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Chemosaturation with percutaneous hepatic perfusion of 
melphalan for metastatic uveal melanoma
Sachin Modia, Tom Gibsona, Ganesh Vigneswarana,b, Shian Patela,  
Matthew Wheaterc, Ioannis Karydisb,c, Sanjay Guptad, Arjun Takhare,  
Neil Pearcee, Christian Ottensmeierf and Brian Stedmana     

Uveal melanoma, the most common primary ocular 
malignancy in adults, carries a poor prognosis: 50% of 
patients develop the metastatic disease with a 10–25% 
1-year survival and no established standard of care 
treatment. Prior studies of melphalan percutaneous 
hepatic perfusion (M-PHP) have shown promise in 
metastatic uveal melanoma (mUM) patients with 
liver predominant disease but are limited by small 
sample sizes. We contribute our findings on the safety 
and efficacy of the procedure in the largest sample 
population to date. A retrospective analysis of outcome 
and safety data for all mUM patients receiving M-PHP 
was performed. Tumour response and treatment 
toxicity were evaluated using RECIST 1.1 and Common 
Terminology Criteria for Adverse Events v5.03, 
respectively. 250 M-PHP procedures were performed in 
81 patients (median of three per patient). The analysis 
demonstrated a hepatic disease control rate of 88.9% 
(72/81), a hepatic response rate of 66.7% (54/81), 
and an overall response rate of 60.5% (49/81). After 
a median follow-up of 12.9 months, median overall 
progression-free (PFS) and median overall survival 
(OS) were 8.4 and 14.9 months, respectively. There 
were no fatal treatment-related adverse events (TRAE). 

Forty-three grade 3 (29) or 4 (14) TRAE occurred 
in 23 (27.7%) patients with a significant reduction 
in such events between procedures performed in 
2016–2020 vs. 2012–2016 (0.17 vs. 0.90 per patient, 
P < 0.001). M-PHP provides excellent response rates 
and PFS compared with other available treatments, 
with decreasing side effect profile with experience. 
Combination therapy with systemic agents may be 
viable to further advance OS. Melanoma Res 32: 
103–111 Copyright © 2022 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Background
Uveal melanoma (UM) is the most common primary 
ocular malignancy in adults with marked differences to 
cutaneous melanoma (CM) in terms of clinical behaviour, 
response to treatment, and mutation profile [1,2]. There 
has been significant progress in the understanding of UM 
biology [2–4] but primary disease treatment advances 
have not translated into improved survival [5], with liver 
metastases being the key determinant of overall survival 
(OS) [6]. Up to 50% of UM patients develop metastatic 
UM (mUM) [7], with a poor prognosis and 1-year survival 

of 10–25% [8]. The liver is the most frequently (>85%) 
involved and in ~50% of patients, the only site of meta-
static disease [6].

Current systemic treatments for mUM have poor 
response rates (<20%), especially in those with progres-
sive hepatic disease [9]. This appears to hold true even 
for the newest systemic immunotherapy agent, teben-
tafusp (IMCgp100), a first-in-class immune-modulating 
T-cell receptor against cancer [10].

Melphalan percutaneous hepatic perfusion (M-PHP) 
was devised using the principle of altered blood supply 
to tumours vs. liver parenchyma in a similar manner to 
surgical isolated hepatic perfusion (IHP). Compared 
to IHP, M-PHP has the advantages of being less inva-
sive, the possibility of repeat intervention, and reduced 
morbidity and mortality. Phase I [11] and phase III [12] 
trials demonstrated the feasibility of treatment and sig-
nificantly improved hepatic and overall progression-free 
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survival (hPFS and PFS) vs. best alternative care. 
Technological refinements, such as improved melphalan 
filtration, have helped to minimize the side effect profile 
of the procedure [13].

To date, the handful of M-PHP studies reported in the lit-
erature have been limited by small sample sizes, whereas 
studies across both liver-directed and systemic treat-
ments for mUM suffer from large variations in patient 
selection criteria and design. In a recent meta-analysis, 
Rantala et al. [14] provided criteria to maximize the com-
parability of analyses despite the limitations of any given 
study (Supplementary Material 1, Supplemental digital 
content 1, http://links.lww.com/MR/A286) and we adhere to 
these in this study.

