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The role of regional chemotherapy for advanced limb 
melanoma in the era of potentially effective systemic 
therapies
Rebecca L. Reada,b,c and John F. Thompsona,d,e,f     

To review the current role of regional chemotherapy in 
the management of advanced limb melanoma. Articles 
reporting the results of isolated limb infusion (ILI) were 
identified by performing a comprehensive literature search 
using the PubMed database. Keywords included isolated 
limb infusion, in-transit melanoma and melphalan. No 
publication date restrictions were applied. ILI data were 
compared with those from current systemic therapy 
clinical trials and the previously reviewed isolated limb 
perfusion (ILP) literature. Regional chemotherapy is today 
required in fewer patients because effective systemic 
therapies now provide an alternative treatment for those 
who develop extensive local melanoma recurrence 
or in-transit metastases (ITMs). However, regional 
chemotherapy may be a valuable treatment option when 
the side-effects of systemic therapies are of concern, 
or after systemic treatment failure. ILP achieves overall 
response rates (ORRs) of 64–100% and complete 
response rates (CRRs) of 25–89%. ILI achieves ORRs of 
41–91% and CRRs of 6–39%. ILP and ILI can have a low 
risk of serious morbidity. Early results from treatment with 
ILP or ILI in conjunction with systemic immune therapies 
suggest that these modalities can be safely combined, 

which may be useful in patients with refractory limb 
disease. Regional chemotherapy remains important in 
the armamentarium of clinicians managing patients with 
unresectable limb melanoma and may be preferable in 
those who are frail, elderly or who are at high risk from 
complications of systemic therapies. The efficacy of 
combining regional chemotherapy with systemic immune 
therapy is currently being assessed. Melanoma Res 31: 
290–297 Copyright © 2021 Wolters Kluwer Health, Inc. All 
rights reserved.
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Introduction
Isolated limb perfusion (ILP) and isolated limb infusion 
(ILI) are methods for delivering regional chemotherapy 
to melanoma patients with advanced limb melanoma. 
Most of these patients have in-transit metastases (ITMs) 
confined to a limb. Occasionally, regional chemotherapy 
is also used in patients who also have distant metastatic 
melanoma, when the extent of limb disease significantly 
impacts the quality of life and systemic therapies have 
been ineffective or poorly tolerated.

ITMs include both ‘local’ recurrences after adequate wide 
excision of primary melanoma and metastases between 
the primary melanoma site and regional lymph nodes [1]. 
ITMs occur in approximately 3–10% of patients diagnosed 
with a primary cutaneous melanoma [2–5]. Predicted 
5-year survival ranges from 32 to 83%, depending on the 
extent of regional node involvement [1].

Historically, melanoma patients undergoing regional 
chemotherapy had a locoregionally advanced disease 
that had progressed in spite of multiple other locore-
gional treatment modalities, including surgical excision, 

ablative techniques (electrocautery and carbon dioxide 
laser), topical therapies (diphencyprone and imiquimod), 
injectable therapies [including interleukin-2 (IL-2), rose 
bengal (PV-10) and talimogene laherparepvec (T-VEC)], 
electrochemotherapy and radiotherapy [6–8].

Today, potentially effective systemic therapies are avail-
able, necessitating a reassessment of the indications for 
using ILI or ILP to treat progressive or recurrent limb 
disease. This article outlines the ILP technique, compre-
hensively reviews the ILI literature and discusses patient 
selection for regional and systemic therapies in the mod-
ern era.

The impact of adjuvant systemic therapies
Adjuvant systemic therapies for melanoma are now widely 
available. When administered to patients with completely 
resected Stage IIIB/C/D disease, ipilimumab improved 
overall survival (OS) by 8.7% at 7 years but with signif-
icant toxicity [9]. The CheckMate-238 trial found that 
adjuvant nivolumab was more effective than adjuvant 
ipilimumab in terms of recurrence-free survival (RFS) 
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(51.7 vs. 41.2% 4-year RFS; hazard ratio 0.71; P = 0.0003), 
with equivalent 4-year OS (77.9 nivolumab vs. 76.6% 
ipilimumab) and a better safety profile [10]. The effi-
cacy of adjuvant dabrafenib with trametinib (for BRAF-
mutated melanoma) and adjuvant pembrolizumab have 
also been demonstrated [11,12]. Only the COMBI-AD 
trial (dabrafenib and trametinib) and the CheckMate-238 
trial (nivolumab) included patients with ITMs. Within 
the COMBI-AD cohort, the presence of ITMs did not 
alter the efficacy of the adjuvant therapy [13]. Adjuvant 
nivolumab and pembrolizumab are also under inves-
tigation (CheckMate-76K, Keynote-716 respectively) 
in patients with completely resected high-risk stage II 
melanoma (Stage IIB/C) melanoma. Consequently, it is 
expected that in the future fewer patients will develop 
advanced limb melanoma.

The impact of potentially effective systemic 
therapies
Many patients with unresectable limb melanoma now 
receive systemic therapy with either targeted inhibitors 
of the BRAF and MEK oncogenes (BRAF/MEK inhibi-
tors) or T-cell activating immune therapies.

Randomised phase III trials have demonstrated the effi-
cacy of BRAF/MEK inhibitor combination therapies: 
dabrafenib/trametinib (COMBI-v); vemurafenib/cobi-
metinib and encorafenib/binimetinib over vemurafenib 
alone in patients with advanced melanoma. Most patients 

had Stage IV M1a-M1c metastatic melanoma, whereas a 
few patients in each trial had unresectable Stage III mel-
anoma. The overall response rates (ORRs) ranged from 
64 to 75% and the median OS was 22.3–33.6 months. 
Side-effect profiles vary but most commonly include 
diarrhoea, arthralgia, fatigue, pyrexia and rash, with up to 
15% of patients in each trial discontinuing treatment due 
to adverse events [14–17].

