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SUMMARY

Advanced malignant melanoma is resistant to most forms of
treatment. Even primary melanoma is often associated with
a very poor prognosis. The incidence of the disease is
rapidly increasing in all parts of the world from which
data are available, including Scotland. Since 1its
original description in 1957, 1Isolated Limb Perfusion
(ILP) has become an established form of therapy for
advanced or recurrent limb melanoma. Its use |is
assoclated with high response rates, but these are
sometimes short-lived.

In Part A, an account of the epidemiology, aetiology and
prognosis of malignant melanoma is presented, together
with a summary of current standard melanoma treatment
(Chapter 1I). The history of the development of the ILP
technique is presented, including a review of published
results.

The results of ILP in Glasgow are summarised in Chapter
II. The technique has been associated with a 1low
morbidity and no mortality. The results observed confirm
the very high response rate of recurrent and advanced
melanoma to therapeutic ILP. To date, only one small
prospective randomized trial of adjuvant ILP for Stage I
melanoma of the 1limbs has been reported. A case-control
study of 63 patients treated by adjuvant ILP in Glasgow is
presented. This reveals an overall and disease-free

survival benefit for ILP patients of 20% and 15%
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respectively at three years’ follow-up. These differences
are most apparent for patients with upper limb or poor

prognosis ( ie. >3.0mm thick ) lesions.

Despite the fact that ILP has been available since 1957,
many aspects of the technique vary from centre to centre
so that, even in major reviews, the results quoted may not
be consistent and are therefore difficult to compare. In
particular, the control of the physiélogical parameters
of extracorporeal circulation and the dosage schedule

employed are highly variable.

Part B contains a description of clinical and laboratory
studies performed by the author aimed at standardising and
improving these aspects of ILP.

In Chapter III, the author presents a series of clinical
studies performed to measure, for the first time, the
effect of flow and pressure control on cutaneous perfusion
in the isolated limb. These show that currently employed
methods do not reliably ensure effective perfusion of
skin despite an apparently stable circulation.
Consequently, cytotoxic drug delivery to the skin may be
suboptimal. The therapeutic outcome of the procedure
thus becomes unpredictable. However, the studies reported
here show that the extracorporeal perfusion parameters
can be regulated by simple, non-invasive monitoring of
the transcutaneous oxygen tension (PtcOjy) to ensure that

the perfusion pressure in the isolated limb is

sufficient to support an effective cutaneous circulation.

-12-



This approach should result in maximal exposure of the
tissues of the isolated 1limb to the cytotoxic drug,
although the adapted method does carry the theoretical
risk of also increasing the leakage of cytotoxic drug from
the isolated circuit to the systemic circulation. The
effects of this modification of the perfusion technique
have been quantified in a comparative study of melphalan
pharmacokinetics, the '"quality" of perfusion, uptake of
melphalan by the skin, and leakage of melphalan to the
systemic circulation in 38 ILPs. This reveals no direct
correlation between the quality of perfusion and the
concentration of melphalan measured in skin biopsies from
individual patients. However, the skin melphalan
concentration did correlate with the area under the curve
(AUC) of melphalan concentration in the 1isolated circuit
during ILP. Furthermore, this AUC was significantly
higher in the group of patients whose ILP was controlled
to ensure effective cutaneous perfusion even though there
was no significant difference in the dose administered.
As a result, the adapted perfusion technique was
associated with increased skin melphalan concentrations.
There was no evidence of increased leakage of melphalan to
the systemic circulation using this technique.

In the final section of Chapter 1III, the effect of
some commonly used vasodilators ( which may lower the
peripheral resistance in the limb sufficiently to allow
effective perfusion at lower pressures ) on the
cytotoxicity of melphalan is tested in vitro against human
melanoma multicellular tumour spheroids. Although

verapamil and hydralazine have in the past been reported
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to increase the cytotoxicity of several drugs ( including
melphalan ) in vitro and in vivo, the experiments
reported show no such effect against B0008 melanoma cells
in wvitro. More importantly, however, neither they nor
papaverine were found to exert any adverse effect on
melphalan cytotoxicity.

In Chapter IV, one of the other major sources of
variation in the ILP technique - the choice of dosimetric
schedule - is investigated. At present, three principal
methods are employed, based on body weight, volume of
perfused tissue and blood volume in the ILP circuit
respectively. The simplest method to implement is that
based on body weight. Measurement of total limb volume by
immersion is an awkward technique. A study is therefore
described from which a formula for the calculation of this
volume based on only partial immersion of the 1limb has
been derived. A comparison of the melphalan doses
prescribed by each of these three schedules for 73
patients undergoing ILP shows that while the calculation
of blood volume resulted in the prescription of
consistently lower doses of melphalan, the doses
prescribed by the two other methods were very similar.
The simplicity of the method based on body weight
therefore makes it the most appropriate.

ILP offers a means of localising treatment to the region
of the body affected by the disease. The changes in the
perfusion technique proposed in Chapter III may allow
greater control of treatment by ensuring that the tissues
most 1likely to harbour clinical and subclinical disease

are effectively exposed to the cytotoxic agent. The
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prospect of increasing the specificity of treatment still
further by the introduction of anti-melanoma monoclonal
antibodies into the ILP circuit to target melanoma cells
selectively is presented for the first time in Chapter V.

In a study of 6 patients, successful accumulation of
radiolabelled antibody at the sites of tumour deposits
was demonstrated within the 60 minutes of ILP in 5
cases. This was associated with tumour:normal tissue
uptake ratios of up to 3.5:1. Selection of a suitable
radioisotope could therefore result in administration of
more than 90Gy to tumour deposits without exceeding the
radiation tolerance of the normal tissues of the limb.

This study also provides evidence of the value of PtcO,
monitoring during ILP by revealing an association between
cutaneous perfusion, successful targeting of tumour
deposits by the radiolabelled antibody, and clinical
response to melphalan.

Further studies into the targeted therapy of melanoma are
required. To this end, an in vivo model has been
developed by establishing human melanoma xenografts in the
athymic nude rat. While this allows the study of melanoma
targeting by systemically administered monoclonal
antibodies, the technical problems posed by its small

size make it an unsuitable model of ILP.
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1 o CHAPTER 1 - INTRODUCTION
1.1 The Melanocyte

- Malignant melanoma is the tumour which results from the

malignant transformation of melanocytes. Melanocytes are
cells derived from the embryonic neural crest which
migrate during development throughout the body ( to skin,
mucous membranes, nervous system, uveal tract ) and which
are responsible for the production of melanins, the
pigments which give the skin its colour.

The development of the melanocyte starts with the
migration of "melanoblasts" from the embryonic neural
crestl; these then differentiate to melanocytes. Within
melanocytes, characteristic organelles are formed, called
"melanosomes", which assemble the various components for
melanin synthesis. These 1include structural proteins
formed in the Golgi apparatus (GA) and in the smooth
endoplasmic reticulum (SER) and the enzyme tyrosinase
which is believed to be synthesized on membrane-bound
ribosomes and which is crucial to melanin production.
The exact mode of incorporation of these two main
components into melanosomes 1is not entirely clear and at
least four theories have been advanced by various
investigatorsz'll. Whatever the true mechanism, the
resultant intracytoplasmic organelle is the site of the
melanocyte’s unique biochemical function - the synthesis
of melanin. The enzyme tyrosinase is central to this
biochemical pathway which involves the oxidation of
tyrosine to dihydroxyphenylalanine (DOPA) and then to
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dopaquinone ( both of these steps being catalysed by the
enzyme tyrosinase ) and the polymerisation of the products
of subsequent reactions to form melanin.

The cutaneous melanins fall into two main categories: the
"eumelanins" which have a brown or black colour, and the
"phaeomelanins" which are yellow to red in colour. Both
of these are synthesized by biochemical pathways dependent
on the enzyme tyrosinase.

Once melanised, the melanosomes afe then transferred
along the dendritic processes of the melanocytes to
adjacent keratinocytes. This discharge of melanosomes
from melanocytes is characteristic of epidermal
melanocytes which have been described as '"secretory"
melanocytes to distinguish them from most melanocytes
found at extracutaneous sites and in the dermis which are
termed '"continent" to describe their retention of
synthesized melaninl2,

Epidermal melanocytes are large cells which rest on the
basement membrane and, through multiple dendritic
processes, contact in the region of 30 or 40 keratinocytes
in the Malpighian layer of the epidermis (Figure 1).
Melanosomes and melanin are distributed throughout the
epidermis following their transfer to neighbouring
keratinocytes by the upward movement of these cells, and
human skin pigmentation is the result of this process.
The relative proportions of eumelanins and phaeomelanins
produced within the melanosomes are also important in

determining the actual colour of the skin.
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Basement membrane Melanocyte Melanosomes

Fiqure 1 :
Diagrammatic representation of the "Epidermal Melanin Unit".

The large basal melanocyte rests on the basement membrane
and contacts 'in the region of 30-40 keratinocytes in the
malpighian layer through its dendritic processes.
Melanosomes can be seen migrating along the dendritic
processes. Some have already been transferred to
neighbouring keratinocytes where they can be seen lying free
in the cytoplasm or within membrane-bound vesicles.

_19-



It is interesting that while the different degrees of
skin pigmentation are related to the number, size, type,
and distribution of melanosomes, they are not related to
differences in the numbers of melanocytes present. In
negroid melanocytes, for example, melanosomes tend to be
larger, more mature, and distributed in the dendritic
processes, whereas in caucasoid skin, they tend to be
smaller, less mature, and concentrated in the perikaryon.
Although there are marked variations from one region of
the body to another, the density of melanocytes or
"epidermal melanin units" ( the collective term employed
to describe a melanocyte and its related keratinocytes )
in the various regions shows remarkable similarity in all
racial groupsl3.

Genetic factors govern the constitutive skin colour of
the individual, but environmental and hormonal influences
can produce reversible changes of pigmentation by
stimulating the melanocytes to produce increased numbers
of more mature melanosomes which then become more
peripherally distributed in the dendritic processes and
are transferred to keratinocytes 1in greater numbers.
Ultraviolet radiation (UVR) is the main stimulus to those
changes which give rise to the tanning of skin seen after
sun-exposure. Increased pigmentation can also be seen in
certain conditions associated with alterations in hormone
balance. Although their role in normal pigmentation has
not been established, the pituitary hormones
alpha-melanocyte-stimulating-hormone (alpha-MSH),
beta-MSH, and adrenocorticotrophic hormone (ACTH) can all

cause increased pigmentation. This 1is probably best
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demonstrated in Addison’s disease in which adrenocortical
insufficiency is associated with increased production of
ACTH and alpha-MSH by the pituitary gland, resulting in
the well-reported hyperpigmentation typical of this
disease. This feature is also seen in patients who have
undergone bilateral adrenalectomy for Cushing’s syndrome.
Pregnancy is often associated with a particular pattern of
increased pigmentation known as melasma. Although the
exact aetiology of melasma has not been defined,
progesterone, oestrogen and alpha-MSH are all thought to
contribute to its development.
" The function of melanin in the skin seems to be a
protective one, for while white skin reflects more visible
light than does dark skin, it in fact transmits more light
in the ultraviolet range than dark skin. The melanin in
dark skin is believed to act as a filter of ultraviolet
light and to reduce the penetration of UVR by scattering
the rays; it also absorbs light in the visible and
ultraviolet range and dissipates its energy as heatl4,
Furthermore melanin can react with other intracellular
substances such as reactive free radicals to neutralize
the accumulation of potentially harmful molecules such as
pyrimidine dimers, thereby reducing the damage to DNA
caused by these molecules.

The protective effect of melanin is convincingly
demonstrated by the great increase 1in solar changes such
as keratoses, premalignant 1lesions and skin cancers (

melanoma and non-melanoma ) observed among albino negroes

-21-



compared with their normally pigmented counterparts living

in the same environment.
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1.2 Malignant Melanoma

1.2.1 Epidemiology and Aetiology

Melanocytes may appear in increased numbers in localised
areas of skin where they form visible 1lesions known
collectively as melanocytic naevi. Variations in the
gross appearance of these 1lesions together with their
histological characteristics based on the grouping of the
melanocytes, their 1location in the skin ( epidermis,
dermis, or both ), and the presence or absence of
proliferative activity of the melanocytes, result in a
great diversity of benign naevi.

Cutaneous malignant melanoma results from the malignant
transformation of melanocytes either within one of these
naevi or "de novo". Although this tumour causes 85% of
deaths from skin cancerls, it only accounts for 1-3% of
all human cancersl6, It has however attracted the
attention of physicians to a much greater extent than this
proportion would seem to justify. Several features of
cutaneous malignant melanoma have contributed to the

apparently inordinate interest which it generates.

[1] Incidence of melanoma

The incidence of melanoma is increasing in all parts of
the world from which data are availablel?/18, In fact
melanoma is one of the cancers showing the most rapid

increaseld. The highest incidence of the disease is seen
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in Queensland, Australia where the age-standardised
incidence is 39.6 per 100,000 population per year and is
doubling every 15 yearszo'ZI. Other authors report a
doubling incidence in Scandinavia?2724 and a quadrupling
incidence in Arizona and New Mexico23/26 over a similar
time scale. Data available from the British 1Isles show
similar increases both in Scotland?7730 and in England and
wales31, In particular, the incidence in Scotland has
practically doubled between 1979 and_19§§, from 3.4 to 7.1
per 100,000 for males and from 6.6 to 10.4 per 100,000 for
females30,

The consistency of this trend in all reports and the
claim that it cannot be accounted for simply by better
diagnosis of the cause of death suggest that this reflects

a true increase in the incidence of the disease18'32'35.

[1i] Age-incidence of melanoma

Melanoma appears to affect a younger section of the
population than most other solid tumours. The peak age
incidence of melanoma occurs in the fifth decadel6 and
this naturally has serious implications in terms of
morbidity and mortality for an active and productive

section of the community.

-24-



[11i] Site and distribution

By 1its very presence on the skin, cutaneous malignant
melanoma causes cosmetic defects and it is often this
aspect of the disease which brings it to the patient’s
attention.

The relationship of melanoma to pigmentation and to
pre-existing pigmented lesions is also interesting. While
one might expect the distribution of melanomas on the body
surface to resemble that of melanocytes or benign naevi,
this in fact seems not to be the case. Neither are
melanomas evenly distributed over the surface area of the
body. In particular, the incidence of melanoma on the
head and neck is proportionally higher than all three of
these parameters36. Studies of benign naevi and melanomas
suggest that the distribution of the benign lesions may be
more closely related to melanocyte density in the various
regions of the body37, although not all studies are in
agreement on this point38.

The majority of melanomas occur in fair-skinned
individuals and the incidence of melanoma seems to
decrease with increasing pigmentation19'35. This can be
clearly seen in studies of populations of mixed racial
groups such as that in New Mexico where those of "anglo"
descent have a much higher risk of melanoma than the
hispanic, american indian and black members of the same
community. In fact, the incidence among the anglos may be
as much as six times that among the hispanics26 and three

times that among american indians39.
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The proportion of melanomas which arise in pre-existing
naevi is not clear. Histologically, 20-40% may be shown
to be associated with naevi40-42, This association is
particularly strong with congenital or long-standing
naevi43, one report suggesting that the figure could be as
high as 85% 44, rThe importance of the association between
melanoma and pre-existing naevi is not clear and in many
cases may simply reflect the larger number of melanocytes
which are at risk of undergoing malignant transformation

within any of these lesions45,46,

iv gsplastic naevi

One particular type of naevus has been reported to be
associated with an increased risk of melanoma - the
dysplastic naevus. This association was initially
suggested with reference to the numerous atypical benign
naevi seen in some cases of familial melanoma?’. The
association was named the "B-K mole syndrome" after two
young patients who had greatly assisted the investigating
group48. It was later renamed the "dysplastic naevus
syndrome"49. This was characterised by familial melanoma,
often with multiple primaries; familial occurrence of
large irreqular moles on exposed and covered skin;
histological evidence of melanocytic dysplasia and
atypical patterns of growth. However in 1980 identical
"dysplastic naevi" were recognised in sporadic cases of

malignant melanoma also and were regarded as high risk

factors for melanoma30. The term dysplastic naevus
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syndrome 1is now used to describe families in which two or
more members are found to have multiple dysplastic naevi.
There may be an autosomal dominant pattern of inheritance
in some families.

