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Abstract: For decades, isolated limb infusion (ILI) and hyperthermic isolated limb perfusion (HILP)
have been used to treat melanoma in-transit metastases and unresectable sarcoma confined to the limb
utilizing the effect of loco-regional high-dose chemotherapy to the isolated limb. Both procedures
are able to provide high response rates in patients with numerous or bulky lesions in whom other
loco-regional treatments are becoming ineffective. In comparison to systemic therapies, on the other
hand, ILI and HILP have the advantage of not being associated with systemic side-effects. Although
in principle ILI and HILP are similar procedures, ILI is technically simpler to perform and differs from
HILP in that it takes advantage of the hypoxic and acidotic environment that develops in the isolated
limb, potentiating anti-tumour activity of the cytotoxic agents melphalan +/— actinomycin-D. Due
to its simplicity, ILI can be used in both preclinical and clinical studies to test new cytotoxic regimens
and combinations with the aim to overcome tumour resistance. In the future, administration of
cytotoxic agents by ILI, in combination with systemic treatments such as BRAF/MEK/KIT inhibitors,
immunotherapy (CTLA-4 blockade), and/or programmed death (PD-1) pathway inhibitors, has the
potential to improve responses further by inducing increased tumour cell death while limiting the
ability of the tumour to suppress the immune response.

Keywords: isolated limb infusion; melanoma; sarcoma; locally advanced melanoma and sarcoma;
in-transit metastases; molecular aspects; melphalan; immunotherapy

1. Introduction

Despite major developments in the recent years in the treatment of metastatic melanoma
after the introduction of effective immunotherapy with checkpoint inhibitors and targeted
therapies, in-transit metastases (ITMs) remain challenging to treat. Patients with ITMs
may often not obtain the desired response to these systemic therapies while they can suffer
severe systemic toxicity. On the other hand, ITMs can be too numerous and/or bulky
to be effectively treated by local procedures such as surgical excision or intra-lesional
injection [1].

Patients with an unresectable primary or recurrent sarcoma of the limb also constitute
a treatment challenge. In earlier times, these patients underwent amputation of the affected
limb; however, this does not reduce the metastatic rate or improve survival while it
reduces the patient’s quality of life significantly. Similarly, systemic therapy, consisting of
antracycline-based chemotherapy of doxyrubicin in combination with ifosfamide, and/or
external beam radiation are often unsatisfactory with low overall survival (OS) rates and
high associated toxicity [2,3].
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In case locally advanced melanomas or sarcomas are confined to a limb, these patients
can often be effectively treated by high-dose loco-regional chemotherapy administered by
either hyperthermic isolated limb perfusion (HILP) or isolated limb infusion (ILI), although
these procedures are not uniformly recommended by current American, European and
Australian guidelines [1,4-11]. Both HILP and ILI are well-established treatments in the
neoadjuvant setting to improve resectability for sarcoma, as well as an adjuvant or palliative
treatment when melanoma ITMs or local recurrences of sarcoma are present. Despite their
similar indications and comparable response rates, however, the principles of HILP and
ILI are different due to their molecular working mechanism.

1.1. Principles of Isolated Limb Infusion

ILI was developed and implemented at the Melanoma Institute Australia (MIA,
then called Sydney Melanoma Unit) in the 1990s as a simplified, minimally invasive
alternative to HILP [12]. Today, ILI is used at multiple tertiary melanoma referral centres
around the world [13,14]. Instead of open surgical cannulation as performed in HILP,
percutaneously placed arterial and venous catheters are used to administer the cytotoxic
agents into the affected limb (Figure 1; Figure 2) [15]. The catheters are placed using
the Seldinger technique to the disease bearing limb which is isolated from the rest of the
body by placement of the tourniquet at the level of groin or axillary fossa. The catheter
tips are positioned just above the elbow or knee joint with tissue above the tips being
perfused in a retrograde fashion via collateral vessels. During ILI, the infusate is not
oxygenated, resulting in hypoxia and acidosis of the limb. Prior studies have shown that
this hypoxic and acidotic environment enhances anti-tumour efficacy of the cytotoxic
agents, normally melphalan in combination with actinomycin-D and may be advantageous
to increase response rates [16,17]. Moreover, the low pressure and flow in the isolated
limb (1000-1500 mL during the procedure, in HILP up to 10 times higher) allows for
increased drug exposure of the tissues while avoiding systemic toxicity by minimal to no
leakage of the cytotoxic infusate to the systemic circulation [18]. These measures, and the
mild hyperthermia, improve the take up of the cytotoxic agents by the exposed tissues,
augmenting tumour responses.
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Figure 1. Schematic illustration of the circuit used for isolated infusion of a lower limb (red arrows
indicate direction of flow of infusate).
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Figure 2. Angiogram of the arterial (A) and venous (V) catheters positioned in a lower limb with the
tips reaching into the mid-popliteal vessels just proximal to the knee.

1.2. Patient Selection for ILI

Similar to HILP, patients with unresectable melanoma confined to the limb are consid-
ered eligible for the ILI procedure. Although ILI is mostly used for unresectable melanoma,
it has also been used to treat patients with unresectable sarcoma, squamous cell carci-
noma, Merkel cell carcinoma, refractory warts of the hands, refractory chromomycosis and
localised refractory cutaneous T-cell lymphoma [16].

In general, the ILI procedure is well-tolerated. Even medically compromised, frail,
and elderly patients can endure an ILI procedure well, making it feasible to treat many
who would otherwise be considered unsuitable for treatments such as HILP or systemic
therapy [19]. Particularly in elderly patients, ILI appears to be an attractive and safe proce-
dure, since older patients experience less limb toxicity compared with younger patients
(Wieberdink grade III/IV toxicity 36% vs. 51%; p = 0.009), while efficacy, systemic tox-
icity, complications, and long-term morbidity were similar in a multi-centre Australian
study [20]. A recent study investigating ILI for melanoma ITMs in vulnerable octogenarian
and nonagenarian patient showed that the procedure was safe and effective, with com-
parable responses and disease-control rates to younger patients [19]. Finally, in case of
limb disease recurrences after an initial HILP or ILI, a repeat ILI can be considered with
minimally increased limb toxicity or procedure-related morbidity [21].

