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ABSTRACT

Background. Isolated limb perfusion (ILP) is a safe and
well-established treatment for in-transit metastases of
melanoma. In case of relapse or disease progression, ILP
can be repeated (re-ILP). This study aimed retrospectively
to analyze a large consecutive series of re-ILP and compare
clinical outcomes with first-time ILP.

Method. Between 2001 and 2015, 290 consecutive
patients underwent 380 ILPs. Of these, 90 were re-ILPs
including 68 second ILPs, 16 third ILPs, 4 fourth ILPs, and
two fifth ILPs. The study evaluated response (using World
Health Organization [WHOY] criteria), local toxicity (using
the Wieberdink scale), and complications (using Clavien—
Dindo).

Results. The results were compared between the first ILP,
the second ILP, and the third to fifth ILP. The overall
response rate was respectively 83%, 80% and 68%, with a
complete response (CR) rate of 60%, 41%, and 59%. In the
re-ILP group, the patients with a CR after the first ILP had
a 65% CR rate after the second ILP compared with 8% for
the patients without a CR (p = 0.001). The risk for local
toxicity or complications was not increased after re-ILP.
The median overall survival periods were respectively 34,
41, and 93 months (p = 0.02).
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Conclusion. As a therapeutic option, ILP can be repeated
safely for in-transit metastases of melanoma, achieving
similar high response rates without increasing complica-
tions or toxicity. Re-ILP is mainly indicated for patients
who already had a CR after the first ILP, whereas other
treatment options should be considered for primary non-
responders.

Malignant melanoma accounts for the vast majority of
all deaths due to skin cancer and is the fifth most common
malignancy, with a progressively increasing incidence.'"?
For the majority of patients, malignant melanoma is diag-
nosed at an early stage and has a favorable prognosis, but
for about 5-8% of patients with recurrences of melanoma,
metastases will develop within the intradermal and sub-
cutaneous lymphatic vessels, known as in-transit metastatic
disease.>™

Simple local surgical resection is the primary treatment
option when possible. However, for patients with a high
tumor burden or rapidly recurrent disease in the extremi-
ties, isolated limb perfusion (ILP) or isolated limb infusion
(ILI) are regional treatment options to be considered. Both
methods also can be used to gain locoregional control of
extremity sarcomas, and for more rare conditions such as
Merkel cell carcinoma (MCC), squamous cell carcinoma
(SCC), and cutaneous lymphomas.”™® Other, rapidly
expanding local treatment options are electrochemotherapy
(ECT),7 talimogene laherparepvec (T-VEC),8 and Rose
Bengal.’

The ILP method, initially described by Creech et al.,lo is
performed by open surgical access to the central venous
and arterial blood flow of the limb, which is proximally
isolated by a tourniquet and then connected to an extra-
corporeal oxygenator. A high concentration of a
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chemotherapeutic drug is then circulated through the tar-
geted limb only. Continuous leakage monitoring and
adjustments of flow are performed throughout the proce-
dure to minimize potential systemic side effects of the
chemotherapeutic agent.

The ILP approach has proved to be effective and safe
with a high overall response rate (ORR), up to 90%, and
low rates of regional and systemic toxicity."' For patients
not responding completely or having a recurrence on the
same limb after a previous ILP, a repeated procedure (re-
ILP) is possible.'”™'* This report aims to describe our
experience with re-ILP for melanoma patients in terms of
response rate, toxicity, and survival, and to compare these
findings with outcomes for first-time ILP.

METHODS
Patients

During a 15-year period between January 2001 and
December 2015, 290 patients with in-transit metastasis of
melanoma underwent a total of 380 ILPs at our institution.
Of these patients, 68 underwent a second ILP, 16 had a
third ILP, 4 had a fourth ILP, and 2 had a fifth ILP, for a
total of 90 re-ILPs. The patient characteristics are sum-
marized in Table 1. The study was approved by the
Regional Ethical Review Board at the University of
Gothenburg.