The efficacy of the anti-CTLA4 and anti-PD-1 immune 
checkpoint inhibitors has also been demonstrated. 
Notably, CheckMate-067 initially reported an ORR of 
57.6% in the nivolumab-plus-ipilimumab group, 43.7% 
in the nivolumab-only group and 19% in the ipilimum-
ab-only group [18]. More recently 5-year OS was reported 
to be 52, 44 and 26% in each group, respectively [19]. 
Immune checkpoint inhibitors can cause serious toxicity 
by causing or potentiating immune-related conditions, 
including colitis, hepatitis, hypophysitis and thyroid 
dysfunction. Less severe but more common side-effects 
include fatigue, rash, muscle and joint pain, diarrhoea 
and weakness [20]. Single-agent PD-1 inhibitors have a 
better toxicity profile [21]. The data captured in these 
prospective randomised trials did not allow for the spe-
cific analysis of outcomes in patients with ITMs [22]. A 
recent case series of 54 patients with unresectable ITMs 
who received immune therapies, most commonly sin-
gle-agent anti-PD-1 (74%), demonstrated an ORR of 
54% and a complete response rate (CRR) of 26%. The 

Table 1 Single and multicentre studies of isolated limb infusion (ILI) with comparison to the isolated limb perfusion mNote that in the ILI 
data individual patients appear in multiple data sets preventing combined analysis of the data

Group Location Responsea
Number initial ILI 

(repeat ILI)b ORR % CRR% PRR%

Wieberdink III/
IV/V % (number 

amputations)

Thompson et al. (1998) [30] Sydney, Australia Best response 44c 91 39 52 No amputations
Kroon et al. (2008) [47] Sydney, Australia Best response 185 84 38 46 39
Barbour et al. (2009) [33] Brisbane, Australia Best response 74 54 24 30 10
Beasley et al. (2009) [34] Multicentre, USA At 3 months 128 64 31 33 36 (1)
Duprat-Neto et al. (2013) 

[35]
Sao Paulo, Brazil Best response 31 79 26 53 60.5

Giles and Coventry (2013) 
[36]

Adelaide, Australia Best response 20 (8) 70 20 50 20

Wong et al. (2013) [37] Florida, USA At 3 months 79 74 37 37 23
Coventry et al. (2014) [38] Multicentre Australia Best response 131 63 27 36 13
Steinman et al. (2014) [39] New York, USA At 3 months 58 – 25   
Cecchini et al. (2015) [40] Multicentre, Italy At 30 days 29 66 10 56 10
Chin-Lenn et al. (2015) [41] Multicentre, Canada At 3 months 52 (2) 56 29 27 39
Kroon et al. (2016) [42] Multicentre, Australian Best response 316 75 33 42 30
O’Donoghue et al. (2017) 

[43]
Florida, USA At 3 months 114 (31) 59 26 33 12

Li et al. (2018) [44] Beijing, China Best response 150 41 6 35 45
Miura et al. (2019) [45] Multicentre,  

International
Both 687 64 29 35 28

Teras et al. (2020) [48] Tallinn, Estonia Best response 21 76 38 38 40

ILP comparison data   ILP     
Moreno-Ramirez et al. 

(2010) [21]
International,  

systematic review
Both 2018 90.4 (range 64.0–100.0) 58.2 (range 25.0–89.0) 32.2 19.75 (8)

CRR, complete response rate; ILI, isolated limb infusion; ILP, isolated limb perfusion; ORR, overall response rate; PRR, partial response rate.
aResponses termed ‘Best response’ were assessed according to the standard WHO criteria. Responses termed ‘At 3 months’ used RECIST criteria for response in solid 
tumours. The studies by Miura et al. and Moreno-Ramirez et al. include centres using both methods of determining response.
bThe number of initial ILI procedures is documented. Where repeat procedures were not analysed separately in the response data the number of procedures is included 
in brackets.
cAn additional 38 patients underwent a planned double ILI protocol and are not included.
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2-year progression-free survival of 39% and 2-year OS of 
63% are in keeping with the well-documented responses 
to immune checkpoint therapies in landmark clinical tri-
als [23]. The efficacy and side-effects of regional chemo-
therapy for melanoma must be considered in light of the 
results able to be achieved by systemic therapies and 
their potential toxicities.

Regional chemotherapy for melanoma
Patients with limb ITMs that are too extensive for surgery 
may be treated by ILI or ILP. These procedures deliver 
high-dose chemotherapy to the affected limb, usually at 
elevated temperatures to enhance efficacy, while avoid-
ing the entry of the drug into the systemic circulation. 
Melphalan alone or in combination with actinomycin D 
is used most commonly, although other drugs that are or 
have been used alone or in combination include interleu-
kin-2, tumour-necrosis factor (TNF), cisplatin, vindesine, 
dacarbazine and fotemustine. Limb toxicity is graded 
using the Wieberdink toxicity score: 1 (no visible effect); 
2 (slight erythema with or without oedema); 3 (consider-
able erythema with or without oedema with blistering; 4 
(epidermolysis with or without deep tissue damage with 
threatened or actual compartment syndrome); 5 (severe 
tissue damage necessitating amputation) [24].

Isolated limb perfusion
ILP is a long-established surgical procedure in which, 
using an open surgical approach, large-bore cannulas are 
inserted into the axial artery and vein of the affected limb 
to establish circulation via an extracorporeal heart-lung 
machine [25]. Limb oxygenation and pH are maintained 
at physiological levels and the chemotherapy agents, 

most commonly melphalan with or without TNF, are cir-
culated through the isolated limb. A systematic review of 
over 2000 ILPs demonstrated a median ORR of 90.4% 
(range 64.0–100.0%), a CRR of 58.2% (25.0–89.0%) and 
a median 5-year OS of 36.5% (19.0–50.0%). ILP was 
well-tolerated, with Wieberdink Grade IV and V toxic-
ity rates of 2.00 and 0.65%, respectively [26]. Repeat ILP 
can be difficult due to perivascular scarring in the surgi-
cal field [27] but can usually be performed safely and is 
effective particularly in patients who recur after a com-
plete response to their initial ILP [22].

