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a b s t r a c t 

Background: Treatment strategies for advanced cutaneous melanoma (CM) patients, resis- 

tant or not treatable with novel target and immunotherapeutic drugs, remain a significant 

challenge, particularly for patients with unresectable stage IIIC/D disease localized to infe- 

rior limbs and pelvis, for whom specific outcomes are rarely considered. 

Materials and methods: This is a prospective study of multidisciplinary treatments, includ- 

ing locoregional melphalan chemotherapy, in 62 BRAF wild-type CM patients with locore- 

gional metastases in the inferior limbs and pelvis, including inguinal regions. Patients were 

either in progression following or ineligible for, or not treatable with novel immunother- 

apy. For exclusively inferior limb-localised disease, patients received locoregional melpha- 

lan chemotherapy performed by hyperthermic isolated limb perfusion ( n = 19) or isolated 

limb infusion ( n = 19), and for synchronous lesions localised to inferior limbs and pelvis, 

received hypoxic pelvic and limb perfusion ( n = 24). Additional multidisciplinary therapy 

included local, locoregional and systemic treatments and the primary endpoint was tumour 

response. 

Abbreviations: WT, wild-type; BRAF, v-Raf murine sarcoma viral oncogene homolog B; Trk, tropomyosin receptor kinase. 
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Results: The objective response rate following first cycle of locoregional chemotherapy was 

37.1% at 3 mo and median progression-free survival was 4-mo, with 12.9% procedure-related 

complications, 30.6% low-grade haematological toxicity and 11.3% severe limb toxic tissue 

reactions. Multivariate logistic regression showed that the odds of response were signifi- 

cantly higher for patients ≤ 75 y of age and for patients with locoregional metastases exclu- 

sively located in the inferior limbs. 

Conclusion: In this subgroup of CM patients with BRAF wild-type status, locoregional metas- 

tases localized to inferior limbs and pelvis, in progression following or ineligible for im- 

munotherapy, melphalan locoregional chemotherapy demonstrated a safe and effective 

profile. 

Trial Registration: ClinicalTrials.gov Identifier NCT01920516; date of trial registration: August 

6, 2013. 

© 2021 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Cutaneous melanomas (CMs) are increasing in incidence and
recur in approximately 10% of cases as locoregional metas-
tases, including local recurrences, in-transit and satellites
metastases, and regional lymph node metastases. Approxi-
mately 4% of locoregional metastases cumulatively localise to
inferior limb, inguinal and pelvic regions, with synchronous
inferior limb, inguinal region and/or pelvic involvement ob-
served in approximately 2% of cases.1-3 

Over the past 15 y, local, regional and systemic treatments
for locoregional metastatic melanoma have evolved and high-
volume specialist centres now provide local, regional, and
systemic therapeutic options. However, these therapeutic op-
tions are not uniformly recommended by current interna-
tional guidelines 1 , 4-10 ; in particular, there are guideline differ-
ences in recommended local therapeutic procedures and both
Japanese 10 and some European guidelines 7 do not recom-
mend locoregional chemotherapy. Local treatments include
surgical resection, electro-chemotherapy (ECT), ablative, top-
ical and intralesional therapies.11-13 Regional treatment op-
tions include regional radiation therapy 14 and locoregional
chemotherapy by hyperthermic isolated limb perfusion (HILP)
or isolated limb infusion (ILI) for locoregional melanoma
metastases located in the limbs,1 or hypoxic pelvic and limb
perfusion (HPLP) for cases of synchronous inferior limb and
inguinal region and/or pelvic involvement.15 Systemic treat-
ments, currently proposed for locoregional metastases judged
to be unresectable for technical or clinical reasons, include
single or combinations of agents with local and/or regional
treatments.11 In patients with unresectable stage III and IV
CM, 4-y overall survival (OS) rate of approximately 58% and
median survival time of approximately 20 mo have been re-
ported.16 Patients with unresectable stage III melanoma, how-
ever, represent only 3% of cases evaluated in novel target and
immunotherapy studies over the past 5 y, making it impossi-
ble to extrapolate accurate outcomes of stage IIIC/D patients
with synchronous locoregional metastases in inferior limbs
Please cite this article as: Guadagni et al, A Prospective Study of 
Melanoma Patients, Journal of Surgical Research, https://doi.org/1
and pelvis.16 Furthermore, target therapy has been reported
to provide a significant improvement in overall median sur-
vival of only 50% in patients with BRAF V600E mutated CM,17 , 18

and novel immunotherapies reported to be efficacious in only
approximately 45% of patients with wild-type BRAF CM.19-21