Dysplastic naevi are typically slightly raised lesions,
5-12mm in diameter with an irreqular outline which itself
is often not raised. The colour of these lesions can vary
and may include pink areas, and it can be very difficult
to differentiate them <clinically from the superficial
spreading form of melanoma, although the skin markings are
usually preserved. Dysplatic naevi may be single or
ﬁultiple, some patients bearing more than 100 such naevi.
They start to appear in adolescence and continue to
develop in adult life.

The risk of developing melanoma in patients with
dysplastic naevi is difficult to ascertain, but seems to
be highest in patients with the dysplastic naevus syndrome
and with a strong family history of melanoma31~53, while
some authors describe the progression from dysplastic
naevus to malignant melanoma, others claim that most
melanomas in patients with the dysplastic naevus syndrome
develop on previously normal skin3%, They suggest that
the dysplastic naevus syndrome is a risk factor but that
the dysplastic naevi are not themselves the precursors of

melanoma.

Another type of naevus which is associated with an
increased risk of malignant transformation is the
congenital melanocytic naevus, in particular the giant or

"garment" congenital naevus>3/35, This form is associated
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with a significant risk of malignant change, estimated to
be between 4% and 10% 55"58, and it 1is generally

recommended that such a naevus be surgically excised.

In recent vyears, evidence has accrued that quite
independently of these specific instances, a large total
number of benign melanocytic naevi is a strong personal
risk factor for malignant melanoma’3/39, Clinically
atypical naevi - large diameter ( >Imm ), varied
colouration, irregular margin - even when these do not
show the histological features of dysplastic naevi, are
glso thought to be risk factors, albeit not as strong as
the total naevus count33/39: fThis is not supported by the
findings of one clinical study which examined the
association of large numbers of benign melanocytic naevi
with increased melanoma riskso, although the statistical
value of the study was limited by the relatively small
number of patients. The combination of the number and
size of benign naevi expressed as the total naevus density
(TND) has been suggested as a measure of melanoma risk and
is particularly high in families with the dysplastic

naevus syndrome or familial melanomabl.

[v] Hereditary and genetic factors

It has long been recognised that malignant melanoma can
exhibit a familial distribution. 1Indeed, the first report
of cutaneous malignant melanoma in the english literature

is believed to a case report by Norris in 1820 which
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clearly describes a case of familial melanoma®2. Like
many other hereditary malignancies, familial melanoma
tends to affect rather younger patients and is more
frequently associated with multiple primarie553. It is
also associated with the premalignant "dysplastic naevus
syndrome" in a significant proportion of cases. Reviews
of several groups of patients with familial melanoma have
shown a more even distribution of the primary lesions over
the body surface and thus a slightly higher proportion on
the poorer prognosis trunk area than in sporadic
cases63/64, There may be a tendency for more lesions to
be of the superficial spreading type and for the diagnosis
to be made at an earlier stage63. The overall effect of
these features is that hereditary melanoma is usually
associated with a better prognosis than the sporadic form
of the diseaseb53. The mode of inheritance of hereditary
melanoma is not yet clear. The dysplastic naevus
syndrome shows some features of autosomal dominant
transmission with incomplete penetrance, and while
hereditary melanoma also shows some of these features,
its mode of inheritance is likely to be
multifactorial63,65,

Several cases of transplacental transmission of melanoma
from mother to foetus have been reported though these are
very rareb6,67,

In recent years, a growing interest has been generated in
the field of human genetics by the reports of alterations
in one region of the short arm of chromosome 9 in a number

of human malignancies including melanoma®8-71, It has
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been suggested that deletion of a gene or genes on
chromosome 9p may represent an initial step in the

malignant transformation of melanocytes72'73.

[vi] Aetiology of malignant melanoma

Ultraviolet radiation (UVR)

Several factors have been implicated in the aetiology of
the disease, the main one being solar ultraviolet
radiation. Melanin is an effective barrier to UVR, and
the body’s natural defensive mechanism against sunlight is
the production of mature melanosomes by the melanocytes

and their transfer to the surrounding keratinocytes -

tanning.
Deficient protection against the harmful effects of the

sun’s rays and/or excessive exposure to the sun are the
most readily identifiable predisposing factors for

malignant melanoma.

White skin is more commonly affected by the disease than
the other types and this particularly affects fair-skinned
or red-haired people, especially when they live in very
sunny climates. Among these people, those who burn rather
than tan or who develop large numbers of freckles when
exposed to the sun are at highest risk’4:75,

Conversely, malignant melanoma 1is rare in negroes
although exact incidence rates are difficult to ascertain.
In addition, the anatomical distribution of melanomas

among negroes is different, and in particular the
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proportion of melanomas occurring on the relatively
unpigmented plantar skin is much higher among negroes in
both Africa and North America than among other ethnic

groups76‘82.

In general, the incidence of melanoma among white-skinned
people increases as one approaches the equator18'19'33‘35.
This effect 1is slightly masked by the variation in
indigenous skin types according to geographical location
so that in Europe there is a higher incidence of melanoma
in Scandinavia than in the mediterranean region where skin
type tends to be somewhat darker83. Similarly, while
Denmark lies 15-20° further north of the equator than
Connecticut, the incidence of melanoma in both regions was
practically identical around 1940 and again in the early
1970's34. The incidence in both regions had increased
five-fold over this period.

In other areas, migrant populations can further
accentuate the geographical difference. In Queensland,
Australia, the very high incidence of melanoma is believed
to be partly due to the large number of immigrants from
Scotland and Ireland whose "celtic" skin is particularly
fair and who are therefore at increased risk83,

In addition, geographical latitude is not an independent
determinant of sun  exposure. Climatic conditions,
altitude, and coastal location are also very important
factors21,25,26, Within Queensland, cloud cover in the
North reduces the sun exposure in this part; in addition,
the reflectivity of sand for ultraviolet radiation is
higher than that of water or grass ( 12% v 4% and 2%
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respectively ) so that coastal sunbathing results in
higher exposure to UVR than, for instance, inland poolside

sunbath1n921.

The anatomical distribution largely reflects the
importance of sun exposure in the aetiology of melanoma.
Over this century, fashions of dress have changed markedly
to the extent that while revealing the skin of the arm
might even have been considered shocking 50 years ago,
this is now an acceptable feature of everyday dress in
western society. In the same period, there has been a
marked increase in malignant melanoma of the arm in
particular33 aﬁd a shift of distribution of melanoma by
anatomical site 1in general towards the more heavily
exposed body sites32,86, Sex differences in the disease
qlso seem to follow the differences in dress pattern, a
greater proportion of melanomas occurring on the 1leg in
women and on the trunk in men30,33, This observation
remains valid even after taking account of variations in
the number of melanocytes or epidermal melanin units

according to anatomical site87.

The intensity of exposure to UVR is also important in the
aetiology of melanoma and a positive correlation has been
demonstrated between severe sunburn and the subsequent
risk of developing melanoma on the sunburnt skin88, This
is in contrast to the non-melanoma skin cancers which seem
to be associated more with cumulative chronic exposure to
uvrl?, As a result, melanoma patients tend to be rather

younger, to come from higher socio-economic groups than
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patients suffering from non-melanoma skin camcer, and to
have indoor occupations, their main exposure to sun
taking the form of intense recreational sunbathing during

short holidaysl7,89,

Ultraviolet radiation occupies the wavelengths between
200nm and 400nm in the spectrum of 1light. The longer
wavelengths in this range (320-400nm) are termed UV-A and
are thought to be less potent inducers of actinic damage
to cells in the skin. However they are believed to
enhance the injurious effects of the UV-B rays (
wavelengths 290-320nm )17 which are mainly implicated in
the aetiology of actinic skin 1lesions including melanoma

and non-melanoma skin cancers.

The mechanism by which UVR induces these changes in the
skin is thought to be the intracellular production of
highly reactive free radicals which in turn produce
pyrimidine dimers of DNA and lead to miscoding. This is
supported by the observation that patients suffering from
xeroderma pigmentosum have a much higher risk of cutaneous
malignancy including melanoma than the general
population9° and indeed tend to die in the second or third
decade of life from one of these cancers. This disease is
very rare and is transmitted by autosomal recessive mode.
The metabolic defect which characterises the disease is
an inability to repair UVR-induced DNA damage by removing
the pyrimidine dimers of DNAS1l and it has been suggested
that this allows DNA coding errors to occur resulting in

malignant change.
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Our exposure to UV-B 1is substantially reduced by the
layer of ozone (O3) in the Earth’s stratosphere which acts
as a filter of the shorter UV-B wavelengths. The longer
UV-B rays are also filtered though incompletely by ozone.
It is therefore of major concern that this protective
ozone layer has been and continues to be depleted by the
release of chlorofluorocarbons (CFC’s) into the
atmosphere. These substances, which have a very long
half-life 1in the atmosphere, are used as propellants in
many aerosols and are also widely used for refrigeration.
They release chlorine gas which destroys ozone and
therefore results in greater penetration of UV-B to the
Earth’s surfaced2:93,

The remainder of the ultraviolet radiation band (
wavelengths 200-280nm ) is termed the UV-C band and is
totally absorbed by ozone so that no light in this range
reaches the Earth. This block will continue to be
effective even in conditions of extreme ozone-depletion

and UV-C therefore presents very little threat.

The practice of sunbathing has become increasingly
popular among caucasians in recent decades and this must
result in a greater exposure to ultraviolet 1light
including UV-B. An alternative method of obtaining a
"cosmetic" tan which is gaining in popularity is the use
of sunbeds. These mainly emit light in the UV-A band, but
they may also deliver UV-B at rates similar to those of
bright sunlight94. Initially, the only evidence of a
causal relationship between the use of UV sunlamps and

subsequent development of melanoma was in anecdotal case
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reportsl7!95. However, recent case-control studies have
demonstrated conclusively that the use of sunbeds and
sunlamps is associated with a significantly increased risk
of the diseased4:96, This practice should therefore be

discouraged.

Trauma

Skin trauma has been suggested as another possible factor
in the aetiology of melanoma8® and the high incidence of
melanoma on the plantar surface of the foot in Asians and
Africans accustomed to walking bare-footed was believed to
support this theory. In fact the incidence of melanoma
on the sole of the foot seems to be disproportionately
high for such a small fraction of the total body surface
in all racial groups32 and this may reflect the chronic
exposure of this skin to the trauma of weightbearing.
Nevertheless, the exact role of trauma in the aetiology
of melanoma is not clear and may, in many cases, simply
be a mechanism for presentation of a pre-existing but

unrecognised melanoma.

Immunological considerations
Patients with a primary malignant melanoma are known to

be at a greater risk of developing another primary
melanoma97'98, suggesting that a transformation of the
melanocyte system in general may be a primary step in the
aetiology of the disease, possibly in response to some
environmental or circulating carcinogenic substance?7.
However there is also an association between malignant

melanoma and certain other malignancies such as breast
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cancer and chronic lymphatic leukaemiad8/99 and an
immunological mechanism could therefore be the common link
in these diseases. This is further suggested by the
observation that renal transplant recipients, who are
medically immunosuppressed, have an abnormally high risk
of both melanoma and non-melanoma skin cancerl00,101,
There have also been studies showing that exposure of
animals to wultraviolet-B radiation and of humans to

artificial solaria can result in changes in the immune

Hormonal influence

It has frequently been claimed that the endocrine system
exerted some influence on the development and progression
of melanomas, but this has mainly been based on confusing
anecdotal reports of disease progression during pregnancy.
In one group of patients, changes 1in size, shape and
colour of lesions subsequently diagnosed as melanomas were
first noted during pregnancy and seémed to be associated
with a poorer prognosisIO4. Some authors have also
reported cases of spontaneous regression of melanomas
after parturition.

There seems little question that some melanocytes are
sensitive to gonadal hormones since, in general, the
number, size and pigmentation of melanocytic naevi
increases at puberty and during pregnancy37'33. Receptors
for oestrogens and other steroid hormones have been
identified on naevus cells and iélanoma cellsl05-107

but the true significance of this is not clear.
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A recent study showed that pregnancy itself, with its
inherent hormonal changes, did not affect the prognosis of
primary melanoma, although the melanomas diagnosed during
pregnancy tended to be thicker and therefore of poorer

outlook than those diagnosed outwith pregnancyloe.

[vii] Spontaneous regression of melanoma

Spontaneous regression is defined as the partial or
complete disappearance of a tumour in the absence of any
treatment or in the presence of therapy considered
inadequate to significantly alter the natural course of
the malignancylog. This has frequently been reported in
relation to metastatic malignant melanoma; in fact, only
hypernephroma and neuroblastoma exhibit this phenomenon
more often than melanomal0O9, In order to maintain the
accuracy of their observations, studies of tumour
regression tend to concentrate on regression of metastases
from histologically documented primariesllo. In the case
of melanoma, however, regression is probably more often a
feature of primary lesions than of metastatic deposits.
In one study of 361 cases of primary melanoma, 57
specimens (16%) showed histological evidence of
regressionlll. By contrast, reviews of the reports of
spontaneous regression of metastatic melanoma reveal a
prevalence of only 0.2-0.3% of cases110,112,

The mechanism leading to spontaneous regression of
melanomas is as yet unclear but two principal theories are

advanced, the first being that the regression may be a
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response to hormonal influences. Support for this comes
from the knowledge that other cancers can be responsive to
hormonal manipulation ( eg. breast, thyroid, prostate ),
that women tend to have a better prognosis for melanoma
than men, that the disease is rare before puberty, and
from several reports of changes occurring in melanomas
during and after pregnancy including complete regression.
Attempts to treat metastatic melanoma by hormonal
manipulations have however not shown any benefit from
hypophysectomy, orchidectomy, adrenalectomy, or androgen
or oestrogen therapy113'114. The second theory attributes
regression to an 'immunological process and is derived
mainly from observations that as many as 60% of cases of
spontaneous regression may be associated with a potential
"immune-stimulating event" such as incomplete excision,
infection, the use of "reticuloendothelial stimulants", or
inadequate radiotherapy11°'115'117. There is also
evidence of a significant increase in cytotoxic lymphocyte
activity during regressionlle, and the histological
appearances of spontaneous regression in melanoma
sections closely resemble those of BCG-induced regression
of metastatic melanoma depositsllg. There is usually an
intense lymphocytic inflammatory infiltrate and
melanin-laden macrophages within the dermal 1ayer119'12°.
These features are associated with an absence of melanoma
cells in the basal layer of the epidermis, and in fact
active phagocytosis of melanoma cells has been
demonstrated in one reportlzl. The naked-eye appearance
of regressed melanoma is variable but usually takes the

form of a depigmented area of skin which corresponds to
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the size and shape of the previous melanomal20,

While prognosis after spontaneous regression of
metastatic melanoma 1is difficult to establish due to
incomplete data presentation in the various reports,
Bodurtha’s review shows a 5-year survival of 66%, which is
in excess of the expected survival rate for other patients
with recurrent melanomall0, In the case of primary
lesions, spontaneous regression does not seem to be
associated with an improved prognosis, but it is probable
that some patients in whom regression .takes place before
the disease has metastasised never seek a medical opinion.
Consequently this feature of the natural history of

melanoma is probably underdiagnosed.

Melanoma can also present as metastatic disease without
evidence of a primary source being found, even after a
very thorough search. This is estimated to be the case in
3-9% of diagnoses of melanomall2,122-125 454 of these
45-60% have lymph node metastases126-128  mphis is usually
taken to be the result of metastasis from a primary lesion
which has already undergone spontaneous regressionlzg,
although in some cases the primary lesion may be
undetected because of its benign appearance or its obscure
locationl30, It has also been suggested in the case of
lymph node deposits that these may have arisen from naevus
cells occasionally found within lymph
nodeg36,131-133

The prognosis in these cases of occult primary melanoma

with metastases seems to depend upon several factors such

as whether the metastases are nodal or extranodal ( the
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latter carrying a poorer prognosis ), the number and
anatomical site of 1lymph nodes involved ( multiple or
cervical nodes being associated with a poorer outlook ),
and sex ( females having a better prognosis than males
)120. In general, it is recommended that these patients
should be treated in the same way as patients with known
or previously treated primary melanomas and that in the
case of lymph node metastases in the groin or axilla this
should include a formal lymph node

clearance12°'134.

