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Abstract
Locoregionally advanced and unresectable disease can be seen in up to 10% of melanoma patients. Treatment options for 
these patients have been evolving most notably over the past few decades and have demonstrated efficacy through multiple 
intra-arterial as well as intralesional therapies. Isolated limb perfusions and isolated limb infusions have been utilized to 
treat locoregionally advanced melanoma of the extremity with overall response rates up to 90% in some reports. Intralesional 
therapies, for in transit metastatic melanoma, such as Bacille Calmette–Guerin, talimogene laherparepvec, and PV-10 (Rose 
Bengal) have all demonstrated efficacy in the treatment of unresectable cutaneous melanoma. The treatment effect due to 
intralesional injection has been identified in directly injected lesions as well as in distant uninjected “bystander lesions” with 
some injectables. This bystander effect is likely an immunologic reaction due to tumor antigen release, antigen-presenting 
cell uptake, T cell activation and subsequent bystander tumor destruction in uninjected lesions. Treatment options for unre-
sectable melanoma metastases limited to the liver include isolated hepatic perfusion, which can now be performed through 
a minimally invasive approach known as percutaneous hepatic perfusion. These intra-arterial and intralesional regional 
therapies offer a variety of effective treatment modalities for unresectable disease and may potentially be combined with 
systemic treatments, such as immunotherapy, in the future treatment of locoregionally advanced melanoma.
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Introduction

The incidence of cutaneous melanoma is on the rise by 
approximately 3–8% annually over the last several decades 
[1, 2]. The American Cancer Society estimates upwards 
of 87,000 new melanoma cases in the United States and 
roughly 10,000 deaths due to melanoma in 2017 [2]. On 
initial clinical presentation, approximately 84% of mela-
noma patients present with localized disease, 9% present 
with regional disease (including satellite lesions, in-transit 
disease and regional nodal involvement), and 4% present 
with distant metastatic disease [2]. 5-year melanoma-
specific survival (MSS) rates are significantly impacted 
by stage ranging from 98% for stage I, 90% for stage II 
and 77% for stage III disease, respectively. 5-year over-
all survival (OS) for stage IV patients still is dismal at 
approximately 10% [3].

Early stage melanoma is typically treated by wide 
excision and often accompanied by sentinel lymph node 
biopsy [4]; however, patients with advanced locoregional 
disease are often unresectable due to extensive satelli-
tosis or in-transit lesions. The treatment of unresectable 
regional disease has been evolving and improving over 
the past century through advancements in intra-arterial 
and intralesional therapies. Intra-arterial therapies have 
been developed to target disease most commonly limited 
to the extremities as well as the liver; whereas intralesional 
therapies have been utilized primarily for the management 
of locoregionally advanced cutaneous lesions.

Intra‑arterial therapies

In 1958 Creech et al. developed isolated limb perfusion 
(HILP), a technique that allows for perfusion of an isolated 
extremity with high-dose chemotherapy [5]. HILP utilizes 
a cardiopulmonary bypass machine to infuse and circulate 
chemotherapy via directly cannulated major vessels of an 
isolated limb. In 1967, Cavaliere et al. introduced a heat 
exchanger to the extracorporeal circuit for hyperthermic 
isolated limb perfusion (HILP), which was further refined 
by Stehlin in 1975 [6, 7]. During HILP, melphalan-based 
chemotherapy is typically circulated for 60 min at flow 
rates of 400 to 600 mL/min to the isolated limb at tem-
peratures of 39–41 °C in an oxygenated environment while 
tying off of collaterals and the use of a tourniquet is used 
to prevent backflow of chemotherapy into the systemic 
circulation [8, 9].

HILP has been successfully applied to the treatment of 
locoregionally advanced melanoma, specifically targeting 
in-transit disease of an extremity. The overall response 

rate (ORR) to HILP has been reported as high as 80–90% 
and complete responses (CR) have been reported around 
40–70% [9–13]. However, HILP is associated with signifi-
cant morbidity, most notably with lymphedema seen in up 
to 36% of patients [14]. Additionally, due to open surgical 
cannulation and the high rates of subsequent lymphedema, 
HILP is typically only performed once on a given patient. 
Given the morbidity associated with the open technique 
of HILP, there was interest in adapting the technique to a 
minimally invasive approach.