1.3. Difference between ILI and ILP

ILI differs from HILP in that it is a minimally invasive procedure performed via percu-
taneously placed small-calibre catheters, whereas for HILP, a large invasive surgical proce-
dure with open blood vessel cannulation using large-calibre catheters is required [5,15,22].
Due to the difference in catheter calibre between both procedures, blood circulation in
the isolated extremity during ILI is at a much lower rate than HILP (50-100 mL/min in
ILI vs. 150-1000 mL/min in HILP), and ILI drug exposure times are 30 min compared
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to 60 min in HILP. Another major difference is that the extremity during ILI is not oxy-
genated, leading to severe hypoxia and acidosis (Table 1). In contrast, during HILP, a pump
oxygenator maintains oxygenation and a normal acid/base status of the extremity. The
hypoxic conditions developing during ILI may in fact be advantageous by enhancing the
cytotoxic effect since alkylating agents such as melphalan are more effective under these
conditions. Furthermore, whereas blood transfusions are normally required during HILP
to prime the extracorporeal circuit, this is not necessary in ILI. Moreover, if a patient has
had previous groin or axillary surgery, for instance, a lymph node dissection, catheter
insertion via the contralateral groin for ILI is usually straightforward, while both venous
and arterial access for HILP can be technically difficult if not impossible, with both short-
and long-term morbidity to vessel patency. Similarly, surgical access to the vessels for a
repeat HILP procedure is often difficult due to scarring around the previous vascular access
sites, while the percutaneous catheter insertion for a subsequent ILI procedure normally
does not present problems. These and other differences between ILI and HILP are detailed
in Table 2.

Table 1. Median intra-operative values at 30 min upon completion of ILI in 185 patients at Melanoma
Institute Australia [13].

Ph 711
Base excess (mmol /L) —10.8

PO, (mmHg) 8.4

SO, (%) 6.9

PCO; (mmHg) 54.3

Peak subcutaneous temperature (°C) 38.1

Peak intramuscular temperature (°C) 38.2
Drug exposure time (mins) 30
Tourniquet time (mins) 55

Table 2. Differences between hyperthermic isolated limb perfusion and isolated limb infusion.

Hyperthermic Isolated Limb Perfusion Isolated Limb Infusion

Technically complex

Open surgical exposure of vessels for catheter insertion

4 to 6 h duration

Technically simple

Percutaneous vascular catheter insertion in radiology
department

Approximately 1 h

Perfusionist and ancillary staff required No perfusionist required and fewer total staff
Complex and expensive equipment needed Equipment requirements modest

Magnitude of procedure excludes patients

Well tolerated by medically compromised, frail and elderly

patients
Not possible in occlusive vascular disease Can be performed selectively in occlusive vascular disease
Technically challenging to perform a repeat procedure Not difficult to perform a repeat procedure
Systemic metastases normally a contraindication Systemic metastases not a contraindication

Higher perfusion pressures predispose to systemic leakage

Low pressure system, effective vascular isolation with

tourniquet
Limb tissues oxygenated, with normal blood gases maintained  Progressive hypoxia and acidosis
Hyperthermia (>41 °C can be achieved) Usually not possible to raise limb temperature above 40 °C
General anesthesia (GA) required Possible with regional anaesthesia, GA preferred.

1.4. Challenges in Isolated Limb Infusion

Despite the simplicity of ILI, clinicians are faced with certain challenges associated
with the procedure that will have to be overcome. Some of the technical challenges are
discussed in this paragraph. For instance, placement of the venous catheter is sometimes
difficult for both lower and upper limb ILI procedures because valves may be encountered
near the root of the limb. However, it is usually possible to negotiate these valves by first
passing a guide wire through them [15]. Furthermore, if a venous catheter of smaller calibre



Biomedicines 2021, 9, 163

50f13

than 8FG is used, satisfactory venous return from the limb may be difficult to achieve.
However, satisfactory venous return can be achieved using two 6FG catheters connected
externally with a Y-connector when 8FG catheters are unavailable. It is also important
that the patient is kept as warm as possible during the catheter insertion procedure and
during transfer to the operating room or preoperative ward because low body and limb
temperatures on arrival in the operating room make it more difficult to achieve adequate
heating of the limb during the ILI procedure, limiting the chance of a favourable response.
During ILI, melphalan tissue concentrations in the limb may vary between individual
patients, making it challenging to estimate the correct dose for each patient. It is a matter
of experience to overcome this particular challenge to know which patient, especially those
with large (obese) limbs, may require an adjusted melphalan dose in order to achieve
the best possible response without risking great limb toxicity [23,24]. In line with the
experience in performing ILI, patient selection for the procedure is crucial to include all
eligible patients, but also to be realistic about the likelihood for a patient to experience an
advantageous response to the treatment in view of its associated limb toxicity. Assessing
response can be difficult when the treated limb bears a large number of tumour nodules
and when pigment remains after treatment. Additionally, response assessment can be
complicated by the appearance of systemic disease, in which case patients often receive
other forms of treatment that may have an effect on the magnitude or durability of response
in the extremity. Overall, standardization of objective response criteria will aid future
studies and will be necessary for valid comparisons between different studies, as now the
WHO criteria for response and the RECIST criteria are used to report response to ILI by
different groups, making comparisons difficult [1,25,26].

1.5. Toxicity Following Isolated Limb Infusion

To report limb toxicity, the Wieberdink toxicity scale, historically used for HILP, has
shown to be also applicable after ILI [27]. Although after ILI reported limb toxicity is at the
higher end of the spectrum of that reported for HILP, long-term morbidity is less frequently
observed and less severe after ILI [28,29]. Considerable erythema and/or edema with
blistering (grade III toxicity) is seen in around 19% of the patients. However, fasciotomies
due to threatened or actual severe limb toxicity (grade IV toxicity) after ILI are only required
in a small number of patients and from all reported series, only one patient has required an
amputation due to toxicity (grade V limb toxicity). The majority of patients have no visible
toxicity after ILI (grade I toxicity in 33%) or develop slight erythema and/or edema (grade
IT toxicity in 46%).

No relationship has been identified between increased limb toxicity and complete
response (CR) to ILI, duration of response or survival, but a relationship was observed
between limb toxicity and overall response, which likely shows the challenging balance
between maximum efficacy while keeping toxicity low [29,30].

Various pharmacokinetic variables can predict limb toxicity after ILI. A high melpha-
lan dosage, for instance, has been identified as a predictor of increased limb toxicity, and
patients with longer ischemia times experience more severe limb toxicity [29,30]. Since
uptake of melphalan is higher in muscle as opposed to fat, the skin and subcutaneous
tissues of overweight patients are exposed to a relatively higher dose of melphalan [31].
In view of this, attempts have been made to lower the melphalan dose according to the
patient’s ideal body weight (IBW), to reduce toxicity without jeopardising efficacy of the
treatment [23,32].