The aim of this retrospective cohort study is to evaluate 
the safety and efficacy of this intervention in the largest 
number of mUM patients treated in a single centre with 
M-PHP to date worldwide.

Materials and methods
Patient selection
All patients with histologically confirmed mUM who 
underwent M-PHP in our institutions between August 
2012 and September 2020 were included in this retro-
spective study (Fig. 1).

The decision to proceed with M-PHP was taken after 
discussion at a multidisciplinary meeting. Patients with 
known single-site extrahepatic disease were included if 
the disease was nonprogressive following previous treat-
ments or amenable to ablative treatment. Any number 
and type of prior treatments were permitted. Approval 
from University Hospital Southampton research/audit 
board to perform retrospective data collection and out-
come analysis was obtained (No. 6469).

Baseline imaging was obtained within 6  weeks of 
treatment with staging contrast-enhanced computed 
tomography (CT) chest/abdomen/pelvis and con-
trast-enhanced liver MRI to determine vascular anat-
omy, baseline volume, and distribution of measurable 
disease; identify extrahepatic disease; and facilitate pro-
cedural planning.

Procedural details
Cases were performed under general anaesthetic with 
continuous monitoring of the central venous and arterial 
pressure in a dedicated interventional radiology suite. 
Patients received melphalan at a dose of 3 mg/kg (ideal 
body weight) delivered using the Hepatic CHEMOSAT 
Delivery System (Delcath Systems, Inc., New York, 
USA) with the GEN 2 filter in line with the manufac-
turer’s recommendations, which have been described in 
detail previously [13].

Patients were monitored for 4 h post procedure in a the-
atre recovery area before being transferred to a surgical 

ward. All received pegylated granulocyte colony-stimu-
lating factor (G-CSF) 24–72 h post intervention. Patients 
were discharged once haematological blood parameters 
had stabilized and they were clinically well. Post hospi-
tal discharge, patients underwent blood tests to monitor 
liver function and full blood count weekly until recov-
ered. Repeat imaging (CT and MRI) was performed 
every 6–12 weeks and additional M-PHP sessions were 
scheduled provided there was no evidence of disease 
progression, treatment was adequately tolerated, and 
treatment-related toxicities had resolved. If disease pro-
gression was attributable to differential perfusion of liver 
parenchyma due to anatomic constraints, subsequent 
attempts with M-PHP were made to preferentially target 
these areas.

M-PHP procedures were undertaken at approximately 
6–10-week intervals with the number of treatments 
per patient depending upon disease response and 
tolerability.

Survival definitions and response assessment
OS was calculated as the time from first M-PHP treatment 
to death from any cause. PFS was defined as the time 
from first treatment to first radiologically documented 
progressive disease (PD) or death from any cause, which-
ever occurred first. For subjects who had not progressed 
at the data collection cut-off date (1 January 2021), OS 
and PFS were assigned censored in the analysis.

Tumour and overall response were assessed on CT and 
MRI imaging as per RECIST 1.1 guidelines. Disease 
control rate (DCR) was calculated as the proportion of 
patients with complete response (CR), partial response 
(PR), or stable disease for at least 9 weeks (SD).

Treatment-related toxicity and serious adverse events 
were assessed according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 5.0 (2017).

Statistical analysis
Median values and SD were used to describe differences 
between groups. Kaplan–Meier estimations were used to 
assess the distribution of time to event variables includ-
ing OS and PFS. The log-rank test was used to compare 
curves for univariate analysis. Hazard ratios with 95% 
confidence intervals were used to determine predictors 
for OS with significant response indicated by P < 0.05.

Analyses were performed using MATLAB (R2019b) 
(The MathWorks Inc., Natick, Massachusetts, USA).

Results
Patient characteristics
In total, 252 treatments with M-PHP were performed 
in 83 patients (Fig.  1). Two patients each had a single 
incomplete treatment, one due to intraprocedural haemo-
dynamic instability on inflation of the inferior vena cava 
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balloon catheter and the other (later confirmed positive 
for antiphospholipid syndrome) due to blockage of the fil-
ter, precluding drug administration in both cases. Hence, 
both were excluded from response and survival outcome 
analyses and only included in adverse events analysis.

