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Figure S1. Participant Flow DiagramMelphalan/HDS
· Enrolled: 102
· Received treatment: 91
· Did not receive treatment: 11
· Treatment attempted: 4
· Treatment not attempted: 7
· Completed the maximum 6 cycles of treatment permitted per protocol: 34
· Discontinued treatment: 57
· Disease progression – Investigator decision: 15
· Serious adverse event: 10
· Investigator’s decision: 9
· Disease progression requiring systemic therapy: 8
· Adverse event: 6
· Hepatic-only disease progression: 3
· Withdrawal of consent: 3
· COVID: 1
· Poor patient compliance: 1
· Serious adverse event resulting in death: 1
Treatment

Follow-up

Analysis population
· Intention-to-treat population N=102
· Safety population N=95
· Treated population N=91



Inclusion/exclusion criteria
Inclusion criteria
Subjects were to meet all of the following criteria for study entry:
· Male or female subjects ≥18 years of age.
· Subjects must weigh ≥35 kg (due to possible size limitations with respect to percutaneous catheterization of the femoral artery and vein using the Delcath Hepatic Delivery System [HDS]).
· 50% or less histologically or cytologically proven uveal melanoma (UM) metastases in the parenchyma of the liver.
· Disease in the liver measurable by computed tomography (CT) scan and/or magnetic resonance imaging (MRI).
· Evidence of limited extrahepatic disease on preoperative radiological studies was acceptable if the life-threatening component of disease was in the liver. Limited extrahepatic disease was defined as follows: metastasis in bone, subcutaneous, lung, or lymph nodes that was amenable to resection or radiation and had a defined treatment plan.
· Scans used to determine eligibility (CT scan of the chest/abdomen/pelvis and MRI of the liver) performed within 28 days prior to eligibility. An MRI of the liver was required at Screening to validate that CT scan accurately reflects the extent of disease in the liver. For subjects with MRI intolerance, a 3-phase liver CT scan was to be done in place of liver MRI.
· Subjects with no chemotherapy, radiotherapy, chemoembolization, radioembolization, or immunoembolization for their malignancy within 30 days prior to treatment and recovered from all side effects of therapeutic and diagnostic interventions except those listed in Appendix B of the study protocol.
· Subjects receiving anti-programmed cell death protein 1 immunotherapy, such as pembrolizumab or nivolumab, or human cytotoxic T-lymphocyte antigen 4 blocking antibody, such as ipilimumab, were to have completed treatment 8 weeks prior to study enrolment.
· Subjects with an Eastern Cooperative Oncology Group Performance Status (ECOG PS) score of 0 to 1 at Screening.
· Subjects with adequate hepatic function as evidenced by all of the following: total serum bilirubin ≤1.5× the upper limit of normal (ULN) and a prothrombin time within 2 seconds above the ULN and aspartate aminotransferase (AST)/alanine aminotransferase (ALT) must be ≤2.5× ULN.
· Subjects must have all of the following: platelet count >100000/μL, hemoglobin ≥10.0 g/dL, white blood cell (WBC) count >2000/μL, absolute neutrophil count (ANC) ≥1.5×109/L, and serum creatinine ≤1.5 mg/dL unless the measured creatinine clearance was >40 mL/min/1.73 m2.
· Women of childbearing potential with a negative serum pregnancy test (β-human chorionic gonadotropin) within 7 days prior to eligibility.
· Provided signed informed consent.
Exclusion criteria
Subjects who met any of following criteria were to be excluded from study entry:
· Subjects with Child-Pugh Class B or C cirrhosis or with evidence of portal hypertension by history, endoscopy, or radiologic studies.
· Subjects who were unable to undergo general anesthesia for any reason. Those with New York Heart Association active cardiac conditions. An evaluation of risk was to occur for those with functional classification II, III, or IV. This included, but was not limited to, the following conditions: unstable coronary syndrome (unstable or severe angina or myocardial infarction within 6 months prior to Screening), worsening or new-onset congestive heart failure, significant arrhythmias, or severe valvular disease.
· History or evidence of clinically significant pulmonary disease that precluded the use of general anesthesia.
· Women of childbearing potential, i.e., fertile meaning not permanently sterilized and having had a menstrual period within the past 12 months, unable to undergo hormonal suppression to avoid menstruation during treatment.