1.2.2 cClassification by Histological Type

Initially, only three types of melanoma were described :
- superficial spreading melanoma
- nodular melanoma
- lentigo maligna melanoma
These were described by Clark in 1967 135, and a fourth
category of melanoma was added ten years later - acral (
or plantar ) lentiginous melanomalés. This classification

of melanoma is based on both the histological and the

clinical features of the disease.

Superficial spreding melanoma is characterised by radial,

intraepidermal growth of the lesion - a feature which can
proceed for several years. As a result, lesions of this
type can become very large before the patients take any
notice of them. During this time, tumour is confined to

the epidermis and the papillary dermis and although this
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is undoubtedly invasive tumour, it shows very little
tendency to metastasisel37. After this variable period
of radial growth, the melanoma undergoes a transformation
and begins to invade more deeply into the dermis. This is
termed the "vertical growth phase" and is associated with
the tendency of the disease to metastasisel38.

Typically, superficial spreading melanoma initially
appears as a large ( >lcm diameter ), rather flat lesion,
irregular in outline and in shade. While the main colour
is usually brown or black, the lesion may have a pink or
even blue appearance35'139. As the vertical growth phase
develops, the 1lesion becomes thicker and may adopt a
"nodular" appearance. Ulceration and crusting may also
become apparent.

This type of melanoma is the most common and accounts for
up to 70% of all melanomas30,138 Superficial spreading
melanoma shows an approximately equal sex distribution and

the mean age at diagnosis is 45.

In contrast, nodular melanoma does not exhibit a radial
growth phase but shows vertical growth from the outset.
As a result, the melanoma has usually invaded deeply into
the dermis by the time of presentation and possesses a
much greater potential for metastasisl40, The
Histological changes in the skin associated with solar
damage are not pronounced in this type of melanoma.

Nodular melanoma usually appears as a small raised nodule

which may or may not be pigmented and can ulcerate.
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This type accounts for 12% of all melanomasl38 but 20% of
those in Scotland29.30, Men are affected about twice as
often as women, and nodular melanomas seem to occur most
commonly on the head and neck or on the ba§k138. The mean

age at diagnosis is 50.

Lentigo maligna melanoma is the name given to the

melanoma which develops in a "Hutchinson’s melanotic
freckle" 141,142 This benign lesion, which is also known
as lentigo maligna, occurs commonly in elderly people and
presents as an enlarging flat brown lesion on sun-exposed
skin, usually showing areas of varying depth of
pigmentation. This 1lesion is thought to result from
chronic sun exposure and is premalignant. When lentigo
maligna melanoma does develop in a lentigo maligna, it is
characterised by a very long radial growth phase of 10-25
years before vertical invasion of the dermis occurs.
These melanomas can grow to more than 5cm in diameter.
This type of melanoma is thought to account for about 10%
of all melanomas and affects women twice as often as men.

The mean age at diagnosis is 70138,

Acral lentiginous melanoma occurs on the sole of the foot
and palm of the hand or in a subungual location. This
type of melanoma also tends to have a fairly prolonged
fadial growth phase, intermediate between superficial
spreading melanoma and lentigo maligna melanoma. The
lesions can exhibit variations in _bigmentation and can
grow to a large size. When vertical growth ensues, this

can progress very quickly to metastatic disease. These
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lesions are very similar to lentigo maligna melanoma and
were in fact reported as such before being classed
separate1y143. Two thirds of acral lentiginous melanomas
occur on the volar surfaces of the foot and hand while the
remaining third are subungual.

They present as irregular pigmented patches on the sole
or palm, initially with preservation of the overlying skin
markings. When they occur subungually, pigmentation is
seen 1in the nailbed often with a "halo" of pigmentation
spreading onto the eponychium.

This type of melanoma accounts for 4-9% of all

melanoma82913°'35.

1.2.3 Spread of Melanoma

The spread of melanoma is in many ways similar to that of
most other solid tumours. Local invasion by the primary
lesion, lymphatic spread, and haematogenous spread are all
common features of the progression of the disease. The
progression of melanoma, however, can also display
features rather particular to this disease.

One of these is termed in-transit metastasis and results
from the arrested progression of metastasising melanoma
cells within lymphatic channels. This therefore usually
presents as palpable subcutaneous tumour nodules along the
path of normal lymphatic drainage of the primary
tumour-bearing skin. This is a particularly common
feature of extremity melanomas due to the relatively

uniform pattern of lymphatic drainage of the limbs.
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Satellitosis is the name given to the appearance of
numerous cutaneous deposits of metastatic melanoma around
a primary melanoma or the site of its previous excision.
This is also believed to be due to lymphatic spread from
the primary site.

It had been suggested that both of these featureéé might
be the result of the interruption of normal lymphatic
drainage by surgical incisions, allowing 1lymph and
metastasising cells to leak into the tissues or lymphatic
drainage to proceed by abnormal channels and in a
non-anatomical pattern144'145. This suggestion could be
supported by the not uncommon co-existence of both of
these patterns of locoregional spread with regional lymph
node metastases, possibly reflecting obstruction of the
normal lymphatic flow by the nodal deposits. Indeed,
Stehlin reported from the M.D.Anderson Hospital that 90%
of patients exhibiting this form of metastasis had
proximal lymphatic obstruction due in the main to axillary
or groin dissections or, 1less frequently, to clinically
involved lymph nodes146, The main risk factors, however,
for satellitosis and in-transit metastases are thickness
and ulceration of the primary145'147ll48 and the exact

cause for these characteristic metastases is not clear.

1.2.4 Prognosis

The principal determinant in assessing the prognosis of
patients with cancer is the degree of spread of cancer at

the time of diagnosis. This is termed "staging" and while
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different cancers may exhibit different aggressiveness, in
general, the more widespread the disease ( ie. the higher
the "stage" ) the worse the prognosis within each cancer.
Many systems have been devised for staging cancer, each
with its particular merits. However, to be of any true
value, the staging system used to describe any particular
cancer must have some relevance to the prognosis and/or
treatment. Due to the variations in the preferential
modes of spread of the various cancers, these systems are
therefore not universally applicable.

In general, each system defines an early stage of disease
-~ Stage I - characterised in the case of solid tumours by
a localised primary lesion or limited local progression.
The highest stage - usually termed Stage III or IV -
describes widely disseminated cancer, while the
intermediate stage(s) is wused to describe degrees of
local, regional and lymphatic spread. The TNM staging
system presents this information in a rather different
format, describing each of the three features of the
cancer ( primary Tumour status; Nodal status; Metastases )
to give an overall description of the pattern of disease.

In describing melanoma, several staging systems have been
used. The oldest system 1is the "original three stage
system" 149 (Table 1) which is based entirely on the
clinical features of the disease. In some ways, this has
proved inadequate as it tends to stage together groups of
patients now known to carry very different prognoses. The
M.D.Anderson Hospital system was devised to take into
account some of the features of the spread of melanoma,

dividing the old Stage I into two separate categories for
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Table 1 :
Original 3-Stage Classification of Melanoma

Stage I - Localised primary melanoma
or
local recurrence
or
satellites
Stage II - Regional lymph node metastases
or

in-transit metastases

Stage III - Distant metastases
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Table 2 :

'Clinical Staging System for Malignant Melanoma
M.D. Anderson Hospital and Tumor Institute

( Sstage 0 - Superficial melanoma )*
Stage 1 - Localised primary melanoma

A : primary intact
B : primary locally excised

(o multiple primaries
Stage II - Local recurrence
or
Primary lesion with local peripheral
nodules < 3cm distant
Stage III - Regional metastases
A : in-transit metastases
or
satellite lesions > 3cm distant
¢ regional lymph node metastases
¢ in transit or satellite lesions
plus
regional lymph node metastases
Stage IV - Systemic metastases

* Stage 0 has now been abandoned, so that all invasive

primary melanomas are included in Stage I.
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Table 3 :
Staging System for Malignant Melanoma

American Joint Committee
on Cancer Staging and End Reporting

Stage 1 - Localised primary melanoma
A : thickness < 0.75mm
Clark level < II

B : thickness 0.76-1.50mm
Clark level III

Stage II - Localised primary melanoma
A : thickness 1.51-4.00mm
Clark level IV

B : thickness > 4.00mm
Clark level V

or
Satellites
Stage III - Regional lymph node metastases
(nodes not fixed and < 5cm diameter)
or
In-transit metastases ( n < 5 )
Stage IV - Regional lymph node metastases
( nodes fixed or > 5cm diameter )
or
In-transit metastases ( n > 5 )

or
Distant metastases
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Table 4 :
UICC Staging System for Malignant Melanoma

Stage I - Localised primary melanoma
thickness < 1.50mm
Clark level < III
Stage II - Localised primary melanoma
thickness 1.51-4.00mm
Clark level IV
Stage III - Localised primary melanoma
thickness > 4.00mm
Clark level V
or
In-transit or satellite metastases
or
Regional lymph node metastases
Stage IV - Distant metastases
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brimary disease and locally recurrent disease, and
subdividing stages to give a more detailed description of
the tumour burdenl30 (Table 2). This therefore includes
information on whether or not the primary 1lesion is still
present or has been excised, and on the apparent extent
of locoregional recurrence or spread ( ie. satellitosis
more distant than 3cm from the primary site, in-transit
metastasis, lymph node spread ). More specific staging
systems for melanoma have been devised as knowledge of the
most significant prognostic factors has been assimilated,
including the American Joint Committe on Cancer Staging
System151 (Table 3) and the classification recommended by
the UICC ( Union Internationale contre le Cancer ) (Table
4). The main value of these systems is the inclusion in
subdivisions of Stage I of the histological
characteristics of the primary tumour now known to be of

ﬁajor prognostic significance.

General prognosis by Stage

The overall prognosis according to stage of the disease
has been widely reported and for uniformity of
understanding this is best done by the original three
stage system. The S5-year survival figures quoted in the
literature for melanoma are 72% (66%-80%) for Stage I

disease, 29% (14%-39%) for Stage II, and 17% (0%-18%) for
Stage III 45,152-155,

_50-



‘ Within these broad classifications, however, several
features pertaining to the patient or to the tumour are of
additional prognostic significance.

The female sex carries a distinct survival benefit,
particularly in Stage I 36,156,157 apq although some
authors have demonstrated an advantage to women even in
the more advanced stagesl58'159, this is not confirmed by
the majority of the literature. It has been suggested
that younger patients carry a better prognosis156 but this
is also disputed157. The anatomical site of the primary
melanoma is believed to have some bearing on prognosis,
limb lesions being associated with a better outlook than
those on the head and neck, and trunk lesions carrying
the worst prognosisl56. An especially poor prognosis was
claimed for melanomas arising on the BANS area ( Back,
posterior Arm, posterior Neck, and posterior Scalp )160
but this too is disputedl6l,
| Certain histological features of the primary tumour are
prognostically significant. The importance of depth of
invasion of the primary melanoma into the dermis and
subcutaneous tissue has 1long been recognised162 and a
classification of melanoma based on this was introduced by
Clark in 1969 163 (Table 5). This identified five levels
of invasion by melanoma cells with increasingly poor
prognosis. Later studies by Breslow showed that the
absolute thickness of melanomas on histological section (
measured in millimetres from the granular layer of the
epidermis to the point of deepest vertical invasion ) was
a good prognostic indicatorl64 and this has subsequently

been confirmed and shown to be a more reliable indicator
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Table 5 :

Classification of Malignant Melanoma
by Histological Level of Invasion (Clark)

Level I - tumour confined to the epidermis
( ie. melanoma in-situ )
Level II - tumour penetrating the basement membrane

and extending into the papillary dermis

Level III tumour filling the papillary dermis to

the junction with the reticular dermis

Level IV

tumour invading the reticular dermis

Level V

tumour invading the subcutaneous fat
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of prognosis than Clark’s histological levell63-167 1t
is now usual for primary melanomas to be placed in good,
intermediate or poor prognostic categories on the basis of
Breslow thickness. Recent data from Scotland indicate
five year survival rates of 92.5%, 72.6% and 48.0% for
lesions of <1.5mm, 1.5-3.49mm, and >3.5mm respective1y3°.
The measurements of Breslow thickness and Clark’s level
are both rather observer-dependent. This criticism is
however more applicable to Clark’s method for this depends
on a clear distinction between the papillary and reticular
dermis to separate level III from 1level IV 1lesions which
together form the majority of primary melanomasl168,
Breslow’s measurement is somewhat more objective and
therefore more reproducible as it requires only the
identification of two points on the section. While there
may be no value in routinely combining the two
methodslss'lee, Clark’s 1level may give an indication of
relative prognosis for primary 1lesions of equal Breslow
thickness. Further, it would appear that for thin
melanomas ( Breslow thickness < 0.75mm ) Clark’s level may
be a more accurate prognostic indicatorl69,

The diameter of primary melanomas is reported by many
authors to correlate with the 5-year surviva1154'17°'173,
increasing diameter being associated with poorer
prognosis.

The presence of ulceration of a primary lesion has also
been shown to be a marker of poor prognosisl72'174'175,
as have high mitotic activity on histological sections (
mitotic index = highest number of mitotic figures seen in

1mm2 ) and microscopic evidence of vascular invasion by
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tumour ce115153'157'168'176. Naturally, a combination of
these various factors together with many other less
potent or as yet unrecognised factors will determine the
prognosis for any individual patient. The contribution of
each factor to the overall prognosis is complicated by
the interdependence of many of these factors : for
example, more '"good prognosis" leg melanomas arise on
women, who in any case appear to have a better overall
survival than men. Attempts have been— made to establish
the relative importance of each of the main prognostic
factors and in an analysis of a very large series of
patients, the principal prognostic factors for Stage I
melanoma were, in order of importance, (i) tumour
thickness, (ii) ulceration, (iii) anatomical site, and
(iv) sex 157,

Although many authors have suggested that in Stage II
disease, the extent of 1lymph node involvement is
significant in determining the prognosis, the evidence for
this is disputed. The number of involved nodes may be
important177'179. Some retrospective studies have shown
better survival figures for patients with microscopic
lymph node involvement only compared with those with
clinically involved lymph nodes36,180,181 However,
other reports including a 1large WHO study have also
addressed this issue and have concluded that the incidence
of occult 1lymph node metastases found in prophylactic
lymph node dissections in clinical Stage I was similar to
that of later lymph node involvement in patients in
clinical Stage I treated by excision of the primary alone,

and that the 5-year survival for the two groups of
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patients was not significantly different133,182, The
question of prophylactic lymph node dissection therefore
remains a contentious issue 183, 1Its value may be limited
to patients whose melanomas are of intermediate Breslow
thickness ( 0.75mm-4.0mm ) with a prognostic advantage
being conferred on women even within this
group184‘185.

The depth of invasion of the original primary still bears
some prognostic importance in Stage II disease, as may its
anatomical site and the sex of the patientlss.

As discussed earlier in this chapter, metastatic melanoma
may be found in lymph nodes in the absence of a detectable
primary lesion. In these cases, the prognosis would
appear to be similar to that of patients with known
primarie3129.

When melanoma reaches Stage III, the prognosis is dismal
( see above ) but is modified slightly by the site(s) of
spread15'156'187. Hepatic or cerebral metastases are
associated with a particularly bad outlook compared to
cutaneous or subcutaneous deposits, while pulmonary
netastases hold an intermediate position.