Baseline characteristics are presented in Table  1. All 
patients had pathologically/radiologically confirmed 
hepatic mUM. Sixty-nine (85.2%) patients had intra-
hepatic disease only at the time of workup for M-PHP 
whereas 12 (14.8%) patients had both intrahepatic and 

Fig. 1

Consort diagram.
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Table 1  Baseline patient characteristics

 N %

Demographics
  Median age at first M-PHP treatment 59.3 (12.2) years
  Median time to treatment from diagnosis of stage IV 

disease
158 (340) days

  Sex   
    Female 45 55.6
    Male 36 44.4
  Median number of cycles 3  
    <3 cycles 38 46.9
    ≥3 cycles 43 53.1
Disease extent at treatment onset   
  Intrahepatic only 69 85.2
  Intrahepatic and extrahepatic 12 14.8
  Disease burden   
    High disease burden (>10 lesions/>50% volume 

replacement)
42 51.9

    Low disease burden 39 48.1
Potential adverse outcome indicators   
  LDH   
  Abnormal 16 19.8
  Normal 30 37.0
  Unknown 35 43.2
  Performance status   
    1 6 7.4
    0 75 92.6
Reason for discontinuation   
  Toxicity 8 9.88
  Progressive disease 35 43.21
  Completed treatments 35 43.21
  Ongoing 3 3.70

LDH, lactate dehydrogenase; MPHP, melphalan percutaneous hepatic perfusion.

small-volume (single organ) extrahepatic disease (six 
lungs, four bones, one lymph node, and one spleen).

Forty-one (50.6%) patients had received other treat-
ments, either systemic or liver-directed, before M-PHP 
(Supplementary Materials 2–3, Supplemental digital 
content 1, http://links.lww.com/MR/A286). The median 
time to treatment from diagnosis of stage IV disease was 
158 ± 340 days.

The median number of M-PHP treatments was 3 ± 1.6 
(range, 1–8). The median length of stay (LoS) was 3 days 
across all M-PHP treatments and 4  days for the first 
M-PHP treatment. Eight (9.9%) patients discontinued 
therapy due to toxicity, 35 (43.2%) due to disease pro-
gression, 35 (43.2%) completed planned treatment, and 3 
(3.7%) are continuing treatment.

Following cessation of M-PHP, 36 (44.4%) patients had 
no further treatment whereas 45 (55.6%) underwent 
various palliative treatments following PD, the major-
ity being systemic immunotherapy agents (80.6%) 
(Supplementary Material 3, Supplemental digital con-
tent 1, http://links.lww.com/MR/A286).

Response analysis
Best overall response was CR in 7/81 (8.6%), PR 42/81 
(51.9%), SD 16/81 (19.8%), and PD 16/81 (19.8%); 
hepatic only CR was 10/81 (12.3%), PR 43/81 (53.1%), 
SD 19/81 (23.5%), and PD was 9/81 (11.1%) (Table  2). 
Overall response rate (ORR) was 49/81 (60.5%).

Overall and hepatic DCR (defined as CR  +  PR  +  SD) 
were 80.2% and 88.9%, respectively.

Survival analysis
Median follow-up was 12.9  months for all patients and 
13.9 months for patients still alive and being followed-up. 
At the cut-off date, 15 (18.5%) patients remained alive 
with three continuing M-PHP treatments and 66 (81.5%) 
patients were deceased.

Median OS was 14.9 months from the time of first treat-
ment; 1- and 2-year median OS rates were 62% and 27%, 
respectively (Fig. 2a).

OS of patients was significantly different (P  <  0.0001) 
depending on the best hepatic response: 34.7 months for 
CR vs. 16.9, 10.5, and 7.7 for PR, SD, and PD, respec-
tively (Fig. 2c).