Long before adjuvant systemic therapies for melanoma 
became available, ILP was the subject of an international 
randomised controlled trial in the prophylactic (adjuvant) 
setting. The study randomised 832 patients with primary 
melanomas ≥1.5 mm Breslow thickness to receive either 
wide excision alone or wide excision plus ILP. The addi-
tion of ILP resulted in reduced ITM and regional node 
metastasis rates but no difference in the time to distant 
metastasis or OS. Consequently, ILP was not recom-
mended as an adjunct to standard surgery [28]. However, 
in some patients with repeatedly recurrent limb ITMs, 
adjuvant ILP continued to be used because it increased 
the recurrence-free interval and decreased the number of 
recurrences [29].

Isolated limb infusion
In contrast to ILP, the ILI technique uses a minimally 
invasive, radiologically-guided percutaneous approach 
to insert small-calibre catheters into the axial artery and 
vein of the affected limb. The limb is warmed and then 
isolated using a pneumatic tourniquet, with circulation to 
the foot or hand excluded by a firmly applied Esmarch 

Fig. 1

Isolate limb infusion response rates (ORR, overall response rate and CRR complete response rate) have decreased as the number of centres 
included in combined series has increased. Single Australian centre (Kroon 2008), combining five Australian centres (Kroon 2016) and combining 
nine Australian and USA centres (Miura 2019).



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

The role of regional chemotherapy for advanced limb melanoma Read and Thompson 293

bandage. An extracorporeal circuit is established between 
the arterial and venous catheters and chemotherapy 
agents are introduced via a three-way tap. Circulation is 
achieved by repeated syringe aspiration from the venous 
cannula and re-injection into the arterial cannula. In con-
trast to ILP, the limb becomes hypoxic and acidotic dur-
ing the procedure, potentiating the effect of melphalan 
[30,31]. ILI has somewhat lower response rates than ILP 
but has the advantage of being simpler and more easily 
repeated [32].

The ILI literature was searched to identify all studies 
in which the primary outcome was the ORR of patients 
with limb melanoma following melphalan ILI (Table 1) 
[29,30,33–46]. Some centres also used actinomycin D. 
Not all centres used hyperthermia. Studies in which a 
small minority of patients (<10%) had cancers other than 
melanoma were included. Studies with <10 patients in 
total were excluded. One of the difficulties in analys-
ing the ILI literature is that many patients have been 
included in multiple studies, with the publication of indi-
vidual institution case series, follow-up case series and 
national and international case series using combined 
data. This is further complicated by variation in the cri-
teria used to assess response. Australian and most other 
international centres continue to use the WHO criteria 
whereas US centres generally use the newer Response 
Evaluation Criteria in Solid Tumours (RECIST) criteria 
for response in solid tumours (Table  1). Centres using 
RECIST criteria have reported results at 3 months which 
may underestimate response rates in comparison to cen-
tres using the WHO criteria to report the best response, 
which may occur before or after 3 months.

Reported response rates for ILI vary (Table 1). Excellent 
results were achieved in the initial Sydney Melanoma 
Unit (now MIA) cohort of 164 patients, with an ORR 
of 91% and a CRR of 39% [30]. Some of these patients, 
subsequent MIA patients and patients from other pub-
lished and unpublished international case series, were 
included in a recent multicentre cohort of 687 first-time 
ILIs in nine Australian and US centres. The ORR and 
CRR were 64.1 and 28.9%, respectively, and the median 
OS was 38.2 months. Patients who had a complete or 

partial response had improved OS (46.5 vs. 24.4 months; 
P < 0.0001) [45]. Significant limb toxicity (threatened or 
actual compartment syndrome, Wieberdink grade IV) 
was seen in 3.9% of patients but no patient required 
treatment-related amputation (Wieberdink grade V). 
What is apparent is that as contemporary patients are 
added, and institutions join to produce larger case series, 
the original excellent results from ILI, which rivalled ILP 
in terms of ORR, have not been reproduced. Both ORR 
and CRR have decreased as the series size has increased 
while continuing to include the primary data from MIA 
[29,30,42,45] (Fig. 1). In the Italian series, early assess-
ment of response may explain the low CRR [40]. In the 
Chinese series of 150 ILIs for melanoma, the ORR and 
CRR were only 41 and 6%, respectively [44]. This poor 
response may reflect the aggressive biology of acral mel-
anoma, seen more commonly in Asian populations, and 
accounting for 79% of cases in this study. High disease 
burden may also adversely affect outcome [39,44,49,50], 
but it is unclear whether it is a major factor contributing 
to the lower response rates seen in more recent series.

It is more likely that technical deficiencies have been 
responsible for the poor results. Very low tumour 
response rates have been observed when the limb tem-
perature is <37 oC at the time of drug infusion, and mild 
hyperthermia should therefore be achieved at the out-
set and maintained for the duration of the ILI. Another 
factor that may have been responsible for poor results 
is an inadequate duration of drug exposure. In initial 
studies in Sydney, a 20-min ILI procedure was used but 
much better response rates were achieved subsequently 
when 30-min ILIs became standard. The inevitable 
hypoxia that develops in this extra 10 min of drug expo-
sure appears to increase efficacy. The successful MIA 
technique has been described in detail, with the aim of 
improving results internationally [51,52].