Moreover, patients presenting with concomitant autoimmune
disorders, chronic viral infections, organ dysfunction, organ
transplants, brain metastases or who are either pregnant, too
old or too frail have been excluded from the majority of im-
mune checkpoint inhibitor clinical trials, although a number
of trials have addressed systemic therapies in patients with
brain metastases and trials are ongoing in patients with or-
gan transplants.22 

The current plethora of therapeutic options for melanoma
not only reflects the fact that not all treatments are available
in every institution but also that no single therapeutic strat-
egy fits all cases. The selection of therapy is based on lesion
number, size and anatomic location, regional lymph node in-
volvement and/or distant metastases, biomolecular aspects,
concomitant disease and response to previous therapies.11

According to the majority of current guidelines,1 therefore, a
multidisciplinary therapeutic approach to CM should include
locoregional chemotherapy, particularly for patients with lo-
coregional inferior limb and pelvic metastases not responsive
or eligible for novel target and immune therapies, who tradi-
tionally have bad therapeutic outcomes.23 , 24 

Here, we address this issue in a prospective, real-life, open-
label, multicentre study of a selected group of stage IIIC and
IIID wild-type BRAF CM patients with locoregional inferior
limb, pelvic and/or inguinal metastases, in progression follow-
ing or not eligible for novel immune therapies. This patient
population was submitted for multidisciplinary treatments,
including locoregional melphalan chemotherapy. 

2. Material and Methods 

2.1. Patients 

From 2012-2020, 62 CM patients (median age = 67.5 y, in-
terquartile range = 58-75) with locoregional limb and pelvic
Intraarterial Infusion Chemotherapy in Advanced WT BRAF 
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or inguinal metastases were prospectively enrolled as pre-
defined subset of a larger trial database of CM patients
treated with melphalan locoregional chemotherapy (Clini-
calTrials. gov Identifier NCT01920516). Inclusion criteria for
this subset were: (1) locoregional metastases (local recur-
rences, in-transit and satellite metastases, and regional lymph
node metastases) located in inferior limbs, or in limbs and
pelvis/including inguinal region (synchronous metastases); (2)
BRAF wild-type status, and (3) progression following novel im-
munotherapy or ineligibility for clinical or non-clinical rea-
sons, including: the absence of National Health System ap-
proval, administrative problems or for economic reasons. Pa-
tients with acral melanomas or upper limbs lesions were ex-
cluded from this study. None of the patients had nodal dis-
ease only. The patients included in this study were not in-
volved in previous studies 3 , 24 , 25 and will not be included in
future NCT01920516 reports. In accordance with Hospital Re-
view Board regulations and the Helsinki Declaration, written
consent was obtained from all patients and the study was ap-
proved by the relevant ethics committees (protocol numbers
0015956/2013 and 10/CE/2018). 

2.2. Locoregional melphalan chemotherapy 

Based on previous pharmacokinetic and clinical studies,25-30 

melphalan was used for locoregional chemotherapy at a dose
of 35 mg/m 

2 . The selection of locoregional chemotherapeu-
tic procedure was made by a multidisciplinary board, as fol-
lows: (1) HILP for patients < 76 y old with < 2 ECOG perfor-
mance status and locoregional limb metastases; (2) ILI for pa-
tients > 75 y old and/or with ≥ 2 ECOG performance status
and locoregional limb metastases, and (3) HPLP for patients
with locoregional limb and pelvic metastases. The HILP, ILI,
and HPLP procedures have been previously described 

15 , 25 , 30 

and all procedures employed an extra-corporeal circulation
machine. HILP was performed with oxygenation, high flow
rates (150-1000 ml/min) and circuit hyperthermia to main-
tain tissue normothermia or mild tissue hyperthermia (39 ̊C).
ILI and HPLP were performed under hypoxic conditions with
low flow-rates (50-150 ml/min) and mild circuit hyperthermia
to maintain tissue normothermia, with the option of chemo-
filtration. Both HILP and HPLP procedures require specialized
surgical skill, the HPLP procedure can also be performed per-
cutaneously, whereas the ILI procedure requires an interven-
tional radiologist. A percutaneous approach was chosen to
minimize invasiveness and was contraindicated if: (1) iliac ac-
cess was necessary in relation to fibrosis of the femoral vessel
area; (2) lymphadenectomy was required, or (3) if the diame-
ter of the common femoral artery was ≤ 7 mm, making vessel
dissection risky.28 

