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Abstract

Background.—Isolated limb infusion (ILI) is a minimally invasive procedure for delivering
high-dose chemotherapy to extremities affected by locally advanced or in-transit melanoma. This
study compared the outcomes of melanoma patients treated with ILI in the United States of
America (USA) and Australia (AUS).

Methods.—Patients with locally recurrent in-transit melanoma treated with ILI at USA or AUS
centers between 1992 and 2018 were identified. Demographic and clinicopathologic
characteristics were collected. Primary outcomes of treatment response, in-field progression-free
survival (IPFS), distant progression-free survival (DPFS), and overall survival (OS) were evaluated
by the Kaplan-Meier method. Multivariable analysis evaluated whether availability of new
systemic therapies affected outcomes.

Results.—More ILIs were performed in AUS (7= 411, 60 %) than in the USA (n= 276, 40 %).
In AUS, more ILIs were performed for stage 3B disease than in the USA (62 % vs 46 %; p <
0.001). The reported complete response rates were similar (AUS 30 % vs USA 29 %). Among the
stage 3B patients, AUS patients had better IPFS (p= 0.001), whereas DPFS and OS were similar
between the two countries. Among the stage 3C patients, the USA patients had better OS (p <
0.001), whereas IPFS and DPFS were similar. Availability of new systemic therapies did not affect
IPFS or DPFS in either country. However, the USA patients who received ILI after ipilimumab
approval in 2011 had significantly improved OS (hazard ratio, 0.62; p=0.013).

Conclusions.—AUS patients were treated at an earlier disease stage than the USA patients with
better IPFS for stage 3B disease. The USA patients treated after the availability of new systemic
therapies had a better OS.

Whereas early-stage melanoma remains effectively treated by surgical resection, patients
with a more advanced stage of disease provide additional challenges for successful
treatment. In-transit disease is defined as the presence of melanoma adjacent to the primary
lesion or between the primary site and first-echelon regional lymph nodes. However,
blockage of lymphatic channels by tumor may alter patterns of lymphatic flow so that in-
transit disease also may appear distal to the primary lesion.! Clinically, in-transit disease
may cause pain, ulceration, bleeding, and restricted mobility, leading to a lower quality of
life.2

Thompson et al.3 developed isolated limb infusion (ILI) in the 1990s as a minimally invasive
approach to treat unresectable in-transit melanoma confined to an extremity, isolating the
extremity through vascular occlusion with a tourniquet at the root of the limb. During ILI,
percutaneously placed catheters are used to deliver high doses of chemotherapeutic agents
(melphalan * actinomycin-D). Due to its advantages of low procedural morbidity and
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negligible systemic drug toxicity, ILI may be used to treat elderly and frail patients who
cannot tolerate other available therapies and can be repeated if only a partial response (PR)
is seen or disease recurs.3-2

Previous studies have reported overall response rates (ORR = CR + PR) after ILI ranging
from 50 % to 100 %, with complete response (CR) rates of 23 % to 44 %.14-6.10 |n this
international, multicenter study, direct comparison of patients treated in high-volume centers
with long-term follow-up periods in Australia (AUS) and the United States of America
(USA) was performed to elucidate differences in the use of ILI between the two countries.
The study aimed to identify factors that achieve the best treatment response and long-term
oncologic outcomes for in-transit melanoma patients treated with ILI.

MATERIAL AND METHODS

Patient Selection

Each of the AUS and USA centers obtained approval from their respective institutional
review boards to identify patients who underwent ILI for the first time between 1992 and
2018. The centers provided a de-identified dataset in compliance with their institution’s
regulatory requirements and data use agreements. Patients eligible for inclusion had
recurrent stage 3B or 3C melanoma, in-transit lesions confined to a limb, and no evidence of
distant metastatic disease as defined by the seventh edition of the American Joint Committee
on Cancer (AJCC) staging manual.11

The clinicopathologic characteristics recorded were patient age, sex, stage of disease,
involved extremity, and burden of disease (BOD). The BOD was reported according to the
stratification described by Muilenburg et al.12 as follows: high BOD (=10 lesions or any one
lesion >2 cm) or low BOD (<10 lesions and no lesion >2 cm). A history of therapy given
before the first ILI such as hyperthermic isolated limb perfusion, intralesional therapy,
surgical resection, or systemic therapy were not reasons for exclusion from the study. Post-
ILI therapies such as repeat ILI, surgical resection, and systemic therapy after disease
progression were likewise not reasons for exclusion. Only the results and outcomes after the
first ILI are presented in this report.