Comparing isolated limb perfusion and 
isolated limb infusion
Only two studies have attempted to directly compare ILP 
and ILI but neither provided high-level evidence. A 2008 
study was from a centre that switched from ILP to ILI in 
2003, whereas the more recent 2016 study compared ILP 

Table 2 Studies comparing isolated limb perfusion and isolated 
limb infusion

Authors Location
Series 
dates Cases

Outcome 
ORR/CRR Toxicity

Beasley  
et al. 
(2008) [53]

Durham, USA
Durham, USA

1995-2003
2003-2008

ILP 59
ILI 61

88/57
44/30

Grade III 32%
Grade III 18%

(p=0.037)
Dossett  

et al. 
(2016) 
[54]

Florida, USA  
(ILI only)

Gothenberg,  
Sweden  
(ILP only)

2007-2015
2007-2015

ILP 109
ILI 94

80/60
53/29

Grade IV 2%
Grade IV <1%

No Grade V

CRR, complete response rate; ILI, isolated limb infusion; ILP, isolated limb perfu-
sion; ORR, overall response rate.

Table 3 Combining isolated limb infusion and systemic therapies

Therapy
Authors 

(reference) Study type Location Patients
Outcome 

ORR/CRR

ILI (fotemustine) 
+ dacarbazine

Bonenkamp  
et al. 

(2004) [60]

Case series Sydney, 
Australia

13 92/30

ILI+ADH-1 Beasley et al. 
(2009) [61]

Case series.
Phase 1

Durham, 
USA

16 62.5/50

ILI+ADH-1 Beasley et al. 
(2011) [62]

Case series,
Phase 2

Durham, 
USA

45 60/38

ILI+ipilimumab Ariyan et al. 
(2018) [63]

Case series New York, 
USA

26 85/62

CRR, complete response rate; ILI, isolated limb infusion; ORR, overall response 
rate.
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procedures performed in Sweden to ILI procedures per-
formed in the USA [53,54]. In spite of their caveats, they 
support the overall body of evidence which indicates that 
ILP achieves somewhat higher response rates but incurs 
greater toxicity than ILI (Table 2).

The option of intralesional therapy
Melanoma ITMs may also be treated by intralesional 
injection of a variety of agents, which cause tumour cell 
lysis. In some cases, an abscopal effect is observed sug-
gesting immune activation secondary to antigen release. 
T-VEC, a genetically modified herpes simplex virus-
based oncolytic immunotherapy, was analysed in the 
Phase III OPTiM study with an ORR of 31.5% and CRR 
of 16.9% [55]. In further small series and a CR has been 
associated with long-term survival [55,56]. Intralesional 
IL-2 and PV-10 produce similar results, with CRRs of 
44.6 and 26%, respectively in case series, and an absco-
pal effect seen in over 20% of patients [57–59]. It is 
hypothesised that by releasing tumour antigens, intrale-
sional therapies may improve the efficacy of the immune 
checkpoint inhibitors.

Combining systemic therapies and regional 
chemotherapy
The concept of combining systemic therapy with 
regional chemotherapy to improve efficacy is not new 
(Table 3). In 13 patients with advanced limb melanoma, 
who had failed melphalan-based ILI and in whom ampu-
tation was considered the only alternative, repeat ILI 
was performed using fotemustine after systemic chem-
osensitisation with dacarbazine. Response rates were 
impressive, limb salvage was achieved in five patients 
but severe limb toxicity necessitated early amputation 
in four patients [60]. Preclinical models suggested that 
cyclic pentapeptide ADH-1, which disrupts N-cadherin 
adhesion complexes, would improve the response to 
melphalan ILI. However, this did not translate into an 

improved response in the phase II clinical trial [61,62]. 
More recently Ariyan et al. [63] have changed this para-
digm and used ILI with melphalan to induce inflamma-
tion in the tumour microenvironment before systemic 
immune therapy with ipilimumab in ITM patients with 
Stage IIIB-IV melanoma. Excellent ‘in limb’ responses 
were observed (ORR 85%; CRR 62%) and two patients 
with measurable distant (stage IV) disease had com-
plete responses at all sites of at least 2 years duration [63] 
(Table  3). The hypothesis that ILP/ILI might increase 
tumour antigen release potentiating the effects of sys-
temic immune therapies warrants further investigation. A 
trial of nivolumab followed by ILP is currently recruiting 
to establish the safety, tolerability and efficacy of this reg-
imen (NivoILP, NCT03685890, Sahlgrenska University 
Hospital, Sweden).

Comparing outcomes of systemic therapy 
and regional chemotherapy
A direct comparison between systemic therapies and 
regional chemotherapy based on information currently 
available in the literature is not possible due to the con-
sistently higher disease stage in systemic therapy trials. 
What is clear is that response rates with regional chemo-
therapy for limb ITMs rival or surpass those seen with 
new systemic therapies. Upfront systemic therapies may 
be appropriate in patients with advanced ITMs, but 
there are groups of patients who may achieve greater 
benefit from regional therapy, without the risk of serious 
systemic side effects.

Selecting systemic or regional therapy
Developing criteria to select patients for either systemic 
therapy or regional chemotherapy for advanced limb 
melanoma are the focus of ongoing investigation. Elderly 
patients are of particular interest, as multiple studies 
attest to ILI being well tolerated in older patients [46,64]. 
Elderly patients and those with poor performance sta-
tus have generally been under-represented in systemic 
therapy trials. Although there are reports of excellent 
responses to immune checkpoint therapies in elderly 
patients, this group may benefit from avoiding systemic 
side effects which could have a greater impact in the 
setting of advanced age and frailty. Other patient groups 
where regional chemotherapy could avoid unacceptable 
systemic toxicity are recipients of solid organ transplants, 
where the use of immune checkpoint therapies results 
in a high risk of graft rejection, and in patients with clin-
ically significant autoimmune disease, where the risk of 
unacceptable immune activation is increased [65].