Isolated Limb Perfusion

The vascular system of the treated limb was isolated by
cannulation and clamping of the major artery and vein,
which then were connected to an oxygenated extracorpo-
real circuit. The remaining collateral vessels were
compressed with a proximal inflatable tourniquet (Zimmer
disposable tourniquet) or an Esmarch bandage.

For first-time ILPs, melphalan (M-ILP) (Alkeran;
GlaxoSmithKline Pharmaceuticals, Research Triangle
Park, NC, USA) was used. The addition of tumor necrosis
factor-alpha (TNF-alpha, Beromun; Boehringer Ingelheim,
Germany) (TM-ILP) was considered primarily for bulky
melanomas (tumors with a diameter > 30 mm) and also for
re-ILPs.

In M-ILP, the dose of melphalan was calculated
according to limb volume using 13 mg/L for upper-limb
perfusions and 10 mg/L for lower-limb perfusions. Before
2012, melphalan was administered as three bolus doses,
with 50% of the total dose administered initially and the
remaining 50% administered in two equivalent doses at
30-min intervals, with a total perfusion time of 90 min.

In 2012, the administration of melphalan was changed to
a 20-min infusion into the perfusion circuit and a total
perfusion time of 60 min.' For patients receiving TM-ILP,
a bolus dose of TNF-alpha was injected into the perfusion
circuit (3 mg for the upper limb and 4 mg for the lower
limb) provided the limb tissue temperature had reached
38 °C. Then, 30 min later, melphalan was administered
during a 20-min infusion. The total perfusion time was
90 min. All treatments were performed with the patient
under mild hyperthermia (39-40 °C). No adjustments in
perfusion characteristics were made for re-ILPs.

During the procedure, continuous leakage monitoring
was performed with a precordial scintillation probe
(MedicView, Gothenburg, Sweden) to detect and measure
leakage of technetium-99 m-labeled human serum albumin
(Vasculosis; Cis Bio, Gif-sur-Yvette, France) injected into
the perfusion circuit. After perfusion, the limb was rinsed
with at least 1-2 L (upper limb) or 3—4 L (lower limb) of
Ringer’s solution (Ringer Acetate; Baxter, Stockholm,
Sweden). For re-ILPs, the same surgical access through the
scar of the previous incisions was used, and cannulation
was feasible in all cases.

Response

Response was evaluated at 3 months according to the
World Health Organization (WHO) criteria.'® A complete
response (CR) was defined as the disappearance of all
lesions. Partial response (PR) was defined as more than a
50% decrease in the total tumor burden. Progressive dis-
ease (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 a result that failed to
meet the criteria for CR, PR or PD.

Toxicity and Complications

Local toxicity was monitored and evaluated by a
physician up to 3 months after ILP and graded as the worst
toxicity during that time according to the Wieberdink
classification as follows: grade 1 (no reaction), grade 2
(erythema or swelling), grade 3 (major erythema, swelling,
or blistering), grade 4 (extensive epidermolysis and/or
damage to deep tissues, causing final functional disorders,
risk, or manifest compartment syndrome), and grade 5
(reaction that could necessitate amputation).'” Complica-
tions within 30 days post-operatively were graded
according to Clavien-Dindo.'®

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics, version 25.0 (IBM Corp., Armonk, NY, USA).
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TABLE 1 Patient and tumor characteristics

Ist ILP (n = 290)
n (%)

2nd ILP (n = 68)
n (%)

3rd ILP (n = 16)
n (%)

4th ILP (n = 4)
n (%)

5th ILP (1 = 2)
n (%)

Total (n = 380)
n (%)

Gender

Female 163 (56) 44 (65) 12 (75) 2 (50) 1 (50) 222

Male 127 (43) 24 (35) 4 (25) 2 (50) 1 (50) 158

Median age: years 68 (23-93) 69 (31-85) 70 (55-80) 62 (56-82) 63 (62-64) 68 (23-93)
(range)