Predictors of improved overall survival
Univariate analysis identified three predictors of OS. 
Patients with abnormal baseline lactate dehydroge-
nase (LDH) had significantly decreased OS of 12.1 
vs. 21.5  months [hazard ratio (HR)  =  2.45 (1.06–5.64), 
P  =  0.00386; Fig.  2d]. Second, high disease burden at 
onset (>50% hepatic parenchymal replacement or >10 
deposits) was associated with a decreased median OS 
of 10.9 vs. 23.5  months in those with low disease bur-
den [HR = 2.53 (1.52–4.19), P < 0.0001] (Fig. 2e). Third, 
the median number of treatments received per patient 
was three and patients who received three or more treat-
ments had a significantly better median OS of 20.1 vs. 
11.1  months for those who had less than three treat-
ments [HR = 1.76 (1.07–2.89), P = 0.017; Supplementary 
Material 4D, Supplemental digital content 1, http://links.
lww.com/MR/A286].

OS in patients with no extrahepatic disease at baseline 
was 15.1 vs. 9.1 months (Fig. 2f) for patients with extra-
hepatic disease; this difference did not reach statistical 
significance – P = 0.126, HR = 1.64 (0.756–3.56).

There was no statistically significant difference in median 
OS for patients receiving procedures carried out between 
2012 and 2016 vs. 2016 and 2020 (Supplementary 
Material 4A, Supplemental digital content 1, http://links.
lww.com/MR/A286) and nor with respect to age, sex, pre-
vious or subsequent liver-directed or systemic treatment, 
prolonged lead time from diagnosis of stage IV disease, 
or Eastern Cooperative Oncology Group (ECOG) perfor-
mance status.

Progression-free survival and time to progression
Median PFS was 8.4 months (Fig. 2b) with a 1-year PFS of 
30%. In our cohort, there was no significant increase in PFS 
with the presence of intrahepatic disease only vs. intra- and 
extrahepatic disease at baseline, reflecting the multidisci-
plinary team decision to accept patients for M-PHP only 
with nonprogressive extrahepatic disease or disease that 
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Table 2  Response rates by RECIST 1.1

 Hepatic Overall Median OS by best hepatic response

 N % N % Months

Best overall and hepatic response      
  CR 10 12.3 7 8.6 34.7
  PR 43 53.1 42 51.9 16.9
  SD 19 23.5 16 19.8 10.5
  PD 9 11.8 16 19.8 7.7
  Total 81  81   
Best hepatic response by disease burden    

High  Low   
  CR/PR 24 57.1% 29 74.4%  
  SD 12 28.6% 7 17.9%  
  PD 6 14.3% 3 7.7%  
  Total 42 100.0% 39 100.0%  
  Median OS (months) 10.9  23.5   

High disease burden =  at least 10 hepatic metastases or at least 50% hepatic involvement. Low disease burden = less than 10 hepatic metastases or less than 50% 
hepatic involvement.
CR, complete response; OS, overall survival; PD, progressive disease; PR, partial response; SD, stable disease.

could be ablated (P  =  0.13; Supplementary Material 4B, 
Supplemental digital content 1, http://links.lww.com/MR/
A286). The median time to progression was 10.8 months.

Safety analysis
M-PHP therapy was generally well tolerated with no 
treatment-related fatalities or 90-day treatment-related 
mortality. One patient (1.2%) died of disease progression 
on Day 88. The mean and median LoS were 3.65 and 
3 days across all M-PHP treatments (range, 2–8).

According to CTCAE v5 grading criteria, in total, 43 
grade 3 (29) or 4 (14) treatment-related adverse events 
(TRAE) occurred across 23 (27.7%) patients during ther-
apy (Table 3). There was no grade 5 TRAE. There were 
statistically fewer grade 3 or 4 complications per patient 
during 2016–2020 vs. 2012–2016 (0.17 vs. 0.90 per patient, 
P < 0.001) and a trend towards fewer total complications 
per patient over the same period (2.15 vs. 2.83, P = 0.17).

Fifteen (18.1%) patients experienced intraprocedural 
complications including filter blockage (6/83) 7.2%, 
coagulopathy (3/83) 3.6%, prolonged hypotension (3/83) 
3.6% and circuit leak (1/83) 1.2%. Two (2.4%) patients 
suffered intraprocedural complications precluding mel-
phalan administration. Five (6%) patients had a 20% 
melphalan dose reduction for subsequent treatments 
due to toxicity, interval abnormal liver function tests, 
and filter blockage.