After ILI, serious systemic side-effects, such as bone marrow depression or end-organ
failure, are rarely seen and only mild postoperative nausea and vomiting is seen, which
normally resolves quickly with conservative management [29,30]. The reason for the low
number of patients with systemic toxicity after ILI can mainly be attributed to effective
isolation placing a tourniquet around the base of the limb, while there is already low influx
of chemotherapy from the isolated limb circuit to the systemic circulation due to the low
flow and pressure in the isolated circuit of the to be treated limb.
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1.6. Clinical Response Following Isolated Limb Infusion

In the majority of patients, cutaneous tumour deposits show signs of involution within
7-14 days following ILI. Sometimes, however, it can take several weeks before tumour
deposits decrease appreciably in size.

The main goal of ILI is to achieve a CR, which is associated with increased OS [13].
Moreover, an overall response (complete and partial response combined) increases OS and
improves the quality of life markedly [33]. After ILI, overall response rates of 64 to 73%
have been reported, with a median OS of 38 to 101 months [1,13,28]. The reported overall
response rates after HILP are somewhat higher, but it must be borne in mind that ILI is
often performed in much older and fragile patients with more comorbidities [1,19].

1.7. Pharmacokinetics during Isolated Limb Infusion

Several drugs have been trialled for ILI, but the alkylating agent melphalan (L-
phenylalanine mustard) +/— actinomycin-D is the most frequently used drug [1,28,34].
Melphalan has potent immunostimulatory properties, inducing a pro-inflammatory cy-
tokine/chemokine environment acting as immunomodulator as well as directly inhibiting
DNA replication of the tumour [35]. Melphalan achieves this by altering the tumour
micro-environment through depletion of lymphocytic cells such as regulatory T cells and
myeloid-derived suppressor cells and enhancing the release of pro-inflammatory cytokines
and tumour antigen uptake by dendritic cells. In addition, a significant association be-
tween longer survival times, following locoregional melphalan chemotherapy in stage
IIID melanoma patients with locoregional pelvic metastases, and a 14% cut-off value for
O°-methylguanine-DNA methyltransferase (MGMT) promoter methylation has been re-
ported [36]. During ILI, melphalan concentrations can be administered up to a 10-fold
of the maximum tolerated systemic concentration, while systemic side-effects, such as
end-organ toxicity and bone marrow depression are avoided by effective isolation achieved
with placement of a tourniquet [18,37]. Normally, melphalan uptake by melanoma cells is a
quick reaction (Figure 3) and occurs through active transport in a sodium and temperature
dependent process, which plateaus after approximately 10 min into the procedure, while
the elimination half-life of melphalan is 15 to 25 min [18,37,38]. Treatment of upper versus
lower limb, location of tourniquet placement, circulation times, flow rates, circulated vol-
umes, and limb temperatures are all variables that influence melphalan concentration in
the infusate and its distribution in the isolated limb.

300
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Figure 3. Typical melphalan concentration graph during isolated limb infusion.

During ILI, Actinomycin-D is frequently used in combination with melphalan and
acts as an antineoplastic antibiotic and interferes with transcription of DNA by RNA
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polymerase and modulates topoisomerase II activity. The combination of these two agents
is believed to enhance response rates without compromising toxicity [1,39,40].

Drug dosage for ILI is calculated based on volume measurements of the tumour
affected limb. Standard doses are 7.5 and 10 mg/L of melphalan for lower and upper
limbs, respectively, and for actinomycin-D a standard dose of 75 ug/L for lower limb
and 100 ug/L for upper limb is used [15]. Melphalan and actinomycin-D dosages may
be corrected for IBW, which is commonly done in the US but not in Australian centres
as several studies from this continent have addressed IBW correction, suggesting that
melphalan dose correction does not decrease toxicity associated with ILI [23,32].

Microdialysis is a technique that potentially can be used during ILI to monitor drug
concentrations in various tissues to investigate the relationship between the different con-
centrations in plasma, the interstitium, and tumour tissues [41,42]. By real-time monitoring
of melphalan concentrations, microdialysis could help to optimise ILI conditions and
improve tumour response. In a clinical HILP study conducted at the MIA, subcutaneous
microdialysis catheters (CMA60/CMA70; CMA, Solna, Sweden) were inserted into normal
and tumour tissues before commencement of the procedure. A microdialysis pump (CMA
106; CMA, Solna, Sweden) maintained constant infusion of fluids while melphalan concen-
trations in the samples were measured using high-performance liquid chromatography.
Results of this study showed that peak plasma melphalan concentrations were higher than
in subcutaneous and tumour tissues, allowing better understanding of the cytotoxic drug
behaviour during HILP with the aim to improve postoperative limb morbidity and tumour
response. Future studies are required to investigate the specific conditions during ILI

1.8. Isolated Limb Infusion as Platform to Test New Drugs and Drug Combinations

ILIis increasingly used as a platform to develop new drugs and drug delivery systems
to increase intra-tumoural drug release [43,44]. Several clinical and preclinical studies have
investigated combining agents to improve sensitivity of melanoma ITMs to chemotherapy.
Melphalan with ADH-1, Sorafenib, Temozolomide, and Ipilimumab, for instance, have all
shown a synergistic effect during ILI [45-48].

CTLA-4 blockade combined with melphalan ILI for melanoma ITMs, for instance,
has shown a rapid response, suggesting that loco-regional chemotherapy can effectively
be added to immunotherapy to potentiate the immune response [45]. The concept is
that ILI can generate immune cell infiltration and increase the efficacy of CTLA-4 block-
ade. Although these results combining ILI and CTLA-4 blocking are promising, 38%
of the patients experienced significant ipilimumab systemic side effects, a percentage
similar to the 45% reported in large trials. ADH-1 is a cyclic pentapeptide that disrupts
N-cadherin (regulating melanoma cellular proliferation, survival and angiogenesis) ad-
hesion complexes. During ILI, combining ADH-1 with melphalan, improves tumour
response by increasing drug delivery to melanoma cells, particularly in tumours that have
become resistant to melphalan [46]. DNA-methylating agent Temozolomide (TMZ) is
converted to 5-[3-methyl-triazen-1-yl]-imidazole-4-carboxamide (MTIC) during ILI, which
overcomes chemo-resistance to melphalan by inhibiting O alkylguanine alkyl transferase.
Patients with progressive disease after melphalan ILI have shown a response after TMZ
ILI treatment [47]. Further studies on the use and efficacy of TMZ will be required to
optimise regional responses. The multikinase inhibitor Sorafenib, a first generation BRAF
inhibitor, antagonises RAF serine/threonine kinases and receptor tyrosine kinases, re-
ducing tumour proliferation and tumour cell survival [48]. Concurrent administration
of systemic Sorafenib during melphalan ILI reduces the tumour’s ability to suppress the
immune response while it activates antigen-specific immune cells, inducing tumour death.
Moreover, Sorafenib enhances sensitivity to chemotherapy by changing signalling in the
mitogen-activated protein kinase and mitochondrial apoptotic pathways independent of
the patient’'s BRAF mutational status.