Isolated limb infusion (ILI), a minimally invasive modi-
fication of HILP, was first adapted by Thompson et al. in the 
1990s to treat in-transit, unresectable melanoma isolated to 
one limb [15]. ILI utilizes arterial and venous catheters to 
isolate the inflow and outflow of the limb. The limb is heated 
to at least 37 °C and the patient is heparinized to achieve an 
activated clotting time (ACT) ≥ 350. ILI utilizes lower flow 
rates than HILP (typically 80–120 mL/min) and is performed 
under hyperthermic temperatures in an anaerobic environ-
ment (Fig. 1). Similar to HILP, ILI utilizes Melphalan-based 
chemotherapy dosed at 7.5 mg/L for the lower extremity and 
10 mg/L for the upper extremity with maximum doses of 
100 and 50 mg for the lower and upper extremities, respec-
tively. Melphalan doses are calculated using ideal body 
weight (IBW) with the followed formula: Melphalan dose 
per liter of limb volume to be infused (mg/L) × calculated 
volume of extremity (L) × ideal body weight (kg) ÷ actual 
body weight (kg) [16, 17].

ILI has since been expanded to include the treatment of 
sarcoma and other cutaneous malignancies [18]. Regional 
complications according to the Wieberdink (WBD) scale 
have been reported with ILI, and are usually mild to moder-
ate including localized erythema and edema of the skin [19]. 
However, ILI typically tends to be less morbid and better 
tolerated than HILP due to its minimally invasive approach. 
Single and multi-institutional data for melanoma patients 

Fig. 1  Setup for isolated limb infusion
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treated with ILI demonstrated an ORR around 60% with a 
CR around 30% [20–22].

In a single institutional series from Moffitt Cancer Center, 
a total of 205 ILI procedures were attempted, with 201 suc-
cessfully performed on 164 patients [21]. 145 of those pro-
cedures were performed for melanoma. 114 of those were 
performed as an initial ILI (82% lower extremity, 18% upper 
extremity) and 31 were performed as repeat ILI’s (79% lower 
extremity, 21% upper extremity). The median WBD score 
was 2 (range 1–4). Post-ILI creatine phosphokinase (CPK) 
values peaked at 386 and 1381 IU/L for upper extremity 
and lower extremity procedures, respectively. At 3 months, 
ORR was 59.2%, (including a 26.1% CR), 12.7% of patients 
demonstrated stable disease and 28.2% of patients had pro-
gression of disease. When stratified by extremity type, ILI 
for upper extremity demonstrated a 76.9% ORR and lower 
extremity demonstrated a 55.1% ORR (p = 0.04). Initial ILI 
demonstrated an ORR of 58.4% and repeat ILI demonstrated 
an ORR of 60.0% (p = 0.7). 26% of patients that achieved 
a partial response (PR) with ILI subsequently underwent 
completion resection to have no evidence of disease (NED). 
Response to ILI demonstrated benefits for both in-field pro-
gression-free survival (IPFS; 14.1 vs 3.2 months, p < 0.0001) 
as well as OS (56.0 vs 26.7 months, p = 0.0004) when com-
pared to non-responders. Median time to distant metastatic-
free survival was not reached for responders as compared to 
25.5 months for non-responders (p = 0.018).

Minimally invasive approaches, as seen in the treatment 
of locoregional limb disease, have also been utilized in the 
setting of isolated hepatic melanoma metastases. There are 
myriad treatment options for liver metastases from mela-
noma including surgical resection, isolated hepatic perfusion 
(IHP), catheter-directed therapies [transarterial chemoembo-
lization (TACE), radiofrequency ablation (RFA), Yttrium 
beads], cryotherapy, radiation therapy and systemic ther-
apy. More recently, percutaneous hepatic perfusion (PHP) 
has been utilized for unresectable metastatic melanoma to 
the liver. PHP utilizes a minimally invasive percutaneous 
approach to achieve hepatic vascular isolation and deliver 
high-dose chemotherapy to liver metastases. Melphalan is 
typically perfused at 3 mg/kg, corrected for IBW, and deliv-
ered via selective cannulation of the left and right hepatic 
arteries. Hepatic vascular occlusion and veno–veno bypass 
is used to minimize systemic perfusion. The technique is 
commonly used for metastatic ocular melanoma, and the 
PHPs are typically repeated every 6–8 weeks for up to 6 
total treatments if there is a response, limited adverse effects 
(recovery from any adverse effects between treatments) and 
no extrahepatic disease development [23].