· Women of childbearing potential and fertile males (not permanently sterile by bilateral orchidectomy) unwilling or unable to use highly effective contraception method for consent to at least 6 months after the last administration of study treatment (e.g., combined hormonal contraception, progestogen-only hormonal contraception, intrauterine device, intrauterine hormone-releasing system, bilateral tubal occlusion, vasectomized partner, or sexual abstinence).
· Females who were pregnant or breastfeeding.
· Subjects taking immunosuppressive drugs; however, oral corticosteroids ≤10 mg/day were allowed.
· Subjects unable to be temporarily removed from chronic anticoagulation therapy.
· Subjects with active bacterial infections with systemic manifestations (malaise, fever, or leukocytosis) were not eligible until completion of appropriate therapy.
· Subjects with severe allergic reaction to iodine contrast, which cannot be controlled by premedication with antihistamines and steroids.
· Subjects with a history of or known hypersensitivity to melphalan or the components of melphalan/HDS.
· Subjects with a latex allergy.
· Subjects with a history of hypersensitivity to heparin or the presence of heparin-induced thrombocytopenia.
· Subjects with a history of bleeding disorders or evidence of intracranial abnormalities that would put them at risk for bleeding with anticoagulation (e.g., strokes or active metastases).
· Subjects with a history of gastrinoma. Note: For subjects with a history of liver surgery or major vasculature surgery, a CT scan or MR angiogram was required during Screening to assure that the subject did not have hepatic vasculature incompatible with perfusion, hepatofungal flow in the portal vein, or known unresolved venous shunting.
· Known varices at risk of bleeding, including medium or large esophageal or gastric varices or active peptic ulcer.
· Subjects with prior Whipple’s procedure.
· Subjects with brain metastases or presence of other intracranial lesions at risk for bleeding by history or baseline radiologic imaging.
· Subjects with an active liver infection, including hepatitis B and hepatitis C infection.
· Subjects with anti-hepatitis B core antibody positive or hepatitis B surface antigen but DNA negative were exception(s).
· Uncontrolled endocrine disorders including diabetes mellitus, hypothyroidism, or hyperthyroidism.
· Received any investigational agent for any indication within 30 days prior to the first treatment.
· Not recovered from side effects of prior therapy to ≤Grade 1 (according to National Cancer Institute [NCI] Common Terminology Criteria for Adverse Events [CTCAE] v.4.03). Certain side effects that were unlikely to develop into serious or life-threatening events (e.g., alopecia) are allowed at >Grade 1.
· Cancers other than UM for which the subject was currently under treatment or still deemed to be not cancer-free.
Study treatment: melphalan/Hepatic Delivery System (melphalan/HDS)
The melphalan/HDS is a co-packaged drug-device combination product. Melphalan is a bifunctional alkylating agent with broad efficacy as an anticancer chemotherapeutic agent against various tumor histologies. It is well-studied and has limited liver toxicity, a high hepatic extraction rate, a short half-life, and an immediate apoptosis effect on tumor cells.1,2 The HDS consists of an extracorporeal hemofiltration circuit (EFC), an infusion catheter to deliver melphalan to the hepatic artery, and a femoral access set. The EFC is a closed circuit of catheters that lowers the melphalan concentration in the hepatic venous blood before it is returned to the systemic circulation. The EFC includes a double-balloon catheter placed in the retro-hepatic inferior vena cava to isolate the hepatic venous blood from the systemic circulation, a hemofiltration circuit including hemofiltration cartridges to adsorb melphalan and a venous return line. This procedure of separating the liver with the double-balloon catheter, perfusion with melphalan, and hepatic venous blood filtration is called percutaneous hepatic perfusion.3 
Dose and schedule of melphalan/HDS treatment
Patients with unresectable hepatic-dominant metastatic uveal melanoma (UM) received melphalan (3.0 mg/kg ideal body weight; maximum dose: 220 mg for a single treatment) once every 6-8 weeks for a maximum of 6 cycles, with an acceptable delay of 2 weeks (i.e., 8 weeks in total) between cycles to allow for recovery from melphalan-related toxicity. Melphalan dose was calculated as shown in the table below. 
Ideal body weight calculation
	Gender
	Height
	Ideal body weight