Description of Procedure

Dosing for ILI was determined preoperatively using limb volume measured by water
displacement or sequential circumference measurements along the length of the limb.13 The
doses of melphalan were 7.5 mg/L for lower extremities and 10 mg/L for upper extremities.
The doses of actinomycin-D were 75 to 100 mcg/L.6 The maximum melphalan dose was
100 mg for lower and 50 mg for upper extremities. In most ILI performed within the USA,
the dose of melphalan was corrected for the ideal body weight. This was not done at AUS
centers. The ILI procedure was performed as previously described.8:14.15

After the procedure, the patients were monitored with daily physical examination and serum
creatine phosphokinase (CPK) levels. Limb toxicity was assessed according to the
Wieberdink grading scale.13 At the AUS centers, treatment response was measured using the
World Health Organization (WHO) criteria, with CR defined as the disappearance of all
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measurable disease, and PR defined as a 50 % or greater decrease in total tumor size without
the appearance of new lesions or progression of any known lesion, both determined by two
postoperative observations 4 and 8 or more weeks apart.16 At the USA centers, treatment
response was measured using the Response Evaluation Criteria in Solid Tumors (RECIST
v1.1) guidelines for cutaneous lesions, with CR defined as the disappearance of all lesions
and PR defined as a 30 % or greater decrease in diameter of target lesions, recorded 3
months postoperatively.1’

Influence of Systemic Therapies

The use of systemic chemotherapy, targeted therapy, or immunotherapy varied during the
26-year period of the study, and specific reporting of systemic therapy initiation for a
majority of the patients was lacking. With this discrepancy, patients were instead stratified
and evaluated according to the date of government approval of reimbursement for
ipilimumab (Pharmaceutical Benefits Scheme [PBS], AUS 2013; Food and Drug
Administration [FDA], USA, 2011). The dates of government approval were similar or
subsequent to that for ipilimumab used in other systemic therapies, including targeted
therapies (vemurafenib [PBS 2017, FDA 2011], vemurafenib/cobimetinib [PBS 2018, FDA
2015], dabrafenib [PBS 2013, FDA 2013], dabrafenib/trametinib [PBS 2016, FDA 2014],
and encorafenib/binimetinib [PBS 2019, FDA 2018]), as well as for the checkpoint
inhibitors pembrolizumab (PBS 2015, FDA 2014) and nivolumab (PBS 2016, FDA 2015).

Statistical Methods

RESULTS

Continuous variables are described as median and interquartile range (IQR), and categorical
variables are described by frequency. The primary outcomes of treatment response, in-field
progression-free survival (IPFS), distant progression-free survival (DPFS), and overall
survival (OS) were evaluated by the Kaplan-Meier curve method. Time to in-field
progression, distant progression, and death were calculated from the day of ILI. The logrank
test was used to compare responders (patients with PR or CR) with non-responders (patients
with stable disease [SD] or progressive disease [PD]) regarding distribution of time to event.

Multivariable Cox proportional hazards regression analysis with a backward variable
elimination method was used for assessment of hazard ratios (HRs) to summarize the
association of demographic and clinicopathologic characteristics with time-to-event
outcome. The multivariable analysis also was used to evaluate whether availability of new
systemic therapies in each country affected survival outcomes. Availability was defined as
FDA approval in the USA and PBS reimbursement in AUS. A two-sided p value less than
0.05 was considered statistically significant. Statistical analyses were performed using SAS
version 9.4 (copyright 2013, SAS Institute Inc., Cary, NC, USA).