Stage

N2c 144 (50) 32 (47) 6 (38) 1(25) 1 (50) 184

N3 128 (44) 31 (46) 9 (56) 3(75) 1 (50) 172

Ml 18 (6) 5@ 1 (6) 0 (0) 0 (0) 24

Vascular access

Axillary/brachial 46 (16) 10 (15) 1 (6) 0 (0) 0 (0) 57

External iliac 84 (29) 8 (12) 1 (6) 0 (0) 1 (50) 94

Femoral 160 (55) 50 (73) 14 (88) 4 (100) 1 (50) 229

Chemotherapy

Melphalan 263 (91) 14 (21) 1 (6) 1(25) 1 (50) 280

TNF + melphalan 27 (9) 54 (79) 15 (94) 3 (75) 1 (50) 100

Largest tumor diameter (mm)

<30 136 (81) 32 (80) 10 (100) 2 (100) 2 (100) 181

> 30 31 (19) 8 (20) 0 (0) 0 (0) 0 (0) 39

No. of tumors

<10 147 (72) 37 (67) 7 (54) 2 (50) 0 (0) 193

> 10 57 (28) 18 (33) 6 (46) 2 (50) 2 (100) 85

ILP isolated limb perfusion, TNF tumor necrosis factor

Survival estimates were analyzed using the Kaplan—-Meier
method and the log-rank test. Cox-regression analysis
using the enter method was used to perform multivariate
analysis for survival, measured from the time of the first
ILP. Logistic regression using the enter method was used to
analyze predictive factors for response and toxicity. A
p value lower than 0.05 was regarded as significant.

RESULTS
Time Between ILPs

The median time between ILPs was 13 months (range,
3-97 months) between the first and second ILPs,
12 months (range, 5-36 months) between the second and
the third ILPs, 16 months (range, 5-24 months) between
the third and fourth ILPs, and 10 months (range,
6—14 months) between the fourth and fifth ILPs. For the
patients who had a CR after the first ILP, the median time
to the second ILP was 15 months, compared with
10 months for the patients who had no CR after the first
ILP (p = 0.01).

Response

Response was evaluable for 298 ILPs (79%), and 57
ILPs were found to be adjuvant (no clinically evaluable
tumor). Response data were missing or considered not
reliable for 25 ILPs. The overall response rate was 83%
after the first ILP, 80% after the second ILP, and 68% after
the third to fifth ILPs (p = 0.27). The CR rates were
respectively 60%, 41%, and 59% (p = 0.04).

In the re-ILP group, 29 patients showed a CR after the
first ILP (52%), and the CR rate after their second ILP was
65%. Of the 57 patients, 27 (48%) showed no CR after
their first ILP, and the CR rate after their second ILP was
8% (Fig. 1) (p = 0.001).

Comparison of the evaluable response rates after the first
ILP showed no difference between the patients who
underwent only one ILP (n = 164) and those who later
underwent a re-ILP (n = 57). The overall response rate at
their first ILP was 84% versus 79% (p = 0.43), and the CR
rate was 62% versus 53% (p = 0.21).

The analysis of all the evaluable ILPs in a multivariate
logistic regression for CR showed that the only



1058

V. Belgrano et al.

FIG. 1 Diagram of repeated
isolated limb perfusion (ILP)
(re-ILP) divided by complete
response (CR) or no CR

CR

29 pts (52%)

CR
15 pts (65%)

independent predictive factor was the number of tumors
(< 10 vs. > 10; odds ratio [OR], 0.3; p < 0.001) (Table 2).

Melphalan and TNF-Alpha

Among the first ILPs (n =290), 263 were M-ILPs
(91%) and 27 were TM-ILPs (9%). The main indication for
TM-ILP was bulky disease (Table 1). The response was
evaluable for 76% of the patients with an ORR of 85% for
M-ILP and 67% for TM-ILP (p = 0.045). The CR rate was
63% in the M-ILP group and 33% in the TM-ILP group
(p = 0.007).