Only approximately 20% of primary cutaneous mela-
noma metastases involve the liver; however, metastases 
from uveal melanoma involve the liver in 50–80% of cases 
and in most of those cases the liver is the only involved 

site [24]. Metastatic uveal melanoma carries a particularly 
dismal prognosis with 1-year survival rates reported at 
10–25% [25–28]. Median survival has been reported up 
to 27 months in cases of resectable ocular melanoma liver 
metastases [29], In comparison, unresectable disease is 
typically refractory to systemic therapy and median sur-
vival has been reported at 4–5 months [30–32].

Forster et  al. retrospectively reviewed a series of 
patients with unresectable melanoma and sarcoma liver 
metastases to evaluate therapeutic response, morbidity, 
hepatic progression-free survival (hPFS) and OS in the 
setting of PHP [27]. A total of 27 PHPs were performed 
on ten patients. Five of the patients had metastatic ocular 
melanoma, three had cutaneous melanoma, one had an 
unknown primary melanoma and one had a sarcoma. 90% 
of patients demonstrated stable disease or PR to treatment 
and the median hPFS was 240 days. There were no perio-
perative mortalities and myelosuppression was the most 
common morbidity associated with PHP.

Hughes et al. reported their results of a randomized, 
controlled, multicenter phase III trial comparing PHP with 
best available care (BAC) for patients with melanoma liver 
metastases [23]. 93 patients with metastatic melanoma 
were randomized to either PHP or BAC. The primary 
endpoint was hPFS and secondary endpoints were overall 
progression-free survival (oPFS), OS, hepatic objective 
response (hOR), and safety. 49 patients received 115 PHP 
procedures (median number of PHPs per patient = 2). 85% 
of treated patients had intrahepatic disease only. Roughly 
1/3 of patients had either previous liver-directed treat-
ment or previous systemic treatment. After a median 
follow-up of 294 days, median hPFS in the PHP group 
was 7.0 months (95% CI 5.2–9.7 months) vs 1.6 months 
(95% CI 1.5–2.9 months) in the BAC group (p < 0.0001). 
Median oPFS in the PHP group was 5.4 months (95% CI 
3.4–8.1 months) vs 1.6 months (95% CI 1.5–2.3 months) 
in the BAC group (p = 0.0001). OS was not significantly 
improved in the PHP arm (10.6  months for PHP vs 
10.0 months for BAC); however, this was likely attribut-
able to the high crossover rate of 57.1% from the BAC 
arm to PHP after progression of disease on BAC. 1-year 
hPFS for PHP responders was 45.9 and 18.9% for those 
patients with stable disease after PHP. Similar benefits 
were appreciated on OS stratified by hepatic response 
with a 2-year OS of 60% for responders vs 21% for non-
responders (p = 0.0061). OS was also impacted by disease 
burden with a more favorable prognosis for those patients 
who had a low burden of disease as defined by ≤ 10 lesions 
and < 50% liver involvement (p = 0.02). The most common 
adverse events were hematologic and cardiovascular, likely 
related to melphalan perfusion and bypass for liver isola-
tion, respectively.
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Intralesional therapies

Intra-arterial therapies have been effectively comple-
mented by numerous intralesional therapies that have been 
utilized in the treatment of locoregionally advanced mela-
noma. The concept of intralesional therapies for cancer 
treatment was first reported in 1893 by Coley who injected 
malignant tumors with repeated inoculations of erysipelas 
[33]. Many of the current intralesional therapies demon-
strate efficacy, in part, by mediating a T cell response in 
the host tumor bed with the potential for clinical impact on 
more distant sites of disease due to the immune response. 
Historically, Bacille Calmette–Guerin (BCG) is the most 
recognized intralesional therapy used for in-transit mela-
noma and was first reported by Dr. Morton et al. in 1974 
[34]. That initial series demonstrated 90% regression of 
the injected cutaneous lesions as well as 17% regression 
of uninjected lesions. Disease-free survival was sustained 
up to 74 months after injection in select patients. How-
ever, later studies by the Eastern Cooperative Oncology 
Group (ECOG) did not demonstrate any survival differ-
ences between patients that received either BCG, BCG 
with dacarbazine, or observation alone. Additionally, the 
use of BCG was associated with the development of punc-
tate abscesses in greater than two-thirds of the patients 
treated in this study [35].