Comparison of Patient and Tumor Characteristics

Of the 687 ILI procedures analyzed in this study, 411 (60 %) were performed in AUS
centers and 276 (40 %) in USA centers. The majority of the patients were women (AUS: 59
% [1n=244], USA: 61 % [n= 168]), and most patients underwent IL1 of the lower extremity
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(AUS: 92 % [n=377], USA: 84 % [n= 233]). AUS patients were older (median age, 73 vs
68 years; p< 0.001), had lower median limb volume (6 vs 7.5 L; p< 0.001), and more often
had stage 3B disease (62 % [/7= 255] vs 46 % [n= 128]; p< 0.001). There was no
significant difference in BOD between countries (o= 0.75; Table 1).

Comparison in Procedure

The median melphalan dose used did not differ significantly between the two countries
(AUS 44 mg vs USA 43 mg; p= 0.89), but AUS centers used actinomycin less frequently
than the USA centers (73 % vs 97 %; p < 0.001). Drug circulation times varied among AUS
centers, whereas all USA centers used a standardized time (21 min [IQR 15-30 min] vs 30
min; p < 0.001). AUS centers reported a significantly shorter tourniquet time, with a median
ischemia time of 49 min compared with the USA centers (58 min) (p < 0.001). AUS centers
also reported a significantly lower median pH at 30 min (7.13 vs 7.18; p< 0.001), while
USA centers reported a significantly higher median limb temperature at 30 min (38.1 °C vs
38.9 °C; p<0.001; Table 2).

Comparison of Toxicity and Clinical Outcomes

All patients experienced some degree of Wieberdink limb toxicity, without significant
differences between the two countries (p = 0.14). The majority of patients in both countries
experienced grade 2 limb toxicity (AUS 61 % [n= 250] vs USA 60 % [n = 161]). No patient
experienced measurable systemic side effects or grade 5 limb toxicity necessitating
amputation. The post-procedural serum CPK levels and trends were similar, with the median
peak at 566 U/L in AUS centers and at 590 U/L in the USA centers (p = 0.75). The median
time to peak CPK level occurred on postoperative day (POD) 5 for AUS patients and on
POD 4 for the USA patients (Table 3).

The reported CR rates were similar between the two countries, observed to be 30 % (n=
123) in AUS patients and 29 % (n = 76) in USA patients. The ORR was better among AUS
patients (73 % vs 53 %; p < 0.001), as was the disease control rate (DCR = CR+PR+SD, 89
% Vs 66 %; p< 0.001). The study findings showed SD in 16 % (/= 66) of AUS patients and
13 % (n = 34) of the USA patients, with PD occurring in 11 % (n7= 45) of AUS patients and
34 % (n=91) of the USA patients.

Patients who responded to ILI (7= 300) at AUS centers demonstrated an improved median
IPFS, with a near doubling of time to in-field progression (25 vs 13 months; p=0.05) and a
similar median DPFS (58 vs 46 months; p= 0.39), yet a significantly shorter median OS (42
vs 79 months; p < 0.001) than those who responded to ILI at the USA centers (7= 141).
Non-responders treated at AUS centers (7= 111) had a similar median IPFS (3 vs 3 months;
p=0.48), a similar median DPFS (14 vs 10 months; p=0.74), and a significantly shorter
median OS (16 vs 33 months; o < 0.001) than the non-responders at the USA centers (n=
125) (Fig. 1).

The stage 3B patients treated at AUS centers (n7= 255) had a significantly longer median
IPFS (21 vs 8 months; p < 0.001), but a similar median DPFS (65 vs 69 months; p= 0.55)
and median OS (45 vs 60 months; p= 0.07) compared with those who had stage 3B disease
treated at the USA centers (n= 128). The stage 3C patients treated at AUS centers (/7= 156)
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had a similar median IPFS (8 vs 6 months; p=0.88) and DPFS (17 vs 14 months; p=0.99),
but a significantly shorter median OS (21 vs 38 months; p < 0.001) compared with those
who had stage 3C disease treated at the USA centers (n7= 148; Fig. 2).