Since this thesis is concerned mainly with melanomas of
the extremities, the M.D.Anderson Hospital staging system
is especially relevant ( see Table 2 ). The significance
of this staging system lies not only in its more accurate
description of the pattern of locoregional disease but
also in the prognostic implications of this description.
Within the Stage III category, the group of patients with
wide satellitosis or in-transit metastases ( Stage IIIA )
may carry a better prognosis than those with 1lymph node
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involvement ( Stages IIIB & IIIAB ) although this is not

universally accepted179.
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1.3 Current Standard Therapy of Melanoma

1.3.1 Surgical Treatment of Melanoma

The mainstay of treatment for malignant melanoma over the
vears has been surgical. However the applications of
surgery to melanoma have been modified as the results of
studies have become available and as the pattern of
presentation of melanoma has changed. An 1increasing
proportion of melanomas are presenting in Stage I and
indeed there are reports that the thickness of melanomas
at diagnosis is falling more and more into the better

prognostic categories in many parts3°'188'189.

[1] Surgical treatment of Stage I melanoma

Surgical excision of primary melanoma is universally
accepted as the treatment of choice and is the only option
which offers the prospect of a curel83,190 How extensive
this excision should be remains a matter of controversy.
The historical recommendation was for a radial excision
margin of as much as 5cm around the primary lesionl91-193,
The reasoning behind this approach was that local
recurrence, which is associated with a very high mortality
rate of 80%, could best be avoided by removing a wide
margin of tissue in order to eradicate local microscopic
extensions of the primary or microscopic satellite

metastases as well as any areas of field change around the

primary lesion. This was held to be the best approach
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until recently when it has become clear that the risk of
local recurrence is more closely related to the thickness
of the primary lesion than to the width of ‘the primary
excisionl47,194-200, In this regard, the risk is almost
negligible for lesions less than 0.75mm thick but rises
to 10-20% when the thickness exceeds
4.0mml148,166,168,195,201

- The first step in the management of melanoma is a biopsy
to establish the histological diagnosis. In view of the
prognostic significance of many of the histological
features of melanoma, it would seem that a complete
excision biopsy offers the best solution to an accurate
assessment of the melanoma. This can be followed by a
wider excision if indicated by the histological features
of the melanoma. Nevertheless, some authors recommend the
use of '"punch" biopsies or of wedge-excision ( or
"incision" ) biopsies when technical problems of wound
closure or significant cosmetic defects can be anticipated
due to the size or site of the lesionl83. Further removal
of tissue can be undertaken once the diagnosis is
established. The limitation of this approach, in the
author’s opinion, lies in the need.to use a standard width
of excision once the diagnosis is made since one cannot
guarantee that a punch biopsy or incision biopsy will
contain the area of deepest invasion of the melanoma. As
a result, while the diagnosis may be made, the prognostic
indicators may be incomplete and one risks excising less
tissue than would be desirable, or having to perform a
third excisional procedure to correct this. Moreover, in

view of the suggestion that trauma may have a role in the
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aetiology of melanomaes, one could argue that incision
biopsy could have a deleterious effect on the outcome of
surgery for melanoma. In fact, there would appear to be
no evidence for this argumentzoz, but the use of
incisional biopsies should, in the author’s view, be
reserved only for lesions which, by their large size or
awkward site, present very significant problems of skin
cover after excision.

- It would seem then that an excisional biopsy should be
performed to estéblish the diagnosis and to assess the
prognostic characteristics of the 1lesion ( thickness,
level of invasion, wulceration, mitotic activity ) so that
an informed decision can be made as to the extent of
removal of surrounding tissue. In the case of thin
melanomas ( <1.0mm ) which carry a very low risk of local
recurrence, an excision margin of 1lcm appears to be
sufficient according to a large WHO study2°3, and this is
confirmed for lesions up to 1.5mm thick by another large
study with extended follow—up2°4. In situ melanoma should
be included in this group, for while it is a
non-metastasising form of the disease, there is evidence
that it may recur locally and that this recurrence can
take the form of in situ melanoma or of frankly invasive
melanoma295. For thicker lesions, a wider excision should
be performed with a 3-4cm margin183'186'2°6 where the
Breslow thickness 1is 1less than 4.0mm. Above this
thickness, opinions again diverge, some recommending no
difference in approach, others favouring even wider

surgical margins of 5cm.
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The technique of wound closure employed is a purely
practical question, split-thickness skin grafting being
used when the defect cannot be sutured primarily. A case
had been made in the past for using skin grafts in all
cases so that small local recurrences could be detected
more easily through this thin coveringzos. This
recommendation is now discredited for several reasons :
the incidence of 1local recurrence should be very low,
especially in the thinner 1lesions; _ wide excision is
therefore not always necessary and primary closure can
often be achieved; there is no evidence that the slightly
earlier recognition of 1local recurrences allows better
treatment or offers improved rates of survival206,

Melanomas arising on digits present particular problems
since, in order to achieve excision with even only a 1lcm
margin, amputation of the digit will often be required.
Subungual melanomas in particular have a notoriously high
recurrence rate even after limited amputation2°7. This
recurrence rate can be improved by amputation at the
metacarpophalangeal ( or metatarsophalangeal ) joint2°7
but the disabling effect of this procedure must be borne
in mind especially for 1lesions of the thumb of the
dominant hand. Selection of the most appropriate level of
amputation should therefore be based on the histological
features of the melanoma as well as on the anticipated

disability caused by the treatment.

The depth of excision 1is also controversial in that
opinions are divided on the necessity to excise the

underlying deep fascia. In the past, "wide excision" was
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taken to mean "three-dimensional wide excision" and
therefore to include excision of the deep fasci1al92,193,
However subsequent experience suggested that this might
facilitate metastasis by removing a barrier to spread of
the tumour208, Recent data suggest that it offers no
benefit in terms of 1local control or survival209,
Therefore excision of the deep fascia seems to add
unnecessary morbidity to the primary treatment and can

safely be omitted in most cases.

Lymph node dissection for Stage I melanoma
The place of lymph node dissection in Stage II disease is

well established but its prophylactic role in the
treatment of Stage I disease is much less clear.

Melanoma is believed to spread by a predictable stepwise
progression from the primary lesion through the regional
lymph nodes and then to distant sites210, rhe clinical
involvement of lymph nodes must be preceded by a
subclinical phase of microscopic disease. Once clinical
evidence of metastasis to the lymph nodes 1is apparent, as
many as 70-85% of patients will also have occult distant
spread of their diseasel?7, The rationale for
prophylactic lymph node dissection, therefore, lies in the
possibility of removing subclinical disease in the lymph
nodes before the next step in the spread of the disease to
distant sites has occurred. However, a significant
broportion of patients with malignant melanoma do not
follow this general rule. In a large study of Stage I
melanoma treated by wide excision alone in which 516 of

the 1164 patients developed recurrent disease within ten
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years of treatment, as many as 22% of the first
recurrences occurred at distant sites, and in 31%
simultaneous regional 1lymph node and distant metastases
were found?1ll,

It 1is claimed that since 56% of patients undergoing
excision of melanomas with Breslow thickness 1.5-4.99mm
later develop clinical involvement of their regional lymph
nodes, this represents the true incidence of occult lymph
node metastases at the time of the original excision210,
However, since some of the lymphatic deposits may well
have resulted from spread of tumour from other
extralymphatic regional or distant sites, this is probably
an overestimate of the true incidence. Several studies
have shown that between 4% and 42% of melanoma patients
with clinically uninvolved regional lymph nodes do have
microscopic evidence of lymph node
metastases153,182,184,212-215 Evidence of the value of
lymph node dissection in these patients 1is mixed. While
some studies show a 5-year survival advantage of 10-30%
to certain subgroups of patients undergoing
prophylactic 1lymph node dissection153'181'184'186, most
of these contain only very small numbers of patients.
The subgroups in question comprise the intermediate
thickness melanomas in both sexes and the thicker lesions
in women, both on the trunk and especially on the
extremities. Other studies which have specifically
analysed the survival of patients according to the
élinical and pathological stage of their disease have
shown no significant difference in survival whether lymph

node dissection is performed for clinically positive nodes
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or electively for clinical Stage I but histopathological
Stage 1II diseasel82,214, This is 1in contrast to the
claims made by advocates of prophylactic 1lymph node
dissection that the prognosis of patients found to have
occult lymph node metastases at lymph node dissection is
better than that of patients undergoing lymph node
dissection for clinically involved nodes184,210  gjyen
the difference in the tumour burden of these two groups of
patients, it would not be surprising to find a survival
benefit for the former over the latggr. Comparison of
these two groups does not seem appropriate.

Most of these studies are retrospective; indeed, to date,
only two prospective randomized trials of prophylactic
lymph node dissection have been reported182'216'218.
Neither of these showed any survival benefit from the
procedure. One can therefore argue that 1lymph node
dissection can safely be reserved for the treatment of
patients with «clinically positive nodes, and that
patients with clinical Stage I disease should not be
submitted to this additional procedure.

A novel technique has recently been developed which
allows the intraoperative mapping of regional lymphatics
and selective excision of the first lymph node(s) in the
path of drainage of the primary 1lesion. This "sentinel"
node is submitted for frozen section histology and rapid
immunohistochemistry for immediate identification of
metastatic deposit5215'219'22°. In a large study, the
authors have found that the technique is highly sensitive,
with a false negative rate of 1less than 1% when compared

to the full 1lymphadenectomy specimen5215'22°. Patients
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with subclinical 1lymph node involvement can therefore be
reliably identified and offered a formal 1lymph node
dissection without subjecting the majority of patients (
whose lymph nodes are clear of tumour ) to this procedure
unnecessarily. In their series of patients, the authors
found that melanomas less than 1.5mm thick were associated
with lymph node metastases in 9.8% of cases but that this
figure rose to 36.9% for thicker lesions215. while the
current state of knowledge provides no convincing evidence
of survival benefit following elective 1lymph node
dissection, this new method should allow a more selective
approach to the procedure by identifying those patients
most likely to benefit from it219,

Based on the evidence accrued so far, the following
approach to the treatment of primary melanomas is

suggested :

- Breslow thickness <1.5mm : excision with a lcm margin

(incl. in situ melanoma)
- Breslow thickness >1.5mm : excision with a 3-4cm margin

The author does not at present advocate prophylactic

lymph node dissection for clinical Stage I disease.
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[1i] Surgical treatment of reqionally advanced melanoma

The most common first site of metastasis for melanoma is
the regional lymph node chain and this occurs in some 20%
of patients with primary melanoma22l, As stated above,
the overall 5-year survival of patients with clinical
Stage II disease is about 29% (14-39%) in most reports.
This however varies 1in relation to the extent of the
metastases, from 50% when disease 1is confined to one
macroscopic focus, to 30-40% when up to 3 nodes are
involved, and to 1less than 20% if 4 or more nodes are
involvedl77,221 Moreover, patients with only microscopic
evidence of 1lymph node spread ( clinical Stage I, but
histopathological Stage II ) have 5-year survival rates
ﬁetween 50% and 60% 153,177,

In the presence of clinically involved regional nodes,
most authors agree that 1lymph node dissection is
appropriate217'218'222’227. The clinical features are
usually sufficiently suggestive that the diagnosis can be
made on these grounds alone, but where doubt exists,
valuable evidence of nodal involvement by tumour can be
obtained from fine needle aspiration cytology of the
palpable nodeszzs. In most instances, radical dissections
are performed to provide clearance in the cervical and
axillary areas, but the extent of dissection in the groin
is debatable. Some authors recommend ilioinguinal
dissection for all cases on the basis that a high
proportion of patients with clinical involvement of the
inguinal nodes also have iliac node involvement228,

However the presence of metastatic deposits in the iliac
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nodes 1is associated with a very poor prognosis and
suggests that more proximal spread of the disease may
already have occurred. One could therefore argue that
the additional morbidity of this éxtensive surgery is
unjustified if disease appears to be confined to the
inguinal glands. In this situation, one should simply
perform an inguinal node dissection to remove the
superficial and deep nodes in the femoral tiangle. If
there is clinical evidence of iliac_nodé involvement, then
ilioinguinal node dissection would be indicated in order
to avoid the risk of wulceration of the tumour onto the
skin or erosion into the adjacent vessels with resultant

haemorrhage221.

~ In the treatment of extranodal locoregional recurrence (
local recurrence, satellitosis, in-transit metastases ),
most authors would advocate simple excision of the
recurrences as an adequate form of treatment, particularly
when the disease is confined to a small number of lesions.
Many patients suffer repeated local recurrences without
developing systemic metastases and in these patients local
control is the main goal of treatment. However, for the
majority of patients ( as many as 70-90% ), locoregional
recurrences are widely regarded as the "harbingers of
systemic disease" 148,221 apd are associated with a poor
prognosis. More radical approaches to their treatment
have been performed including limb amputation and
integumentectomy ( the removal of all the skin,
subcutaneous fat and deep fascia from the sole of the foot

up to the inguinal 1ligament in the case of lower limb
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lesions ) 229,230, Reports of the results of this type of
treatment are based on small numbers of patients and do
not really show any substantial benefit in terms of
surviva1l48,229,231-234 Nowadays, these operations are
regarded by most as inappropriate since they merely
inflict severe disability on patients who in any case have
a high chance of already harbouring systemic disease and
who therefore have poor survival prospects. Amputation
may still have a role in the palliation of advanced,
painful disease but even this is now regarded as
inappropriate, most clinicians favouring a less disabling
approach to palliation such as radiotherapy or isolated

limb perfusion ( see below ).

iii urge for systemic disease

Systemic metastases from malignant melanoma are
associated with an extremely poor prognosis ( see Section
1.2.4 ) and surgery for this stage of disease can really
only be regarded as palliative. However, in selected
cases, this palliation can be prompt and prolonged
depending on the site and extent of metastases.

Autopsy studies show that single organ involvement by
advanced melanoma is extremely rare (0-1%) 16,235, pe
most common sites of metastasis are the lungs, 1liver and
gastrointestinal tract, followed by the central nervous
system and bone and marrow. While there are no

prospective randomised studies of surgical treatment of

these metastases, several reports have suggested that
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resection of lung deposits can produce effective
palliation, especially if these are unilateral and few in
number16,236-238 Resection of obstructing, bleeding or
intussuscepting gastrointestinal 1lesions can provide
effective symptomatic relief and in some cases may result
in prolonged survivall6,237, Similarly, surgical removal
of solitary brain metastases, when possible, combined with
radiotherapy can be beneficial239-241, Hepatic
metastases are almost invariably associated with an
extremely poor prognosis and patients are generally not
regarded as candidates for surgery16'242. Melanoma
metastases to bone are also associated with a very poor
prognosis, but palliative treatment should nevertheless be
considered as they cause severe pain and can result in
pathological fractures. The pain due to these metastases
can be treated effectively with radiotherapy, and
pathological fractures of weightbearing bones can be
stabilised by internal fixation and followed up with
radiotherapy243.

The place of surgery in the management of systemically
metastasising melanoma is therefore in the palliation of
the effects of these metastases. This should however be
approached positively as, although the course of advanced
melanoma tends to be progressive and unrelenting, some
patients can benefit for prolonged periods from this type
of palliation.
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1.3.2 Non-surgical Treatment of Melanoma

As stated above, the treatment of primary melanoma is
essentially surgical. Other therapeutic modalities may
find a role in the treatment of advanced melanoma or as

adjuncts to surgery for primary disease.

[i] Treatment of advanced melanoma

a) Chemotherapy

The principal non-surgical modality which has been used
against melanoma is systemic chemotherapy. The results of
this have been generally disappointing using both single
agents and combinations of drugs. In single agent
therapy, the best observed response rates are achieved by
dacarbazine (DTIC) with overall response rates of 10-25%
244-246 However this includes only about 5-10% complete
response5245'247. Furthermore, responses tend to be
rather short-lived lasting only 5-6 months on average247,
and while there does seem to be an improvement in
survival among those who respond to the treatment, this
too is fairly modest ( median survival for responders = 10
months; median survival for non-responders = 5 months
)245. Another disappointing feature of this treatment is
that responses tend to be achieved in those patients
whose prognostic characteristics are perhaps slightly

more favourable than others’ - for example, female

patients respond better than males, and cutaneous,
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lymphatic, pulmonary or soft tissue metastases tend to
respond better than hepatic, cerebral or visceral
deposits.