These studies show the relation between melphalan and tumour immunogenicity and
suggest that in the future there may be a place for concurrent or sequential administration
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of systemic targeted therapies or immunotherapies with ILI. Finally, precision oncotherapy
is under investigation, and drug regimens may be selected by chemosensitivity tests
on purified circulating tumour cells (CTCs) obtained from liquid biopsies in individual
patients [49].

1.9. Hyperthermia during Isolated Limb Infusion

ILI is performed under mild to moderate hyperthermic conditions (38-40 °C; Figure 4;
Table 1). This is achieved by heating the infusate, by external heating of the affected
limb with a radiant heater placed over it, and by applying a warm air blanket forming
a cocoon around it [15]. Mild hyperthermia makes the tumour’s vascularity permeable
for chemotherapy and elevates ATP release from erythrocytes, contributing to deep tissue
perfusion by manipulating the supply of oxygen, nutrients, and regulatory substances [50].
Moreover, mild hyperthermia diminishes DNA repair, induces DNA interstrand cross-links,
and inhibits cycline-dependent kinase activity by increasing tyrosine phosphorylation of
the protein, potentiating the cytotoxic effect of melphalan [17,18].
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Figure 4. Typical temperature graph during isolated limb infusion.

True hyperthermia (>41 °C) causes further vascular damage and cell apoptosis, in-
creasing chemo- and radiosensitivity of tumours; however, it also causes rapid degra-
dation of melphalan resulting in reduced effective concentrations and higher toxicity
rates [18,24,51,52].

Preclinical ILI studies using nanoparticle-based drug delivery systems in combination
with true hyperthermia have shown good responses [44]. Whether exposing thermosen-
sitive liposomes to true hyperthermia is also clinically safe and effective will have to be
explored in future studies.

1.10. Hypoxia and Acidosis during Isolated Limb Infusion

During ILI, the limb becomes increasingly acidotic, hypoxic, and ischemic due to
isolation with a tourniquet without using oxygenation (Figure 5; Table 1) [16]. Hypoxia
reduces the cytotoxic immune response, enhancing the efficacy of melphalan by a factor
of 1.5, whereas the combination of hypoxia and acidosis increases this effect by a factor
of 3 [53,54]. This added effect of acidosis is caused by intensified cellular melphalan
uptake, reducing the spontaneous hydrolysis rate and increased levels of nitric oxide in
the tumour’s micro-environment. This has been confirmed in clinical studies showing
improved response rates in patients with longer tourniquet times and whose blood taken
from the isolated limb had increased CO, levels [20,29,55].
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Figure 5. Typical saturation graph of the perfusate during isolated limb infusion.

1.11. Special ILI Regimens and Indications

Since its introduction, several special ILI regimens have been developed. These include
a planned double procedure, a repeat ILI procedure for disease recurrence, ILI for palliation
in patients with AJCC stage IV disease, and ILI as induction therapy [21,30,56,57].

A repeat procedure can benefit patients with recurrent or progressive disease after
a first ILI if they had a favourable response to the initial ILI [21]. On the other hand, in
patients who did not respond to the initial ILI, a repeat procedure is unlikely to provide
benefit. In those cases, alternative loco-regional treatments like injection of intra-lesional
agents, topical treatment with laser ablation or cryotherapy or inclusion in a trial to test
systemic therapies can be considered. ILI can also be considered in a palliative setting to
avoid limb amputation to achieve limb salvage and increase quality of remaining life in
patients with both symptomatic limb disease as well as distant melanoma metastases [30].
Another mechanism by which ILI can help achieve limb preservation is by using it as
induction therapy. Using this approach, ILI can convert unresectable disease to lesions
amendable for simple local treatments by excision, laser ablation, electrodessication or
injection with Rose Bengal (PV-10) [57]. A study investigating this approach has shown
that after a PR to ILI, excision of residual melanoma lesions resulted in limb recurrence-free
interval and OS rates similarly to those achieved following a CR after ILI alone [58].

1.12. Difference between Isolated Limb Infusion for Melanoma and Sarcoma

In patients with an extremity soft tissue sarcoma, ILI can achieve a limb salvage rate
of up to 80% [59,60]. When performing sarcoma ILI, the same principles apply as for
melanoma ILI; however, some adjust the procedure to achieve peripheral vasoconstriction,
increasing blood-flow to the deep tissues where the sarcomas are mostly located. This in
contrast to the peripheral vasodilatation pursued in melanoma ILI. The alteration of blood
flow can be achieved not using papaverine and removing the preoperative external heating
of the limb [16]. Interestingly, prognostic factors for sarcoma ILI associated with improved
responses were low preoperative skin temperatures and a greater increase of temperatures
during the procedure.
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1.13. Novel Isolated Limb Infusion Regimens

In view of its minimally invasive character, the easy visual assessment of tumour
response and simple access for biopsies of ITMs, ILI provides an ideal platform to explore
novel therapeutic agents and therapy approaches [43]. Melphalan ILI in combination with
intra-lesional agents, such as T-VEC or PV-10 for instance, can enhance response due to the
so-called bystander effect, caused by the tumour antigen release and T cell activation by
the immunological reaction caused by the intra-lesional agent [57]. Immune checkpoint
inhibitors have improved the prognosis for patients with locally advanced melanoma,
making ILI plus checkpoint inhibition a potential novel therapeutic strategy for patients
with limb melanoma [45,61]. Moreover, doxorubicin ILI combined with external beam
radiotherapy has the potential to increase local disease control [62].

1.14. Future of Isolated Limb Infusion

Understanding tumour immunology will help future selection of optimal drug strat-
egy during ILI Levels of immune activating cytokines are lower in patients with melanoma
ITMs compared to healthy individuals, supporting a potential role for immune-targeted
therapies and immune monitoring [63]. These considerations support the opinion that
loco-regional chemotherapy still has a place in the treatment of advanced stage melanoma
patients [64]. In the future, more is to be expected of immunotherapy combined with local
chemotherapy via ILI to increase responses in locoregional melanoma.

For extremity sarcoma, the results of the currently recruiting trial combining ILI with
Pembrolizumab will improve the knowledge of combinational treatments (NCT04332874).
In addition, there is no published literature available on the effects of the use of external
beam radiotherapy in sarcoma ILI, which in HILP has shown to reduce the risk for local
recurrences especially when resection margins are close or microscopically positive [65].