2.3. Further multidisciplinary treatments 

Based on multidisciplinary board recommendations, follow-
ing the first locoregional chemotherapy cycle, 28 patients re-
ceived best supportive care for symptoms and 34 patients re-
ceived treatments with curative intents, including surgery in
15 patients (6 of whom were submitted to ileo-inguinal lymph
node dissections), surgery and diathermy-fulguration in six
Please cite this article as: Guadagni et al, A Prospective Study of 
Melanoma Patients, Journal of Surgical Research, https://doi.org/1
patients, ECT in one patient, locoregional chemotherapy pro-
cedures in 25 patients, systemic chemotherapy with temo-
zolomide in one patient, immunotherapy with interleukin-2
inone patient and pembrolizumab in two patients. The two
patients who received pembrolizumab were previously con-
sidered untreatable with this drug, due to prior absence of Na-
tional Health System approval. At progression, all patients re-
ceived best supportive care exclusively. Timing of locoregional
chemotherapy repetitions (6/7-wk intervals) was based on
previous studies, reporting disease-relapse in the presence of
residual disease and initiation with progression by 8 wk in ag-
gressive disease states.15 Locoregional chemotherapy was not
repeated, if: (1) locoregional metastases had progressed; (2) si-
multaneous distant relapses had occurred; (3) the general con-
dition of the patient had worsened, or (4) if the patient refused
treatment or withdrew consent. Bi-monthly surveillance in-
cluded: clinical evaluation, photographic comparison, com-
puted tomography (CT), magnetic resonance imaging (MRI)
and/or positron emission tomography (PET). 

2.4. Endpoints 

The primary endpoint of this study was tumour response and
secondary endpoints were adverse events, progression-free
survival and OS. 

2.5. Performance status, tumour response, and adverse 
events criteria 

Patients’ performance status was defined according to
ECOG.31 Response was determined approximately 45 d af-
ter the first melphalan locoregional chemotherapy procedure.
The follow-up modalities and timing were not previously de-
fined in the protocol of the NCT01920516 trial. Timing of re-
sponse evaluation was based on previous studies, reporting
disease-relapse in the presence of residual disease and initia-
tion with progression by 8 wk in aggressive disease states.15 

Responses of deep mass and lymph node metastases were
assessed by CT, MRI and PET, and classified using Response
Evaluation Criteria in Solid Tumours (version 1.1), as either
complete responses (CR), partial responses (PR), stable dis-
ease (SD) or progressive disease (PD).32 Responses of super-
ficial lesions were assessed by physical examination and pho-
tographic comparison. The objective response rate (ORR) re-
flects the percentage of patients exhibiting a minimum 30%
reduction in tumour volume (PR) or the complete disappear-
ance of tumour after treatment (CR). Adverse events were
evaluated using CTCAE software (v4.03) (National Cancer In-
stitute, Bethesda, Massachusetts, USA) and toxic reactions
in infused/perfused tissues were evaluated according to the
Wieberdink toxicity score.33 

2.6. Statistical analysis 

Data are summarized as medians and interquartile range
(IQR). Univariate associations between response patterns and
clinical variables were calculated using χ2 tests, setting the I
type error at 5%. In accordance with variables in this study,
odds ratios responses were estimated, 95% confidence inter-
val calculated using the Woolf method and multivariate anal-
Intraarterial Infusion Chemotherapy in Advanced WT BRAF 
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Table 1 – Characteristics of 62 stage IIIC and IIID, BRAF 
wild type CM patients with locoregional limb and pelvic 
and/or inguinal metastases. 

N % 

Gender 

- Female 42 67.7 

- Male 20 32.3 

ECOG performance status 

- 0 18 29.0 

- 1 27 43.6 

- 2 16 25.8 

- 3 1 1.6 

- 4 0 0 

Primary site of melanoma 

- Lower extremity 58 93.6 

- Gluteal region 1 1.6 

- Anterior abdominal wall 2 3.2 

- Back 1 1.6 

Location of the locoregional metastases 

- Inferior limbs plus pelvis including inguinal region 24 38.7 

- Inferior limbs 38 61.3 

Stage 26 

- IIIC 47 75.8 

- IIID 15 24.2 

Burden 27 

- Low burden ( < 10 nodules; or no lesion > 3 cm) 33 53.2 

- High burden ( ≥ 10 nodules; or one lesion > 3 cm) 29 46.8 

Metastatic cells producing melanin 

- Yes 34 54.8 

- No 28 45.2 

Mitotic rate of the metastatic cells 

- ≥ 1 mitosis per mm 

2 22 35.5 

- < 1 mitosis per mm 

2 40 64.5 

Previous therapies of the locoregional metastases 

- No previous treatment 24 38.7 

- Dacarbazine-based systemic chemotherapy 9 14.5 

- Interferon alpha and/or interleukin-2 15 24.2 

- Palliative excision 32 51.6 

- Ipilimumab 3 4.8 

- Pembrolizumab 1 1.6 

- Electrochemotherapy 6 9.7 

ECOG = Eastern Cooperative Oncology Group. 