Comparison by Availability of New Systemic Therapies

The majority of ILIs were performed in AUS before (n7= 388) versus after (7= 23)
availability of ipilimumab. For the patients treated at AUS centers, median IPFS (10 vs 12
months; p = 0.23), median DPFS (30 vs 35 months; p= 0.95), and median OS (27 vs 34
months; p=0.99) were similar between the two countries. A comparison of the patients
treated before (7= 152) and after (/7= 124) availability of ipilimumab at the USA centers
showed no significant difference in median IPFS (8 vs 6 months; p= 0.16) or median DPFS
(15 vs 34 months; p=0.13), but those treated with ILI after availability of ipilimumab
demonstrated a significantly longer median OS (40 vs NE months [46.5 — NE months]; p=
0.01; Fig. 3).

Systemic therapy was administered before IL1 in 1 % (5/ 411) of the patients treated at AUS
centers and included chemotherapy (7= 2), pembrolizumab (7= 2), and pembrolizumab/
ipilimumab (7= 1). Unfortunately, pre-1LI systemic therapy was poorly documented
therefore these numbers may not reflect the reality. At USA centers, 20 % (54/276) of the
patients received systemic therapy before ILI, which consisted of interferon (7= 36),
chemotherapy (77 = 10), temozolomide (/7= 6), interleukin (IL)-2 (7= 5), pembrolizumab (n
=4), and ipilimumab (7= 4), with some patients receiving multiple sequential agents (n7=
11).

Systemic therapy was administered after ILI in 9 % (35/ 411) of the patients at AUS centers
and included pembrolizumab (n7= 18), ipilimumab (7= 8), chemotherapy (n=7),
ipilimumab/nivolumab (7= 3), and BRAF-targeted therapies (/7= 3). However, because no
adjuvant or recurrence treatment data could be reported for 333 patients at the AUS centers,
these numbers may not reflect the reality.

At USA centers, 39 % (08/276) of patients received systemic therapy after ILI, which
included ipilimumab (7= 43), pembrolizumab (n7= 18), chemotherapy (7= 17), BRAF-
targeted therapies (7= 16), IL-2 (n=12), temozolomide (7= 11), nivolumab (n=9),
interferon (7= 4), ipilimumab/pembrolizumab (/7= 3), and ipilimumab/nivolumab (7= 1).

Notably, an additional difference was found in use of the intralesional agent talimogene
laherparepvec (T-VEC). Although this therapy was not administered to any AUS patients, it
was administered to one patient before ILI and to 5 % (13/276) of patients after ILI in the
USA. Intralesional therapy (GM-CSF, BCG, PV-10, Rose Bengal, T-VEC) was administered
t0 9.5 % (39/411) of AUS patients and 2.5 % (7/276) of USA patients before ILI, while 3.2
% (n=13) of AUS patients and 8.7 % (n= 24) of USA patients received some type of
intralesional therapy (GM-CSF, PV-10, Rose Bengal, T-VEC) after ILI.

Multivariable Analysis

In the multivariable Cox regression analysis, no factors that provided a long-term oncologic
outcome benefit were identified regarding differences in procedure between the two
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countries. The patients treated in USA centers had a similar IPFS (HR, 1.08; p=0.70) and
DPFS (HR 1.00, p=0.99) but a significantly longer OS (HR, 0.69; p= 0.003) compared with
the patients treated in AUS centers. In both countries, patients with stage 3C disease were at
a higher risk for a significantly shorter IPFS (HR, 1.45; p< 0.001), DPFS (HR, 1.97; p<
0.001) and OS (HR, 1.52; p< 0.001) than the patients with stage 3B disease. Also in both
countries, a significantly longer OS was associated with lower BOD (HR, 0.69; p < 0.001)
and treatment after ipilimumab became available (HR,0.62; p=0.013; Table 4).