No-CR
8 pts (35%)

ILP
15t ILP n=68

No-CR
27 pts (48%)

Missing
12 pts

274 TLP n=56

CR
2 pts (8%)

No-CR
22 pts (92%)

Missing
9 pts

Among the 90 re-ILPs performed, 19% were M-ILPs
and 81% were TM-ILPs (Table 1). An M-ILP was per-
formed instead of a TM-ILP due to leakage problems
(n =9), technical problems with reperfusion (n = 2), or
advanced comorbidity or age (n = 4), and one re-ILP was
adjuvant after a CR with a surgically removed recur-
rence. In the reperfusion group, the ORR was 55% for
M-ILP and 81% for TM-ILP (p = 0.13). The CR rate was
36% for M-ILP and 47% for TM-ILP (p = 0.77).

TABLE 2 Uni- and
multivariate logistic regression
for complete response

Univariate analysis

Multivariate analysis

OR 95 % CI p Value OR 95 % CI p Value
Age (years) 1.0 0.9-1.0 0.2 1.0 0.9-1.1 0.07
Gender
Female® versus male 0.9 0.6-1.4 0.6 0.9 0.5-1.8 0.9
Stage
N2c¢* versus N3 0.8 0.5-1.3 0.4 1.6 0.8-3.0 0.1
N2¢* versus M1 0.3 0.1-0.8 0.02 0.4 0.1-1.5 0.2
No. of tumors
< 10? versus > 10 0.2 0.1-0.4 < 0.001 0.3 0.1-0.5 < 0.001
Tumor size
< 30* versus > 30 mm 0.5 0.2-1.0 0.05 0.6 02-14 0.3
Chemotherapy
M-ILP? versus TM-ILP 0.5 0.3-0.8 0.005 0.5 0.2-1.4 0.2
No. of perfusions
1st ILP versus 2nd ILP 0.5 0.3-0.9 0.1 0.8 0.3-2.5 0.7
1st ILP versus 3rd-5th ILP 1.0 04-24 0.9 4.6 0.9-24.2 0.07

OR odds ratio, CI confidence interval, ILP isolated limb perfusion, M-ILP melphalan based isolated limb
perfusion, TM-ILP TNF-alpha and melphalan based isolated limb perfusion

“Reference category
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Toxicity and Complications

Local toxicity was evaluable for 81% of all ILPs, and
63% were grade 1 or 2, 30% were grade 3, and 7% were
grade 4. One patient experienced a grade 5 toxicity
necessitating an amputation (Table 3). The multivariate
analysis showed no predictive factor for low versus high
toxicity (grade 1 or 2 vs. grades 3-5) (Table S1).

Considering only patients who underwent a re-ILP, the
toxicity after the first ILP was 70% grade 1 or 2, 27% grade
3, and 3% grade 4. For the second ILP, the toxicities were
respectively 67%, 24%, and 9%, and for the third to fifth
ILPs, the toxicities were respectively 59%, 41% and 0%
(p = 0.664).

Complications within 30 days postoperatively were
graded according to Clavien—-Dindo. The first ILP resulted
in 90% grade 0, 1.5% grade 1, 7.4% grade 2, 1.5% grade 3,
and 0% grade 4 or 5 complications.

Re-ILP resulted in 89% grade 0, 0% grade 1, 4% grade
2, 2% grade 3, and 1% grade 4 complications. The com-
plications did not differ between the first-time ILPs and the
re-ILPs (p = 0.54).

Survival

The median overall survival (OS) was 39 months, with a
5-year survival of 37%. The median OS was 34 months for

the patients treated with one ILP, 41 months for patients
treated with two ILPs, and 93 months for those who
underwent three to five ILPs (p = 0.02) (Fig. 2). In the
multivariate analysis, the factors predictive for increased
survival were lower stage, increased number of ILPs, and
CR. When response from the multivariate analysis was
excluded, stage and number of ILPs remained significant,
but in this case also, the number of metastases was statis-
tically significant (Table S2).

DISCUSSION

This study was a retrospective analysis of a prospective
database at a single institution, with all the associated
limitations. However, it is the largest series of re-ILPs
reported to date and includes a consecutive series of all the
patients treated in Sweden between 2001 and 2015.

In this study, the overall response rate for first-time ILPs
was 85% (including a CR rate of 62%), which is compa-
rable with previous results from our own institution.'>"?
and also with other previous reports.''

