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Simple Summary: Melanoma in-transit metastasis has long been effectively treated with isolated
limb perfusion (ILP), a procedure where the limb is treated with high concentrations of heated
chemotherapy. The recent treatment revolution with the introduction of modern systemic treatments
has changed how metastatic melanoma is treated. We analysed patients treated with ILP before
the introduction of systemic immunotherapy (2010–2014) and compared them to those treated
after (2017–2021). The patient population is largely unchanged, with only a slight increase in age.
Importantly, there was no reduced effect of ILP, also in patients that previously had received and
failed immunotherapy, showing that ILP is still a valid and important treatment for patients with
melanoma in-transit metastasis.

Abstract: Isolated limb perfusion (ILP) is an effective locoregional treatment for melanoma in-transit
metastasis, but the advent of modern effective immunotherapy, such as ICI (immune checkpoint
inhibitors), has changed the treatment landscape. The primary aims of this study were to compare
the characteristics of the patient population receiving ILP before and after the introduction of modern
systemic treatments and to assess if outcomes after ILP were influenced by previous immunotherapy
treatment. A single-centre analysis of patients that underwent ILP for melanoma in-transit metastasis
between 2010 and 2021 was conducted, with patients grouped and compared by treatment time
period: pre-ICI era (2010–2014) and ICI era (2017–2021). 218 patients were included. Patients
undergoing ILP in the ICI era were slightly older (median age 73 vs. 68 years) compared to the
pre-ICI era, with no other difference found. The overall response rate (ORR) was 83% vs. 84% and
the complete response (CR) rate was 52% vs. 47% for the pre-ICI era and the ICI era, respectively.
For patients that had received and failed immunotherapy prior to ILP (n = 20), the ORR was 75%
and the CR rate was 50%. Melanoma-specific survival has improved, with a 3-year survival rate of
54% in the pre-ICI era vs. 86% in the ICI era. The patient population undergoing ILP for in-transit
melanoma is largely unchanged in the current era of effective systemic treatments. Response rates
have not decreased, and prior ICI treatment did not affect response rates, making ILP still a valid
treatment option for this patient group.

Keywords: melanoma; ILP; immunotherapy

1. Introduction

Patients with melanoma have a risk of developing advanced locoregional metastasis,
in-transit metastasis, that can be challenging to treat. Patients with low tumour burden
can be treated with surgical excisions, but for patients with bulky or rapidly recurring
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diseases, either systemic or locoregional treatment options are instead recommended [1–3].
The introduction of effective systemic treatments, primarily ICI, and targeted therapies
such as BRAF/MEK inhibitors, have opened new treatment avenues for unresectable
melanoma [4–7]. As previously reported, both the efficacy of ICI on exclusively in-transit
disease, as well as the optimal relation between ICI and the varied landscape of locoregional
treatments available, are still largely unknown [8–13].

One locoregional treatment is ILP, which was pioneered in the 1950s and involves
isolating an affected limb by tourniquet and perfusing it with heated chemotherapy at
concentrations that would not be tolerated systemically [14,15]. Treatment results are
robust, with reported ORR of 65–100% and CR rates of up to 65% [16–20]. The procedure
can be repeated with new disease recurrences, adding further utility.

With the changing treatment landscape of melanoma with the introduction of effective
systemic treatments, the historically reported outcomes of ILP and other loco-regional
treatments can be questioned since there very likely has been a shift in patient selection.
Hypothetically, patients would not be referred any longer for ILP as a first-line of treatment,
but rather after failing systemic treatments. Also, the introduction of adjuvant treatments,
both BRAF/MEK and ICI, could potentially change the patient population. Therefore, the
primary aim of this study was to compare the characteristics of the patient population
receiving ILP before and after the introduction of modern effective systemic treatments.
A secondary aim was to specifically analyse those patients that had previously failed
ICI treatment as a first-line treatment, and assess response, time to progression, toxicity,
complications and survival after ILP.