DISCUSSION

This study compared 687 patients from Australia (7= 411) and the United States (7= 276)
who underwent first-time ILI for the treatment of stage 3B and 3C melanoma. These data
have previously been analyzed together in a single cohort, with a significantly longer OS
reported for patients who achieve a CR after undergoing ILI for in-transit melanoma
confined to a limb.18 The current study sought to characterize similarities and differences in
the use of ILI between the two countries. In both countries, ILI was an effective treatment
with generally low toxicity. The ORR differed significantly between the two countries, yet
the CR rate was similar, consistent with previous studies.*6:7 Understanding the factors that
may have contributed to a higher PR rate for the AUS patients garnered key interest because
the patients in both countries who responded to ILI had a significantly longer median IPFS,
DPFS, and OS than those who did not respond.

Using two distinct systems to evaluate response could explain the difference in PR rates. The
AUS patients were evaluated earlier, approximately 4 and 8 weeks postoperatively according
to the WHO guidelines, compared with later evaluation 3 months postoperatively using the
RECIST criteria in the USA. This difference in practice might have led to an observer bias
where patients were evaluated before disease progression (4 or 8 weeks) or after an early
response that then failed by 3 months.

Response rates also could be attributed to differences in melphalan dose and limb volume.
Although AUS patients had lower limb volumes, the dose of melphalan administered was
similar between the two countries. This was attributed to routine correction of the melphalan
dose for ideal body weight in the USA centers, an uncommon practice in AUS centers.®
Although some studies have associated dosing modification with similar response rates and
lower rates of toxicity,19-20 others have failed to reproduce this result.?! In a large, multi-
institutional study of ILI comparing melphalan dosing, patients had a significantly better PR
rate with an uncorrected melphalan dose and lower limb volume, albeit with higher toxicity
and no additional improvement in CR.6

Additionally, the response rates may have been due to differences in circulation and
ischemia times. The better PR observed with shorter circulation and ischemia times in AUS
centers is inconsistent with prior studies reporting a better PR rate with longer duration of
circulation and ischemia.>22 Evidence from one Jn vitro study may account for this, having
demonstrated an elimination half-life of 15 to 25 min for melphalan and a plateau of
melphalan uptake by melanoma cells after approximately 10 min.23 In the current study,
despite variation in melphalan dose, limb volume, circulation, and ischemia times, the
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findings showed no significant differences in Wieberdink limb toxicity, median CPK levels
or CR rates between the two countries.

The median IPFS was consistently shorter than the median DPFS in both countries and both
staging groups, indicating a trend of locoregional progression and recurrence. Progression of
tumors in this fashion may indicate a disease biology amenable to repeat ILI for patients
who previously demonstrated CR or PR, as prior studies have shown similar toxicity and
response for repeat ILI compared with first-time 1L1.8:24 BOD and limb volume were
significantly lower for the AUS patients, therefore a better IPFS, DPFS, and OS than USA
patients would be expected, as demonstrated by previous studies that lower BOD and lower
limb volume are predictors of better ORR.%8 Additionally, the AUS centers treated
significantly more stage 3B patients than the USA centers. Nevertheless, the AUS patients
had a worse median OS.

One explanation for the difference in median OS may be that AUS patients were
significantly older than the USA patients. Another may be that systemic therapies for
treatment of unresectable, metastatic melanoma have expanded during the last 10 years.
Immunotherapy and targeted therapy have provided patients with improved response rates
and longer 0S.25-30

The study analysis stratified patients based on the availability of effective systemic therapies
to further characterize long-term oncologic outcomes after ILI. Although ipilimumab was
selected, other immunotherapy and targeted therapy agents were similar in chronologic
comparison. Patients in the USA centers treated with ILI after the availability of these
systemic therapies demonstrated a longer median OS than the patients who underwent ILI
before their availability. This difference was not observed in patients treated at the AUS
centers, possibly accounted for by not enough patients treated after availability of the new
systemic therapies to adequately show a significant result. This trend toward preferential use
of systemic therapies in the treatment of in-transit disease has also occurred in the United
States.