On the contrary, when only the re-ILPs were analyzed,
we found that our response rates were in the lower range,
with an ORR of 77% and a CR rate of 52% compared with
other major studies of re-ILP reporting an ORR of 71-96%
and a CR rate of 62-76% (Table 4). '*~'* This result likely
was due to a selection bias, with other institutions mainly

TABLE 3 Outcome: response

o Ist ILP n (%) 2nd ILP n (%) 3rd ILP n (%) 4thILP n (%) 5thILPn (%) Total n (%)
rates and local toxicity
Response (WHO)
CR 131 (60) 23 (41) 10 (63) 3 (75) 0 (0) 167 (56)
PR 51 (23) 22 (39) 2 (12) 0 (0) 0 (0) 75 (25)
SD 24 (11) 8 (14) 3 (19) 1(25) 1 (50) 37 (12)
PD 14 (6) 3(5) 1 (6) 0 (0) 1 (50) 19 (7)
Toxicity (Wieberdink)”
1 14 (6) 24 0 (0) 0 (0) 0 (0) 16 (5)
2 141 (57) 28 (62) 7 (58) 3 (75) 0 () 179 (58)
3 74 (30) 11 (24) 5(42) 1 (25) 1 (100) 92 (30)
4 17 (7) 4(9) 0 (0) 0 (0) 0 (0) 21 (7)
5 1 (0.5) 0 (0) 0 (0) 0 (0) 0 (0) 1(0.3)
Complications (Clavien—Dindo )b
1 1(1.5) 0 (0) 0 (0) 0 (0) 0 () 1 (0.6)
2 5(@) 1 (1.5) 2 (13) 1 (25) 0 () 9 (6)
3 1(1.5) 2 (3) 0 (0) 0 (0) 0 (0) 32
4 0 (0) 1 (1.5) 0 (0) 0 (0) 0 (0) 1 (0.5)
5 0 (0) 1 (1.5) 0 (0) 0 (0) 0 (0) 1 (0.5)

WHO World Health Organization, /LP isolated limb perfusion, CR complete response, PR partial response,
SD stable disease, PD progressive disease

“Toxicity is graded according to the Wieberdink scale

"Complications are graded according to Clavien—Dindo
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TABLE 4 Overview of major studies reporting on repeat isolated limb perfusion (ILP) for in-transit melanoma metastases

Author No. of re-ILPs No. of patients Toxicity 1-2 (Wieberdink) (%) Complete response rate (%)
Griinhagen et al."” 25 21 72 76
Noorda et al.'* 21 21 66 62
Deroose et al.'? 37 32 70 66
Sahlgrenska University Hospital 90 68 63 52

ILP isolated limb perfusion

100 —— 1ILP
9
=
>
=
St
=
v
=
«
St
@
>
o
0 T I ,
0 60 120 180
Number at risk Months
11LP 221 47 16 3
2 1LPs 51 15 5 0
3-51ILPs 15 6 0 0
FIG. 2 Overall survival. Median overall survival differed

significantly depending on whether the patients were treated with
one isolated limb perfusion (ILP) (34 months), two ILPs (41 months),
or three to five ILPs (93 months) (p = 0.02)

performing re-ILPs for patients with recurrences after a
complete or near-complete response following the previous
[Lp 1214

In our series, many patients who did not respond after
the first ILP were treated with a re-ILP. However, the
current results show that if the patient did not respond the
first time, the probability for a response after a re-ILP was
also low. In the modern treatment landscape these patients
should be discussed primarily for other treatments and not
be recommended for an additional ILP. However, for
patients achieving a CR after the first ILP, re-ILP remains a
treatment option with high response rates and no increased
risk for toxicity or complications.

Of the included ILPs, 57 were adjuvant ILPs after
resection of recurrent in-transit metastases. For these
patients, the response rate cannot be reported, but they still
were included in the analyses because they provided
information about toxicity and also completed the con-
secutive Adjuvant perfusions are no longer
performed at our institution, but in the first part of the study
period, no other adjuvant therapy was available, and data
from a randomized trial showed an increase in disease-free
survival but without survival benefit.*

series.

