study will provide more information on both

hepatic and systemic toxicity associated with the combi-

nation therapy.

In addition to safety, the first results from our trial

indicate promising efficacy with a median PFS of

29.1 months, ORR of 85.7% and DCR of 100%. Until now,

all trials testing systemic therapy including ICI, chemo-

and targeted therapy as monotherapy have failed to show

clinical benefit [36, 37]. Studies investigating M-PHP

treatment only report ORRs up to 72% (18). While

tebentafusp has shown a low ORR and DCR of 9% and

46%, respectively, it is the first treatment that has improved

1-year overall survival (OS) in the treatment arm (73%),

compared to the control arm (59%). However, only a

subgroup of patients can benefit from this treatment,

namely HLA-A2 patients [10]. Different trials combining

locoregional and immunotherapy are ongoing. These

include IPI/NIVO combined with immuno-embolization

(NCT03472586) and radio-embolization (NCT02913417)

[38]. Despite the promising results of our phase Ib study,

the results should be interpreted with caution because of

the small sample size. The current randomized phase II part

of the CHOPIN trial, comparing M-PHP with M-PHP plus

IPI/NIVO, will include another 76 patients (38 per arm)

and will provide more insight in the efficacy.

Conclusion

In this phase Ib dose-escalation study combining M-PHP

with IPI/NIVO, the safe treatment dose was established at

IPI 1 mg/kg and NIVO 3 mg/kg. The PFS of 29.1 months

is promising, but results of the phase II part of the CHOPIN

study need to be awaited before conclusions can be drawn

on the efficacy of the combination therapy.

Supplementary Information The online version contains

supplementary material available at https://doi.org/10.1007/s00270-

022-03338-1.
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