The most common haematological toxicity was anae-
mia, recorded in 45.6% (38/83) and grades 3–4 in 13.3% 
(11/83). Thrombocytopaenia was seen in 42.2% (35/83) of 
patients, occurring at grades 3–4 in 12% (10/83). Overall, 
31.3% (26/83) required platelet transfusion and 19.3% 
(16/83) required red cell transfusion beyond the stand-
ard intraprocedure blood product replacement protocol. 
Additionally, neutropenia developed in 20.5% (17/83), 
with 6% (5/83) developing neutropenic sepsis.

Nonhaematological complications are listed in Table  3 
and were predominantly of low grade.

Discussion
In the absence of established standards of care, there is 
an urgent need to provide effective treatment for mUM. 
Historically, up to 50% of mUM patients died due to 
uncontrolled intrahepatic disease before extrahepatic 
deposits could be detected [7]. M-PHP achieves 10-fold 
higher peak perfusate drug concentrations than systemic 
administration by isolating the hepatic circulation [11], 
overcoming UM resistance to conventional cytotoxic 
agents and thus establishing at least temporary hepatic 
disease control.

Melphalan percutaneous hepatic perfusion outcomes
M-PHP remains a procedure with a limited number of 
published studies demonstrating patient outcomes; those 
that exist are limited by their retrospective nature, small 
patient numbers, and significant variability in results. 
Meta-analyses and systematic reviews [14–17] repeatedly 
cite variability of patient selection and study design as 
the main basis for differences in OS across both systemic 
and liver-directed mUM treatments. This is evident in 
the M-PHP literature with median OS spread from 9.6 to 
27.4 months (Table 4). However, as sample sizes increase, 
a trend is emerging in PFS and OS and our study – the 
largest yet – confirms this.

Here, we report a median OS of 14.9 months and 1- and 
2-year OS of 62% and 27%, respectively with an over-
all PFS of 8.4 months. This correlates well with previous 
M-PHP studies and compares favourably to all reported 
results of systemic therapies to date. Relative compari-
son with alternative liver-directed therapies is difficult as 
studies often focus on OS alone.

Importantly, high best hepatic response rates (CR 12.3% 
and PR 53.1%) were clinically meaningful with best OS 
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Fig. 2

(a) Overall survival; (b) progression-free survival; (c–f) OS stratified according to (c) best hepatic response, (d) LDH, (e) disease burden, and (f) 
baseline intrahepatic or intrahepatic and extrahepatic disease. Each time interval is noted under the Kaplan–Meier curve. LDH, lactate dehydroge-
nase; OS, overall survival.
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outcomes seen in patients with CR and PR at 33.4 and 
16.9  months, respectively, vs. 10.5 and 7.7  months for 
SD and PD. Additionally, previous studies have demon-
strated no reduction in quality of life over the course of 
M-PHP treatment [18,20].

In our data, M-PHP provided hepatic disease control 
in 88.9% of cases with an ORR of 60.5%, far exceeding 
response rates seen in systemic therapies and consistent 
with those observed in previous M-PHP cohort studies.

Factors influencing OS to a statistically significant degree 
included baseline LDH (abnormal 12.1 months vs. nor-
mal 21.5 months, P = 0.00386) and disease burden (high 
10.9  months vs. low 23.5  months, P  <  0.0001). Median 
OS was not significantly lower in the small subpopulation 
with intrahepatic and single-site extrahepatic disease 
(n = 12) vs. those with intrahepatic disease only (9.1 vs. 
15.1 months, P = 0.126). Hence, this may be a reasonable 
group to treat for now until further data becomes availa-
ble. Patient numbers were insufficient to determine any 