Two thirds of the patients experienced a grade 1 or 2
toxicity independently of the number of ILPs. These find-
ings are similar to those of other series reporting grades 1
and 2 reactions of 66-73%.""~'* Severe reactions such as
grade 4 toxicity were 7% in this series, which is somewhat
higher than other reports of 0-5%."""'* One reason could
have been the long-term follow-up period for the patients,
in which any deficit in limb sensitivity or motor function
was regarded as a persistent grade 4 toxicity.

However, the most significant result was that the number
of ILPs did not increase the risk for toxicity or complica-
tions. In our practice, we almost always use the previous
incision also for a re-ILP. This makes the surgical access a
little more challenging, but we have not experienced any
problems with this approach. This also is supported by the
complication data, which show no increase in complica-
tions in the re-ILP group compared with the first-time ILP
group.

The use of TNF-alpha can be highly questioned, but our
practice has been to consider adding TNF-alpha for bulky
tumors (> 30 mm) for first-time ILP and for all re-ILPs. In
the group of first-time ILPs, the CR rate was 63% after
M-ILP and 33% after TM-ILP. This difference was most
probably due to the use of TNF-alpha only for bulky
tumors, which is a known negative predictive factor for
response. In the re-ILPs, TNF-alpha was not used for 17
patients, and in this group, both the OR and CR rates were
lower but not statistically significant in either the uni- or
multivariate analyses. The well-known randomized trial of
Cornett et al.”' was not able to show any difference in
response with the addition of TNF-alpha, but many Euro-
pean institutions are using the same treatment schedule as
we use.”

No conclusions about TNF-alpha in the re-ILP setting
can be drawn based on the current results, and the exact
role of TNF-alpha remains to be defined. At our institution,
the rationale for adding TNF-alpha in the re-ILP setting has
mainly been based on those patients who did not respond
after the first ILP, for whom the treatment needed modi-
fication to increase the efficiency. Based on the current
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data, we no longer recommend re-ILP for patients who do
not respond the first time, and thus indirectly, the use of
TNF-alpha also can be questioned.

The 5-year OS after the first ILP was 36%, almost
identical to the results shown by Moreno-Ramirez et al,!!
emphasizing that patients with in-transit metastases are a
high-risk group, with adjuvant therapies likely having a
crucial role in improving survival. The OS was signifi-
cantly higher for the patients receiving more ILPs, but this
most probably was due to a selection bias and not an effect
of the ILP itself. Patients with a longer survival have a
higher risk of locoregional relapse. Therefore, they are
more likely to be considered for a re-ILP. Previous reports
show similar findings, with increased survival for the re-
ILP groups,"*'® but any direct comparison of survival
times is not possible because both the indications and the
case mix are different. However, hypothetically, an
improved survival in the re-ILP group could have been
related to a repeated immunologic effect, with some
emerging data showing a correlation between immunologic
factors and response.B’24 However, these data must be seen
as speculative and do not justify any conclusion to date.

In the case of relapse or progression after a previous
ILP, other options include ILI, which is a safe and easily
repeatable technique, but with lower response rates and no
difference in survival.”> In a smaller series of 44 patients
undergoing either repeated ILP or ILI, no difference was
observed in time to local recurrence or toxicities.*®
Potentially, ILI could be easier to perform from a technical
point of view, but in our practice, we also add TNF-alpha
in the re-ILP setting, and this option is then not available in
ILL.* Other options include local injection therapies such
as talimogene laherparepvec (TVEC),”” which is a genet-
ically modified, live, attenuated herpes simplex virus type 1
designed to replicate in tumor cells and promote an
enhanced antitumor response. In a randomized phase 3
trial, TVEC presented an ORR of 26%, including a CR of
11%.%

The development of new systemic drugs in recent years
has radically changed melanoma treatment. The introduc-
tion of BRAF/MEK inhibitors as well as checkpoint
inhibitors with anti-CTLA-4 and anti-PD-1 antibodies has
offered new hope for patients with stage 4 melanoma.
However, the specific response rates with these drugs for
in-transit metastases have not been reported to date, but the
response rates for inoperable stage 3 and stage 4 patients
are inferior to the results achieved by ILP or ILI, with CR
rates of approximately 5-15%.%°7>' An interesting concept
is the combination of regional therapies using modern
immunotherapy, with a recently presented trial combining
ILI and ipilimumab and showing a positive synergistic
effect.’

