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A B S T R A C T

Purpose
In-transit disease afflicts approximately 10% of patients with extremity melanoma; no single
treatment approach has been uniformly accepted as the most effective. We report long-term
outcomes in patients with in-transit extremity melanoma who underwent isolated limb perfusion
(ILP) in an era of increasingly accurate staging, uniform operative and treatment conditions, and
regular long-term follow-up.

Patients and Methods
Between May 1992 and February 2005, 91 patients (median age, 57 years; 50 women, 41 men)
underwent a 90-minute hyperthermic ILP (melphalan, 10 to 13 mg/L limb volume, tumor necrosis
factor [TNF; n � 44], or interferon [n � 38]) using uniform operative technique and intraoperative
leak monitoring. Patients were prospectively followed for response, in-field progression-free
survival (PFS), and overall survival (OS). Parameters associated with in-field PFS and OS were
analyzed by standard statistical methods.

Results
There was one operative death (1.1%). There were 62 complete responses (69%) and 23 partial
responses (26%) in 90 assessable patients. At a median potential follow-up of 11 years, median
in-field PFS was 12.4 months and median OS was 47.4 months; 5 and 10-year actuarial OS
probabilities were 43% and 34%, respectively. Female sex and low tumor burden (� 20 lesions)
were associated with prolonged in-field PFS (male:female hazard ratio [HR], 2.07; 95% CI, 1.27 to
3.38; 21� v � 20 tumors HR, 2.29; 95% CI, 1.21 to 4.34; P � .011 for both). Female sex was
associated with improved OS (P � .027; male:female HR, 1.82; 95% CI, 1.07 to 3.09).

Conclusion
In appropriately selected patients, ILP has clinical benefit. The use of TNF was not associated with
improved in-field PFS, while female sex was associated with better survival.

J Clin Oncol 28:114-118. © 2009 by American Society of Clinical Oncology

INTRODUCTION

An estimated 62,480 new cases of primary mela-
noma occurred in 2008.1 The proportion of extrem-
ity lesions is approximately 50%2 and, therefore,
approximately 31,000 new cases of extremity mela-
noma occurred in the United States in 2008. Be-
tween 9% and 17% of patients who have extremity
melanoma of intermediate or greater thickness
will develop regional cutaneous disease in approxi-
mately a 2:1 ratio of in-transit metastases to satellite
lesions indicating that a significant population of
melanoma patients will develop regionally advanced
melanoma of the extremity.

Isolated limb perfusion (ILP) is a surgical pro-
cedure for regional intravascular delivery of chemo-

therapeutic or biologic agents to a tumor-burdened
extremity. ILP was first conceived and performed
more than 50 years ago by Creech et al3 at Tulane
University in New Orleans, LA. The higher drug
concentrations achieved by ILP may improve the
efficacy of treatment while limiting the systemic
toxic effects of antineoplastic agents. Over the past
15 years there has been substantial interest in ILP
because of the availability of recombinant tumor
necrosis factor (TNF) for use in the treatment regi-
men.4 Clinical trials using this biologic agent have
provided significant insights into the role of isola-
tion perfusion in different clinical settings. Because
of the severe systemic toxicity associated with even
small perfusate to systemic leaks of TNF during
isolation perfusion, uniform perfusion techniques,
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more consistent treatment parameters, and the routine use of leak
monitoring were widely adopted.5-7

Currently, ILP has not been widely adopted as a treatment option
for patients with in-transit melanoma because of an under apprecia-
tion of its treatment efficacy and limited data regarding long-term
outcomes. In this report we summarize our institutional experience
with ILP in carefully selected patients with in-transit extremity mela-
noma who were treated using uniform operative and treatment pa-
rameters and followed regularly thereafter.

PATIENTS AND METHODS

From May 1992 to February 2005, 91 patients with in-transit malignant mel-
anoma of the extremity (all stage IIIB or IIIC, 2002 American Joint Committee
on Cancer Staging System) underwent ILP. All patients were treated on one of
several institutional review board–approved protocols after obtaining in-
formed consent. Demographic data, disease presentation, treatment charac-
teristics, and prior treatment history were retrieved from a prospectively
maintained database. A complete preoperative evaluation was performed. The
number of in-transit lesions and the surface area of the largest in-transit lesion
were recorded for each patient.