2. Methods

A single centre analysis of a prospectively kept database of patients treated with
first-time ILP for melanoma in-transit metastasis between 2010 and 2021 at our institution,
the national referral centre for ILP in Sweden. Data on patient and tumour characteris-
tics were collected, as well as response, toxicity, recurrence and survival. Patients were
grouped in three different treatment periods: the pre-immunotherapy era (pre-ICI era,
2010–2014), the transition period (2015–2016) and the current immunotherapy era (ICI
era, 2017–2021). The transition period was chosen as a “wash-out” period when modern
effective systemic treatments were either introduced or used within clinical trials, but not
used in routine healthcare. Since 2017, both BRAF/MEK and immunotherapy have been
considered standard of care in Sweden, both CTLA-4 and PD-1 in monotherapy, as well
as a combination treatment with both CTLA-4 and PD-1 inhibitors. In the pre-ICI era, ILP
was considered the first-line treatment for ITM of the extremities, and patients did not re-
ceive any other treatment before ILP except surgical excisions. Statistical comparisons will
exclude the transition period, and only compare the eras before and after the introduction
of immunotherapy (pre-ICI vs. ICI era). Data on treatment before ILP is available, and
therefore we could identify patients that had received treatment before ILP. Unfortunately,
data concerning treatment after ILP is not routinely recorded, since patients are referred for
ILP from all over Sweden, and we, therefore, choose to compare treatment eras.

The response was evaluated as the best response during follow-up according to the
RECIST criteria modified for cutaneous lesions (allowing for calliper measurement if
lesions were not visible on radiology) [21]. To be considered a complete response (CR),
all lesions had to disappear. Partial response (PR) was defined as a decrease of more than
30% of the total tumour burden, measured as the number of lesions or shrinkage in the
largest tumour diameter. Progressive disease (PD) was defined as an increase of more
than 25% in existing lesions or the appearance of new lesions. Stable disease (SD) was
defined as when criteria for CR, PR or PD were not met. Toxicity reactions after ILP were
reported according to the Wieberdink scale and surgical complications according to the
Clavien-Dindo classification [22,23].

Local progression was defined as the recurrence or progression of in-transit metastasis
within the treated limb, and time to local progression was calculated from ILP to recur-
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rence. Systemic progression was defined as systemic recurrences (M1 disease), and time to
systemic progression was analysed only in the cohort of patients not already having M1
disease at the time of ILP. Survival was calculated from ILP to death or end of follow-up.
Follow-up was performed according to the national Swedish guidelines, and the guidelines
have not changed between the study periods. Time to recurrence and survival was esti-
mated using the Kaplan-Meier method and the log-rank test. Mann-Whitney test was used
for continuous non-parametric variables and Fisher’s Exact test was used for categorical
variables. Statistical significance was set at p < 0.05. Statistical analysis was conducted
using SPSS v28 (SPSS Inc., Chicago, IL, USA).

The study was conducted in adherence to the ethical principles of the Declaration of
Helsinki and with the approval of the Swedish Ethical Review Authority (dnr 721–08).

3. Results

A total of 218 patients were treated with first-time ILP for melanoma in-transit metastases
between 2010 and 2021. The median age was 71 years (IQR 56–86) with 51% (n = 112) females
and 49% (n = 106) males (Table 1). When stratified by treatment time period, 96 patients
received ILP during the time defined as the pre-ICI era, 37 patients during the transition
period and 85 patients during the current ICI era. In the pre-ICI era, no patients received ICI
before ILP, while in the ICI era, there were 20 patients (24%) that received ICI prior to ILP.

Table 1. Patient Characteristics.

Patient Variable Pre-ICI Era
(n = 96)

Transition Era
(n = 37)

ICI Era
(n = 85) Overall (n = 218) p-Value

Age, median (IQR) 68 years
(60–78)

70 years
(62–77)

73 years
(67–79)

71 years
(56–86) p = 0.03

Gender, n (%)
Male 47 (49%) 17 (46%) 42 (49%) 106 (49%) p = 1.00

Female 49 (51%) 20 (54%) 43 (51%) 112 (51%)

Previous treatment with ICI, n (%) 0 (0%) 4 (11%) 20 (24%) 24 (11%) p < 0.01

BRAF V600E/K mutated, n (%) 19 (30%) 12 (35%) 24 (33%) 55 (25%) p = 0.85

Simultaneous lymph node dissection,
n (%) p = 0.06
Yes 30 (31%) 8 (22%) 16 (19%) 54 (25%)
No 66 (69%) 29 (78%) 69 (81%) 164 (75%)

M stage at ILP, n (%)
p = 0.25M0 82 (85%) 34 (92%) 78 (92%) 194 (89%)

M1 14 (15%) 3 (8%) 7 (8%) 24 (11%)

Time from primary tumour to ILP,
median (range)

28.0 months
(0–170)