In conclusion, ILP and re-ILP give high response rates,
and the toxicity and complication rates do not depend on
the number of perfusions performed for each patient. We
still consider ILP as the best treatment option for achieving
local control of in-transit metastases confined to the
extremities. For recurrent in-transit metastases, re-ILP still
has a role, especially if the patient responded after the first
treatment. Considering the rapid evolution of both systemic
and various local treatments, the exact role of ILP and re-
ILP might have to be redefined in the near future.

OPEN ACCESS This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

REFERENCES

1. Little EG, Eide MJ. Update on the current state of melanoma
incidence. Dermatol Clin. 2012;30:355-61.

2. Whiteman DC, Green AC, Olsen CM. The growing burden of
invasive melanoma: projections of incidence rates and numbers
of new cases in six susceptible populations through 2031. J Invest
Dermatol. 2016;136:1161-71.

3. Pawlik TM, Ross MI, Johnson MM, et al. Predictors and natural
history of in-transit melanoma after sentinel lymphadenectomy.
Ann Surg Onco. 2005;12:587-96.

4. Sloot S, Speijers MJ, Bastiaannet E, Hoekstra HJ. Is there a
relation between type of primary melanoma treatment and the
development of intralymphatic metastasis? A review of the lit-
erature. Cancer Treat Rev. 2016;45:120-8.

5. Olofsson R, Bergh P, Berlin O, et al. Long-term outcome of
isolated limb perfusion in advanced soft tissue sarcoma of the
extremity. Ann Surg Oncol. 2012;19:1800-7.

6. Belgrano V, Ben-Shabat I, Bergh P, Olofsson Bagge R. Isolated
limb perfusion as a treatment option for rare types of tumours. Int
J Hyperthermia. 2016;32:595-9.

7. Testori A, Ribero S, Bataille V. Diagnosis and treatment of in-
transit melanoma metastases. Eur J Surg Oncol. 2017;43:544-60.

8. Johnson DB, Puzanov I, Kelley MC. Talimogene laherparepvec
(T-VEC) for the treatment of advanced melanoma. Im-
munotherapy. 2015;7:611-9.

9. Thompson JF, Agarwala SS, Smithers BM, et al. Phase 2 study of
intralesional PV-10 in refractory metastatic melanoma. Ann Surg
Oncol. 2015;22:2135-42.

10. Creech O Jr, Krementz ET, Ryan RF, Winblad JN. Chemotherapy
of cancer: regional perfusion utilizing an extracorporeal circuit.
Ann Surg. 1958;148:616-32.

11. Moreno-Ramirez D, de la Cruz-Merino L, Ferrandiz L, Villegas-
Portero R, Nieto-Garcia A. Isolated limb perfusion for malignant
melanoma: systematic review on effectiveness and safety. On-
cologist. 2010;15:416-27.

12. Deroose JP, Griinhagen DJ, Eggermont AM, Verhoef C. Repe-
ated isolated limb perfusion in melanoma patients with recurrent
in-transit metastases. Melanoma Res. 2015;25:427-31.

13. Griinhagen DJ, van Etten B, Brunstein F, et al. Efficacy of repeat
isolated limb perfusions with tumor necrosis factor alpha and
melphalan for multiple in-transit metastases in patients with prior
isolated limb perfusion failure. Ann Surg Oncol. 2005;12:609-15.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

1062

V. Belgrano et al.

14.

15.

17.

18.

19.

20.

21.

22.

23.

Noorda EM, Vrouenraets BC, Nieweg OE, van Geel AN,
Eggermont AM, Kroon BB. Repeat isolated limb perfusion with
TNF alpha and melphalan for recurrent limb melanoma after
failure of previous perfusion. Eur J Surg Oncol. 2006;32:318-24.
Katsarelias D, Radbo E, Ben-Shabat I, Mattsson J, Olofsson
Bagge R. The effect of temperature and perfusion time on
response, toxicity, and survival in patients with in-transit mela-
noma metastases treated with isolated limb perfusion. Ann Surg
Oncol. 2018;25:1836-42.