Talimogene laherparepvec (T-VEC) is an oncolytic her-
pes simplex type 1 virus (HSV-1) that has been modified 
to selectively replicate within tumors and produce granu-
locyte macrophage colony-stimulating factor (GM-CSF). 
Genetic deletion of two non-essential HSV-1 genes reduces 
the suppression of antigen presentation and enables the 
virus to proliferate in tumor cells. Further viral modifica-
tion by insertion of the gene for GM-CSF promotes an 
immunologic response in the tumor microenvironment 
through increased dendritic cell activity, heightened T cell 
responses and further increased tumor antigen presentation 
[36–38]. T-VEC is approved for intralesional injection of 
cutaneous, subcutaneous and nodal melanoma. Phase I, 
II, and III clinical trials have been conducted to evalu-
ate the safety and efficacy of T-VEC. Treatment protocols 
are typically characterized by intralesional injections with 
up to 4 mL of  106 PFU/mL followed by up to 4 mL of 
 108 PFU/mL every 2 weeks for up to 24 total treatments 
[38, 39]. Typical side-effects include local reactions at the 
injection site as well as flu-like symptoms.

Initial phase II clinical trials demonstrated an ORR of 
26% (including a 16% CR) with some durable responses 
that lasted up to 31 months as well as some improvement 
in uninjected visceral bystander lesions (Fig. 2). 1- and 
2-year OS were reported at 58 and 52%, respectively 
[40]. In a phase III clinical trial, investigators compared 

intralesional T-VEC to subcutaneously injected GM-CSF 
for unresectable stage IIIB to IV melanoma patients to 
assess durable response rate (DRR; defined as a partial 
or CR lasting continuously ≥ 6 months), OS, and ORR 
[41]. 436 patients were randomly assigned at a 2:1 ratio 
(T-VEC: GM-CSF). T-VEC demonstrated a significant 
advantage compared to GM-CSF with a DRR of 16.3% 
compared to 2.1%, respectively. ORR was also signifi-
cantly improved in the T-VEC arm (26.4%) compared 
to the GM-CSF arm (5.7%). Median OS was trending 
towards demonstrating benefit in the T-VEC arm at 23.3 
vs 18.9 months (p = 0.051). On subgroup analysis, TVEC 
demonstrated an improvement in DRR for patients with 
stage IIIB or IIIC disease (33 vs 0%) as well as patients 
with stage IVM1a disease (16 vs 2%). TVEC also dem-
onstrated an improvement in ORR for patients with stage 
IIIB or IIIC disease (52.3 vs 2.3%) as well as patients with 
stage IVM1a disease (26.7 vs 2.3%).

The investigators additionally reported on the clinical 
pattern of response to T-VEC by assessing lesion-level 
gross response as well as the pathophysiologic impact of 
T-VEC treatment utilizing immunohistochemistry (IHC) 
[42]. T-VEC treatment resulted in at least 50% reduction 
in the size of 64% of injected lesions, 34% of uninjected 
non-visceral and 15% of visceral bystander lesions. Com-
plete resolution was noted in 47% of injected lesions, 22% 
of uninjected non-visceral and 9% of visceral bystander 
lesions. On histologic assessment T-VEC demonstrated a 
dramatic destruction of malignant melanoma cell popula-
tions as well as an influx of lymphocyte populations in 
response to local TVEC injection (Fig. 3). These results 
have also been demonstrated in the setting of melanoma 
that has been refractory to prior treatment including ILI, 
chemotherapy and systemic immunotherapy. Due to these 
findings, TVEC was approved by the FDA for use for stage 
IIIB, IIIC, and IVM1a melanoma in October 2015.

Fig. 2  Robust and durable local response after TVEC injection
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PV-10, also known as rose bengal, is another intralesional 
therapy that has demonstrated promising results in the treat-
ment of locoregionally advanced cutaneous melanoma. 
PV-10 is a 10% solution of rose bengal, which is a water-
soluble xanthine dye that was initially used to diagnose oph-
thalmologic damage and liver cancer [43]. The mechanism 
of action is attributed to the xanthine dye, which facilitates 
the formation of reactive oxygen species with visible light 
and thereby initiates a phototoxic effect. The lysosomes 
of cancer cells selectively absorb the xanthine dye allow-
ing for a relatively targeted treatment effect. PV-10 targets 
tumor cells via two mechanisms: (1) primary ablation due to 
intralesional injection and (2) a secondary immunomodula-
tory effect is seen upon tumor antigen release, antigen-pre-
senting cell (APC) uptake, T cell activation and subsequent 
bystander tumor destruction in uninjected lesions [44, 45]. 
Due to these mechanisms, PV-10 has demonstrated efficacy 
in the treatment of satellite and in-transit disease in both 
injected and bystander lesions.