The tempo and distribution of the patient’s disease should 
always be considered. Rapidly progressive or recurrent 
disease is more likely to progress to distant metastasis, 
suggesting a need for systemic therapy. ILI effectively 
treats limb disease to the mid-thigh or mid-arm, whereas 
ILP treats disease to the groin or axilla. Regional lymph 

Table 4 Selecting regional chemotherapy or systemic therapies 
in patients with in-transit metastases

 Systemic therapy Regional chemotherapy

Adjuvant Approved for adjuvant use Not recommended
Neoadjuvant Clinical trial setting Case reports only
Disease tempo Rapidly progressive  

limb ITM
Slowly progressive limb ITM

Stage Stage IV with ITM Stage IV with ITM as the dominant 
feature impacting quality of life

Disease  
progression

 Progressive troublesome limb dis-
ease in spite of systemic therapy

Option for repeat ILP/ILI
Performance 

status/ 
comorbidities

Now preferred as initial 
therapy in most  

patients with  
unresectable ITM

ILI preferred in elderly,  
frail patients

Autoimmune disease
Transplant patients

Availability Most oncology  
centres

Limited to highly specialised surgical 
oncology centres

Treatment 
duration

Indefinite Single episode

Economic Higher cost Lower cost

ILN, isolated limb infusion; ILP, isolated limb perfusion; ITM, in-transit metastases
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node surgery can be combined with either of these pro-
cedures. Co-existent distant metastases provide a clear 
indication for systemic therapy.

Access to specialist centres providing ILI with or with-
out ILP services may be limited by distance and abil-
ity to travel. The increased use of targeted therapies and 
immune therapies for multiple tumour types means that 
systemic therapies may be more easily accessed by many 
patients. Data to guide the duration of systemic therapy 
are lacking [66] and some patients may wish to travel to 
have a single episode of treatment with ILI or ILP rather 
than requiring the potentially indefinite administration 
of systemic therapies, requiring many attendances over a 
prolonged period. ILP/ILI are relatively expensive, with 
the mean overall treatment cost calculated at US$36 758 
[67]. However, this is very much less than the cost of sys-
temic therapy, which is at least US$100 000 per year [68].

Neoadjuvant systemic or regional therapies may facilitate 
surgery and clinical trials assessing this approach are in 
progress. Early results from the NeoCombi trial, neoad-
juvant dabrafenib plus trametinib, saw that all patients 
with Stage IIIB-C disease (n = 35) achieve a pathologi-
cal response, with none progressing preoperatively [69]. 
The OpACIN-neo study, neoadjuvant ipilimumab plus 
nivolumab, resulted in a pathological response in 80% 
of patients but longer-term follow-up data are not yet 
available [70]. When ILI has been followed by complete 
surgical resection of residual disease, outcomes have 
been similar to those in patients who achieve a CR after  
ILI [71].

A recent study reported a significant reduction in the use 
of ILI/ILP in the management of advanced limb mela-
noma. Comparing 2005–2010 and 2011–2014, the mean 
number of ILP/ILI procedures for melanoma decreased 
from 91 to 32 per year at a large US centre [72], and over 
the same time period ILI numbers at MIA in Sydney have 
halved. However, regional chemotherapy remains impor-
tant in the management of selected patients. Maintaining 
the technology and skill required to perform ILI with or 
without ILP will ensure the best outcomes through indi-
vidualised treatment. These procedures are most appro-
priately performed at specialist, high-volume melanoma 
treatment centres, and multidisciplinary discussion of all 
treatment options is desirable before a particular form of 
therapy for advanced limb melanoma is undertaken.

Conclusion
The increasing use of potentially effective systemic ther-
apies for melanoma in the adjuvant and metastatic set-
tings means that fewer patients will suffer from advanced 
limb melanoma. Some who nevertheless develop exten-
sive limb ITMs will continue to benefit from regional 
chemotherapy when systemic therapies have failed or 
when it is particularly important to avoid systemic toxic-
ities (Table 4). Future studies will better define patient 

selection criteria and the potential for synergy between 
regional and systemic therapies.

Acknowledgements
Conflicts of interest
R.L.R. has received honoraria from BMS BMS Australia. 
J.F.T. has received honoraria for advisory board par-
ticipation from BMS Australia, MSD Australia, GSK 
and Provectus Inc., and travel support from GSK and 
Provectus Inc. J.F.T. is a recipient of a program grant from 
the Australian National Health and Medical Research 
Council.

References
1 Gershenwald JE, Scolyer RA, Hess KR, Sondak VK, Long GV, Ross MI, 

et al.; for members of the American Joint Committee on Cancer Melanoma 
Expert Panel and the International Melanoma Database and Discovery 
Platform. Melanoma staging: evidence-based changes in the American joint 
committee on cancer eighth edition cancer staging manual. CA Cancer J 
Clin 2017; 67:472–492.

2 Morton DL, Thompson JF, Cochran AJ, Mozzillo N, Elashoff R, Essner R, et 
al.; MSLT Group. Sentinel-node biopsy or nodal observation in melanoma. 
N Engl J Med 2006; 355:1307–1317.

3 Morton DL, Thompson JF, Cochran AJ, Mozzillo N, Nieweg OE, Roses DF, 
et al.; MSLT Group. Final trial report of sentinel-node biopsy versus nodal 
observation in melanoma. N Engl J Med 2014; 370:599–609.

4 Read RL, Haydu L, Saw RP, Quinn MJ, Shannon K, Spillane AJ, et al. 
In-transit melanoma metastases: incidence, prognosis, and the role of 
lymphadenectomy. Ann Surg Oncol 2015; 22:475–481.

5 Sloot S, Speijers MJ, Bastiaannet E, Hoekstra HJ. Is there a relation 
between type of primary melanoma treatment and the development of 
intralymphatic metastasis? A review of the literature. Cancer Treat Rev 
2016; 45:120–128.

6 Nan Tie E, Henderson MA, Gyorki DE. Management of in-transit melanoma 
metastases: a review. ANZ J Surg 2019; 89:647–652.