2. Conclusions

ILI provides a simple and minimally invasive treatment to provide satisfactory and
durable responses for treating melanoma ITMs and unresectable soft-tissue sarcoma. Mea-
suring cytotoxic drug concentrations and biochemical processes in the tumour’s micro-
environment helps gain understanding of the mechanisms of toxicity, tumour response,
and chemoresistance and allows further improvement of the procedure and drug combina-
tions used.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Beasley, G.M.; Miura, J.; Zager, ].S.; Tyler, D.S.; Thompson, J.F.; Kroon, H.M. Isolated limb infusion for melanoma. In Cutaneous
Melanoma, 6th ed.; Balch, C.M., Thompson, J.F.,, Gershenwald, J.E., Atkins, M.B., Kirkwood, ].M., McArthur, G., Sober, A., Halpern,
A.C., Garbe, C., Scolyer, R.A., Eds.; Springer: Cham, Switzerland, 2020; Chapter 30; pp. 827-850. ISBN 978-3-030-05068-9.
Pasquali, S.; Gronchi, A. Neoadjuvant chemotherapy in soft tissue sarcomas: Latest evidence and clinical implications. Ther. Adv.
Med. Oncol. 2017, 9, 415-429. [CrossRef]

Kepka, L.; Delaney, T.F,; Suit, H.D.; Goldberg, S.I. Results of radiation therapy for unresected soft-tissue sarcomas. Int. J. Radiat.
Oncol. 2005, 63, 852-859. [CrossRef]

Griinhagen, D.].; Kroon, H.M.; Verhoef, C. Perfusion and infusion for melanoma in-transit metastases in the era of effective
systemic therapy. Am. Soc. Clin. Oncol. Educ. Book 2015, 35, €528-e534. [CrossRef]

Kroon, B.B.R.; Kroon, HM.; Noorda, E.M.; Vrouenraets, B.C.; Klaase, ].M.; Van Slooten, G.W.; Nieweg, O.E. Isolated limb
perfusion for melanoma. In Regional Therapy of Malignant Tumors; Aigner, K.R., Stephens, FO., Eds.; Springer: Berlin/Heidelberg,
Germany, 2016; Chapter 25; pp. 355-373. ISBN 978-3-642-18173-3.


http://doi.org/10.1177/1758834017705588
http://doi.org/10.1016/j.ijrobp.2005.03.004
http://doi.org/10.14694/EdBook_AM.2015.35.e528

Biomedicines 2021, 9, 163 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wright, E.C.; Kellett, S.; Hong, N.J.L.; Sun, A.Y.; Hanna, T.P,; Nessim, C.; Giacomantonio, C.; Temple-Oberle, C.; Song, X.; Petrella,
T. Locoregional management of in-transit metastasis in melanoma: An Ontario Health (Cancer Care Ontario) clinical practice
guideline. Curr. Oncol. 2020, 27, e318-e325. [CrossRef] [PubMed]

Coit, D.G.; Thompson, J.A.; Albertini, M.R.; Barker, C.; Carson, W.E.; Contreras, C.; Daniels, G.A.; DiMaio, D.; Fields, R.C;
Fleming, M.D.; et al. Cutaneous Melanoma, Version 2.2019, NCCN Clinical Practice Guidelines in oncology. . Natl. Compr. Canc.
Netw. 2019, 17, 367-402. [CrossRef] [PubMed]

Perone, J.A.; Farrow, N.; Tyler, D.S.; Beasley, G.M. Contemporary approaches to in-transit melanoma. J. Oncol. Pract. 2018, 14,
292-300. [CrossRef] [PubMed]

Michielin, O.; van Akkooi, A.; Lorigan, P.; Ascierto, P.A.; Dummer, R.; Robert, C.; Arance, A.; Blank, C.U.; 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]

Garbe, C.; Amaral, T.; Peris, K.; Hauschild, A.; Arenberger, P.; Bastholt, L.; Bataille, V.; del Marmol, V.; Dréno, B.; Fargnoli, M.C;
et al. On behalf of the European Dermatology Forum (EDF), the European Association of Dermato-Oncology (EADO), and the
European Organization for Research and Treatment of Cancer (EORTC). European consensus-based interdisciplinary guideline
for melanoma. Part 2: Treatment-Update 2019. Eur. J. Cancer 2020, 126, 159-177.

Cancer Council Australia Melanoma Guidelines Working Party. Clinical Practice Guidelines for the Diagnosis and Management
of Melanoma. Sydney: Cancer Council Australia. Available online: https://wiki.cancer.org.au/australia/Guidelines:Melanoma
(accessed on 1 December 2020).

Thompson, ].E; Waugh, R.C.; Saw, R.PM.; Kam, P.C.A. Isolated limb infusion with melphalan for recurrent limb melanoma: A
simple alternative to isolated limb perfusion. Reg. Cancer Treat. 1994, 7, 188-192.

Miura, ].T.; Kroon, H.M.; Beasley, G.M.; Mullen, D.; Farrow, N.E.; Mosca, PJ.; Lowe, M.C.; Farley, C.R; Kim, Y.; Naqvi, SM.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]

Coventry, B.J.; Kroon, H.M.; Giles, M.H.; Henderson, M.; Speakman, D.; Wall, M.; Barbour, A.P; Serpell, J.; Paddle, P.; Coventry,
A.G,; et al. Australian multi-center experience outside of the Sydney Melanoma Unit of isolated limb infusion chemotherapy for
melanoma. J. Surg. Oncol. 2014, 109, 780-785. [CrossRef] [PubMed]

Kroon, H.M.; Huismans, A.; Waugh, R.C.; Kam, P.C.; Thompson, ]J.F. Isolated limb infusion: Technical aspects. . Surg. Oncol.
2013, 109, 352-356. [CrossRef]

Kroon, HM.; Thompson, J.E. Isolated limb infusion: A review. J. Surg. Oncol. 2009, 100, 169-177. [CrossRef]

Zaffaroni, N.; Villa, R.; Orlandi, L.; Vaglini, M.; Silvesrini, R. Effect of hyperthermia on the formation and removal of DNA
interstand cross-links induced by melphalan in primary cultures of human malignant melanoma. Int. J. Hyperth. 1992, 8§, 341-349.
[CrossRef] [PubMed]

Padussis, J.C.; Steerman, S.N.; Tyler, U.S.; Mosca, P.J. Pharmacokinetics & drug resistance of melphalan in regional chemotherapy:
ILP versus ILL Int. . Hyperth. 2008, 24, 239-249.