The other drugs which have elicited similar if somewhat
lesser observed response rates include vindesine at 20-26%
248'252, the nitrosoureas lomustine (CCNU), carmustine
(BCNU) and semustine (MeCCNU) at 10-20% 244'253, and the
antimetabolites methotrexate (MTX) and cytosine
arabinoside (ARA-C) at 10-15% 244, However the higher
morbidity associated with these drugs compared to that
induced by dacarbazine means that the latter is still the
standard against which all other chemotherapeutic agents
are measured.

The use of most cytotoxic drugs is 1l1limited by their
toxicity to normal tissues and in particular to vital
organs such as bone marrow and liver. While the
alkylating agents, such as melphalan, are known to be
capable of producing modest responses in advanced
ﬁelanoma, myelosuppression prevents their use in high
doses. It was therefore suggested that autologous bone
marrow rescue might provide a method for circumventing
this problem254, and in fact, using this technique, high
dose melphalan alone or in combination with dacarbazine
was found to produce response rates of 40-70% 255-258,
Early enthusiasm for this technique was however soon
tempered by the finding that responses were once again
short-1ived237-259 and that there was no improvement in

survival rateszsg.
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Cis-platinum has been increasingly used alone or in
combinations of drugs against melanoma. When used alone
in high doses, it produces substantial response rates of
53-69% but with major toxicity in the form of peripheral
neuropathy and no demonstrable survival benefit260,

The lack of a clearly effective single-agent chemotherapy
for melanoma has prompted several groups to try
combinations of drugs in the hope that responses and
survival rates might be improved and toxicity reduced. 1In
fact the results of these trials have generally been
disappointing, offering only marginal benefits over
dacarbazine alone244,253,261,

There are nevertheless a few combinations of drugs which
have produced significant response rates of 40-55% and
show signs of improved survival rates, albeit in small
numbers of patients. These combinations all include
dacarbazine or one of the more active nitrosoureas ( BCNU,
CCNU ). The best results have been seen with the
combination known as DBPT ( dacarbazine, BCNU, cisplatinum
And tamoxifen ) with an overall response rate of 50-55%
and complete responses comprising a third of these262-268
Of the other combinations, CBC ( CCNU, bleomycin,
cisplatinum ) 269, BELD ( bleomycin, vindesine, CCNU,
dacarbazine ) 270,271 apd pve ( dacarbazine, vindesine,
cisplatinum ) 272 pave all produced response rates of
more than 40% with a similar proportion of complete
responses to DBPT 261, rhese studies also include details
of patients showing longer-lasting responses than many
previous studies and a few examples of hepatic metastases

responding to treatment. Impressive results were
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reported with the use of procarbazine, vincristine and
CCNU (POC) which initially produced a 48% response rate,
half of these being complete reponses (25%) 273, This
series however contained a very high proportion of
patients with only cutaneous or 1lymphatic metastases

(64%), in other words metastases which are known to be.
associated with better response rates to chemotherapy (
see above ). Another study in which fewer patients fell
into this category failed to cqnfiém such encouraging

results 274.

New drugs
The other attempts to improve the chemotherapy of

melanoma have centred around the development of new and
sometimes more specific drugs. The new drugs which have
shown encouraging activity against melanoma include
detrorubicin which is a semisynthetic anthracycline
differing from adriamycin only in one side chain ( at Cl4
) 261, This however seems to be a critical difference
since adriamycin has very 1little activity of its own
against melanoma. The overall response rate with
detrorubicin in one series is reported as 19%, but this
includes seven partial responses and only one complete
response in a patient with cutaneous metastases275, Taxol
has also been shown to have some activity against
melanoma. This drug has recently been developed from yew
bark and when infused over 24 hours produces a response
rate of 12-15%, including completé_ as well as partial
response9275'277. It is worth noting that taxol produces

responses in hepatic metastases, a supposedly very
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resistant site277, Dibromodulcitol was reported as
promising as long ago as 1978 278 with a response rate of
16%. This was confirmed later with a response rate of 24%
including responses in soft tissue and visceral
metastases279. Fotemustine is a new nitrosourea which has
been used to treat patients with cerebral melanoma
metastases with a very high response rate of 28% (
including 2 complete reponses ) and a survivial rate of
21% at one yearzso. In subsequent studies, it has been
found to produce overall response rates of 32% ( and an
especially high reponse rate in visceral metastases : 6/13
) when used in combination with dacarbazine?8l, Aanother
relatively new nitrosourea - tauromustine (TCNU) - has
shown rather less encouraging results with overall
response rates of 10-15% 282,283,

More specific approaches to melanoma chemotherapy have
attempted to exploit the biochemical pathways of melanin
synthesis in melanocytes by introducing substances which
are converted to active metabolites by the enzyme
tyrosinase, which itself 1is uniquely related to the
melanocyte system ( see Section 1.1 ). These substances
have included levodopa, dopamine and 4-hydroxyanisole283.
However, enthusiasm for this type of approach must be
tempered by an awareness of 1its potential side-effects
and 11m1tationsza4, and in particular the effects on the
central nervous system of using levodopa or dopamine and
on the the pigmented tissues of the eye. In addition, a
method for ensuring release of the activated substance

from the melanosome into the cytoplasm of the melanocyte
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may be required in order to make it cytotoxic. A further
problem to address would be the probable resistance of
amelanotic melanoma to this form of treatment.

A point to remember is that, in spite of the development
of these and many other drugs, no agent(s) alone or in
combination has been shown to be convincingly more

effective than dacarbazine alone.

b) Immunotherapy

The case for immunotherapy of melanoma is prompted by the
natural history of the disease which reveals spontaneous
regression of melanomas following "immune-stimulating
events” such as infections or vaccinations, or for no
apparent reason ( see Section 1.2.1 ). Furthermore, the
histology of primary melanomas shows that while the radial
growth phase of a melanoma can last for several years
without adverse effect on the host and is associated with
a pronounced lymphocytic infiltrate, the vertical growth
phase which follows is associated with a marked diminution
in the number of lymphocytes and a much more aggressive
coursel38, Several investigators have demonstrated the
existence of tumour-associated antigens in
melanoma3285'287, circulating antibodies to some of these
antigens in patients with early melanoma288'239, and
specific lymphocyte-mediated cytotoxicity to melanoma
cells among melanoma patient329°'291. The specificity of
this cell-mediated immunity is however disputedzgz. The
initial efforts in immunotherapy  of melanoma were

therefore directed at methods to stimulate the patient’s
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own immune system to react against the disease. BCG (
Bacille Calmette-Guerin ) vaccine was injected directly
into melanoma deposits and was found to induce tumour
regression in immunocompetent patient8293'295. The
response rate of injected 1lesions was 66%, but in
addition 22% of patients showed regression of uninjected
Cutaneous 1lesions and 27% of patients had complete
regression of all cutaneous disease292, There have also
been reports of regression of visceral metastases
following cutaneous intralesional BCG injection, but
generally the responses of patients with visceral
metastases have been poor292. Several other nonspecific
immunostimulants have been used in this way with similar
results292, A more specific method has also been used in
which 1irradiated melanoma cell vaccines were injected
into patients in the hope that they might stimulate
peripheral lymphocyte activity. These vaccines have been
augmented by the addition of substances such as
neuroaminidase which unmask tumour antigen5296 and the use
of lysates of melanoma cells superinfected with oncolytic
viruses?47, Unfortunately, these measures have not proved
particularly effective with an overall response rate of
only 15% from this active immunotherapy297. Indeed,
éome studies have even suggested that immunotherapy of
melanoma might have a deleterious effect on the course of
the disease298,299,

Modern technology has allowed the production of
monoclonal antibodies to melanoma-associated antigens.
While these have been used alone, they have also been

conjugated to cytotoxic molecules ( eg. ricin A chain )297
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and used in combination with other agents to produce
partial response rates of 20% 247, This approach to
therapy is still very much at the experimental stage
however.

Recombinant DNA technology is now sufficiently developed
that many cytokines can be produced for clinical use.
Several interferons have been used in the treatment of
melanoma with various dosage schedules. These have
produced response rates similar to the other forms of
therapy at about 20%, with responses tending to occur
principally in the soft tissues and 1less frequently in
pulmonary or hepatic deposit5247. Interleukin-2 (IL-2)
is another of the cytokines and 1is responsible for the
growth and enhanced anti-tumour activity of the so-called
lymphokine-activated killer (LAK) cells. In addition, it
increases secretion of other cytokines such as
interleukin-1 (IL-1), tumour necrosis factor (TNF) and
interferon. IL-2 has now also been administered alone and
in combination with cultured LAK cells for the treatment
of melanoma and is achieving response rates in the region
of 20% even in patients with melanoma deposits in
unfavourable visceral sites300-304, Further studies of
IL-2 in combination with various chemotherapeutic agents
( cyclophosphamide, dacarbazine, flavone acetic acid ),
TNF, interferon or monoclonal antibodies have been
reported247'3°°. Overall, IL-2 has been found to produce
significant response rates in metastatic melanoma,
comparable to those achieved with chemotherapy, and even
in sites normally associated with a poor response rate (

eg. lung, liver ). Initial trials of IL-2 therapy were
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associated with a very marked multisystem toxicity which
resembled septicaemic shock, but as newer dosage schedules
have been developed, so this problem has reduced, and the
use of drugs such as ibuprofen have been found to markedly
improve the symptoms of toxicity247. In future, other
approaches to reducing the toxicity of IL-2 may include
the use of monoclonal antibodies to TNF to scavenge this

released cytokine and thereby limit its toxic effects.

c) Radiotherapy

Malignant melanoma has historically been considered as a
"radioresistant” tumour. This term is slightly misleading
as it is in no way an absolute term but merely reflects
the experience of many radiotherapists who encountered
difficulties in treating often very advanced disease at a
time when the radiobiology of melanoma was
ill-understood305. Most tumours are believed to have some
capacity to repair damage caused by radiotherapy in the
lower range of doses. The dose-response relationship
for radiotherapy is therefore only exponential when this
capacity is exceeded. A tumour’s capacity for repair of
sublethal damage is represented by the "shoulder" portion
of the cell survival curves which precedes the exponential
portion, and is often quantified as the Dq value. This is
measured as the intersection of the exponential portion of
the curve on the radiation dose axis (Figure 2).
Therefore tumours such as melanoma which possess a large
capacity for accumulation and repair of sublethal damage

have a "broad-shouldered" cell survival curve and a high
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Figqure 2 :
Example of a survival curve for cells exposed to radiation.

The initial "shoulder" phase represents the dose range
within which sub-lethal, reparable damage is caused. Beyond
the Dg value, the curve becomes ‘exponential, indicating
efficient cell sterilization.
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Dq value and are relatively radioresistant306, In fact
when radiotherapy has been administered in 1large
fractions, several retrospective studies have shown an
increased response rate compared with the more common
dose-fractionation schedules307-309, Several factors may
contribute to a tumour’s capacity to survive radiotherapy
including regions of hypoxia within the tumour, "contact
resistance" of individual cells, and the ability to
inactivate the intracellular free radicals which are
thought to be responsible for much of the damage caused by
:adiation31°.

In spite of extensive research, the role of radiotherapy
in the treatment of melanoma remains 1limited. There has
been no convincing evidence of any survival benefit from
prophylactic irradiation of primary melanoma sites or of
lymph node beds. However, in combination with local
surgery, similar survival rates and local control can be
achieved as with radical and sometimes mutilating
operations3°5. One should bear in mind that this surgery
is now very rarely practised. There would therefore seem
to be little place for radiotherapy in the prophylactic
or adjuvant setting. As a palliative measure,
radiotherapy may produce worthwhile symptomatic relief of
pain due to bone metastases31l or fungating cutaneous
tumour masses312, Cerebral metastases can be palliated
with radiotherapy and steroids, but the survival is so
short for most of these patients that it 1is not clear

whether this offers any advantage over the use of steroids
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alone. Nevertheless, there 1is no reason to deny any
possible symptomatic benefit from this treatment to this

unfortunate group of patients.

d) Hormonal therapy

While some hormones may contribute to the aetiology of
melanoma ( see Section 1.2.1 ), there is little evidence
to support a hormonal approach to treatment of the
disease. Experience with the anti-oestrogen tamoxifen in
the treatment of breast cancer has not been matched by
results in melanoma253,313, Medroxyprogesterone acetate
has similarly not been shown to be of any benefit314,

It is of interest that tamoxifen does produce an
advantage when added to the chemotherapeutic combination
of dacarbazine, BCNU and cisplatinum (DBPT)261-268  rhig
is believed to be due to a synergy between tamoxifen and
cisplatinum, although the exact mechanism of this remains

unclear264,265,315

[1i] Adjuvant treatment of melanoma

It is clear that while surgery offers the best chance of
cure in primary melanoma, the disease is still associated
with a generally poor prognosis. The combination of
different cytotoxic agents and of therapeutic modalities
has improved the efficacy of treatment of many other

malignancies ( lymphomas, leukaemias, sarcomas ).
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In the treatment of melanoma, patients with thick primary
lesions or with 1lymph node metastases are at particular
risk of developing systemic metastases. However several
prospective randomised studies investigating these two
groups of patients have failed to demonstrate any benefit
from adjuvant chemotherapy ( mainly dacarbazine ) or
immunotherapy ( mainly BCG ), used separately or in
combination, in terms of disease-free interval and
survival316-322 1, fact in one of these studies the
patients receiving adjuvant treatment with dacarbazine
tended to fare worse than those in the control group317.
Adjuvant radiotherapy to the area of lymph node
dissections in Stage II melanoma has also failed to

produce any advantage over surgery alone323,
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1.4 Isolated Limb Perfusion (ILP)

1.4.1 Regional Chemotherapy

Regional chemotherapy for cancer originated with the
experience of Klopp and Bierman working independently who
introduced the concept of intra-arterial drug
administration in the treatment of cancer324:325, hig
had followed the observation that accidental
administration of nitrogen mustard into the brachial
artery rather than the antecubital vein of a patient with
Hodgkin’s lymphoma had resulted in erythema, then
vesiculation and ulceration of the patient’s hand and
forearm, followed eventually by complete recovery. In
addition, a number of cases of lung cancers responding to
intravenous nitrogen mustard treatment had been reported,
and simple anatomical consideration reveals that
intravenously administerd drugs must pass directly through
the right heart to the pulmonary arterial circulation,
thereby delivering a higher concentration of drug to the
tumour bed than in the diluted systemic circulation.

Klopp therefore employed the Itechnique described by
Donovan326 to implant a plastic tube in a proximal branch
of the desired nutrient artery. In animal studies, he
demonstrated that by intra-arterial injection of nitrogen
mustard he could produce tissue changes in the area
supplied which could not be produced by intravenous
injection of even 1lethal doses of nitrogen mustard. He
also demonstrated that tumour tissue was more sensitive

than normal tissue to smaller doses of drug and that this
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property could be harnessed to produce tumoricidal effects
by dose-fractionation as in radiotherapy without producing
ulceration or necrosis in normal tissues.

Klopp also conducted a clinical study in which he
achieved tumour responses following intra-arterial
injection of nitrogen mustard in each of his first ten
patients324. All but one of these patients had tumours of
the head and neck or brain, the exception being a case of
fibrosarcoma of the thigh. Biopsies of several of the
tumours after treatment showed marked tumour destruction
and changes "almost indistinguishable from those following
cancericidal doses of roentgen or gamma rays". He did
experience some difficulties with haematological toxicity
and recorded tissue reactions to nitrogen mustard in the
vascular fields adjacent to that supplied by the selected
artery, but he noted, in the later part of his study using
a fractionated regimen, that these adverse effects could
be limited by applying some proximal venous compression in
order to delay the systemic redistribution of the drug.
This allowed a greater degree of detoxification of the
drug to inactive metabolites prior to 1its systemic
release. Similarly, by occluding collateral channels,
notably on the scalp, he was able to 1limit the drug
distribution to a narrower field of tissue. These
manoeuvres had the added advantage of prolonging the
period of exposure of the tumour bed to the cytotoxic
agent.