27.5 months
(4–102)

27.0 months
(1–287)

27.0 months
(0–287) p = 0.26

Number of metastases at time of ILP,
median (range) 5.0 (1–100) 6.0 (1–99) 7.5 (1–199) 6.0 (1–199) p = 0.13

Size of largest metastasis at time of ILP,
median (range)

12.5 mm
(1–150)

10.0 mm
(3–97)

15.0 mm
(2–120)

14.0 mm
(1–149) p = 0.71

Extremity treated with ILP, n (%)
p = 0.69Upper limb 17 (18%) 4 (11%) 13 (15%) 34 (16%)

Lower limb 79 (82%) 33 (89%) 72 (85%) 184 (84%)

When analysing and comparing potential shifts in patient selection between the eras,
the median age increased from 68 years in the pre-ICI era to 73 years in the ICI era (p = 0.03).
There was no statistically significant change in the median number of metastases (5.0 vs. 7.5,
p = 0.13), the median size of the largest metastasis (12.5 vs. 15.0 mm, p = 0.71), simultaneous
lymph node dissections (31% vs. 19%, p = 0.06) or the number of patients with general
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metastatic disease (stage IV) at the time of ILP treatment (85% vs. 92%, p = 0.25). The
time from diagnosis of primary melanoma to ILP was 28.0 months in the pre-ICI era and
27.0 months in the ICI era, also without a statistically significant difference.

3.1. Response Rates

The response was evaluable in 209 (96%) of all patients, with an ORR of 84% including
52% CR. When analysing responses based on era, the ORR was 83% vs. 84% (p = 1.00) and
the CR rate was 52% vs. 47% (p = 0.54) for the pre-ICI era and the ICI era, respectively
(Table 2). When specifically comparing the 20 patients that received immunotherapy before
ILP to those who did not, the ORR was 75% vs. 85% (p = 0.52) and the CR rate was 50% vs.
51% (p = 1.00), respectively.

Table 2. Response to ILP by Treatment Era (Evaluable Patients Only).

Best Response Pre-ICI Era
n (%)

Transition Era
n (%)

ICI Era
n (%)

Overall
n (%)

CR 47 (52%) 22 (61%) 39 (47%) 108 (52%)

PR 28 (31%) 8 (22%) 31 (37%) 67 (32%)

SD 5 (6%) 3 (8%) 6 (7%) 14 (7%)

PD 10 (11%) 3 (8%) 7 (8%) 20 (10%)

ORR 75 (83%) 30 (83%) 70 (84%) 175 (84%)

Missing 6 (6%) 1 (3%) 2 (2%) 9 (4%)

3.2. Local Progression

The median time to local progression for the whole study cohort was 29 months, with
a 1- and 5-year local progression-free rate of 65% and 48% respectively. When stratified by
treatment era, the median time to local progression was 10 months for the pre-ICI era and
not yet reached for the ICI era group (p < 0.001) (Figure 1a). When specifically analysing
the 20 patients that had previously received immunotherapy, the median time to local
progression was not yet reached and the 1-year local progression-free survival was 100%
(p = 0.13) (Figure 1b).
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3.3. Systemic Progression

The median time to systemic progression for the whole study cohort was 71 months,
with 1- and 5-year systemic progression rates of 72% and 57% respectively. When stratified
by treatment era, the median time to systemic progression was 34 months for the pre-ICI
era and not yet reached for the ICI era (p = 0.002) (Figure 1c). When specifically analysing
the 20 patients that had previously received immunotherapy, the median time to systemic
progression was not yet reached and the 1-year systemic progression-free survival rate was
95% (p = 0.53).
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3.4. Melanoma-Specific Survival

Median MSS for the whole cohort of all included patients was not yet reached, with
1-, 5- and 10-year MSS rates of 81%, 58% and 51% respectively. The median MSS was
46 months for the pre-ICI era and not yet reached for the ICI era (p < 0.001) (Figure 2a),
with 1-year MSS rates of 73% vs. 92% and 3-year MSS rates of 54% vs. 86% respectively.
When comparing the patients in the ICI era that received immunotherapy or not, there was
no difference in MSS (p = 0.51) (Figure 2b).
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3.5. Toxicity and Complications

For the overall cohort, 92% (n = 201) of patients undergoing ILP experienced toxicity
reactions Wieberdink grade I–III (mild or no reaction) (Table 3). Grade I–III toxicity was
present in 91% (n = 87) and 93% (n = 79) of the patients in the pre-ICI era and ICI era, respec-
tively (p = 0.27). In the overall cohort, 3% (n = 8) had Clavien-Dindo grade III–IV surgical
complications (life-threatening or requiring surgical intervention) to the ILP procedure,
with 2% (n = 2) vs. 4% (n = 3) grade III and 1% (n = 1) vs. 1% (n = 1) grade IV for pre-ICI
and ICI era respectively.