Patients underwent ILP as described4,8; 80 (88%) were via the iliac or
femoral artery approach, three were via the axillary artery and eight were via
the popliteal artery approach. For the iliac artery approach, the vessels were
exposed with a standard lower-abdominal transplant incision and retroperi-
toneal dissection. The external iliac artery and vein were dissected distally, and
all venous and arterial tributaries were ligated and divided. The external iliac
artery and vein were then cannulated and a tourniquet was wrapped at the
most proximal portion of the extremity. A heat exchanger and external warm-
ing blanket were used to maintain limb temperature between 38.5°C and
40.0°C. The pump oxygenator was primed with heparinized balanced salt
solution and packed RBCs to maintain a hematocrit of approximately 25%.
Continuous intraoperative monitoring was performed to assess for systemic
perfusate leakage, and adjustments were made to avoid further leakage when
this was discovered. All patients received a melphalan dose of 10 mg/L lower
and 13 mg/L upper extremity volume. Thirty-seven patients (41%) received
0.2 mg of IFN-�, 4 mg of TNF-�, and melphalan. Six patients received 6 mg of
TNF-� in addition to melphalan. Perfusion of the lower extremity was per-
formed for 90 minutes. The lower extremity was then flushed with 2 L of
crystalloid solution and 1 L of 5% albumin. Data were collected intraopera-
tively on the various perfusion-related parameters, such as flow rate and
perfusion pressure, achieved during ILP.

Patients were observed postoperatively at 4 to 6 weeks after ILP, every 3
months for the first year, every 4 months for the second year, and every 6
months thereafter. At each follow-up, each patient underwent physical exam-
ination, laboratory tests, and imaging studies (computed tomography of the
chest, abdomen, and pelvis). Head magnetic resonance imaging was per-
formed annually, and bone scan was performed when clinically indicated.
Photographs were taken of all patients preoperatively and at multiple time
points postoperatively to document responses. Some patients with deep le-
sions that were difficult or impossible to palpate and measure directly were
evaluated by sequential extremity computed tomography or magnetic reso-
nance imaging scans. The perfusion field was defined as the region of the
limb below a line extending from the inguinal crease medially to the upper
one third of the thigh laterally. After ILP, the perfusion field typically had
mild chronic erythematous changes that aided in defining the upper extent
of treatment. For pigmented lesions in which a tattoo remained after the
substance of the lesion regressed, biopsies were performed on representa-
tive areas to confirm a complete pathologic response. Nonpigmented
lesions were monitored clinically. If recurrence occurred within the perfu-
sion field, it was defined as an in-field recurrence. If it occurred anywhere
outside of the perfusion field, it was defined as out of field. Dates of these
recurrences were recorded for each patient.

Statistical analyses consisted initially of individual actuarial analyses us-
ing Kaplan-Meier curves and two-tailed log-rank tests. They were performed
on several patient-, tumor-, and treatment-related factors for the following
two outcomes: survival (defined as the time from ILP date to last follow-up
date) and in-field recurrence free survival (defined as the time from ILP date to
either in-field recurrence date or last follow-up date for patients who have not
yet experienced an in-field recurrence). For analysis of continuously distrib-
uted potential prognostic variables, four strata were initially created of roughly
equal sized groups based on quartiles of the observed parameter distribution in
order to identify if potential differences in overall or in-field PFS could be
identified in one set of values versus another. The division in the data which

Table 1. Patient Demographics and Tumor-Related Characteristics at
Presentation for Isolated Limb Perfusion

Characteristic No. %

Median age, years 57
Range 24-84

Female: male 50:41
AJCC stage

III B 61 68
III C 29 32

Median primary tumor
Thickness, mm 2.6

Range 0.4-10.0
Median time to in-transit

disease, months 18.2
Range 0-273

Primary tumor location
Arm 3 3
Thigh 7 8
Leg 50 56
Foot 30 33

Median No. in-transit
lesions 6-10

Range 1-� 99
Mean largest in-transit size, cm 2.5

Range 0.1-4.5

Abbreviation: AJCC, American Joint Committee on Cancer.

Table 2. Treatment Characteristic

Parameter No. %

TNF dose level, mg
3-4 37 41
6 6 7

IFN, 0.2 mg 37 41
Median melphalan dose, mg 109

Range 32-181
Median flow rate, ml/min 641

Range 325 to 1,050
Median temperature, °C 39.3

Range 36.9-40.7
Leak � 5% 10 13

Median percent leak 0
Range 0-16

Vessels accessed
Axillary 3 3
Iliac or common femoral 79 88
Popliteal 8 9

Abbreviations: TNF, tumor necrosis factor; IFN, interferon.
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yielded the greatest association with outcome was selected for further investi-
gation. In view of the number of parameters examined and the techniques used
to identify cut-points to form groups for analysis, only unadjusted P values
lower than .01 were interpreted as being statistically significant. Any unad-
justed P values � .01 and � .05 were interpreted as indicative of a trend and
would require independent confirmation to establish the importance of the
parameter with respect to either outcome. Unadjusted P values � .05 and
� .10 suggested potentially weaker trends, but ones that may also be worthy of
further investigation. After evaluation of the univariate results, Cox propor-
tional hazards model analyses were performed for each outcome, initially
incorporating those factors with unadjusted P values lower than .10 in the
univariate analyses. A backward selection algorithm was used to determine the
final model, which was restricted to parameters with individual P values of
lower than .05.