Current National Comprehensive Cancer Network guidelines have detailed this shift in
treatment utilization, stating that institutions have increasingly considered the use of the new
systemic therapies as first-line treatment for in-transit disease, although no guideline
recommendation for either ILI or systemic therapy as first-line treatment has been reported
and no direct comparison between the therapies has been performed.3! Moreover, the phase
3 trials which led to the approval of ipilimumab,32 nivolumab,33 and pembrolizumab3* had
marginal representation of patients with stage 3 unresectable in-transit melanoma.

Treatment with ILI has been established for more than two decades as a method for
managing in-transit disease, with an ORR reaching 75 % in low BOD and 50 % in high
BOD as well as minimal associated adverse events and no treatment-related deaths. Findings
have proven ILI to be well tolerated by octo- and nonagenarians,3® who otherwise could not
tolerate the adverse effects of systemic therapy. Because no large scale studies have
investigated the efficacy of systemic therapies for in-transit melanoma, the abandoning of
ILI (rather abrupt and consistent over time in AUS centers) seems inappropriate and may be
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explained only by a recall bias for recent therapy innovation present in both community and
academic centers.

The ability of ILI to achieve a durable CR in 30 % of patients alongside the long-term
remission oberved with systemic therapy offers a difficult clinical decision for optimal
disease management. Therefore, each patient would benefit from multidisciplinary
discussion to determine their best method of treatment. If eligible for ILI, patients should be
given the opportunity for disease control using a single well-tolerated procedure, with the
understanding that if progression occurs at the 3-month postoperative evaluation, new
systemic treatment options are readily available. The use of ILI in concert with systemic
immunotherapy is a reasonable next step in evaluation of treatment for in-transit melanoma,
of special interest as descriptions of melphalan have shown its synergism with systemic
immunotherapy and do not appear to preclude the effectiveness of adjuvant immunotherapy.
36-42 The finalized results from two trials currently exploring ILI with ipilimumab in the
neoadjuvant (NCT02115243) and adjuvant settings (NCT01323517) are eagerly anticipated.

This study included a selected group of stage 3B and 3C patients treated at high-volume
tertiary referral centers to reduce selection bias. However, the retrospective nature of the
study could not be avoided. The study also could not account for other limitations, including
a lack of reporting on BRAF status and treatments in the adjuvant or recurrent setting that
333 patients may or may not have received during the course of their disease. These other
therapies could have had an impact on clinical outcomes, and use of the ipilimumab
approval date as a surrogate for drug availability limits the conclusions that could be made
regarding OS.

Additionally, differences between the WHO and RECIST criteria for assessing outcomes
may have introduced variability between centers. Despite this discrepancy in reporting of
PR, the study did show that response to treatment is independently associated with improved
survival in both countries.

CONCLUSIONS

This study is the first to directly compare ILI use between AUS and the USA. AUS patients
were older, had lower limb volumes, underwent ILI at an earlier stage of disease, and had a
better IPFS. The USA patients had longer procedural ischemia times and a longer median
OS. Overall, the best long-term oncologic outcomes were associated with lower BOD,
earlier stage of disease, and IL1 administered after the availability of new systemic
immunotherapies. Despite minor differences in procedural technique, the use of ILI in both
countries was similarly well tolerated and offered potential for control of in-transit
melanoma confined to an extremity. Yet, the use of ILI has markedly shifted in favor of new
systemic therapies for an undefined reason. Future studies should focus on the role of ILI in
conjunction with systemic therapies and further defining the response rates and adverse
effects of each treatment option currently available.
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FIG. 1.
Outcomes of responders versus non-responders, stratified by country
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FIG. 2.
Outcomes of stage 1B versus stage I11C patients, stratified by country
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