Table 3. Toxicity and Complications to ILP by Treatment Era.

Wieberdink Pre-ICI Era
n (%)

Transition Era
n (%)

ICI Era
n (%)

Overall
n (%)

I 4 (4%) 0 (0%) 1 (1%) 5 (2%)

II 52 (54%) 22 (60%) 46 (54%) 120 (55%)

III 31 (32%) 13 (35%) 32 (38%) 76 (35%)

IV 2 (2%) 1 (3%) 5 (6%) 8 (4%)

V 0 (0%) 1 (3%) 0 (0%) 1 (1%)

Missing 7 (7%) 0 (0%) 1 (1%) 8 (4%)

Clavien-Dindo

0 86 (90%) 34 (92%) 72 (85%) 192 (88%)

I 2 (2%) 2 (5%) 6 (7%) 10 (5%)

II 5 (5%) 0 (0%) 3 (4%) 8 (4%)

III 2 (2%) 0 (0%) 3 (4%) 5 (2%)

IV 1 (1%) 1 (3%) 1 (1%) 3 (1%)

4. Discussion

We conclude that after the introduction of modern immunotherapy, no major signifi-
cant differences in referral patterns have emerged, except that there has been an increase in
the median age of 5 years. However, the study groups are relatively small, increasing the
risk of not identifying a true difference due to low statistical power. When analysing the
trends there is notably a non-significant decrease in simultaneous lymph node dissections
and patients with M1 disease, while the number of tumours and tumour size has increased.
Taken together, there might have been a smaller shift in referral patterns, with more patients
having isolated ITMs, that now also are referred at a relatively later stage with higher age
and larger tumour burden. Secondly, and of high importance, is that there was no reduced
effect of ILP when comparing the two eras, which was true also for patients that previously
had received and failed immunotherapy, showing that ILP is still a valid and important
treatment option for patients with melanoma in-transit metastasis.

We report an ORR of 84% and a CR rate of 52%, which is comparable to previously
established response rates for ILP [16–20]. No statistically significant difference between the
pre-ICI and ICI eras could be seen concerning response, time to local progression or time
to systemic progression. In addition, there was no difference in toxicity or complications.
There was, however, a difference in MSS where patients in the ICI era had significantly better
disease-specific survival. This is an expected result and reflects the treatment revolution of
the new effective systemic treatments for patients with melanoma.

When analysing the subgroup of patients that had received ICI prior to ILP, we
found no significant difference in response, time to local progression, time to systemic
progression, MSS or toxicity, compared to those that had not received prior ICI. As such,
we conclude that failed previous ICI treatment does not appear to influence the outcome
of ILP. Since it has been suggested, by us and others, that immunological factors seem
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to be of importance for treatment outcomes, the hypothesis was that a selection towards
patients failing immunotherapy could lead to reduced response rates after ILP [24–28]. The
finding that this was not the case, may suggest that different immunological pathways
are involved.

Davies et al. have previously published a retrospective analysis of 97 patients that had
undergone ILP, out of which 16 had received prior immunotherapy [29]. Notably, the au-
thors included both ICI and oncolytic virotherapy using talimogene laherparepvec (TVEC)
under the heading immunotherapy, and thus also included a small number of patients that
had received TVEC only. Patient characteristics remained largely unchanged over time
in this cohort, and the authors could find no indication that the patient selection for ILP
had changed with the introduction of immunotherapy. However, in contrast to our current
findings, they showed a significantly decreased CR rate, overall survival rate and distant
progression-free survival rate in patients that had received immunotherapy prior to ILP.
A possible explanation for these contrasting findings is a difference between institutions,
where the number of referrals for ILP in Sweden has largely remained unchanged over the
years, but where referrals in other countries have decreased significantly.