Klopp suggested in 1950 that the use of a heart-lung
mechanical pump, similar to those being developed in the
field of cardiac surgery at that time, might allow the
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circulation of an 1isolated region of the body to be
maintained so that regional exposure to the cytotoxic drug
could be prolonged, detoxification more complete, and

subsequent systemic exposure to the drug minimised324,

1.4.2 History and Development of ILP

The technique of isolation perfusioﬂ was introduced by
Creech and his colleagues in 1957 327, This team of
investigators had initially conducted animal experiments
to establish the effectiveness and safety of the
procedure328. These had confirmed that the limb, mid-gqut
and liver of the dog could be reversibly isolated from the
systemic circulation and that the isolated region could
ﬁolerate perfusion at subnormal flow rates and pressures
without ill-effect. They had also reported that blood
provided the best perfusion fluid in their experience and
that only after perfusion lasting more than 90 minutes was
there a significant rate of postoperative oedema and
ischaemic changes in the perfused region329. They
studied the effect of this mode of drug administration on
dosimetry and found the tolerable dose of cytotoxic to be
significantly  higher by this technique than by
intra-arterial or systemic administration : in the case
of nitrogen mustard (HN,;), the tolerable dose exceeded the
whole body intravenous dose, and in the case of
L-phenylalanine mustard (L-PAM, melﬁﬂalan), the dose was
equal to the whole body dose. They suggested that L-PAM

remained active in the circulation for longer than HN; (
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2 hours v 8 minutes ) after measuring the LDgqg of serial
blood samples taken from the perfused dogs and injected
intraperitoneally into mice.

Having treated 24 patients by isolation perfusion of
various regions, they reported on 19 for whom follow-up
data were available, including 6 patients with melanoma of
the lower 1imb327, 18 cases had shown tumour regression,
half of these of startling proportions. In particular, 5
of the patients with melanoma had shown significant
responses to L-PAM, an observation of great importance as
prior to this, systemic treatment of melanoma with this
drug had only occasionally achieved modest reductions in
tumour bulk but no convincing evidence of disease
control330, The sixth patient with melanoma had undergone
perfusion at the level of the aortic bifurcation in view
of the advanced stage of his disease and had sustained a
fatal myelosuppression as a result of the limited
isolation achieved at this level. The early reports of
Creech and his colleagues327'331'332 stimulated other
centres to adopt and develop the technique, and regional
perfusion rapidly became an established form of cancer
treatment. Experience revealed that limbs could be more
effectively isolated than other regions of the body, and
that malignant melanoma responded more consistently to
this treatment than did other malignancies332'334.
Modifications were introduced to increase the safety and
efficacy of the technique : for example,
radioiodine-labelled human serum albumin (RIHSA) was
injected into the isolated circulation so that 1leakage to
the systemic blood pool could readily be detected by
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monitoring the patient’s precordium with a gamma counter;
flow rates in the isolated circuit were raised in an
attempt to ensure a more uniform distribution of drug to
the tissues; 100% oxygen was bubbled into the perfusate (
rather than 95% oxygen and 5% carbon dioxide ). This was
based on the belief that since the biological changes
induced by the alkylating agents were very similar to
those induced by 1rradiation335, and since increased
tissue oxygen tension was known to potentiate the effect
of irradiation335'34°, one could hope for a similar
improvement in response to L-PAM by increasing tissue
oxygenation. Indeed, Krementz and Knudson had confirmed
this theory in animal experiments using nitrogen mustard
to treat mice innoculated with sarcoma 37 or Ehrlich’s
ascites carcinoma cells340,

The most significant change in the technique, however,

was the addition of hyperthermia.

1.4.3 Hyperthermia

The effect of high temperature on tumour growth has been
known for more than 100 vyears, ever since the reports by
Busch (1866) and Bruns (1884) of complete tumour
regression in two patients with advanced tumours ( sarcoma
and melanoma ) following attacks of erysipelas with a high
fever341,342  pe patients remained well with no evidence
of recurrence of their disease for 2 and 8 years
respectively. These reports and his own experience of

similar events prompted Coley in 1893 to attempt to
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reproduce this effect deliberately. He reported 38 cases
with histologically proven advanced malignancy who
éuffered incidental or deliberately induced erysipelas
infections with high fevers343, 31 patients had shown
marked improvement of their tumour, and in particular 12
had shown complete tumour regression. 10 of these had
received the therapeutic innoculation, and Coley noted
that the two patients in whom the fever had been the
highest also enjoyed the longest survival ( 7 and 27 years
). Thereafter came several reports of_the use of heat in
the treatment of inoperable malignancy of the cervix and
uterus344,345, In 1953, Nauts and his colleagues
published a review of the use of bacterial toxins as
described by Coley ( "Coley’s toxin" being the name given
to a combination of filtered extracts of Streptococcus
haemolyticus and Serratia marcescens ). They highlighted
30 patients with advanced cancer treated in this way of
whom 25 were alive and disease-free 10 years later346,
These observations led the authors to suggest that the
increasing incidence of cancer coincident with the advent
of aseptic practice and public health might be the result
of the sharp decline in incidence of surgical infection
and infectious diseases. They did not attribute the
tumour responses to the fever but suggested that
immunological mechanisms such as circulating inflammatory
mediators might be responsible. In fact, a direct
inhibitory effect of heat on cell growth in vitro and in
vivo had already been reported, the degree of inhibition
being related to the temperature and to the duration of

exposure347'348. Furthermore, later studies demonstrated
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that this effect was more promounced in tumour cells than
in normal human tissues which are in fact highly
;esistant to raised temperature349'351. Following his in
vitro studies, and having shown no ill-effect from
hyperthermic perfusion of the hindlimb of dogs at 42-44°c,
Cavaliere decided to treat human patients with large
recurrent or single metastatic cancers localised to one
extremity by isolation perfusion at raised temperatures
(>40°C) but without the use of cytotoxic agents351. He

made two very significant observations :

* 12 of the 21 cases with evaluable tumour at the time
of surgery obtained complete regression of their

tumour, including 6 of the 8 patients with melanoma.

* the morbidity and mortality of the treatment were
very high. Only 8 of the 25 reported cases suffered
no serious complication. 6 patients suffered second
degree burns and 5 developed serious vascular
complications ( arterial thrombosis or necrosis )
necessitating amputation in 3 cases; 6 patients died
within 15 days of the operaﬁion including one from
"crushed limb syndrome" and consequent renal failure,
and one who, due to malfunction of the thermometer,
was inadvertently perfused at 49°C and died within 24

hours.

Cavaliere concluded that heat produced a profound damaging
effect on tumour cells. He claimed that this effect was

selective, although the high morbidity and mortality rates
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make this assertion highly debatable. Nevertheless, as a
result of this work, many centres combined hyperthermia
with the use of cytotoxic agents in isolation perfusion
and this immediately created an impression of a greater

response rate of tumour to treatment332-355,

1.4.4 Technique of Isolated Limb Perfusion

The details of the technique of Isolated Limb Perfusion
(ILP) vary from centre to centre, both in the surgical
method and in the perfusion protocol. While this may be
regrettable in that it prevents true standardisation of
treatment and thus may limit the value of comparisons of
published results, it is an unavoidable feature of such a
complex therapeutic modality. In this section, the
principal steps of the operation and the main components
of the extracorporeal perfusion apparatus will Dbe
outlined. A brief description of the various surgical
approaches employed will be included together with a
general comment on the control of the isolated limb
perfusion circuit, highlighting some of the most notable
differences. A more detailed account of the surgical and
perfusion techniques practised in Glasgow is included in a

later section ( Section 2.1.2 ).
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Operative steps

The principles of vascular isolation are the same for all
regions, although the method may differ slightly. The aim
of surgery is to provide vascular access to the desired
region of suitable calibre for cannulation, and to abolish
all other routes of inflow and outflow of blood from that
region. As a general rule, the best access will be
offered by the most proximal approach aé the vessels will
usually be 1largest and least numerous at this level.
These vessels should also provide control of even the most
proximal branches of the vascular tree within the perfused
region. The important preoperative steps include
antiseptic preparation not only of the immediate surgical
field but also of the entire region to be perfused,
including the site of application of the tourniquet. The
prepared area for iliac perfusion must therefore extend
proximally to include the perineum and the ipsilateral
buttock and lower quadrant of the abdomen; in femoral
perfusion, the proximal limit of preparation will be the
groin and buttock crease, while in popliteal perfusion it
will be at the upper thigh. Preparation for upper 1limb
perfusion includes the shoulder, posterior triangle of the
neck, the pectoral and scapular areas, as well as the
entire arm and axilla. The limb is then dressed in a
light cotton stocking, wrapped in a heated blanket, and
covered with sterile drapes leaving access to the

operative field and the root of the limb.
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The lower limb is most frequently isolated at the level
of the external iliac vessels. These are usually
approached via an oblique incision in the iliac fossa with
retroperitoneal dissection. The branches of the external
iliac vessels are all individually ligated. There is some
debate over the significance of the internal iliac and
obturator vessels in the collateral circulation of the
lower 1limb. Some centres occlude the arterial and/or
venous components of one or both of these groups. After
systemic heparinisation ( with doses of heparin ranging
from 100iu kg"1 to 300iu kg'1 ), the external iliac
vessels are clamped. An arteriotomy and venotomy are then
made and cannulae of suitable calibre are introduced
distally into each vessel so that their tips lie below the
level of the inguinal 1ligament. Balanced blood flow
through the isolated circuit will usually demand that a
wider cannula be placed in the low pressure venous side
than in the high pressure arterial side. Once secured in
place, the cannulae are connected to the extracorporeal
part of the perfusion circuit ( see below ). A red rubber
tourniquet is then placed tightly around the root of the
limb to occlude potential subcutaneous and intramuscular
collateral channels. This is then secured in place by
anchoring it to a Steinmann pin inserted into the blade of
the ilium. It is essential to position the tourniquet as
high as possible in order to avoid restriction of the
blood flow by pressure on or below the tips of the
cannulae. At the end of the isolated perfusion, this
surgical procedure is reversed by removing the tourniquet

and cannulae, repairing the arteriotomy and venotomy, and
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removing the temporary clamps on the external iliac
vessels and any other vessels so controlled. The systemic
heparinisation is then usually reversed using protamine
sulphate.

Isolation of the 1leg at the femoral level is achieved
through an infrainguinal incision in the femoral triangle,
with direct exposure of the common femoral artery and its
bifurcation and of the deep femoral vein. Collateral
channels at this 1level are dealt with by temporary
ligature. Secure placement of the cannulae and
application of the tourniquet require that the arterial
cannula be advanced into the superficial femoral artery.
Since the profunda femoris artery is not directly
perfused, one must bear in mind that perfusion of the
thigh will only result from retrograde flow into the
collateral vessels arising from the geniculate
anastomosis. As a result, perfusion of the thigh may be
incomplete, especially in its proximal part. In the most
distal approach to lower limb perfusion, the popliteal
vessels are dissected in the upper popliteal fossa through
a medial incision in the lower thigh. At this level,
there are very rarely any collateral vessels of note. The
tourniquet is usually placed just above the incision so
that collateral perfusion through the branches of the
geniculate anastomosis is confined to the lower thigh

only.

Two approaches to perfusion of the upper 1limb are
described. The original reports describe an

infraclavicular incision, splitting the fibres of
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pectoralis major and exposing the first and second parts
of the axillary vessels. Isolation of the upper limb
circulation and mobilisation of the vessels require
ligation and division of the branches of the artery and
vein at this 1level, often including the thoracoacromial
artery. The alternative and now more commonly employed
approach is directly through the floor of the axilla
displacing the branches of the brachial plexus to expose
the third part of the axillary artery and the axillary
vein. Cannulation of the vessels is often difficult in
the infraclavicular approach due to the confluence of
several veins in the axilla, many of which are of rather
small calibre. The direct axillary approach circumvents
this problem by approaching the vein below this
confluence. The method of placing and fixing the
tourniquet varies according to the position of the
cannulae from being simply wrapped round the top of the
arm ( cannula tips at the 1lower deltoid 1level ) to
encircling the axilla and acromial part of the shoulder (
more proximal cannula placement ), being secured in this
position with a single Steinmann pin inserted into the
head of the humerus or several pins placed through the

skin.

The operation is performed under general anaesthesia.
While spinal anaesthesia could readily be applied to the
operative field for lower 1limb ILP, the systemic
heparinisation of the patient makes this inadvisable.
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Extracorporeal circuit

The extracorporeal part of the perfusion circuit
comprises a blood warmer and bubble oxygenator in series
with a roller pump of the type used in cardiac surgery
(Figure 3). The system is primed with whole blood or with
a mixture of blood and crystalloid, although the
proportion of these may vary from centre to centre. The
perfusate in the venous reservoir of the circuit is
bubbled through the heater/oxygenator, collected in the
arterial reservoir, pumped through the arterial cannula,
and, on its return from the patient, drains through the
venous cannula back into the venous reservoir. The flow
rate through the pump is regqulated to maintain a "stable
circuit". This may be based on the distribution of
perfusate in the reservoirs or on the pressure in the
arterial and venous lines. Typical flow rates reported
are in the range 300-400ml min~l for lower 1limbs and
100-200ml1 min~! for upper limbs. The heat exchanger
raises the temperature of the perfusate to the desired
level. Most centres practise‘ ILP at temperatures
described as "controlled normothermia"(37-38°C) or "mild
hyperthermia" (38-41°C), although these temperatures are
gometimes exceeded for "true hyperthermia"(up to 43.5°C).
The perfusate may be oxygenated with a mixture of 95%
oxygen and 5% carbon dioxide or with 100% oxygen ( see
Section 1.4.2).

Once the circulation in the 1isolated «circuit is
established, the completeness of isolation is checked by

injecting fluorescein into the perfusate and observing its
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Diagrammatic representation of the essential

the extracorporeal ILP apparatus.
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distribution under ultraviolet 1light. Staining of the
skin up to the tourniquet but not above it indicates
satisfactory control of the collateral channels. Many ILP
centres also add a quantity of radioiodine-labelled human
serum albumin (RIHSA) to the perfusate in order to monitor
leakage of perfusate to the systemic circulation
throughout the procedure with a scintillation counter
placed over the patient’s precordium. The cytotoxic drug
is then added to the perfusate either as a bolus into the
venous reservoir or as a slow infusion into the arterial
line in order to avoid excessively high peak
concentrations of the drug. In Isolated Limb Perfusion
for malignant melanoma, the most frequently used drug is
melphalan, administered according to one of the recognised
dosage schedules ( see Chapter 4 ). Other drugs have also
been used singly or in combinations including melphalan,
and these are discussed in Section 1.4.5. After perfusion
of the isolated limb with the drug for one hour, the whole
circuit is rinsed with a physiological electrolyte
solution which is not recirculated. This removes most of
the residual drug from the perfusate so that the amount of
cytotoxic released into the systemic circulation after

reversal of isolation is minimised.

1.4.5 Results of Isolated Limb Perfusion

For several reasons, the results of Isolated Limb
Perfusion for melanoma remain poorly defined. The

original report of the technique was accompanied by a
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description of an unprecedented response of advanced
melanoma to chemotherapeutic agents327. In the decade
which followed, several reports were published of larger
series of patients treated by this modality, and although
the results were less dramatic they remained
impressive356“358. As a consequence of the high response
rates of such an aggressive disease to isolation
perfusion, the use of this operation spread very quickly
in the treatment of all stages of melanoma without the
clear definition of indications. Published results are
therefore obscured by the grouping together of patients
with varying stages of melanoma and varying tumour burden,
poor reporting of the other surgical procedures associated
with the perfusion, and incomplete information on the
prognostic factors relevant to the patients ( in
particular, the significance of depth of invasion had not
yet been shown by clarkl63 or Breslowl64 ). Furthermore,
no prospective controlled series were reported and results
were generally compared to historical controls from the
literature. These failings were all identified in a
comprehensive review of the published results of ILP in
1979 359, Since then, many more authors have published
their results but while they have tried to correct most of
these failings, there 1is still very little information
from prospective, properly controlled ( ideally,
randomised ) trials.