7 Read RL, Thompson JF. Managing in-transit melanoma metastases in the 
new era of effective systemic therapies for melanoma. Expert Rev Clin 
Pharmacol 2019; 12:1107–1119.

8 Thompson JF. Local and regional therapies for melanoma: many arrows in 
the quiver. J Surg Oncol 2014; 109:295.

9 Eggermont AM, Chiarion-Sileni V, Grob JJ, Dummer R, Wolchok JD, 
Schmidt H, et al. Prolonged survival in stage III melanoma with ipilimumab 
adjuvant therapy. N Engl J Med 2016; 375:1845–1855.

10 Ascierto PA, Del Vecchio M, Mandalá M, Gogas H, Arance AM, Dalle S, et al. 
Adjuvant nivolumab versus ipilimumab in resected stage IIIB-C and stage IV 
melanoma (CheckMate 238): 4-year results from a multicentre, double-blind, 
randomised, controlled, phase 3 trial. Lancet Oncol 2020; 21:1465– 
1477.

11 Long GV, Hauschild A, Santinami M, Atkinson V, Mandalà M, Chiarion-Sileni 
V, et al. Adjuvant dabrafenib plus trametinib in stage III BRAF-mutated mela-
noma. N Engl J Med 2017; 377:1813–1823.

12 Eggermont AMM, Blank CU, Mandala M, Long GV, Atkinson V, Dalle S, et al. 
Adjuvant pembrolizumab versus placebo in resected stage III melanoma. N 
Engl J Med 2018; 378:1789–1801.

13 Dummer R, Schadendorf D, Hauschild A, Santinami M, Atkinson VG, 
Mandala M, et al. Estimate of long-term relapse-free survival (RFS) and anal-
ysis of baseline factors associated with RFS in the COMBI-AD trial. Ann 
Oncol 2018; 29:viii445.

14 Ascierto PA, McArthur GA, Dréno B, Larkin J, Liszkay G, Maio M, et al. 
coBRIM: a phase 3, double-blind, placebo-controlled study of vemurafenib 
versus vemurafenib + cobimetinib in previously untreated BRAFV600 muta-
tion–positive patients with unresectable locally advanced or metastatic mel-
anoma (NCT01689519). J Transl Med 2015; 13:O4.

15 Hamid O, Cowey CL, Offner M, Faries M, Carvajal RD. Efficacy, safety, and 
tolerability of approved combination BRAF and MEK Inhibitor regimens for 
BRAF-mutant melanoma. Cancers (Basel) 2019; 11:1642.

16 Dummer R, Ascierto PA, Gogas HJ, Arance A, Mandala M, Liszkay G, 
et al. Overall survival in patients with BRAF-mutant melanoma receiv-
ing encorafenib plus binimetinib versus vemurafenib or encorafenib 
(COLUMBUS): a multicentre, open-label, randomised, phase 3 trial. Lancet 
Oncol 2018; 19:1315–1327.



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

296 Melanoma Research 2021, Vol 31 No 4

17 Robert C, Grob JJ, Stroyakovskiy D, Karaszewska B, Hauschild A, Levchenko 
E, et al. Five-year outcomes with dabrafenib plus trametinib in metastatic 
melanoma. N Engl J Med 2019; 381:626–636.

18 Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al. 
Combined nivolumab and ipilimumab or monotherapy in untreated mela-
noma. N Engl J Med 2015; 373:23–34.

19 Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, et 
al. Five-year survival with combined nivolumab and ipilimumab in advanced 
melanoma. N Engl J Med 2019; 381:1535–1546.

20 Spain L, Diem S, Larkin J. Management of toxicities of immune checkpoint 
inhibitors. Cancer Treat Rev 2016; 44:51–60.

21 Chang CY, Park H, Malone DC, Wang CY, Wilson DL, Yeh YM, et al. Immune 
checkpoint inhibitors and immune-related adverse events in patients with 
advanced melanoma: a systematic review and network meta-analysis. JAMA 
Netw Open 2020; 3:e201611.

22 Olofsson Bagge R, Ny L, Ascierto PA, Hodi FS, Larkin J, Robert C, et al. The 
efficacy of immunotherapy for in-transit metastases of melanoma: an analysis 
of randomized controlled trials. Melanoma Res 2021; 31:181–185.

23 Nan Tie E, Lai-Kwon J, Rtshiladze MA, Na L, Bozzi J, Read T, et al. Efficacy of 
immune checkpoint inhibitors for in-transit melanoma. J Immunother Cancer 
2020; 8:e000440.

24 Wieberdink J, Benckhuysen C, Braat RP, van Slooten EA, Olthuis GA. 
Dosimetry in isolation perfusion of the limbs by assessment of perfused tis-
sue volume and grading of toxic tissue reactions. Eur J Cancer Clin Oncol 
1982; 18:905–910.

25 Creech O Jr, Ryan RF, Krementz ET. Treatment of melanoma by isolation-per-
fusion technique. J Am Med Assoc 1959; 169:339–343.

26 Moreno-Ramirez D, de la Cruz-Merino L, Ferrandiz L, Villegas-Portero R, 
Nieto-Garcia A. Isolated limb perfusion for malignant melanoma: systematic 
review on effectiveness and safety. Oncologist 2010; 15:416–427.

27 Nieweg OE, Kroon BB. Isolated limb perfusion with melphalan for melanoma. 
J Surg Oncol 2014; 109:332–337.

28 Koops HS, Vaglini M, Suciu S, Kroon BB, Thompson JF, Göhl J, et al. 
Prophylactic isolated limb perfusion for localized, high-risk limb melanoma: 
results of a multicenter randomized phase III trial. European organization for 
research and treatment of cancer malignant melanoma cooperative group 
protocol 18832, the world health organization melanoma program trial 15, 
and the North American perfusion group southwest oncology group-8593. J 
Clin Oncol 1998; 16:2906–2912.