RESULTS

Patient demographic data and tumor-related characteristics at presen-
tation are shown in Table 1; the sex ratio was approximately equal and
the age at treatment ranged from 24 to 84 years. Sixty-one patients
(68%) presented with stage IIIA disease. The median depth of pene-
tration of the primary lesion at initial diagnosis was 2.6 mm; although
the median interval between treatment of the primary lesion and the
development of in-transit metastases was 18.2 months, the range (0 to
273 months) highlights the remarkably variable biology of this condi-
tion. Similarly, the burden of disease was diverse as quantitated by

number of lesions (reported in categories) and size of the largest
lesion (Table 1).

Treatment parameters are presented in Table 2. All patients un-
derwent a 90-minute ILP with a standard dose of melphalan with or
without biologic agents. Melphalan was dosed based on measured
limb volume as described in the methods, and the lower doses in the
total melphalan dose range (32 to 181 mg) reflect the smaller limb
volumes of the upper extremity. Almost half (48%) of patients re-
ceived 4 (n � 37) or 6 mg (n � 6) of TNF-�; those who received 4 mg
were also given 0.2 mg of IFN-� during ILP. The administration of
TNF-� or IFN-� was determined by the clinical research trial under
which that patient received treatment. Flow rates were generally ad-
justed upward until arterial line pressures approximated the mean
arterial blood pressure and were adjusted slightly upward or down-
ward depending on changes in the reservoir volume within the perfu-
sion circuit or measured systemic leak of perfusate. Target tissue
temperature was 38.5°C.

Eighty patients (87%) had less than a 5% leak of perfusate as
measured by continuous intraoperative leak monitoring; the maxi-
mum leak measured was 16%. There was one postoperative mortality
(one of 91 or 1.1%) in a septuagenarian woman who had pulmonary
complications after undergoing urgent reoperation to control retro-
peritoneal bleeding after ILP; this complication did not appear to be
related to the use of TNF in the perfusate. Most patients experienced
transient and mild regional toxicities; severe regional toxicities were
rare. Two patients experienced transient grade 3 skin toxicity (ery-
thema and blistering) and two patients experienced transient grade 4
nerve and muscle toxicity (pain and weakness) Most significant sys-
temic toxicities were associated with the use of TNF; transient hypo-
tension was the most common consistent with previously published
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Fig 1. Actuarial (A) overall survival and (B) in-field progression-free survival in 90
patients after isolated limb perfusion (ILP) for melanoma.

Table 3. Factors Potentially Associated With In-Field Recurrence or Survival

Outcome Unadjusted P

In-field PFS
Lesions, � 20 v 21� .062
TNF dose, 0 v 3-6 mg .18
Sex .019
Dx to in-transit melanoma, � 66 v 67� months .069
Perfusion pressure, � 85 v 86� .079
Stage .050

Survival
TNF 0 v 3-6 mg .49
Sex .025
Dx to intransit melanoma, �18 v � 18 months .073
Stage .065

Abbreviations: PFS, progression-free survival; TNF, tumor necrosis factor;
Dx, diagnosis of primary tumor.

Table 4. Cox Proportional Hazards Model

Variable P Hazard Ratio 95% CI

In-field progression-free survival
Lesions (� 20 v 21�) .011 2.29 1.21 to 4.34
Sex (male v female) .004 2.07 1.27 to 3.38

Overall survival
Sex (male v female) .027 1.82 1.07 to 3.09
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reports.5,9 Eleven patients had transient grade 3 or 4 hypotension and
three patients had transient grade 3 fever. Other systemic toxicities
included grade 3 hepatic toxicity (n � 3), leucopenia (n � 1), and
arrhythmia (n � 1).

The overall response rate was 95% (85 of 90 evaluable); there
were 62 patients (69%) who had a complete response (CR) and the
overall median in-field progression-free survival (PFS) was 12.4
months. With a median potential follow-up time of 11 years, the
median overall survival (OS) was 47.4 months and the 5- and 10-year
actuarial OS probabilities were 43% and 34%, respectively (Fig 1).