Ariyan et al. have reported appealing data supporting the combination of regional
therapy and immunotherapy [30]. In this phase II trial, the authors attempted to translate
into a clinical setting the preclinical findings that immunotherapy and chemotherapy in
combination have an increased local pro-inflammatory effect at the tumour site. Twenty-six
patients with advanced melanoma underwent isolated limb infusion (ILI), a treatment
similar to ILP, and were then given systemic treatment with CTLA4 inhibition. The results
showed an ORR of 85% at 3 months and 58% progression-free survival at 12 months, as
well as increased tumour infiltration of T-cells. Similarly, a phase I study of TVEC together
with the PD-1 inhibitor pembrolizumab showed a synergistic effect, and though a following
phase III trial did show an increased response rate (18% vs. 12%), there was, however, no
benefit in progression-free survival or overall survival [31,32]. Further trials are needed
to evaluate the optimal combination and sequence of these different treatment modalities.
Two examples of ongoing studies are the Nivo-ILP (ClinicalTrials.gov: NCT03685890)
and NIVEC (ClinicalTrials.gov: NCT04330430) studies, which are recruiting patients with
in-transit metastasis, examining the combination of ILP and nivolumab, and T-VEC and
nivolumab, respectively.

A strength of this study is that it can be considered population-based since all pa-
tients in Sweden are referred to our centre only. This results in what we believe to be an
accurate overview of the changes in referral patterns, but also similar evaluations over
time concerning outcomes. As has been noted previously, measurement of treatment re-
sponse in patients with in-transit metastasis is difficult. Many institutions report using
RECIST criteria modified for cutaneous lesions, but do not specify the modifications fur-
ther, and future collaborative work should focus on establishing standards specifically
for in-transit metastases. The main limitations of the current study are the retrospective
design, even though the data is collected prospectively, and the relatively low number
of patients. Secondly, the external validity of the current results may be limited by the
relatively high use of ILP in Sweden, where patients in other countries may follow other
treatment plans and scheduling.

5. Conclusions

ILP remains an effective locoregional treatment option in the era of effective systemic
treatments, where patients previously failing immunotherapy have similarly high response
rates as treatment naïve patients. Further studies are needed to establish the optimal
combination and timing of the high local response rates of locoregional treatments with the
systemic effects of immunotherapy.

Author Contributions: Conceptualization, J.M., R.O.B.; methodology, C.-J.H., J.M. and R.O.B.; formal
analysis, C.-J.H., J.M. and R.O.B.; investigation, C.-J.H., J.M., R.O.B.; resources, C.-J.H., J.M. and
R.O.B.; data curation, C.-J.H., J.M. and R.O.B.; writing—original draft preparation, C.-J.H., J.M.,



Cancers 2023, 15, 472 9 of 10

R.O.B.; writing—review & editing, C.-J.H., J.M., R.O.B.; supervision, R.O.B.; project administration,
R.O.B.; funding acquisition, C.-J.H., J.M. and R.O.B. All authors have read and agreed to the published
version of the manuscript.

Funding: Knut and Alice Wallenberg Foundation, Wallenberg Centre for Molecular and Translational
Medicine, University of Gothenburg, Sweden.

Institutional Review Board Statement: The study was conducted in adherence to the ethical
principles of the Declaration of Helsinki and with the approval of the Swedish Ethical Review
Authority (dnr 721–08).

Informed Consent Statement: Patient consent was waived due to this is a retrospective study.

Data Availability Statement: Data is to be made available upon request.

Conflicts of Interest: R.O.B. has received institutional research grants from Bristol-Myers Squibb
(BMS) and SkyLineDx, speaker honorarium from Roche and Pfizer and has served on advisory boards
for Amgen, BD/BARD, Bristol-Myers Squibb (BMS), Merck Sharp & Dohme (MSD), Novartis, Roche
and Sanofi Genzyme. The remaining authors have no conflicts of interest to declare.

References
1. Michielin, O.; van Akkooi, A.; Lorigan, P.; Ascierto, P.; Dummer, R.; Robert, C.; Arance, A.; Blank, C.; Sileni, V.C.; Donia, M.; et al.