29 Kroon BB, Noorda EM, Vrouenraets BC, van Slooten GW, Nieweg OE. 
Isolated limb perfusion for melanoma. Surg Oncol Clin N Am 2008; 17:785–
794, viii.

30 Thompson JF, Kam PC, Waugh RC, Harman CR. Isolated limb infusion with 
cytotoxic agents: a simple alternative to isolated limb perfusion. Semin Surg 
Oncol 1998; 14:238–247.

31Thompson JF, Waugh RC, Saw RPM, Kam PCA. Isolated limb infusion with 
melphalan for recurrent limb melanoma: a simple alternative to isolated limb 
perfusion. Regional Cancer Treatment 1994; 7:188–192.

32 Kroon HM, Lin DY, Kam PC, Thompson JF. Efficacy of repeat isolated limb 
infusion with melphalan and actinomycin D for recurrent melanoma. Cancer 
2009; 115:1932–1940.

33 Barbour AP, Thomas J, Suffolk J, Beller E, Smithers BM. Isolated limb infu-
sion for malignant melanoma: predictors of response and outcome. Ann 
Surg Oncol 2009; 16:3463–3472.

34 Beasley GM, Caudle A, Petersen RP, McMahon NS, Padussis J, Mosca 
PJ, et al. A multi-institutional experience of isolated limb infusion: defin-
ing response and toxicity in the US. J Am Coll Surg 2009; 208:706– 
715.

35 Duprat Neto JP, Mauro AC, Molina AS, Nishinari K, Zurstrassen CE, Costa 
OF, et al. Isolated limb infusion with hyperthermia and chemotherapy for 
advanced limb malignancy: factors influencing toxicity. ANZ J Surg 2014; 
84:677–682.

36 Giles MH, Coventry BJ. Isolated limb infusion chemotherapy for melanoma: 
an overview of early experience at the Adelaide Melanoma Unit. Cancer 
Manag Res 2013; 5:243–249.

37 Wong J, Chen YA, Fisher KJ, Zager JS. Isolated limb infusion in a series 
of over 100 infusions: a single-center experience. Ann Surg Oncol 2013; 
20:1121–1127.

38 Coventry BJ, Kroon HM, Giles MH, Henderson M, Speakman D, Wall M, et 
al. Australian multi-center experience outside of the Sydney Melanoma Unit 
of isolated limb infusion chemotherapy for melanoma. J Surg Oncol 2014; 
109:780–785.

39 Steinman J, Ariyan C, Rafferty B, Brady MS. Factors associated with 
response, survival, and limb salvage in patients undergoing isolated limb 
infusion. J Surg Oncol 2014; 109:405–409.

40 Cecchini S, Sarti D, Ricci S, Vergini LD, Sallei M, Serresi S, et al. Isolated 
limb infusion chemotherapy with or without hemofiltration for recurrent limb 
melanoma. World J Clin Oncol 2015; 6:57–63.

41 Chin-Lenn L, Temple-Oberle C, McKinnon JG. Isolated limb infusion: Efficacy, 
toxicity and an evolution in the management of in-transit melanoma. Plast 
Surg (Oakv) 2015; 23:25–30.

42 Kroon HM, Coventry BJ, Giles MH, Henderson MA, Speakman D, Wall M, et 
al. Australian Multicenter Study of isolated limb infusion for melanoma. Ann 
Surg Oncol 2016; 23:1096–1103.

43 O’Donoghue C, Perez MC, Mullinax JE, Hardman D, Sileno S, Naqvi SMH, et 
al. Isolated limb infusion: a single-center experience with over 200 infusions. 
Ann Surg Oncol 2017; 24:3842–3849.

44 Li S, Sheng X, Si L, Cui C, Kong Y, Mao L, et al. Outcomes and predictive 
factors of isolated limb infusion for patients with in-transit melanoma in China. 
Ann Surg Oncol 2018; 25:885–893.

45 Miura JT, Kroon HM, Beasley GM, Mullen D, Farrow NE, Mosca PJ, et al. 
Long-term oncologic outcomes after isolated limb infusion for locoregionally 
metastatic melanoma: an international multicenter analysis. Ann Surg Oncol 
2019; 26:2486–2494.

46 Teras J, Kroon HM, Miura JT, Kenyon-Smith T, Beasley GM, Mullen D, et 
al. International multicenter experience of isolated limb infusion for in-transit 
melanoma metastases in octogenarian and nonagenarian patients. Ann Surg 
Oncol 2020; 27:1420–1429.

47 Kroon HM, Moncrieff M, Kam PC, Thompson JF. Outcomes following iso-
lated limb infusion for melanoma. A 14-year experience. Ann Surg Oncol 
2008; 15:3003–3013.

48 Teras J, Kroon HM, Thompson JF, Teras M, Pata P, Mägi A, et al. First Eastern 
European experience of isolated limb infusion for in-transit metastatic mel-
anoma confined to the limb: Is it still an effective treatment option in the 
modern era? Eur J Surg Oncol 2020; 46:272–276.

49 Huismans AM, Kroon HM, Kam PC, Thompson JF. Does increased experi-
ence with isolated limb infusion for advanced limb melanoma influence out-
come? A comparison of two treatment periods at a single institution. Ann 
Surg Oncol 2011; 18:1877–1883.

50 Muilenburg DJ, Beasley GM, Thompson ZJ, Lee JH, Tyler DS, Zager JS. 
Burden of disease predicts response to isolated limb infusion with melphalan 
and actinomycin D in melanoma. Ann Surg Oncol 2015; 22:482–488.

51 Kenyon-Smith TJ, Kroon HM, Miura JT, Teras J, Beasley GM, Mullen D, et 
al. Factors predicting toxicity and response following isolated limb infusion 
for melanoma: An international multi-centre study. Eur J Surg Oncol 2020; 
46:2140–2146.