The effects of cancer treatments are usually assessed in

three ways :
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[1{] the response of visible ( directly or indirectly using

imaging techniques ) tumour deposits to the treatment

[i1] where tumour is not visible, the duration of control

of the disease ( disease-free survival )

[1iii] the survival of patients after treatment ( overall

survival ).

" Following isolated limb perfusion for locally recurrent
or regionally confined metastatic melanoma ( Therapeutic
ILP ), all three of these observations may be possible,
while only the latter two are relevant in the treatment of
primary ( Stage I ) melanoma ( Adjuvant ILP ). In this
Section, the question of visible response of tumour will
be addressed first, followed by consideration of the
reported survival figures ( disease-free and overall )

achieved by therapeutic and adjuvant ILP respectively.

Objective response rate

In the early experience with isolated limb perfusion,
typical response rates of visible tumour were in the
region of 35-50% 146,357,360, rjttle attention had been
paid to the effect of temperature on the treatment at
that time. In the last 15 years, however, most centres
have performed isolated 1limb perfusion with varying
degrees of hyperthermia ( controlled hormothermia, mild

hyperthermia, true hyperthermia ) and results have usually
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shown response rates in excess of 70% 361-369, The
extent and duration of responses vary, and in some reports
ﬁo comment is made on these aspects of the treatment. 1In
an attempt to make the assessment of outcome more
objective, a two-tier «classification has been proposed
and this system has now been adopted by the WHO ( World
Health Organisation ) and the UICC ( Union Internationale
Contre 1le Cancer ) to describe responses to cancer

treatment37°'371

- COMPLETE RESPONSE (CR) - disappearance of all tumour.

- PARTIAL RESPONSE (PR) - decrease of >50% in measurable
tumour deposits and improvement of non-measurable
deposits, in the absence of progression of other

lesions or development of new lesions.

Problems remain in defining just which parameter should be
measured in the assessment of 50% reduction and in how
long the response should be maintained372 but, for the
present, the general rule is that cross-sectional area of
tumour deposits should be measured and that responses

should be maintained for a minimum of four weeks.

The response rates reported using this system over the
last decade are shown in Table 6. Most recent reports
consistently quote overall response rates (CR + PR) of
80% or higher, and this is far in excess of the objective
response rates achieved with any other modality ( see

Section 1.3.2 ). The duration of these responses is in
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Table 6 :
Objective Response Rates of Melanoma
to ILP with Melphalan

No. of Response(n) Overall

Author Year patients Complete Partial Response rate

(CR) (PR) Y
Lejeune362 1983 23 15 6 91
Jonsson363 1983 15 1 10 73
Vaglini364 1985 32 18 8 81
Storm365 1985 26 21 0 81
Minor373 1985 22 18 4 100
cavaliere366 1987 72 26 43 96
Kroon367 1987 18 7 8 83
santinami368 1989 56* 26* 27* 94
Skene369 1990 67 b bl 78

Notes:
QR and PR as defined by UICC (see Section 1.4.5)
Numbers calculated from percentages quoted in text

** not stated
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most cases not stated, and most authors report subsequent
recurrence or progression of disease in 30-40% of patients
showing an initial complete or partial
response352'369'374. Two studies do give specific
details of the recurrences365+367, In the first,
regional control of the disease was maintained in 76% of
the responders until the death of the patient ( n=13;
median time 15 months ) or until the time of writing (
n=3; mean follow-up = 6+ years ). - The other 24% of
responders developed regional recurrences at follow-up
times of 3-14 months. In the second study, 2 of the 7
patients who initially benefitted from a complete response
to treatment later developed regional recurrences ( after
10 and 28 months ). Regional control of the disease was
maintained to a mean follow-up time of 34.5 months in 4
patients, and until death from systemic disease in the
other ( 17 months ). These data confirm the general
impression that most recurrences occur within the first

12-18 months after the initial response while at the same
time highlighting the poverty of hard facts.

Survival after Therapeutic ILP

Many authors have claimed that isolation perfusion could
significantly prolong the disease-free survival of
patients with regionally confined recurrent or advanced
melanoma. Almost without exceptidﬁ, they base their
claims on comparisons with historical controls. In a

large series published in 1972, Krementz, one of the
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originators of the technique, reported disease-free
survival rates of 42% after 5 years and 26% after 10
years375. The results were particularly impressive for
patients with a solitary metastasis (77%). Hansson and
his colleagues in 1977 reported a significant increase in
the time - to development of recurrences after limb
perfusion in 16 patients compared with the pattern of
their disease prior to perfusion35°. Their series was
very small, but they included a review of the literature
and calculated that ILP offered a 5-year disease-free
survival rate of 37%. This presented a distinct advantage
over surgical excision, with or without 1lymph node
dissection (21%) and limb amputation (24%). A paper from
the Westminster Hospital in 1980 stated that regional
disease control was maintained until the time of reporting
or until death in 50% of patients, but it did not include
information on the actual follow-up time361, A later
publication from the same centre quoted regional disease
control in 80% of patients after a median follow-up period
Sf 55 months369, However, only 39% of patients remained
free of systemic disease at that time; this is more in
keeping with the generally quoted post-perfusion 5-year
disease-free survival rates of 30-40% 360,375,376,

Only one prospective randomised trial of therapeutic ILP
for locally or regionally recurrent or advanced melanoma
has been reported to date377-379, An improvement of
around 40% in the projected 5-year disease-free survival
was demonstrated after limb perfusion, but unfortunately
the study coordinators chose to terminate the trial

early because of this difference. At termination of the
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study, only 34 and 36 patients had been recruited to the
perfusion and control arms respectively ( divided into
Stages 1II, 1IIIA, IIIB and IIIAB ), and the trial has
therefore been widely criticised for its small number of
patients. Nevertheless, it remains the only trial of its
kind so far, and while it does not provide conclusive
evidence of survival benefit, it at least gives more
weight to the claims of the earlier authors.

Most studies which report overall survival rates are
afflicted by the same failings as the above; namely, they
group together patients with different stages of disease
and are often based on small numbers of patients. As a
result, 5-year survival rates ranging from 28% to 74% are
reported358'369'374'376'380'384. Breakdown of the
patients according to stage ( MDAH system ) is only
possible in a small number of these studies380,383,384 p,¢
suggests that a 5-year survival rate of around 60-70% can
be expected for Stage II, 30-50% for Stage 1IIIA, and
30-40% for Stage IIIAB. 1In fact, Krementz quotes 10-year
survival rates 59%, 23% and 28% respectively for each of
these stages383. The 5-year survival rates for patients
with locoregionally advanced or recurrent melanoma who do
not undergo isolated 1limb perfusion are in the range
14-39% ( see Section 1.2.4 ) and it is therefore still
questionable whether isolated 1limb perfusion confers any
real survival benefit on this group of patients.

In summary, therapeutic isolated 1limb perfusion with
melphalan is usually associated with a very high response
rate of tumour to the treatment. The disease-free

interval seems to be prolonged after this treatment,
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although the effect on overall survival is still not
certain. It is recognised that melanoma, whilst showing
signs of local progression, can often remain confined to
one region or extremity for long periods373'385. This
group of patients should therefore benefit most from this
type of treatment. In addition, isolated limb perfusion
can offer useful palliation by destroying or shrinking
large tumour deposits which would otherwise require
mutilating surgery for their removal, and by relieving the

pain which they may cause.

Survival after Adjuvant ILP

In view of the dramatic objective responses and prolonged
disease-free interval which are observed after therapeutic
ILP, one might expect that the disease-free interval
interval should also be prolonged in patients with Stage I
melanoma. In fact the evidence for this is very
inconclusive, mainly due to the lack of reported studies
ﬁith appropriate control populations on which to base
comparisons of results or with details of the prognostic
features of the patients treated.

The early evidence suggested a survival advantage to
patients treated by isolated limb perfusion353'357'386'387
although most of the patients included in these studies
were treated before the prognostic significance of tumour
thickness and level of invasion had been fully recognised.
Later studies also showed a survival advantage of around

20% for patients with Stage I melanoma treated by
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adjuvant ILP compared with non-randomised contemporary
controls388 or with the statistics quoted in the
contemporary literature for patients treated by
conventional surgery383'389'390. However, histological
review of the patients in these studies showed that 37-50%
of the melanomas were 1less than 1.5mm thick (Breslow),
and the impressive survival figures may therefore be
partly explained by the large proportion of the population
with these good prognosis tumours.

In the last ten years, four very significant studies into
the value of adjuvant isolated limb perfusion have been
reported. In the first of these, patients undergoing ILP
in Groningen ( the Netherlands ) were compared
retrospectively to patients undergoing conventional
surgery in Sydney ( Australia ), matched for sex and site
of the primary tumour333, Females with melanomas of the
lower leg formed the only group with sufficiently large
numbers; the analysis was therefore restricted to this
group and took into account most of the other major
prognostic factors ( tumour thickness, 1evei of invasion,
ulceration, site ). The study unveiled a statistically
significant advantage to the perfused patients in terms of
survival ( overall and disease-free ) and regional disease
control. Surprisingly, however, when the same group of
investigators compared a larger population of perfused
patients from Groningen ( including those from the first
study ) with non-perfused controls from the Netherlands
and neighbouring Westphalia ( Germany ), they found no
statistically significant diference in the outcome of the

two groups391. It was therefore suggested that the
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differences observed in the first study might have been
due to geographically-related factors such as skin
complexion and sun exposure. This is challenged, however,
by the findings of a third study performed at the
y.D.Anderson Cancer Center ( Texas, USA ) which compared
151 patients treated by wide local excision of the primary
melanoma and adjuvant isolated 1limb perfusion with 151
patients from the University of Alabama ( USA ) and the
University of Sydhey ( Australia ), individually matched
for prognostic factors, treated by wide excision alone392,
Melphalan was used in 85 perfusions (56%) and imidazole
carboxamide in the other 66 (44%). Although the
disease-free and overall survival rates were similar for
perfused and non-perfused patients, those patients treated
with melphalan showed a tendency towards better survival
rates than those treated with imidazole carboxamide or
not perfused which did not reach statistical
significance. Subset analysis, however, revealed that
perfusion with melphalan resulted in a statistically
significant improvement in disease-free survival ( 70% v
42% ) and overall survival ( 84% v 43% ) for patients
ﬁith primary melanomas thicker than 2mm. This difference
was not apparent in the patients perfused with imidazole
carboxamide who had similar survival rates to those
treated by wide excision alone. The authors concluded
that adjuvant isolated 1limb perfusion with melphalan
conferred a real advantage on this subset of patients
which could not be explained by geographical factors
since, in effect, the imidazole-treated group served as

an internal control population. It is interesting to note
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that the survival rates after ILP with melphalan are
similar in all three of these studies. The different
conclusions are explained by the apparently better
survival of non-perfused patients in the Netherlands and
Westphalia (73%) compared with those in Alabama and Sydney
(42-46%) .

The only published prospective randomised trial of
isolated 1limb perfusion for melanoma377-379 included 37
patients with Stage I melanoma thicker than 1.5mm
(Breslow) and more deeply invasive than Clark level III.
A significant advantage was found for 19 patients treated
by wide 1local excision, regional lymph node dissection
and ILP over 18 control patients treated by wide local
excision and node dissection alone. As noted earlier,
this study has been criticised for its premature
termination when only a small number of patients had been
entered. In addition, there is very litle information on
how closely the two groups of patients were matched, in
particular for tumour thickness. The authors’ only
comment is that the distribution of patients into cohorts
by tumour thickness ( 1.5-3.0mm, or >3,0mm ) was
qomparable in the perfused and non-perfused groups379'393,
but this statement refers to all 107 patients and not to
the subsets by stage of disease. This may be a vital
factor since a disproportionate number of thin or thick
lesions in one or other group might prejudice the results

of the study.
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Controversy remains over the value of adjuvant ILP for
melanoma. While the studies described do suggest that a
particular subset of patients might derive some benefit
from this treatment, the results are anything but
conclusive. A large multicentre prospective randomised
study of adjuvant ILP with melphalan for primary melanoma
thicker than 1.5mm (Breslow) is currently being conducted
by the WHO and EORTC ( European Organisation for Research
into the Treatment of Cancer ) 394, patients have been
randomised on the basis of sex, age, tumour site,
ulceration, 1level of invasion and Breslow thickness. 1In
addition they have been randomised within the study group
of each participating institution and a Quality Control
Programme has been established in order to obviate the
bias inherent in so many multicentre studies. Entry to
the study has recently closed with approximately 800
patiénts recruited from centres in Europe, Australia and
the USA. The value of such a large study is that it will
allow subset analysis and should hopefully provide an
answer to the question of whether adjuvant ILP is of
benefit in Stage I melanoma, and, 1f so, to which

patients. The results must be awaited with interest.

Other cytotoxic agents used in ILP for melanoma

Several other drugs have been used in isolated limb
perfusion for melanoma. The response rates achieved by
some of these drugs are shown in Table 7. on the whole,

none of these agents, either alone or in combination with
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melphalan or other drugs, has produced better response
rates than melphalan alone. One study showed a 100%
response rate to perfusion with the combination of
vindesine, DTIC and cisplatinum, but this consisted
entirely of partial responses with no observed complete
responses399. Another paper reporting the use of DTIC
claims a complete responsé rate of 100%, but it would
appear from the text that visible tumour was excised at
the time of perfusion4°2. If this is the case, then the
UICC criteria for complete response cannot have been met
and the results are not comparable. In the last few
years, there has been a growing interest in the use of
recombinant Tumour Necrosis Factor alpha (rTNFa) against
tumours. This is thought to act by causing endothelial
cell activation and vascular damage, possibly mediated by
the release of elastase from neutrophils, resulting in
haemorrhagic necrosis especially in intradermal tumour
deposits. Lejeune and his colleagues have combined
melphalan perfusion with administration of high dose rTNFa
and recombinant gamma interferon on 31 occasions?03, They
have reported spectacular results with 90% complete
response and 10% partial response rates, most responses
being apparent after only a few days and being maintained
for a minimum of 2 months. The complications of the
treatment in this series were considerable, including two
arterial thromboses, both requiring amputation, and two
deep venous thromboses. Systemic side-effects include
haematological toxicity in 52% of patients and an isolated
serum bilirubin elevation in 33%. Furthermore, in pilot

studies of perfusion with rTNFa alone for melanomas,
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Table 7 : :
Obijective Response Rates of Melanoma to ILP
with Agents Other than Melphalan

No. of Overall
Author Drugs patients CR PR Response rate
%
cox395 thiotepa 28 10 0 36
melphalan
6 thiotepa
Golomb3? actinomycin D 54 7 32 75
melphalan
Aigner397 dacarbazine 4 1 0 25
Aigner398 cisplatinum 4 0 2 50
actinomycin D
Aigner398 cisplatinum 12 2 4 50
vindesine
Aigner399 dacarbazine 14 0 14 100
cisplatinum
Shiu400 nitrogen mustard 19 6 6 63
vaglini401 dacarbazine 24 3 7 42
(Pfefferkorn dacarbazine 15 15 0 100)*
[402]
rTNFa#
Lienard403 rIFNgammas 29 26 3 100
melphalan
rTNFa¥
Vaglini404 rIFNgamma¥ 12 7 0 64**
melphalan
Notes:

CR and PR as defined by UICC (see Section 1.4.5)

* Definition of complete response suspect

** ] patient not evaluable

# rTNFa : recombinant tumour necrosis factor alpha
$ rIFNgamma : recombinant gamma interferon
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sarcomas and carcinomas of the extremities, the authors
had observed a '"septicaemic shock-like" phenomenon on
release of the tourniquet at the end of perfusion which
proved fatal on two occasions403, 1In their larger study,
they administered prophylactic treatment in the form of
dopamine and fluid pre-loading to all patients in order
to avoid this problem. This improved but did not
completely abolish the haemodynamic instability observed
in the pilot study. Other authors have since confirmed
the high response rate but have also found toxicity a
major problem4°4. These are early results from small
series of patients. The impressive response rates must be
weighed against the very high morbidity so far

encountered.