A phase I trial on PV-10 demonstrated an ORR of 48% for 
injected lesions as well as a 27% ORR for injected bystander 
lesions; however, this study only assessed 11 patients [43]. 
There was a dose-dependent effect of PV-10 seen in this 
study with lower response rates seen in lesions that received 
less than 0.2 mL/cc per lesion compared to 0.5 mL/cc per 
lesion. Another phase I study utilized a single dose of 
PV-10 and again demonstrated comparable results with an 
OR of 40% including a 20% response in injected lesions 
and 15% response in bystander lesions [46]. A follow-up 
phase II trial was conducted on 80 patients that demonstrated 

equally promising results [46]. In this study, up to 20 lesions 
were injected with repeat injections at 8, 12, and 16 weeks 
if needed. Most patients responded after the initial injec-
tion. An ORR of 51% was seen, including a 26% CR. Unin-
jected lesions demonstrated a 33% ORR (26% CR, 7% PR). 
Adverse effects were most commonly related to injection site 
pain, erythema, swelling, and photosensitivity.

Intra-arterial and intralesional therapies have been effec-
tively utilized in the treatment of locoregionally advanced 
melanoma; however, the optimal use of locoregional thera-
pies in the setting of targeted therapy and systemic check-
point blockade has not been well established. Intralesional 
treatments, such as T-VEC, are oncolytic therapies that typi-
cally induce an elevated immune response [34, 37]. There-
fore, the combination of locoregional therapies with targeted 
or systemic immunotherapies could potentially demonstrate 
a synergistic effect [47]. There are currently multiple clini-
cal trials that are ongoing and others that have shown early 
promise in a multi-modality approach for locoregionally 
advanced and metastatic disease [48].

Ipilimumab in combination with T-VEC has been eval-
uated in a phase II clinical trial and has demonstrated an 
ORR of 50% (compared to up to 11.9% for ipilimumab alone 
[49] and 26% for T-VEC alone [42]) and a 22% CR with 
durability beyond 1 year [50]. T-VEC in combination with 
pembrolizumab is currently being evaluated in a phase I/III 
clinical trial and early data from the trial has demonstrated 
an ORR of 57% (compared to approximately 34% for pem-
brolizumab alone [49] and 26% for T-VEC alone [42]) with 
a CR of 24% [51]. A multi-center, international phase Ib/II 

Fig. 3  No residual tumor seen 
on IHC despite residual pigment 
noted on cutaneous lesion (red 
arrow). (Color figure online)
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study is currently underway to assess the safety and efficacy 
of PV-10 plus pembrolizumab for the treatment of meta-
static melanoma (NCT02557321). Additionally, a multi-
center, international phase III study is currently comparing 
PV-10 vs chemotherapy vs T-VEC to assess progression-free 
survival, CR rate, duration of CR and OS in patients with 
stage IIIB, IIIC and IV M1a melanoma (NCT02288897). 
Further studies will elucidate the role of combination 
therapy, including a staged approach using upfront locore-
gional therapies to prime the immune system prior to sys-
temic immunotherapy. The rapidly changing landscape of 
immunotherapy-based melanoma treatment will likely be 
enhanced by this multimodality approach.

Conclusion

Melanoma presents as locoregionally advanced unresectable 
disease in up to 10% of patients and is a particularly chal-
lenging spectrum of disease to manage; however, there are 
still numerous options that can be used as monotherapy or 
potentially in combination. These options include intra-arte-
rial therapies, such as ILI and PHP, and intralesional treat-
ments, such as BCG, TVEC and PV-10. These locoregional 
therapies are typically well tolerated, easily delivered and 
have shown significant promise in the treatment of locore-
gionally advanced melanoma.

Funding This study was supported by "Provectus Biopharmaceuticals, 
Delcath Systems".
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