52 Kroon HM, Huismans A, Waugh RC, Kam PC, Thompson JF. Isolated limb 
infusion: technical aspects. J Surg Oncol 2014; 109:352–356.

53 Beasley GM, Petersen RP, Yoo J, McMahon N, Aloia T, Petros W, et al. 
Isolated limb infusion for in-transit malignant melanoma of the extremity: a 
well-tolerated but less effective alternative to hyperthermic isolated limb per-
fusion. Ann Surg Oncol 2008; 15:2195–2205.

54 Dossett LA, Ben-Shabat I, Olofsson Bagge R, Zager JS. Clinical response 
and regional toxicity following isolated limb infusion compared with iso-
lated limb perfusion for in-transit melanoma. Ann Surg Oncol 2016; 
23:2330–2335.

55 Andtbacka RHI, Collichio F, Harrington KJ, Middleton MR, Downey G, hrling 
K, Kaufman HL. Final analyses of OPTiM: a randomized phase III trial of talimo-
gene laherparepvec versus granulocyte-macrophage colony-stimulating factor 
in unresectable stage III-IV melanoma. J Immunother Cancer 2019; 7:145.

56 Franke V, Berger DMS, Klop WMC, van der Hiel B, van de Wiel BA, Ter 
Meulen S, et al. High response rates for T-VEC in early metastatic melanoma 
(stage IIIB/C-IVM1a). Int J Cancer 2019; 145:974–978.

57 Thompson JF, Agarwala SS, Smithers BM, Ross MI, Scoggins CR, Coventry 
BJ, et al. Phase 2 study of intralesional PV-10 in refractory metastatic mela-
noma. Ann Surg Oncol 2015; 22:2135–2142.

58 Khoury S, Knapp GC, Fyfe A, Monzon J, Temple-Oberle C, McKinnon GJ. 
Durability of Complete Response to Intralesional Interleukin-2 for In-Transit 
Melanoma. J Cutan Med Surg 2021:1203475420988862.

59 Thompson JF, Saw RPM, Dalton J, Stretch JR, Spillane AJ, Osborne N, et 
al. Treatment of in-transit melanoma metastases using intralesional PV-10. 
Melanoma Res In Press. [Epub ahead of print]

60 Bonenkamp JJ, Thompson JF, de Wilt JH, Doubrovsky A, de Faria Lima R, 
Kam PC. Isolated limb infusion with fotemustine after dacarbazine chemo-
sensitisation for inoperable loco-regional melanoma recurrence. Eur J Surg 
Oncol 2004; 30:1107–1112.

61 Beasley GM, McMahon N, Sanders G, Augustine CK, Selim MA, Peterson 
B, et al. A phase 1 study of systemic ADH-1 in combination with melphalan 
via isolated limb infusion in patients with locally advanced in-transit malignant 
melanoma. Cancer 2009; 115:4766–4774.



Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

The role of regional chemotherapy for advanced limb melanoma Read and Thompson 297

62 Beasley GM, Riboh JC, Augustine CK, Zager JS, Hochwald SN, Grobmyer 
SR, et al. Prospective multicenter phase II trial of systemic ADH-1 in com-
bination with melphalan via isolated limb infusion in patients with advanced 
extremity melanoma. J Clin Oncol 2011; 29:1210–1215.

63 Ariyan CE, Brady MS, Siegelbaum RH, Hu J, Bello DM, Rand J, et al. Robust 
antitumor responses result from local chemotherapy and CTLA-4 blockade. 
Cancer Immunol Res 2018; 6:189–200.

64 Kroon HM, Lin DY, Kam PC, Thompson JF. Safety and efficacy of isolated 
limb infusion with cytotoxic drugs in elderly patients with advanced locore-
gional melanoma. Ann Surg 2009; 249:1008–1013.

65 Johnson DB, Sullivan RJ, Menzies AM. Immune checkpoint inhibitors in chal-
lenging populations. Cancer 2017; 123:1904–1911.

66 Robert C, Marabelle A, Herrscher H, Caramella C, Rouby P, Fizazi K, Besse 
B. Immunotherapy discontinuation - how, and when? Data from melanoma as 
a paradigm. Nat Rev Clin Oncol 2020; 17:707–715.

67 Ma Q, Zhao Z, Barber BL, Shilkrut M. Use patterns and costs of isolated limb 
perfusion and infusion in the treatment of regional metastatic melanoma: a 
retrospective database analysis. Adv Ther 2016; 33:282–289.

68 Andrews A. Treating with checkpoint inhibitors-figure $1 million per patient. 
Am Health Drug Benefits 2015; 8:9.

69 Long GV, Saw RPM, Lo S, Nieweg OE, Shannon KF, Gonzalez M, et al. 
Neoadjuvant dabrafenib combined with trametinib for resectable, stage 
IIIB-C, BRAFV600 mutation-positive melanoma (NeoCombi): a single-arm, 
open-label, single-centre, phase 2 trial. Lancet Oncol 2019; 20:961–971.

70 Rozeman EA, Menzies AM, van Akkooi ACJ, Adhikari C, Bierman C, van de 
Wiel BA, et al. Identification of the optimal combination dosing schedule of 
neoadjuvant ipilimumab plus nivolumab in macroscopic stage III melanoma 
(OpACIN-neo): a multicentre, phase 2, randomised, controlled trial. Lancet 
Oncol 2019; 20:948–960.

71 Wong J, Chen YA, Fisher KJ, Beasley GM, Tyler DS, Zager JS. Resection of 
residual disease after isolated limb infusion (ILI) is equivalent to a complete 
response after ILI-alone in advanced extremity melanoma. Ann Surg Oncol 
2014; 21:650–655.

72 Song Y, Bruce AN, Fraker DL, Karakousis GC. Isolated limb perfusion and 
infusion in the treatment of melanoma and soft tissue sarcoma in the era of 
modern systemic therapies. J Surg Oncol 2019; 120:540–549. 297