. World Health Organization. WHO handbook for reporting results

of cancer treatment. Geneva: World Health Organization; 1979.
Wieberdink J, Benckhuysen C, Braat RP, van Slooten EA,
Olthuis GA. 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;18:905-10.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg. 2004;240:
205-13.

Olofsson R, Mattsson J, Lindner P. Long-term follow-up of 163
consecutive patients treated with isolated limb perfusion for in-
transit metastases of malignant melanoma. Int J Hyperthermia.
2013;29:551-17.

Olofsson Bagge R, Mattsson J, Hafstrom L. Regional hyper-
thermic perfusion with melphalan after surgery for recurrent
malignant melanoma of the extremities: long-term follow-up of a
randomised trial. Int J Hyperthermia. 2014;30:295-8.

Cornett WR, McCall LM, Petersen RP, et al. Randomized mul-
ticenter trial of hyperthermic isolated limb perfusion with
melphalan alone compared with melphalan plus tumor necrosis
factor: American College of Surgeons Oncology Group Trial
70020. J Clin Oncol. 2006;24:4196-201.

Lejeune FJ, Eggermont AM. Hyperthermic isolated limb perfu-
sion with tumor necrosis factor is a useful therapy for advanced
melanoma of the limbs. J Clin Oncol. 2007;25:1449-50. (author
reply 1450-1441)

Martner A, Johansson J, Ben-Shabat I, Bagge RO. Melphalan,
antimelanoma immunity, and inflammation: letter. Cancer Res.
2015;75:5398-9.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Dudek-Peric AM, Ferreira GB, Muchowicz A, et al. Antitumor
immunity triggered by melphalan is potentiated by melanoma cell
surface-associated calreticulin. Cancer Res. 2015;75:1603-14.
Dossett LA, Ben-Shabat I, Olofsson Bagge R, Zager JS. Clinical
response and regional toxicity following isolated limb infusion
compared with isolated limb perfusion for in-transit melanoma.
Ann Surg Oncol. 2016;23:2330-5.

Chai CY, Deneve JL, Beasley GM, et al. A multi-institutional
experience of repeat regional chemotherapy for recurrent mela-
noma of extremities. Ann Surg Oncol. 2012;19:1637-43.

Luu C, Khushalani NI, Zager JS. Intralesional and systemic
immunotherapy for metastatic melanoma. Expert Opin Biol Ther.
2016;16:1491-9.

Andtbacka RH, Kaufman HL, Collichio F, et al. Talimogene
laherparepvec improves durable response rate in patients with
advanced melanoma. J Clin Oncol. 2015;33:2780-8.

Robert C, Karaszewska B, Schachter J, et al. Improved overall
survival in melanoma with combined dabrafenib and trametinib.
N Engl J Med. 2015;372:30-9.

Larkin J, Minor D, D’ Angelo S, et al. Overall survival in patients
with advanced melanoma who received nivolumab versus
investigator’s choice chemotherapy in CheckMate 037: a ran-
domized, controlled, open-label phase III trial. J Clin Oncol.
2018;36:383-90.

Schachter J, Ribas A, Long GV, et al. Pembrolizumab versus
ipilimumab for advanced melanoma: final overall survival results
of a multicentre, randomised, open-label phase 3 study (KEY-
NOTE-006). Lancet. 2017;390:1853-62.

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

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Response and Toxicity of Repeated Isolated Limb Perfusion (re-ILP) for Patients With In-Transit Metastases of Malignant Melanoma
	Abstract
	Background
	Method
	Results
	Conclusion

	Methods
	Patients
	Isolated Limb Perfusion
	Response
	Toxicity and Complications
	Statistical Analysis

	Results
	Time Between ILPs
	Response
	Melphalan and TNF-Alpha
	Toxicity and Complications
	Survival

	Discussion
	Open Access
	References