 

 

 

 

 

 

ysis of responses addressed by multivariate logistic regres-
sion. Independent variable selection followed a 4-step process:
(1) univariate test statistical significance; (2) a Cramer value
(V) approaching 1; (3) a variance inflation analysis of previ-
ously selected variables (namely, variables were excluded if
the variance inflation index was > 1.5), and (4) a model set
according to optimal (minimum) Bayesian information crite-
ria. Model specification was assessed by a link test for the
single-equation model devised. Progression-free survival and
OS were analysed by Kaplan Meyer survival curve and log-rank
tests. Variables were categorized at the outset and unadjusted
hazard ratios were estimated. Progression and mortality risk
assessments were addressed using a multivariate Cox regres-
sion model, adjusted for selected confounders according to
the aforementioned selection steps. Model fitting was checked
by log-likelihood ratio test and statistical analyses were com-
puted using STATA software (version 14) (Stata Corp, College
Station, Texas, USA). 

3. Results 

Descriptive characteristics of the 62 patients included in this
study are presented in Table 1 . With respect to histologic char-
acteristics, all metastatic tissues were characterized by the
presence of epithelioid cells and the absence of spindle cells
and tumour-infiltrating lymphocytes. With respect to previous
immunotherapeutic treatments for locoregional metastases,
three patients were in progression following ipilimumab ther-
apy, pembrolizumab therapy was interrupted in one patient
due to pneumonitis and 58 patients were deemed ineligible
for novel immunotherapy by a multidisciplinary board (Sup-
plementary Material Table). 

3.1. Primary endpoint 

In this 62 WT- BRAF CM patient-cohort, the ORR was 37.1% fol-
lowing first cycle of locoregional chemotherapy and was com-
prised of 15 CRs (24.2%) and 8 PRs (12.9%). Responses (CR plus
PR) were significantly higher in patients ≤ 75 y old, patients
with ECOG performance status < 2, patients with locoregional
metastases exclusively located in inferior limbs, patients with
stage IIIC disease and patients with tumours with < 1 mitosis
per mm 

2 ( Table 2 ). With respect to therapeutic procedure, HILP,
ILI and HPLP elicited response rates of 89.5% (13 CR, 4 PR, 2 SD),
15.8% (1 CR, 2 PR, 15 SD, 1 PD) and 12.5% (1 CR, 2 PR, 21 SD), re-
spectively, and responses were significantly higher in patients
submitted for HILP ( Table 2 ). Based on multivariate logistic re-
gression, the odds of response were significantly higher for pa-
tients ≤ 75 y of age and for patients with locoregional metas-
tases exclusively located in the inferior limbs ( Table 3 ). 

3.2. Secondary endpoints 

3.2.1. Adverse events 
Procedure-related complications occurred in 12.9% of patients
and haematological toxicity occurred in 30.6% of patients and
were not statistically different between procedures. Limb toxic
tissue reactions were detected in 61.3% of patients (19 HILP pa-
tients and 19 ILI patients) and severe reactions (Wieberdink
Please cite this article as: Guadagni et al, A Prospective Study of 
Melanoma Patients, Journal of Surgical Research, https://doi.org/1
grade 3 or 4) were detected in 11.3% of patients. Although
autonomous mobility was delayed by the HILP procedure, all
patients were able to walk independently upon hospital dis-
charge. One patient, however, developed postoperative foot
drop ( Table 4 ). 

3.2.2. Progression-free survival 
Post therapeutic local or loco-regional progression charac-
terised 48 patients (90.6%) and distant site progression char-
Intraarterial Infusion Chemotherapy in Advanced WT BRAF 
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Table 2 – Responses (CR plus PR) in relation to patient and/or tumour variables and therapeutic procedures. 

Variables N. of responses (% within groups) P value of Pearson’s χ2 test Univariate OR (95% CI) 

Age 

≤ 75 21/47 (44.7%) 0.029 5.3 (1.1-25.9) 

> 75 2/15 (13.3%) 

Gender 

Male 5/20 (25.0%) 0.174 0.4 (0.1-1.5) 

Female) 18/42 (42.9%) 

ECOG performance status 

< 2 20/45 (44.4%) 0.050 3.7 (0.94-14.8) 

≥ 2 3/17 (17.7%) 

Location of the locoregional metastases 

Inferior limbs plus pelvis 3/24 (12.5%) 0.001 0.1 (0.0-0.5) 

Inferior limbs 20/38 (52.6%) 

Stage 

IIIC 23/47 (48.9%) 0.005 12.3 (1.5-101.4) 

IIID 1/15 (6.7%) 

Burden 

Low 11/33 (33.3%) 0.513 0.7 (0.25-1.9) 

High 12/29 (41.4%) 

Metastatic cells producing melanin 

No 8/28 (28.6%) 0.207 0.5 (0.17-1.5) 