ESMO consensus conference recommendations on the management of locoregional melanoma: Under the auspices of the ESMO
Guidelines Committee. Ann. Oncol. 2020, 31, 1449–1461. [CrossRef]

2. Swetter, S.M.; Thompson, J.A.; Albertini, M.R.; Barker, C.A.; Baumgartner, J.; Boland, G.; Chmielowski, B.; DiMaio, D.; Durham,
A.; Fields, R.C.; et al. NCCN Guidelines® Insights: Melanoma: Cutaneous, Version 2.2021. J. Natl. Compr. Cancer Netw. 2021, 19,
364–376. [CrossRef] [PubMed]

3. Perone, J.A.; Farrow, N.; Tyler, D.S.; Beasley, G.M. Contemporary Approaches to In-Transit Melanoma. J. Oncol. Pr. 2018, 14,
292–300. [CrossRef] [PubMed]

4. Larkin, J.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.-J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.;
Dummer, R.; et al. Five-Year Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2019,
381, 1535–1546. [CrossRef] [PubMed]

5. Hamid, O.; Robert, C.; Daud, A.; Hodi, F.S.; Hwu, W.J.; Kefford, R.; Wolchok, J.D.; Hersey, P.; Joseph, R.; Weber, J.S.; et al. Five-year
survival outcomes for patients with advanced melanoma treated with pembrolizumab in KEYNOTE-001. Ann. Oncol. 2019, 30,
582–588. [CrossRef]

6. Chapman, P.B.; Robert, C.; Larkin, J.; Haanen, J.B.; Ribas, A.; Hogg, D.; Hamid, O.; Ascierto, P.A.; Testori, A.; Lorigan, P.C.; et al.
Vemurafenib in patients with BRAFV600 mutation-positive metastatic melanoma: Final overall survival results of the randomized
BRIM-3 study. Ann. Oncol. 2017, 28, 2581–2587. [CrossRef] [PubMed]

7. Flaherty, K.T.; Infante, J.R.; Daud, A.; Gonzalez, R.; Kefford, R.F.; Sosman, J.; Hamid, O.; Schuchter, L.; Cebon, J.; Ibrahim, N.; et al.
Combined BRAF and MEK Inhibition in Melanoma with BRAF V600 Mutations. N. Engl. J. Med. 2012, 367, 1694–1703. [CrossRef]
[PubMed]

8. Bagge, R.O.; Ny, L.; Ascierto, P.A.; Hodi, F.S.; Larkin, J.; Robert, C.; Schachter, J.; Weber, J.S.; Long, G.V.; van Akkooi, A.C. The
efficacy of immunotherapy for in-transit metastases of melanoma: An analysis of randomized controlled trials. Melanoma Res.
2021, 31, 181–185. [CrossRef]

9. Holmberg, C.-J.; Ny, L.; Hieken, T.J.; Block, M.S.; Carr, M.J.; Sondak, V.K.; Örtenwall, C.; Katsarelias, D.; Dimitriou, F.;
Menzies, A.M.; et al. The efficacy of immune checkpoint blockade for melanoma in-transit with or without nodal metastases – A
multicenter cohort study. Eur. J. Cancer 2022, 169, 210–222. [CrossRef]

10. Tie, E.N.; Lai-Kwon, J.; Rtshiladze, M.A.; Na, L.; Bozzi, J.; Read, T.; Atkinson, V.; Au-Yeung, G.; Long, G.; A McArthur, G.; et al.
Efficacy of immune checkpoint inhibitors for in-transit melanoma. J. Immunother. Cancer 2020, 8, e000440. [CrossRef]

11. Zaremba, A.; Philip, M.; Hassel, J.C.; Glutsch, V.; Fiocco, Z.; Loquai, C.; Rafei-Shamsabadi, D.; Gutzmer, R.; Utikal, J.;
Haferkamp, S.; et al. Clinical characteristics and therapy response in unresectable melanoma patients stage IIIB-IIID with in-
transit and satellite metastases. Eur. J. Cancer 2021, 152, 139–154. [CrossRef] [PubMed]

12. Goggins, C.A.; Khachemoune, A. The use of electrochemotherapy in combination with immunotherapy in the treatment of
metastatic melanoma: A focused review. Int. J. Dermatol. 2018, 58, 865–870. [CrossRef] [PubMed]

13. Read, T.; Lonne, M.; Sparks, D.S.; David, M.; Wagels, M.; Schaider, H.; Soyer, H.P.; Smithers, B.M. A systematic review and
meta-analysis of locoregional treatments for in-transit melanoma. J. Surg. Oncol. 2019, 119, 887–896. [CrossRef] [PubMed]

14. Creech, O., Jr.; Krementz, E.T.; Ryan, R.F.; Winblad, J.N. Chemotherapy of cancer: Regional perfusion utilizing an extracorporeal
circuit. Ann. Surg. 1958, 148, 616–632. [CrossRef]