Teras, J.; Kroon, H.M.; Miura, ].T.; Kenyon-Smith, T.; Beasley, G.M.; Mullen, D.; Farrow, N.E.; Mosca, P.J.; Lowe, M.C.; Farley,
C.R;; et al. International multicentre experience of isolated limb infusion for in-transit melanoma metastases in octogenarian and
nonagenarian patients. Ann. Surg. Oncol. 2020, 27, 1420-1429. [CrossRef] [PubMed]

Kroon, HM.; Coventry, B.J.; Giles, M.H.; Henderson, M.A.; Speakman, D.; Wall, M.; Barbour, A.; Serpell, J.; Paddle, P.; Smithers,
B.M.; et al. Safety and efficacy of isolated limb infusion chemotherapy for advanced locoregional melanoma in elderly patients:
An Australian multicenter study. Ann. Surg. Oncol. 2017, 24, 3245-3251. [CrossRef] [PubMed]

Kroon, HM,; Lin, D.-Y.; Kam, P.C.A.; Thompson, ].F. Efficacy of repeat isolated limb infusion with melphalan and actinomycin D
for recurrent melanoma. Cancer 2009, 115, 1932-1940. [CrossRef]

Sanki, A.; Kroon, HM.; Kam, P.C.; Thompson, J.F. Isolated limb perfusion and isolated limb infusion for malignant lesions of the
extremities. Curr. Probl. Surg. 2011, 48, 371-430. [CrossRef]

Huismans, A.M.; Kroon, H.M.; Haydu, L.E.; Kam, P.C.A.; Thompson, ]J.F. Is melphalan dose adjustment according to ideal body
weight useful in isolated limb infusion for melanoma? Ann. Surg. Oncol. 2012, 19, 3050-3056. [CrossRef] [PubMed]

Huismans, A.M.; Kroon, HM.; Kam, P.C.A.; Thompson, J.E. Does increased experience with isolated limb infusion for advanced
limb melanoma influence outcome? A Comparison of two treatment periods at a single institution. Ann. Surg. Oncol. 2011, 18,
1877-1883. [CrossRef]

World Health Organization. WHO Handbook for Reporting Results of Cancer Treatments (WHO Offset Publication No.48); World
Health Organization: Geneva, Switzerland, 1979.

Eisenhauer, E.A.; Therasse, P.; Bogaerts, ].; 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]

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]

Kroon, HM.; Huismans, A.M.; Kam, P.C.; Thompson, J.E. Isolated limb infusion with melphalan and actinomycin D for melanoma:
A systematic review. |. Surg. Oncol. 2014, 109, 348-351. [CrossRef] [PubMed]


http://doi.org/10.3747/co.27.6523
http://www.ncbi.nlm.nih.gov/pubmed/32669939
http://doi.org/10.6004/jnccn.2019.0018
http://www.ncbi.nlm.nih.gov/pubmed/30959471
http://doi.org/10.1200/JOP.18.00063
http://www.ncbi.nlm.nih.gov/pubmed/29746804
http://doi.org/10.1016/j.annonc.2020.07.005
https://wiki.cancer.org.au/australia/Guidelines:Melanoma
http://doi.org/10.1245/s10434-019-07288-w
http://doi.org/10.1002/jso.23590
http://www.ncbi.nlm.nih.gov/pubmed/24634160
http://doi.org/10.1002/jso.23540
http://doi.org/10.1002/jso.21280
http://doi.org/10.3109/02656739209021789
http://www.ncbi.nlm.nih.gov/pubmed/1607739
http://doi.org/10.1245/s10434-020-08312-0
http://www.ncbi.nlm.nih.gov/pubmed/32152775
http://doi.org/10.1245/s10434-017-6046-5
http://www.ncbi.nlm.nih.gov/pubmed/28799064
http://doi.org/10.1002/cncr.24220
http://doi.org/10.1067/j.cpsurg.2011.02.002
http://doi.org/10.1245/s10434-012-2316-4
http://www.ncbi.nlm.nih.gov/pubmed/22526898
http://doi.org/10.1245/s10434-011-1646-y
http://doi.org/10.1016/j.ejca.2008.10.026
http://doi.org/10.1016/0277-5379(82)90235-8
http://doi.org/10.1002/jso.23553
http://www.ncbi.nlm.nih.gov/pubmed/24522939

Biomedicines 2021, 9, 163 12 of 13

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Kenyon-Smith, T.J.; Kroon, H.M.; Miura, J.T.; Teras, J.; Beasley, G.M.; Mullen, D.; Farrow, N.E.; Mosca, PJ.; Lowe, M.C.; Farley,
C.R;; et al. Factors predicting toxicity and response following isolated limb infusion for melanoma: An international multi-centre
study. Eur. J. Surg. Oncol. 2020, 46, 2140-2146. [CrossRef] [PubMed]

Kroon, H.M.; Moncrieff, M.; Kam, P.C.A.; Thompson, ].F. Factors predictive of acute regional toxicity after isolated limb infusion
with melphalan and actinomycin D in melanoma patients. Ann. Surg. Oncol. 2009, 16, 1184-1192. [CrossRef] [PubMed]

Klaase, ].M.; Kroon, B.B.; Beijnen, ].H.; Van Slooten, G.W.; Van Dongen, ].A. Melphalan tissue concentrations in patients treated
with regional isolated perfusion for melanoma of the lower limb. Br. |. Cancer 1994, 70, 151-153. [CrossRef] [PubMed]
McMahon, N.; Cheng, T.Y.; Beasley, G.M.; Spasojevic, I.; Petros, W.; Augustine, C.K.; Zipfel, P; Padussis, ].C.; Sanders, G.; Tyler,
D.S. Optimizing melphalan pharmacokinetics in regional melanoma therapy: Does correcting for ideal body weight alter regional
response or toxicity? Ann. Surg. Oncol. 2009, 16, 953-961. [CrossRef]

Jiang, B.S.; Speicher, PJ.; Thomas, S.; Mosca, PJ.; Abernethy, A.P,; Tyler, D.S. Quality of life after isolated limb infusion for
in-transit melanoma of the extremity. Ann. Surg. Oncol. 2015, 22, 1694-1700. [CrossRef] [PubMed]

Kroon, H.M. Treatment of locally advanced melanoma by isolated limb infusion with cytotoxic drugs. J. Ski. Cancer 2011, 2011,
106573. [CrossRef]

Kuczma, M.; Ding, Z.C.; Zhou, G. Immunostimulatory effects of melphalan and usefulness in adoptive cell therapy with
antitumor CD4+ T cells. Crit. Rev. Immunol. 2016, 36, 179-191. [CrossRef] [PubMed]