Yes 15/34 (44.1%) 

Mitotic rate of the metastatic cells 

< 1 20/40 (50.0%) 0.005 6.3 (1.62-24.8) 

≥ 1 3/22 (13.6%) 

Previous therapies of the locoregional metastases 

No 12/24 (50.0%) 0.095 2.4 (0.85-7.1) 

Yes 11/38 (29.0%) 

Type of locoregional chemotherapy 

- HILP versus ILI 

– HILP 17/19 (89.5%) 0.0001 45.3 (6.7-307.7) 

– ILI 3/19 (15.8%) 

- HILP versus HPLP 

– HILP 17/19 (89.5%) 0.0001 59.5 (8.9-397.8) 

– HPLP 3/24 (12.5%) 

- ILI versus HPLP 

– ILI 3/19 (15.8%) 0.757 1.3 (0.2-7.4) 

– HPLP 3/24 (12.5%) 

CI = confidence interval; ECOG = Eastern Cooperative Oncology Group; HILP = hyperthermic isolated limb perfusion; HPLP = hypoxic pelvic 
and limb perfusion; ILI = isolated limb infusion; OR = odds ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

acterised five patients (9.4%). The median time of progression-
free survival was 4 mo (IQR = 3-6). Univariate analysis in-
dicated that progression-free survival was significantly pro-
longed in patients with ECOG performance status < 2, le-
sions located exclusively in inferior limbs, stage IIIC dis-
ease, in patients with < 1 mitosis per mm 

2 in metastatic
tissues, and in patients submitted for the HILP locoregional
chemotherapy procedure ( Table 5 ; Part A). However, multi-
variate statistical analysis based upon location of the locore-
gional metastases, stage and mitotic rate of the metastatic
Please cite this article as: Guadagni et al, A Prospective Study of 
Melanoma Patients, Journal of Surgical Research, https://doi.org/1
cells, indicated that none of these three variables signifi-
cantly affected progression-free survival in this advanced CM
subgroup. 

3.2.3. Overall survival 
The median OS time following multidisciplinary treatments,
including locoregional chemotherapy, was 20 mo (IQR = 14-
30 mo) and 1-, 3- and 5-y survival rates were 85.5%, 22.6%
and 8.1%, respectively. Univariate analysis indicated that OS
was significantly prolonged in patients with ECOG perfor-
Intraarterial Infusion Chemotherapy in Advanced WT BRAF 
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Table 3 – Logistic regression of selected patient/tumour variables on response to locoregional chemotherapy. 

Variables OR 95% CI P value 

Age 

≤ 75 versus > 75 8.74 1.46-52.27 0.017 

ECOG performance status 

< 2 versus ≥ 2 2.01 0.35-11.57 0.432 

Location of the locoregional metastases 

Inferior limbs plus pelvis versus Inferior limbs 0.18 0.03-0.97 0.046 

Stage 

IIIC versus IIID 5.99 0.59-60.86 0.130 

Mitotic rate of the metastatic cells 

< 1 versus ≥ 1 2.49 0.48-12.86 0.274 

CI = confidence interval; ECOG = Eastern Cooperative Oncology Group; OR = odds ratio. 

Table 4 – Procedure-related complications and toxicities in 62 CM patients subjected to first cycle of melphalan locoregional 
chemotherapy. 

Part A: 
Procedure-related 

complications Grade 1-2 Grade ≥ 3 

All patients 
(62) number 
(%) 

HILP (19/62) 
number (%) 

ILI (19/62) 
number (%) 

HPLP (24/62) 
number (%) 

Persistent leakage of fluid 
from the incision 

+ - 2 (3.2) 1 (5.3) 0 (0) 1 (4.2) 

Seroma + - 1 (1.6) 0 (0) 0 (0) 1 (4.2) 

Wound infection + - 1 (1.6) 0 (0) 0 (0) 1 (4.2) 

Scrotum swelling + - 1 (1.6) 0 (0) 0 (0) 1 (4.2) 

Pelvic pain + - 1 (1.6) 0 (0) 0 (0) 1 (4.2) 

Inguinal hematoma + - 2 (3.2) 0 (0) 1 (5.3) 1 (4.2) 

Part B: Procedure-related 
toxicities 

Anaemia + - 4 (6.4) 3 (15.8) 1 (5.3) 0 (0) 

Neutropenia + - 8 (12.9) 3 (15.8) 3 (15.8) 2 (8.3) 

Thrombocytopaenia + - 7 (11.3) 3 (15.8) 3 (15.8) 1 (4.2) 

Hypotension + - 1 (1.6) 1 (5.3) 0 (0) 0 (0) 