Table 3  Complications

  Any grade  Grades 3–4

 Number of patients % Number of patients %

Treatment-related adverse events     
  Adverse event     
    Intraprocedural complications     
      Filter blockage event 6 7.2 1 1.2
      Coagulopathy with bleeding sequalae 3 3.6 0 0.0
      Prolonged hypotension 3 3.6 1 1.2
      Circuit leak/failure 1 1.2 0 0.0
      Vascular access failure 0 0.0 0 0.0
    Postprocedure complications     
      Haematological     
        Anaemia 38 45.7 11 13.3
        RBC transfusion 16 19.3   
        Thrombocytopenia (post ICU stay) 35 42.2 10 12.0
        Platelet transfusion 26 31.3   
        Neutropenia 17 20.5 11 13.3
        Neutropenic sepsis 5 6.0   
      Nonhaematological     
        Fatigue 31 37.3 1 1.2
        Epigastric pain 15 18.1 0 0.0
        Nausea 13 15.7 0 0.0
        Posttreatment bleeding complication 7 8.4 0  0.0
        Venous thromboembolism (PE/DVT within 2 months) 5 6.0 0 0.0
        Vomiting 4 4.8 0 0.0
        Arrhythmias 3 3.6 2 2.4
        Alopecia 3 3.6 1 1.2
        Cardiac ischaemia 3 3.6 0 0.0
        Mucositis 2 2.4 0 0.0
        Diarrhoea 1 1.2 1 1.2
        Cerebrovascular event 1 1.2 0 0.0
        Other 35 42.2 6 7.2

DVT, deep vein thrombosis; ICU, intensive care unit; PE, pulmonary embolism; RBC, red blood cell.

Table 4  Outcomes of cohort studies of melphalan percutaneous hepatic perfusion in the treatment of metastatic uveal melanoma 
ordered by sample population size followed by outcomes of trials of selected systemic therapies

Agent Mechanism No. of patients ORR Median PFS (months) Median OS (months) CTCAE grade ≥3

Melphalan [18] Chemosaturation 16 60% 11.1 27.4 43.8%
Melphalan [19] Chemosaturation 18 54% 12.4 9.6 Unknown
Melphalan [20] Chemosaturation 30 42.3% 6.0 12.0 Unknown
Melphalan [21] Chemosaturation 35 72% 7.6 19.1 Unknown
Melphalan [22] Chemosaturation 51 47% 8.1 15.3 Unknown
Cabozantinib [23] MEK/VEGF inhibitor 23 5% 3.8 9.4 32%
Ipilimumab [24] Anti-CTLA-4 82 5% 3.6 6.0 10%
Nivolumab + ipilimumab [25] Anti-PD-1 and anti-CTLA-4 52 11.5% 3.0 12.7 57.7%
Pembrolizumab [9] Anti-PD-1 25 8% 3.0 Not reached 20%
Selumetinib [26] MEK1/2 inhibitor 101 14% 3.7 11.8 37%
Tebentafusp [10] ImmTAC 127 5% 2.8 16.8 30%
Trametinib ± Akt inhibitor [27] MEK1/2 inhibitor 40 5% 3.6 Not reached Unknown

CTCAE grade has been provided on a per-patient basis; however, previous M-PHP studies have predominantly provided this on a per-procedure rather than per-patient 
basis.
CTCAE, Common Terminology Criteria for Adverse Events; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; ImmTAC, immune mobilizing monoclonal T-cell recep-
tors against cancer; MEK, mitogen-activated protein kinase; ORR, overall response rate; OS, overall survival; PD-1, programmed cell death protein 1; PFS, progres-
sion-free survival; VEGF, vascular endothelial growth factor.
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statistically significant survival difference for those with 
particular sites of extrahepatic disease.

Patients receiving more M-PHP treatments survived 
longer (20.2  months for three or more treatments vs. 
11.1 months if treatments range between one and two, 
P = 0.017); however, this is difficult to interpret: although 
the aim was for all patients to receive at least two M-PHP 
sessions, additional treatments were in some cases lim-
ited by logistical considerations. Conversely, patients 
failing to respond after two technically adequate sessions 
would not be offered further cycles and may represent a 
group with worse outcomes.

In this cohort, 23 (27.7%) patients developed a grade 3 
or 4 TRAE across their treatment cycles (median = three 
treatments), most frequently haematological. This is 
lower than that reported by Artzner et al. [18] (7/16, 43.8%) 
and a statistically significant reduction in grade 3 and 4 
complications was demonstrated between 2016 and 2020 
vs. 2012 and 2016, indicating improvement and a poten-
tial learning curve with the number of cases performed. 
Reassuringly, no treatment-related mortality was seen in 
252 treatments and there was only one (1.2%) 90-day mor-
tality due to disease progression. Despite the complexity 
of treatment, the median LoS was short at 3 days.