15. Benckhuijsen, C.; Kroon, B.B.; Van Geel, A.N.; Wieberdink, J. Regional perfusion treatment with melphalan for melanoma in a
limb: An evaluation of drug kinetics. Eur. J. Surg. Oncol. (EJSO) 1988, 14, 157–163.

http://doi.org/10.1016/j.annonc.2020.07.005
http://doi.org/10.6004/jnccn.2021.0018
http://www.ncbi.nlm.nih.gov/pubmed/33845460
http://doi.org/10.1200/JOP.18.00063
http://www.ncbi.nlm.nih.gov/pubmed/29746804
http://doi.org/10.1056/NEJMoa1910836
http://www.ncbi.nlm.nih.gov/pubmed/31562797
http://doi.org/10.1093/annonc/mdz011
http://doi.org/10.1093/annonc/mdx339
http://www.ncbi.nlm.nih.gov/pubmed/28961848
http://doi.org/10.1056/NEJMoa1210093
http://www.ncbi.nlm.nih.gov/pubmed/23020132
http://doi.org/10.1097/CMR.0000000000000719
http://doi.org/10.1016/j.ejca.2022.03.041
http://doi.org/10.1136/jitc-2019-000440
http://doi.org/10.1016/j.ejca.2021.04.032
http://www.ncbi.nlm.nih.gov/pubmed/34102453
http://doi.org/10.1111/ijd.14314
http://www.ncbi.nlm.nih.gov/pubmed/30479009
http://doi.org/10.1002/jso.25400
http://www.ncbi.nlm.nih.gov/pubmed/30734295
http://doi.org/10.1097/00000658-195810000-00009


Cancers 2023, 15, 472 10 of 10

16. Miura, J.T.; Kroon, H.M.; Beasley, G.M.; Mullen, D.; Farrow, N.; Mosca, P.J.; Lowe, M.C.; Farley, C.R.; Kim, Y.; Naqvi, S.M.H.; 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. [CrossRef]

17. Kroon, H.M.; Moncrieff, M.; Kam, P.C.A.; Thompson, J.F. Outcomes Following Isolated Limb Infusion for Melanoma. A 14-Year
Experience. Ann. Surg. Oncol. 2008, 15, 3003–3013. [CrossRef]

18. Olofsson, R.; Mattsson, J.; Lindnér, P. Long-term follow-up of 163 consecutive patients treated with isolated limb perfusion for
in-transit metastases of malignant melanoma. Int. J. Hyperth. 2013, 29, 551–557. [CrossRef]

19. Dossett, L.; Ben-Shabat, I.; Bagge, R.O.; Zager, J.S. Clinical Response and Regional Toxicity Following Isolated Limb Infusion
Compared with Isolated Limb Perfusion for In-Transit Melanoma. Ann. Surg. Oncol. 2016, 23, 2330–2335. [CrossRef]

20. Kroon, H.M.; Coventry, B.J.; Giles, M.H.; Henderson, M.A.; Speakman, D.; Wall, M.; Barbour, A.; Serpell, J.; Paddle, P.;
Coventry, A.G.J.; et al. Australian Multicenter Study of Isolated Limb Infusion for Melanoma. Ann. Surg. Oncol. 2015, 23,
1096–1103. [CrossRef]

21. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.;
Mooney, M.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009,
45, 228–247. [CrossRef] [PubMed]

22. Wieberdink, J.; Benckhuysen, C.; Braat, R.; Van Slooten, E.; Olthuis, G. Dosimetry in isolation perfusion of the limbs by assessment
of perfused tissue volume and grading of toxic tissue reactions. Eur. J. Cancer Clin. Oncol. 1982, 18, 905–910. [CrossRef] [PubMed]

23. Dindo, D.; Demartines, N.; Clavien, P. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]

24. Johansson, J.; Kiffin, R.; Andersson, A.; Lindnér, P.; Naredi, P.L.; Bagge, R.O.; Martner, A. Isolated Limb Perfusion With Melphalan
Triggers Immune Activation in Melanoma Patients. Front. Oncol. 2018, 8. [CrossRef] [PubMed]

25. Johansson, J.; Kiffin, R.; Aydin, E.; Nilsson, M.S.; Hellstrand, K.; Lindnér, P.; Naredi, P.; Bagge, R.O.; Martner, A. Isolated limb
perfusion with melphalan activates interferon-stimulated genes to induce tumor regression in patients with melanoma in-transit
metastasis. Oncoimmunology 2019, 9, 1684126. [CrossRef]