Alopecia + - 1 (1.6) 0 (0) 0 (0) 1 (4.2) 

Nausea and vomiting + - 5 (8.1) 1 (5.3) 3 (15.8) 1 (4.2) 

Dyspeptic symptoms + - 1 (1.6) 1 (5.3) 0 (0) 0 (0) 

Acidosis + - 1 (1.6) 1 (5.3) 0 (0) 0 (0) 

Wieberdink toxic tissue 
reactions score 

+ - 31 (50.0) 15 (79.0) 16 (84.2) 0 (0) 

- + 7 (11.3) 4 (21.1) 3 (15.8) 0 (0) 

Motor and sensory deficit + - 2 (3.2) 2 (10.6) 0 (0) 0 (0) 

Foot drop + - 1 (1.6) 1 (5.3) 0 (0) 0 (0) 

HILP = hyperthermic isolated limb perfusion; HPLP = hypoxic pelvic and limb perfusion; ILI = isolated limb infusion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mance status < 2, lesions located exclusively in inferior
limbs, stage IIIC disease, in patients exhibiting < 1 mito-
sis per mm 

2 in metastatic tissues, and in patients submit-
ted for the HILP locoregional chemotherapy procedure. How-
ever, multivariate analysis based upon location of the locore-
gional metastases, stage and mitotic rate of the metastatic
cells, identified stage IIID as the only statistically significant
variable affecting OS in this advanced CM subgroup ( Table 5 ;
Part B). 
Please cite this article as: Guadagni et al, A Prospective Study of 
Melanoma Patients, Journal of Surgical Research, https://doi.org/1
4. Discussion 

Improvement in the treatment of CM patients with locore-
gional metastases in inferior limbs and in pelvic or inguinal
regions, is an important objective of translational and clini-
cal research, and is of particular relevance to wild-type BRAF
CM patients, in progression following or ineligible for novel
immunotherapy. The most relevant aspect of this study is
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Table 5 – Univariate and multivariate analysis of variables affecting progression-free survival (Part A) and overall survival 
(Part B) in 62 CM patients. 

Part A 

Variables PFS (mo) Univariate analysis Multivariate analysis 

Median (IQR) HR 95% CI P value HR 95% CI P value 

Age 

- ≤75 4 (3-12) 

- > 75 3 (3-5) 0.63 0.34-1.17 0.15 

Gender 

- Female 4 (3-20) 

- Male 4 (3-5.5) 1.45 0.80-2.60 0.21 

ECOG performance status 

- < 2 5 (4-12) 

- ≥2 3 (3-4) 0.34 0.18-0.63 0.001 

Location of the locoregional metastases 

- Inferior limbs plus pelvis 3 (3-4) 2.38 1.34-4.22 0.003 1.77 0.90-3.48 0.09 

- Inferior limbs 5 (4-20) 

Stage 

- IIIC 4 (3-12) 

- IIID 4 (3-4) 0.44 (0.23-0.84) 0.01 0.64 0.32-1.29 0.21 

Burden 

- Low 4 (3-6) 

- High 4 (3-12) 0.96 0.55-1.66 0.88 

Metastatic cells producing melanin 

- No 4 (3-5.5) 0.88 0.51-1.53 0.66 

- Yes 4.5 (3-12) 

Mitotic rate of the metastatic cells 

- < 1 5 (3-16) 

- ≥1 3.5 (3-4) 2.09 1.18-3.70 0.01 1.43 0.73-2.78 0.29 

Previous therapies of the locoregional 
metastases 

- No 5 (3.5-12) 

- Yes 4 (3-5) 1.62 0.90-2.91 0.10 

Type of locoregional chemotherapy 

- HILP 12 (6-41) Baseline 

- ILI 4 (3-5) 3.57 1.64-7.69 0.001 

- HPLP 3 (3-4) 4.64 2.16-9.97 0.001 

Part B 

Overall survival (mo) Univariate analysis Multivariate analysis 

Variables Median (IQR) HR 95% CI P value HR 95% CI P value 

Age 

- ≤75 

21 (13-41) 

- > 75 18 (14-21) 1.57 0.84-2.94 0.15 

Gender 

- Female 20.5 (14-41) 

- Male 19.5 (13.5-24) 1.36 0.76-2.43 0.29 

( continued on next page ) 
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Table 5 – ( continued ) 

Part B 

Variables Overall survival 
(mo) 

Univariate analysis Multivariate analysis 

Median (IQR) HR 95% CI P value HR 95% CI P value 

ECOG performance status 

- < 2 24 (19-44) 

- ≥2 13 (9-14) 16.13 6.46-40.28 0.0001 

Location of the locoregional metastases 

- Inferior limbs plus pelvis 18.5 (10-21.5) 1.95 1.12-3.41 0.02 1.54 0.81-2.96 0.19 