Melphalan percutaneous hepatic perfusion compared 
to alternatives in metastatic uveal melanoma
A significant limitation comparing M-PHP to other mUM 
treatment modalities is that it requires patient selection 
(Fig. 1) and is restricted to a group of haemodynamically 
fit patients with sufficient hepatic reserve and ECOG per-
formance status without significant extrahepatic disease.

Nevertheless, all our patients had uncontrolled baseline 
intrahepatic disease with over 50% having a high disease 
burden in the liver and would be expected to respond 
poorly to non-liver-directed therapies [9,25].

Our study is limited in its lack of any control or alterna-
tive treatment arm, and the confounding effects of treat-
ments received by patients both pre and post M-PHP 
(Supplementary Materials 2–3, Supplemental digital 
content 1, http://links.lww.com/MR/A286) – although with 
no statistically significant effect on median OS.

Early prognosis in mUM is driven by hepatic disease 
burden which forms the rationale behind liver screening 
post primary treatment in high-risk UM. Multiple studies 
have suggested immunotherapies trialled to date are less 
effective in patients with uncontrolled hepatic only dis-
ease [9,25] and M-PHP appears to offer superior tumour 
response and PFS compared to them.

On the contrary, the shape of the OS survival curve post 
M-PHP does not reveal a plateau in contrast with immu-
notherapy in similar indications – including CM – indi-
cating that the underlying tumour biology is unchanged.

The emerging effect of M-PHP on the natural history of 
mUM is in keeping with its primary mode and site of 
action: significant early/medium-term benefit by intra-
hepatic disease control due to direct cytotoxicity but 
without sufficient immune-mediated effects that could 
establish long-term immune and extrahepatic disease 
control.

Although our current data show M-PHP offers superior 
early outcomes to the standard of care immunotherapy, 
we note that advanced genetic profiling of mUM tumour 
deposits demonstrates IDO1 and TIGIT to be the most 
highly expressed immune checkpoint inhibitors, sug-
gesting that immune targeting to date may have been 
suboptimal [28].

Areas for further investigation
The landscape of treatment options for patients with mUM 
is blighted by lack of standardization in patient selection, 
study design, and few multi-arm trials – problems exacer-
bated by the absence of evidence-based standard of care.

Although multi-arm trials of the surgical correlate IHP are 
underway [29], the largest international multicentre trial 
to date in M-PHP, originally designed to compare this with 
the standard of care options, has become a single-arm trial 
of M-PHP, mostly due to difficulty in retaining patients 
allocated to non-M-PHP treatment arms [30].

Further investigation is warranted to clarify the optimal 
sequencing and timing of treatment modalities: immuno-
therapy outcomes are poor in patients with uncontrolled 
liver disease whereas M-PHP has the most promising 
hepatic disease response rates of any nonsurgical therapy 
so far. A multimodality approach combining both treat-
ment strategies might be able to offer both immediate 
control of liver disease together with durable responses 
associated with checkpoint inhibitors in other settings.

PHP is a technique for which the active agent can be 
altered, providing flexibility if alternative drugs to mel-
phalan are found to have better efficacy. Moreover, chem-
ical modifications of melphalan have been applied to 
haematological malignancies in vitro with improvements 
in toxicity [31] and a similar approach could be consid-
ered for mUM and trialled if promising.

With expanding systemic options emerging, tebentafusp, 
together with other immune checkpoint inhibitors such 
as anti-TIGIT, may also enter the treatment landscape in 
the next few years. The declining side effect profile we 
have demonstrated with experience of M-PHP suggests 
it may be appropriate to trial a combination strategy of 
M-PHP together with immunotherapy.

Conclusion
This study, as the largest to date, adds to the mounting 
body of evidence supporting the use of M-PHP in liver 

http://links.lww.com/MR/A286
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only or liver predominant metastatic disease, becoming 
safer with experience and offering excellent short- and 
medium-term hepatic disease control and some limited 
long-term benefit. Combination therapy of M-PHP and 
immunotherapy may represent a viable path to surpass-
ing the limited improvements in OS observed across all 
treatment modalities to date.
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