	Male
	≥152 cm
	52 kg + 0.75 kg/cm of height >152 cm

	
	<152 cm
	52 kg – 0.75 kg/cm of height <152 cm

	Female
	≥152 cm
	49 kg + 0.67 kg/cm of height >152 cm

	
	<152 cm
	49 kg – 0.67 kg/cm of height <152 cm


Each treatment cycle consisted of 6 weeks with a window of ±2 weeks. The second to sixth treatments were not administered if one of the following criteria applied:
· Hepatic disease progression
· Extrahepatic disease progression 
· Treatment delay of 2 weeks (i.e., 8 weeks after the last melphalan/HDS treatment) due to prolonged toxicity
Tumor response was assessed every 12 weeks (±2 weeks) until disease progression. Patients with hepatic or extrahepatic progressive disease were discontinued from study treatment, and all patients were followed until death. The maximum duration of the study treatment phase for any patient was 12 months. Once a patient finished their treatments, they entered the follow-up period. If the patient had not progressed after their last treatment cycle, disease assessments were continued every 12 weeks (±2 weeks) until disease progression was documented. Meanwhile, if a patient had progressed after their last treatment cycle, their follow-up for survival status was done either in person or by phone every 3 months until death.
The dose of melphalan was to be reduced to 2.0 mg/kg for subsequent cycles if any of the following toxicities was observed:
· Grade 4 neutropenia lasting >5 days despite granulocyte growth factor support or Grade 3 or higher febrile neutropenia with granulocyte growth factor support.
· Grade 4 thrombocytopenia lasting >5 days or Grade 3 thrombocytopenia associated with medically significant bleeding.
Meta-analysis of historical data and sample size considerations
The meta-analysis of historical data included as a part of the information package for the US FDA, included data from 476 patients in 16 publications on both single agent and combination therapy response rates for immunotherapy treatments (e.g., checkpoint inhibitors) in patients with UM. 
Individual Study Rates 
Based on the data abstracted from each publication, the objective response rate (ORR) was calculated for each publication along with the 95% confidence interval (CI) of the estimates. When a publication reported a 0% event rate, an adjusted rate was calculated for the event. The adjusted rate for studies with no events was calculated as follows: 
Rate=1/(2*n +2) 
Where n=sample size in the article. 
Statistical analyses utilized the logit transformation (log odds) of the event rates. The 95% CI was converted from the upper and lower limits of the Logit event rate and from them derived the upper and lower limits of the event rate as follows: 
LogitEventRateLower=LogitEventRate - 1.96* LogitEventRateSE 
LogitEventRateUpper=LogitEventRate + 1.96* LogitEventRateSE 
EventRateLower=Exp(LogitEventRateLower) / (Exp(LogitEventRateLower) + 1) 
EventRateUpper=Exp(LogitEventRateUpper) / (Exp(LogitEventRateUpper) + 1) 
Pooled Rates Across Studies 
Pooled rates across studies for ORR were calculated based on both a random effects model and a fixed effects model. The random effects model utilized the approach of DerSimonian and Laird (1986).4 The results of the random effect model are presented and discussed in this report and the results of the fixed effect model are available upon request. 
Testing Heterogeneity of the Studies 
Heterogeneity in effect size was formally examined using 2 statistics. The first statistic is the Q statistic.4 Q is the weighted sum of squares (WSS) on a standardized scale. As a standard score, it can be compared with the expected WSS on the assumption that all studies share a common effect. Hence, the Q statistic yields a test of whether all studies share a common effect size; the p-value of this test is reported. The null hypothesis for this test is that the effect sizes across all studies are homogenous (similar). Thus, a small p-value would indicate significant heterogeneity of effect sizes. 
The second statistic is the I2 statistic.5 I2 is the proportion of observed dispersion (of effect sizes across studies) that is real, rather than spurious. It is not dependent on the scale and it is expressed as a ratio with a range of 0% to 100%. For I2 value below 60%, heterogeneity was considered moderate; for I2 value above 60%, heterogeneity was considered large. If I2 is near zero, then almost all the observed variance is spurious. 
Analysis Software
Comprehensive Meta-Analysis (CMA) software version 2.2 was used to perform the analysis. The analysis results were copied and pasted to an excel file prior to formatting for this report. CMA version 2.2 was developed by Borenstein et al. at Biostat, 14 North Dean Street, Englewood, NJ 07631 (www.Meta-Analysis.com). Computation details can be found in Introduction to Meta-Analysis by M. Borenstein, L.V. Hedges, J.P.T. Higgins, H.R. Rothstein© 2009, John Wiley & Sons, Ltd.5
Results
Based on the data identified in 16 publications on response rates for immunotherapy treatments,6-21 both single agent and combination therapy, in patients with UM, the ORR was calculated for study along with the 95% CI and is presented in the table below. Across all 16 references, a total of 17 events (complete response + partial response) were reported in 476 patients. The pooled ORR estimate (a weighted mean of the observed ORR) was 0.055 and 95% CI was 0.036 to 0.083. 