- Inferior limbs 22.5 (14-41) 

Stage 

- IIIC 22 (13-44) 2.66 (1.38-5.11) 0.003 2.15 1.05-4.39 0.04 

- IIID 16 (14-20) 

Burden 

- Low 21 (13-28) 

- High 20 (14-30) 1.05 0.61-1.83 0.84 

Metastatic cells producing melanin 

- No 19 (13.5-23) 1.33 0.76-2.33 0.31 

- Yes 23 (14-47) 

Mitotic rate of the metastatic cells 

- < 1 21 (14-40) 

- ≥1 19 (13-24) 1.73 0.98-3.03 0.05 1.12 0.57-2.21 0.74 

Previous therapies of the locoregional 
metastases 

- No 24 (15.5-34.5) 

- Yes 18.5 (13-28) 1.62 0.91-2.91 0.10 

Type of locoregional chemotherapy 

- HILP 39 (24-48) Baseline 

- ILI 17 (14-21) 4.28 1.94-9.45 0.0001 

- HPLP 18.5 (10-21.5) 3.94 1.88-8.29 0.0001 

Further therapies of the locoregional 
metastases 

- one cycle of locoregional chemotherapy 
and best supportive care 

24 (14-40) 

- multidisciplinary treatment including 
locoregional chemotherapy 

19.5 (13-24) 1.60 0.93-2.77 0.09 

CI = confidence interval; ECOG = Eastern Cooperative Oncology Group; HILP = hyperthermic isolated limb perfusion; HPLP = hypoxic pelvic 
and limb perfusion; HR = hazard ratio; ILI = isolated limb infusion; IQR = interquartile range; PFS = progression-free survival. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

that it considers a subgroup of stage IIIC/D CM patients that,
over the past 5 y, has only represented approximately 3%
of reported cases in clinical trials of novel therapy drugs.16

This subgroup is characterized by frequent bad outcomes
when not treatable or not responsive to novel target and
immunotherapeutic agents 17-21 and clearly requires a better
therapeutic strategy, including those evaluated in the present
report. 

For this specific subgroup of advanced CM patients,
our study supports the international guidelines recom-
mending a multidisciplinary treatment including locore-
gional chemotherapy, by demonstrating a 37.1% ORR follow-
ing the first cycle of locoregional chemotherapy, associated
Please cite this article as: Guadagni et al, A Prospective Study of 
Melanoma Patients, Journal of Surgical Research, https://doi.org/1
with 12.9% procedure-related complications, 30.6% low-grade
haematological toxicity and 11.3% severe limb toxic tissue re-
actions. Furthermore, multivariate logistic regression revealed
that responses were significantly higher in patients of ≤ 75 y
of age and in patients with locoregional metastases located
exclusively to inferior limbs. An additional important mes-
sage from this study, is that patients eligible for maximally ag-
gressive regional therapies had higher responses and enjoyed
long-term benefits. Moreover, locoregional chemotherapy fol-
lowed by multidisciplinary treatments elicited a median OS
time of 20 mo (IQR = 14-30 mo), which is similar to the re-
ported OS time for BRAF -mutated CM patients treated with
novel target or immunotherapeutic agents,16 though, a direct
Intraarterial Infusion Chemotherapy in Advanced WT BRAF 
0.1016/j.jss.2021.05.054 

https://doi.org/10.1016/j.jss.2021.05.054


G u a d a g n i  e t  a l  

• 9 

ARTICLE IN PRESS 

JID: YJSRE [mYJSRE; July 20, 2021;2:10 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

comparison cannot accurately be made considering the high
number of stage IV CM patients included in systemic thera-
peutic studies. 

The choice of locoregional chemotherapeutic procedure
depends initially upon the localisation of locoregional metas-
tases. For metastatic disease localised to inferior limbs, pelvic
and inguinal regions, HPLP is the only procedure that can de-
liver drugs to all metastases within the perfused compart-
ment, considering that HILP and ILI only partially reach in-
guinal lesions and cannot deliver drugs to deep pelvic le-
sions.34 In contrast, either HILP or ILI are appropriate pro-
cedures for metastatic lesions localised exclusively to infe-
rior limbs. An important message arising from this study is
that in this stage IIIC/D WT-BRAF CM cohort, consisting of pa-
tients with synchronous limb and pelvic locoregional metas-
tases in progression after or ineligible for novel target and im-
munotherapy, HPLP elicited a 12.5% ORR following the first cy-
cle of locoregional chemotherapy and a median OS time of
18.5 mo (IQR = 10-21.5), if followed by other multidisciplinary
treatments. For this particular subset, the clinical benefits of
systemic chemotherapy, interferon or interleukin-based im-
munotherapy are unsatisfactory, and remain to be defined for
other therapies, such as local injectables, ECT or RT.11 With
respect to the choice between HILP and ILI, although phase
III prospective randomized trials comparing these two proce-
dures have not yet been initiated, there is general consensus
that HILP is more effective than ILI but is more complex and
associates with more adverse events.1 It is for these reasons
that our multidisciplinary board recommended the HILP pro-
cedure for the treatment of locoregional limb metastases in
patients < 76 y old, with an ECOG performance status < 2,
and the ILI procedure for the treatment of patients > 75 y old
and/or ECOG performance status ≥ 2. This procedure selection
bias was considered and weighted in both the logistic regres-
sion model used to evaluate the effect of patient/tumour vari-
ables on response and the multivariate Cox regression model
used to evaluate PFS and OS. In our study, the 98.5% ORR and 39
mo median OS time associated to HILP, confirm the literature,1 