26. Kiffin, R.; Johansson, J.; Bagge, R.O.; Martner, A. Anti-PD-1 checkpoint blockade improves the efficacy of a melphalan-based
therapy in experimental melanoma. Eur. J. Surg. Oncol. (EJSO) 2021, 47, 2460–2464. [CrossRef] [PubMed]

27. Martner, A.; Johansson, J.; Ben-Shabat, I.; Bagge, R.O. Melphalan, Antimelanoma Immunity, and Inflammation—Letter. Cancer
Res. 2015, 75, 5398–5399. [CrossRef] [PubMed]

28. Olofsson, R.; Lindberg, E.; Karlsson-Parra, A.; Lindnér, P.; Mattsson, J.; Andersson, B.; Bagge, R.O. Melan-A specific CD8+
T lymphocytes after hyperthermic isolated limb perfusion: A pilot study in patients with in-transit metastases of malignant
melanoma. Int. J. Hyperth. 2013, 29, 234–238. [CrossRef]

29. Davies, E.; Reijers, S.; Van Akkooi, A.; Van Houdt, W.; Hayes, A. Isolated limb perfusion for locally advanced melanoma in the
immunotherapy era. Eur. J. Surg. Oncol. (EJSO) 2022, 48, 1288–1292. [CrossRef]

30. Ariyan, C.E.; Brady, M.S.; Siegelbaum, R.H.; Hu, J.; Bello, D.M.; Rand, J.; Fisher, C.; Lefkowitz, R.A.; Panageas, K.S.;
Pulitzer, M.; et al. Robust Antitumor Responses Result from Local Chemotherapy and CTLA-4 Blockade. Cancer Immunol. Res.
2018, 6, 189–200. [CrossRef]

31. Ribas, A.; Dummer, R.; Puzanov, I.; VanderWalde, A.; Andtbacka, R.H.I.; Michielin, O.; Olszanski, A.J.; Malvehy, J.; Cebon, J.;
Fernandez, E.; et al. Oncolytic Virotherapy Promotes Intratumoral T Cell Infiltration and Improves Anti-PD-1 Immunotherapy.
Cell 2017, 170, 1109–1119.e10. [CrossRef] [PubMed]

32. Ribas, A.; Chesney, J.; Long, G.V.; Kirkwood, J.M.; Dummer, R.; Puzanov, I.; Hoeller, C.; Gajewski, T.F.; Gutzmer, R.;
Rutkowski, P.; et al. 1037O MASTERKEY-265: A phase III, randomized, placebo (Pbo)-controlled study of talimogene laher-
parepvec (T) plus pembrolizumab (P) for unresectable stage IIIB–IVM1c melanoma (MEL). Ann. Oncol. 2021, 32, S868–S869.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1245/s10434-019-07288-w
http://doi.org/10.1245/s10434-008-9954-6
http://doi.org/10.3109/02656736.2013.802374
http://doi.org/10.1245/s10434-016-5150-2
http://doi.org/10.1245/s10434-015-4969-2
http://doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774
http://doi.org/10.1016/0277-5379(82)90235-8
http://www.ncbi.nlm.nih.gov/pubmed/6891640
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://doi.org/10.3389/fonc.2018.00570
http://www.ncbi.nlm.nih.gov/pubmed/30560089
http://doi.org/10.1080/2162402X.2019.1684126
http://doi.org/10.1016/j.ejso.2021.04.038
http://www.ncbi.nlm.nih.gov/pubmed/33980416
http://doi.org/10.1158/0008-5472.CAN-15-1184
http://www.ncbi.nlm.nih.gov/pubmed/26627012
http://doi.org/10.3109/02656736.2013.782428
http://doi.org/10.1016/j.ejso.2022.01.027
http://doi.org/10.1158/2326-6066.CIR-17-0356
http://doi.org/10.1016/j.cell.2017.08.027
http://www.ncbi.nlm.nih.gov/pubmed/28886381
http://doi.org/10.1016/j.annonc.2021.08.1422

	Introduction 
	Methods 
	Results 
	Response Rates 
	Local Progression 
	Systemic Progression 
	Melanoma-Specific Survival 
	Toxicity and Complications 

	Discussion 
	Conclusions 
	References