Guadagni, S.; Fiorentini, G.; Clementi, M.; Palumbo, G.; Masedu, F.; Deraco, M.; de Manzoni, G.; Chiominto, A.; Valenti, M.;
Pellegrini, C. MGMT methylation correlates with melphalan pelvic perfusion survival in stage III melanoma patients: A pilot
study. Melanoma Res. 2017, 27, 439-447. [CrossRef]

Roberts, M.S.; Wu, Z.Y.; Siebert, G.A.; Anissimov, Y.; Thompson, ].F,; Smithers, B.M. Pharmacokinetics and pharmacodynamics of
melphalan in isolated limb infusion for recurrent localized limb malignancy. Melanoma Res. 2001, 11, 423—431. [CrossRef]
Roberts, M.S.; Wu, Z.Y,; Siebert, G.A.; Thompson, J.E.; Smithers, B.M. Saturable dose-response relationships for melphalan in
melanoma treatment by isolated limb infusion in the nude rat. Melanoma Res. 2001, 11, 611-618. [CrossRef]

Lindner, P.; Doubrovsky, A.; Kam, P.C.A.; Thompson, ].F. Prognostic factors after isolated limb infusion with cytotoxic agents for
melanoma. Ann. Surg. Oncol. 2002, 9, 127-136. [CrossRef]

Thompson, J.E; Hunt, J.A.; Shannon, K.; Kam, P.C. Frequency and duration of remission after isolated limb perfusion for
melanoma. Arch. Surg. 1997, 132, 903-907. [CrossRef]

Thompson, ].E; Siebert, A.G.; Anissimov, Y.; Smithers, B.M.; Doubrovsky, A.; Anderson, C.D.; Roberts, M.S. Microdialysis and
response during regional chemotherapy by isolated limb infusion of melphalan for limb malignancies. Br. J. Cancer 2001, 85,
157-165. [CrossRef] [PubMed]

Wu, Z.Y.; Smithers, B.M.; Anderson, C.; Roberts, M.S. Can tissue drug concentrations be monitored by microdialysis during or
after isolated limb perfusion for melanoma treatment? Melanoma Res. 2000, 10, 47-54. [CrossRef] [PubMed]

Lidsky, M.E.; Speicher, PJ.; Jiang, B.; Tsutsui, M.; Tyler, D.S. Isolated limb infusion as a model to test new agents to treat metastatic
melanoma. J. Surg. Oncol. 2013, 109, 357-365. [CrossRef]

Lokerse, W.J.M.; Eggermont, A.M.M.; Griill, H.; Koning, G.A. Development and validation of an isolated limb infusion model for
investigation of drug delivery kinetics to solid tumors by thermosensitive liposomes and hyperthermia. J. Control Release 2018,
270, 282-289. [CrossRef]

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]

Beasley, G.M.; Riboh, ]J.C.; Augustine, C.K.; Zager, ].S.; Hochwald, S.N.; Grobmyer, S.R.; Peterson, B.; Royal, R.; Ross, M.I.;
Tyler, D.S. Prospective multicenter phase II trial of systemic ADH-1 in combination with melphalan via isolated limb infusion in
patients with advanced extremity melanoma. J. Clin. Oncol. 2011, 29, 1210-1215. [CrossRef]

Beasley, G.M.; Speicher, P.; Augustine, C.K.; Dolber, P.C.; Peterson, B.L.; Sharma, K.; Mosca, PJ.; Royal, R.; Ross, M.; Zager, ].S.;
et al. A multi-center phase I dose escalation trial to evaluate safety and tolerability of intra-arterial temozolomide for patients
with advanced extremity melanoma using normothermic isolated limb infusion. Ann. Surg. Oncol. 2015, 22, 287-294. [CrossRef]
[PubMed]

Beasley, G.M.; Coleman, A.P; Raymond, A.; Sanders, G.; Selim, M. A.; Peterson, B.L.; Brady, M.S.; Davies, M.A.; Augustine,
C.; Tyler, D.S. A phase I multi-institutional study of systemic Sorafenib in conjunction with regional melphalan for in-transit
melanoma of the extremity. Ann. Surg. Oncol. 2012, 19, 3896-3905. [CrossRef]

Guadagni, S.; Fiorentini, G.; Papasotiriou, I.; Apostolou, P.; Masedu, F,; Sarti, D.; Farina, A.R.; Mackay, A.R.; Clementi, M.
Circulating tumour cell liquid biopsy in selecting therapy for recurrent cutaneous melanoma with locoregional pelvic metastases:
A pilot study. BMC Res. Notes 2020, 13, 176. [CrossRef] [PubMed]

Kalsi, K.K,; Chiesa, S.T.; Trangmar, S.J.; Ali, L.; Lotlikar, M.D.; Gonzélez-Alonso, J. Mechanisms for the control of local tissue
blood flow during thermal interventions: Influence of temperature-dependent ATP release from human blood and endothelial
cells. Exp. Physiol. 2017, 102, 228-244. [CrossRef]

Chang, S.Y.; Alberts, D.S.; Farquhar, D.; Melnick, L.R.; Walson, P.D.; Salmon, S.E. Hydrolysis and protein binding of melphalan. J.
Pharm. Sci. 1978, 67, 682—684. [CrossRef]


http://doi.org/10.1016/j.ejso.2020.06.040
http://www.ncbi.nlm.nih.gov/pubmed/32739218
http://doi.org/10.1245/s10434-009-0323-x
http://www.ncbi.nlm.nih.gov/pubmed/19224289
http://doi.org/10.1038/bjc.1994.266
http://www.ncbi.nlm.nih.gov/pubmed/8018528
http://doi.org/10.1245/s10434-008-0288-1
http://doi.org/10.1245/s10434-014-3979-9
http://www.ncbi.nlm.nih.gov/pubmed/25120251
http://doi.org/10.1155/2011/106573
http://doi.org/10.1615/CritRevImmunol.2016017507
http://www.ncbi.nlm.nih.gov/pubmed/27910767
http://doi.org/10.1097/CMR.0000000000000367
http://doi.org/10.1097/00008390-200108000-00014
http://doi.org/10.1097/00008390-200112000-00007
http://doi.org/10.1245/aso.2002.9.2.127
http://doi.org/10.1001/archsurg.1997.01430320105017
http://doi.org/10.1054/bjoc.2001.1902
http://www.ncbi.nlm.nih.gov/pubmed/11461070
http://doi.org/10.1097/00008390-200002000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10711640
http://doi.org/10.1002/jso.23502
http://doi.org/10.1016/j.jconrel.2017.12.012
http://doi.org/10.1158/2326-6066.CIR-17-0356
http://doi.org/10.1200/JCO.2010.32.1224
http://doi.org/10.1245/s10434-014-3887-z
http://www.ncbi.nlm.nih.gov/pubmed/25145500
http://doi.org/10.1245/s10434-012-2373-8
http://doi.org/10.1186/s13104-020-05021-5
http://www.ncbi.nlm.nih.gov/pubmed/32204733
http://doi.org/10.1113/EP085910
http://doi.org/10.1002/jps.2600670530

Biomedicines 2021, 9, 163 13 of 13

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Kroon, B.B. Regional isolation perfusion in melanoma of the limbs; accomplishments, unsolved problems, future. Eur. J. Surg.
Oncol. 1988, 14, 101-110.