whereas the 15.8% ORR elicited by ILI is considerably lower
than that (64.1%) reported in a previous multicentre study.35 

This difference may relate to the fact that patients in our study
were significantly older (78 y, IQR = 70-84) than those in the
latter study,35 exhibited a worse ECOG performance status, did
not include stage IIIB disease, had been unsuccessfully pre-
treated for locoregional metastases in 42% of cases, and were
submitted for a different therapeutic regimen. Therefore, ILI
should not be refused for frail > 75-y-old CM patients, if one
considers that HILP is too aggressive, the only parameter as-
sessed during best supportive care is symptom improvement
and the clinical benefit of alternative local therapies remains
to be elucidated.11 

In this non randomized study, OS was pre-defined as a sec-
ondary endpoint. This decision was based upon the relatively
small number of patients enrolled, the high number of pa-
tients with stage IIID disease, the high percentage (61.3%) of
patients previously treated for locoregional metastases, the
high percentage of patients (30.6%) considered ineligible for
novel immunotherapeutic drugs, and the heterogeneity of
multidisciplinary treatments. Multivariate survival analysis,
performed considering the criteria adopted for the choice of
Please cite this article as: Guadagni et al, A Prospective Study of 
Melanoma Patients, Journal of Surgical Research, https://doi.org/1
locoregional chemotherapy procedure and collinearity of vari-
ables, highlighted an increased risk of death in patients with
stage IIID disease. 

With regard to future perspectives, the 20-mo median
OS time observed in the subgroup evaluated in this study
could be improved by enhancing the efficacy of locoregional
chemotherapy and by combining locoregional chemotherapy
with other local, regional or systemic therapies. In this respect,
although melphalan was the only therapeutic agent used in
our study for reasons of sample homogeneity, several stud-
ies have reported interesting results for melphalan combined
with other drugs.36-40 Moreover, the use of fresh tissues biop-
sies, liquid biopsies and purified circulating tumour cells in
chemosensitivity and tumour gene expression assays can be
used to develop more personalized locoregional or systemic
treatment strategies, as recently reported.41 With respect to
locoregional chemotherapy and other therapy combinations,
the use of ablative techniques, ECT, topical and intralesional
therapy is under current investigation 

7 , 11-14 and novel im-
munotherapies are increasing due to a broadening of eligibil-
ity criteria, with several clinical trials now including patients
previously considered ineligible.22 Furthermore, it has been
reported that ILI with melphalan followed by systemic admin-
istration of ipilimumab provided an 85% ORR associated to
increased T-cell infiltration in locoregional metastases of 26
melanoma patients, suggesting that locoregional chemother-
apy administered as immune stimulant therapy could poten-
tiate immune-responses.42 Finally, novel agnostic therapeu-
tic agents, such as larotrectinib and entrectinib, that inhibit
mutation and deletion-activated Trk oncogenes, elicit remark-
able durable responses in a wide range of advanced stage Trk-
fusion oncogene-driven cancers, including melanoma.43 

5. Conclusion 

Despite limitations of a prospective non-randomized trial,
small sample size, high-degree of patient selection and lo-
coregional chemotherapy treatment heterogeneity, this study
demonstrates that locoregional chemotherapy is capable of
eliciting responses that may be durable in a specific sub-
group of advanced CM patients, not treatable with novel im-
munotherapeutic agents, and characterized by BRAF wild-type
status, stage IIIC/D, and locoregional metastases localised in
the inferior limbs and pelvis. This study also provides more
precise clinical and biological reasons that should persuade
surgeons, skilled in intraarterial chemotherapy approaches,
not to abandon locoregional procedures, and supports the re-
cent call 44 for larger prospective controlled, multicentre, in-
terventional trials to evaluate locoregional chemotherapeutic
efficacy in combination with other therapies. 
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