Meta-analysis - Reported and estimated objective response rates and 95% confidence interval
	Study no.
	Reference IDa
	No. of eventsb
	Sample size
	Event rate
	95% confidence interval

	
	
	
	
	
	Lower limit
	Upper limit

	1
	Luke et al. 20136
	2
	39
	0.051
	0.013
	0.183

	2
	Maio et al. 20137
	4
	82
	0.049
	0.018
	0.123

	3
	Zimmer et al. 20158
	0
	53
	0.009
	0.001
	0.131

	4
	Danielli et al. 20129
	0
	13
	0.036
	0.002
	0.384

	5
	Wiater et al. 201310
	0
	9
	0.050
	0.003
	0.475

	6
	Khattak 201311
	0
	5
	0.083
	0.005
	0.622

	7
	Rozeman 201712
	0
	19
	0.025
	0.002
	0.298

	8
	Karydis et al. 201613
	2
	25
	0.080
	0.125
	0.269

	9
	Kottschade et al. 201614
	3
	8
	0.375
	0.009
	0.715

	10
	Algazi et al. 201615
	2
	56
	0.036
	0.018
	0.132

	11
	Heppt 201716
	4
	86
	0.047
	0.002
	0.117

	12
	Van der Kooij et al. 201717
	0
	17
	0.028
	0.003
	0.322

	13
	Bender 201718
	0
	15
	0.031
	0.001
	0.350

	14
	Gonzalez-Cao et al. 201719
	0
	8
	0.056
	0.001
	0.505

	15
	Piperno-Neumann et al. 201620
	0
	21
	0.023
	0.0
	0.277

	16
	KEYTRUDA SmPC 201821
	0
	20
	0.024
	0.0
	0.287

	Pooled (n = 16)
	17
	476
	0.055
	0.036
	0.083

	Study heterogeneity statisticsc
	Q = 14.46, df(Q) = 15, P = .491, I2 < .001

	Pooled without Study 9 (n = 15)
	14
	468
	0.044
	0.028
	0.068

	Study heterogeneity statisticsc
	Q = 3.24, df(Q) = 14, P = .999, I2 < .001

	a 16 publications on response rates for immunotherapy treatments (single agent and combination therapy) in patients with ocular melanoma.
b Event rate was estimated using 1/(2*n÷2) when the reported event was zero.
c Null hypothesis for Q test: effect sizes across all studies are homogenous. Thus, a small P value would indicate significant heterogeneity of effect sizes. If I2 is near zero, then almost all the observed variance is spurious.
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