Siemann, D.W.; Chapman, M.; Beikirch, A. Effects of oxygenation and Ph on tumor cell response to alkylating chemotherapy. Int.
J. Radiat. Oncol. 1991, 20, 287-289. [CrossRef]

Skarsgard, L.D.; Skwarchuk, M.W.; Vinczan, A.; Kristl, ].; Chaplin, D.J. The cytotoxicity of melphalan and its relationship to pH,
hypoxia and drug uptake. Anticancer. Res. 1995, 15, 219-223. [PubMed]

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] [PubMed]

Lindner, P.; Thompson, ].E; De Wilt, J.; Colman, M.; Kam, P. Double isolated limb infusion with cytotoxic agents for recurrent and
metastatic limb melanoma. Eur. J. Surg. Oncol. 2004, 30, 433-439. [CrossRef]

Huismans, A.M.; Kroon, HM.; Kam, P.C.A.; Thompson, J.F. Isolated limb infusion. In Regional Therapy of Malignant Tumors;
Aigner, K.R., Stephens, F.O., Eds.; Springer: Berlin/Heidelberg, Germany, 2016; Chapter 26; pp. 375-390. ISBN 978-3-642-18173-3.
Wong, J.; Chen, Y.A_; Fisher, K].; Beasley, G.M.; Tyler, D.S.; Zager, ].S. Resection of residual disease after isolated limb infusion
(ILI) is equivalent to a complete response after ILI-alone in advanced extremity melanoma. Ann. Surg. Oncol. 2014, 21, 650-655.
[CrossRef] [PubMed]

Mullinax, J.E.; Kroon, H.M.; Thompson, J.F; Nath, N.; Mosca, PJ.; Farma, ].M.; Bhati, R.; Hardmann, D.; Sileno, S.; O’'Donoghue,
C.; et al. Isolated limb infusion as a limb salvage strategy for locally advanced extremity sarcoma. J. Am. Coll. Surg. 2017, 224,
635-642. [CrossRef]

Brady, M.S.; Brown, K.; Patel, A.; Fisher, C.; Marx, W. Isolated limb infusion with melphalan and dactinomycin for regional
melanoma and soft-tissue sarcoma of the extremity: Final report of a phase II clinical trial. Melanoma Res. 2009, 19, 106-111.
[CrossRef]

Howie, LJ; Tyler, D.S.; Salama, A.K.S. Neoadjuvant use of ipilimumab in locally advanced melanoma. J. Surg. Oncol. 2015, 112,
841-843. [CrossRef]

Hegazy, M.A.E,; Kotb, S.; Sakr, H.; El Dosoky, E.; Amer, T.; Hegazi, R.A.F,; Farouk, O. Preoperative isolated limb infusion of
doxorubicin and external irradiation for limb-threatening soft tissue sarcomas. Ann. Surg. Oncol. 2006, 14, 568-576. [CrossRef]
Shetty, G.; Beasley, G.M.; Sparks, S.; Barfield, M.; Masoud, M.; Mosca, P.J.; Pruitt, S.K.; Salama, A.K.S.; Chan, C.; Tyler, D.S.; et al.
Plasma cytokine analysis in patients with advanced extremity melanoma undergoing isolated limb infusion. Ann. Surg. Oncol.
2013, 20, 1128-1135. [CrossRef]

Guadagni, S.; Fiorentini, G.; Clementi, M.; Palumbo, G.; Palumbo, P.; Chiominto, A.; Baldoni, S.; Masedu, F; Valenti, M.; di
Tommaso, A.; et al. Does locoregional chemotherapy still matter in the treatment of advanced pelvic melanoma? Int. J. Mol. Sci.
2017, 18, 2382. [CrossRef]

Thijssens, K.M.].; Van Ginkel, R.J.; Pras, E.; Suurmeijer, A.J.H.; Hoekstra, H.J. Isolated limb perfusion with tumor necrosis factor o
and melphalan for locally advanced soft tissue sarcoma: The value of adjuvant radiotherapy. Ann. Surg. Oncol. 2006, 13, 518-524.
[CrossRef] [PubMed]


http://doi.org/10.1016/0360-3016(91)90106-E
http://www.ncbi.nlm.nih.gov/pubmed/7733636
http://doi.org/10.1245/s10434-008-9954-6
http://www.ncbi.nlm.nih.gov/pubmed/18509706
http://doi.org/10.1016/j.ejso.2004.01.015
http://doi.org/10.1245/s10434-013-3336-4
http://www.ncbi.nlm.nih.gov/pubmed/24162840
http://doi.org/10.1016/j.jamcollsurg.2016.12.035
http://doi.org/10.1097/CMR.0b013e32832985e3
http://doi.org/10.1002/jso.24079
http://doi.org/10.1245/s10434-006-9138-1
http://doi.org/10.1245/s10434-012-2785-5
http://doi.org/10.3390/ijms18112382
http://doi.org/10.1245/ASO.2006.02.005
http://www.ncbi.nlm.nih.gov/pubmed/16485147

	Introduction 
	Principles of Isolated Limb Infusion 
	Patient Selection for ILI 
	Difference between ILI and ILP 
	Challenges in Isolated Limb Infusion 
	Toxicity Following Isolated Limb Infusion 
	Clinical Response Following Isolated Limb Infusion 
	Pharmacokinetics during Isolated Limb Infusion 
	Isolated Limb Infusion as Platform to Test New Drugs and Drug Combinations 
	Hyperthermia during Isolated Limb Infusion 
	Hypoxia and Acidosis during Isolated Limb Infusion 
	Special ILI Regimens and Indications 
	Difference between Isolated Limb Infusion for Melanoma and Sarcoma 
	Novel Isolated Limb Infusion Regimens 
	Future of Isolated Limb Infusion 

	Conclusions 
	References