Individual actuarial analyses were performed on several clinical
and pathological parameters for the two outcomes of survival and the
development of in-field recurrence. Factors such that unadjusted uni-
variate P values for their association with outcome were less than .10,
along with the effect of TNF (for completeness) are presented in Table
3. In this exploratory analysis, a number of factors appeared worthy of
further evaluation in a Cox model since the unadjusted P value was
lower than .10. In the analysis of factors potentially associated with
outcome, the backward selection algorithm for the Cox proportional
hazards model identified � 20 lesions and female sex as significantly
and independently associated with prolonged in-field PFS, while only
female sex was shown to be associated with OS (Table 4, Fig 2).
Notably, the use of TNF had no influence on in-field PFS or OS while
the presence of a higher disease burden as defined by more than 20
lesions was associated with a shorter time to in-field recurrence (Fig 2).

DISCUSSION

Although ILP has been clinically used for treatment of in-transit ex-
tremity melanoma for more than 50 years it has not gained widespread
acceptance as an effective treatment option for this clinical condition
for a number of reasons. For many years, the published reports on its
use were largely retrospective institutional reviews in which patient
selection criteria, treatment parameters such as type or dose of anti-
neoplastic agents, duration of perfusion, use of hyperthermia, or out-
comes such as response rates and survival were not consistent or
rigorously measured making interpretation of the efficacy and benefit
of ILP uncertain. Although short-term CR rates of up to 90% have
been reported,10-12 long-term outcomes including limb PFS and OS
have not been clearly defined. The current data show a median in-field
PFS of approximately 1 year and median OS of 47.4 months. The 5-
and 10-year actuarial OS were 43% and 34%, respectively. Female sex
was associated with both prolonged PFS and OS. Interestingly, low
tumor burden (� 20 lesions) was associated with prolonged in-field
PFS suggesting that earlier intervention when tumor burden is mini-
mal may be important in optimizing outcome after ILP. Successful
management of regional extremity recurrence after ILP is important
as most patients will survive for many years beyond their first recur-
rence. We have previously reported that regional recurrences after a
CR to ILP are frequently limited in number and can be effectively
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tumor necrosis factor (TNF) after isolated limb perfusion (ILP) in patients with melanoma.
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managed with serial local excision.13 In patients who have experienced
an initial partial response or CR and then recur with multifocal disease
confined to the extremity, a repeat ILP can be performed.14 Together
these data suggest that even though recurrence after ILP is common;
the biology of the disease may be altered to one that is amenable to
local excision.

There has been considerable interest in the use of TNF in ILP. The
American College of Surgeons Oncology Group reported results of
133 patients with in-transit extremity melanoma randomly assigned
to one of two treatment arms; the primary end point of the study was
to assess CR rates at 3 months.15 No long-term follow-up data were
reported from that trial; the CR rates were 25% and 26% for the
melphalan alone and the combined TNF and melphalan treatments,
respectively. These response rates are lower those reported by others
and considerably lower than those in this report. The most likely
explanation for this disparity is that responses in the American College
of Surgeons Oncology Group study were scored based on measure-
ments of residual pigmented lesions. Under these circumstances flat
lesions were likely scored as stable disease although in many patients
they may have actually been a CR with only residual melanin pigmen-
tation at sites of previous in-transit disease. We routinely biopsy under
these circumstances to confirm that the lesion represents dermal pig-
mentation with no residual melanoma; this was a standard practice for
patients in our series. Notably, the response rates in our study are in
line with other reports of similarly treated patients.11,16,12

Consistent with the findings of the American College of Surgeons
Oncology Group trial, the use of TNF did not influence PFS or OS in
this patient cohort and should not be used in the initial management
of patients with melanoma undergoing ILP for multifocal metastases.
There are some data suggesting that response to ILP for large bulky
melanoma metastases may be improved with TNF.17,4 However, for

most patients, melphalan alone is an effective regimen; the drug, an
analog of tyrosine, is actively taken up by cells that use tyrosine for
melanin synthesis.18

In summary, our data show that operative ILP results in high
response rates and is associated with long-term survival in patients
with in-transit melanoma. Factors associated with prolonged in-field
PFS are lower tumor burden (reflected in tumor number fewer than
20) and female sex. The latter was also associated with longer OS. ILP
with melphalan alone should be considered for patients with in-transit
extremity melanoma.
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