Since universally high response rates are currently
reported with melphalan, it would seem that other, as yet
less effective, agents should probably be reserved for
second-line treatment of melanoma resistant to, or

recurrent after, ILP with melphalan.

1.4.6 Complications of Isqlated Limb Perfusion

Isolated Limb perfusion is a complex procedure and can be
associated with serious complications. These can be

divided into three categories :

[1] complications of surgery - general or specific to this

operation
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[1i] complications in the perfused 1limb attributable to

the cytotoxic treatment

[1ii] systemic complications of the cytotoxic treatment.

[1] Complications of surgery

In addition to the general complications of surgery and
general anaesthesia ( wound infection, atelectasis ),
certain aspects of this operation may give rise to
specific complications. Arterial and venous thrombosis
have both been reported and this has resulted in limb
amputations, especially in the early years of isolated
limb perfusion352'357'375. It is possible that some cases
of limb ischaemia have resulted from a toxic effect on the
vascular endothelium rather than surgical trauma. 1In
recent years, the need for amputation of limbs has become
much less frequent with improved surgical technique, but
it remains a very serious potential complication of
this treatment. The systemic heparinisation can result in
haemorrhage during and after the procedure. Restoration
of the normal circulation at the end of the period of
isolated perfusion can result in hypotension, sometimes
profound, as the patient’s blood is redistributed to the
isolated extremity. For this reason, many centres

routinely monitor central venous pressure during ILP,
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although this situation can usually be avoided by adequate
"pre-loading"” of the patient’s circulation with colloid

solution or transfused blood.

[ii] Limb complications due to cytotoxicity

The effects of cytotoxic perfusion on the limb are well
documented and all reports comment on oédema, erythema and
sometimes blistering of ‘the skin which tend to resolve
after 2 weeks to 3 months, leaving a bronze discolouration
of the skin which can be permanent. The cytotoxicity is
not confined to the skin and subcutaneous tissues,
however, and problems of nerve and muscle weakness are
also reported together with several cases of peripheral
neuritis. Some reports attribute the nerve problems to
the pressure of the tourniquet352, but since the incidence
and severity of all of these complications increases with
the temperature of the perfused limb352'368'381, it is
likely that a direct toxic effect is also involved. 1In
some instances, tissue oedema has resulted in compartment
syndromes, especially of the lower leg, requiring
fasciotomy. In fact Schraffordt Koops recommends
prophylactic fasciotomy for all 1lower limb perfusions4°5,
although most centres find this wunnecessary. Skin burns
have resulted from direct application of the heated
blanket and it is now recommended that the limb be first
Qrapped in a thin protective banaage to reduce this

risk352, The burns can be severe and in one reported

case have necessitated amputation of the 1imb389,
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Table 8 :

Grading of Toxicity in the Perfused Limb
after Isolated Limb Perfusion with Melphalan*

Grade Description

I No subjective or objective evidence of reaction.
II Slight erythema or oedema.
III Considerable erythema and/or oedema with some

blistering;
slightly disturbed motility permissible.

IV Extensive epidermolysis and/or obvious damage
to deep tissues, causing definite functional
disturbance;

threatened or manifest compartment syndrome.

v Reaction which may necessitate limb amputation.

* Grading System according to Wieberdink406,
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It is generally held that a degree of 1local toxicity is
unavoidable if an adequate cytotoxic effect is to be
obtained. Wieberdink has described a classification of
the toxic reactions seen in the normal tissues of the limb
according to five grades of increasing severity4°5. This
classification is shown in Table 8. Grades II and III are
generally considered acceptable, while Grade I is taken
to represent a relatively inadequate treatment. Grades IV
and V describe excessive reactions and measures should be

taken to avoid these if possible.

[1ii] Systemic complications due to cytotoxicity

Myelosuppression due to leakage of melphalan into the
systemic circulation is currently reported in about 5% of
cases. Although initially there was a tendency to perfuse
regions which could be only partially isolated, in modern
practice the technique is usually only applied to limbs or
regions whose isolation can be virtually complete - iliac,
femoral, popliteal, axillary, and, more recently, hepatic.
As a result, the problem is now encountered much less
frequently than before. Similarly, alopecia has been
reported but is a rare feature of the treatment.

During the circulation through the perfusion circuit,
many blood cells haemolyse, possibly as a result of heat
or the mechanical trauma of the pump. Some of this
haemolysed blood may therefore be released into the
systemic circulation at the time of restoration of the

normal circulation to the 1limb. Current techniques of
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rinsing the limb vasculature prior to reconnection should

reduce the problems ( eg. renal ) which this might cause.
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2 CHAPTER 2 - ISOLATED LIMB PERFUSION IN GLASGOW

2.1 Isolated Limb Perfusion in Glasgow

2.1.1 Introduction

Isolated Limb Perfusion for melanoma of the extremities
has been performed in Gartnavel General Hospital since
August 1984. This practice was set up at the instigation
of the Scottish Melanoma Group (SMG) and the Scottish Home
Office. Gartnavel General Hospital remains the only
centre in Scotland to offer this form of treatment, and
patients are consequently referred for ILP from the whole
of Scotland and from further afield. The indications for

ILP in this centre are:

[1] primary melanoma (Stage I) of a limb with a Breslow
thickness of >1.5mm

[2] advanced or metastatic melanoma confined to the limb

of the original primary lesion

(3] palliative treatment of malignant melanoma of the

limbs, even in the presence of systemic metastases.

In this chapter, a detailed description of the ILP
protocol and surgical technique employed in Glasgow is
given, together with an account of the observed results

and complications.
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The role of ILP in the treatment of regionally advanced
or recurrent melanoma 1is well established ( see Section
1.4.5 ) but its role in the adjuvant treatment of primary
melanoma is still unproven. A case-control study of this

aspect of ILP is presented ( Section 2.2.3).

2.1.2 ILP Technique

The technique originally employed in this centre was
based on the reports of Krementz334,375 and schraffordt
Koops339'4°7 and on personal observation of their method.
With increasing experience of this operation, and as a
result of communication with the principal advocates of
ILP, in Europe and in the USA, this technique has
gradually evolved but is still based on the same

fundamental principles.

Preoperative preparation

The suitability of patients for treatment is initially
determined by confirming the histological diagnosis of
malignant melanoma and the Breslow thickness of primary
lesions, and by assessing the extent of disease and
general health of the patient with a thorough clinical
examination, chest radiograph, electrocardiogram and
routine haematological and biochemical screens. This is
followed, 1in those patients considered fit for treatment,
by computed axial tomography (CAT) scan of the brain,

thorax, abdomen and pelvis to exclude systemic spread of

-118-



the disease as far as possible. Having established the
indication for ILP according to the three categories
listed above ( see Section 2.1.1 ), the treatment is then
discussed with the patient so that fully informed consent
for surgery can be given. The patient’s blood 1is
cross-matched so that packed red blood cells can be
included in the priming fluid ( see below ) and in
readiness for the intra- or postoperative need for blood
transfusion. ‘

On the morning of surgery, a foil "space blanket"
(Universal Hospital Supplies Ltd) is wrapped around both
legs ( in lower limb perfusion ) or the chest and affected

arm one hour before transfer to the operating department

in order to maintain the temperature of the limb.

Operative technique

‘ Isolated 1limb perfusion is performed under general
anaesthesia. Antibiotic prophylaxis in the form of
Cefuroxime 1.5q9 IV ( Zinacef, Glaxo Laboratories Ltd ) is
administered at induction of anaesthesia. A 20G teflon
radial artery cannula (Viggo-Spectramed, UK) is then
inserted and connected to a monitor (Model 1281, Siemens)
to allow continuous direct monitoring of the patient’s
blood pressure throughout the procedure. The entire limb
to be perfused is then washed with antiseptic solution and
this process is extended proximally £6 include the area of
the surgical isolation and tourniquet application. This
demands that the patient be rolled onto his/her side to
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allow the perineum, buttock and lower lumbar skin to be
washed for perfusion at the iliac 1level. Preparation for
upper limb perfusion includes washing the posterior
triangle of the neck and the scapular and pectoral areas,
as well as the shoulder and axilla. Sterile drapes are
placed under the buttocks or shoulder before rolling the
patient back into the supine position. The limb is kept
elevated while drapes are placed round the surgical field.
After securing thermistor probes on the skin, a loose
stockingette is applied to the limb. This prevents direct
contact between the skin and the heated water blanket
(38-38.5°C) which is next wrapped around the 1limb. This
is now also covered with sterile drapes in such a way as
to allow manipulation of the limb by the operators during

the procedure.

Most isolated 1limb perfusions 1n this centre are

performed at the external iliac or axillary level.

For lower limb perfusions, the external iliac vessels are
approached via an oblique incision placed 2 cm above the
lateral half of the inguinal 1ligament. The external
oblique fibres are split, the internal oblique and
transversus abdominis muscles are cut, and the peritoneum
is then reflected medially to allow extraperitoneal
exposure of the vessels. These are fully mobilised from
the bifurcation of the common iliac vessels down to the
inguinal 1ligament, 1ligating and dividing each branch or
tributary individually and exposing the internal iliac
vessels. The iliac lymph nodes are dissected during this
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process and are sent for histological examination to
assist in the staging of disease. The obturator vessels
are identified on the lateral wall of the pelvis and are
ligated in continuity. Heparin (150 1i.u. kg‘l) is then
administered intravenously and allowed to circulate for
2-3 minutes before applying arterial clamps to the
external iliac artery and vein. The internal iliac
vessels are also occluded using bulldog clamps. A
longitudinal arteriotomy and venotomy are performed and
the arterial and venous cannulae ( William Harvey Arterial
Perfusion Cannula, Bard; whistle-tip atrial cannula, Rusch
UK Ltd ) are inserted distally so that their tips lie
below the level of application of the tourniquet. The
cannulae are secured by doubly snaring them in the vessel
using cotton tapes. The size of cannula is selected
according to the calibre of the vessels. For iliac
perfusion, 14-18FG arterial cannulae and 4-6mm venous
cannulae are usually required. To complete the isolation
of the limb, a tight red rubber tourniquet is applied as
high as possible around the root of the 1limb. This lies
in the perineal skin crease medially, includes the lower
portion of the buttock posteriorly, passes laterally
between the iliac crest and the greater trochanter, and is
secured anteriorly around a Steinmann pin inserted into
the anterior superior iliac spine through the lateral end
of the skin incision. This configuration ensures that the
entire femoral triangle is included in the perfused region
and that the tip of the arterial cannula can 1lie in the
common femoral vessel without being compressed by the

tourniquet, thereby usually allowing perfusion of both the
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superficial femoral and profunda femoris arteries. The
tourniquet exerts substantial downward traction on the
Steinmann pin, and this must therefore be firmly fixed in
the pelvis to avoid loosening of the tourniquet and loss
of isolation. The cannulae are then connected to the
extracorporeal circuit ( described below ).

Upper 1limb perfusion is performed through the axillary
vessels. These are approached directly through the floor
of the axilla with the draped arm abducted and the scapula
supported on a small sandbag to expose the axillary
contents better. A transverse incision is made and the
third part of the axillary vessels are exposed by
separating the branches of the brachial plexus. Usually,
two or three veins are present at this 1level. The
principal vessel 1s preserved for cannulation and the
remainder are ligated as are any tributaries in this area.
The artery 1is mobilised sufficiently to allow safe
manipulation and cannulation, and this usually
necessitates the ligation and division of only one or two
branches. Full heparinisation is wused as in lower limb
perfusion and vascular clamps are then applied. A
proximal longitudinal arteriotomy and venotomy are made
and the vessels are typically cannulated wusing 10-14FG
arterial and 14-16FG venous cannulae ( William Harvey
Arterial Perfusion Cannula, Bard ). Cotton tapes are used
to snare the cannulae in place, introducing them only as
far into the vessel as is necessary to ensure that all the
side-holes are distal to the snares. The tourniquet is

placed proximal to the level of cannulation and is wrapped
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tightly round the shoulder, being maintained on the
acromion process by a Steimann pin inserted axially into

the head of the humerus.

‘In this centre, a standard extracorporeal circuit is used
for all 1limb perfusions ( Limb Perfusion Set, Model
S6830C, Bard ). This consists of arterial and venous
tubing connected to a Harvey bubble oxygenator (Model
H1700). The oxygenator is combined with a heat exchanger
which functions by circulating hot water, pumped by an
adjustable heater-cooler ( Normo-hypothermia module, Cobe
), in close proximity to the blood. The arterial tubing
is threaded through a simple roller pump ( Multiflow
Bloodpump, Stockert Instrumente ) which has a flow rate
control dial and continuous display flow meter. A
bubble-trap manometer is incorporated into the arterial
line distal to the pump. The extracorporeal circuit is
primed with a mixture of 750ml Hartmann’s solution and
350ml matched packed red cells to which are added 3000i.u.
of heparin. This 1is thoroughly mixed and warmed by
circulation in the extracorporeal circuit for 15-20
ﬁinutes prior to connection of the arterial and venous
tubing to the vascular cannulae. Once connected, the
isolated perfusion circuit is established. The blood is
oxygenated throughout the procedure with 100% oxygen at
0.5-1.0 1 min~l., satisfactory isolation is confirmed by
adding 5ml of 20% fluorescein ( Martindale Pharmaceuticals
Ltd ) to the perfusate and demonstrating the absence of
fluorescence in the skin above the level of the tourniquet

when examined under ultraviolet light. In the course of
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the studies described in this thesis, the control of the
perfusion circuit in this centre has been modified ( see
Chapter 3 ). Originally, the flow rate was adjusted to
achieve and maintain a stable distribution of perfusate
between the oxygenator and the patient. The normal
practice is now to adjust the flow rate until effective
cutaneous perfusion is demonstrated by a rising
transcutaneous oxygen tension (PtcO,) on the perfused
limb. Once this 1is achieved and the skin temperature
exceeds 37°C, melphalan is added to the perfusate by bolus
injection into the venous compartment of the oxygenator.
The dose regularly employed for iliac perfusion is 1.75mg
kg'1 body weight and for axillary perfusion 40 to 60mg,
depending on the patient’s morphology.

Perfusion is continued for one hour after the addition of
the melphalan. At the end of this hour, the perfusate is
replaced with 2 litres of Hartmann’s solution ( or 1 litre
for upper limb ILP ) which drains into the oxygenator
reservoir after rinsing the limb and is not recirculated.
The cannulae are then disconnected from the extracorporeal
circuit and the tourniquet is released. After removing
the snares, the cannulae are withdrawn from the vessels
which are then repaired using a continuous polypropylene
suture. The arterial and venous clamps can then be
released together with any temporary clamps on collateral
vessels and the systemic circulation to the limb restored.
The heparinisation 1is reversed at this stage using an
appropriate dose of protamine sulphate, and the wound is
closed, suturing the muscular and aponeurotic layers

separately.
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Fasciotomy is not performed as a prophylactic measure
in this centre and has so far never been necessary for

declared or impending compartment syndromes.

Postoperative care

Postoperatively, the patients are reviewed on a daily
basis to observe any toxic reactions aﬁd to monitor the
response to treatment. Early ( day 1-2 ) mobilisation is
encouraged. Full haematological and biochemical screens
are performed on alternate days and blood transfusion
administered if required. Patients are detained in
hospital wuntil the observed toxicity ( clinical,
biochemical, and haematological ) has passed its peak and
mobility is satisfactory. Following discharge from
hospital, patients are reviewed on a monthly basis until
complete resolution of all toxicity is observed, and
thereafter three-monthly for the first 2 vyears, and 6

monthly for the next three years.

2.1.3 General Observations

Between August 1, 1984 and October 31, 1990, 140 patients
underwent 162 Isolated Limb Perfusions for histologically
proven malignant melanoma. The patients were referred for
adjuvant treatment of a primary melanoma on 66 occasions.
The remainder (96 cases) had 1locoregionally advanced or

recurrent melanoma at the time of treatment. The sex
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ratio was 2.7:1 (f:m) which is similar to the sex ratio of
melanoma at diagnosis in Scotland?9, Patients were aged
between 16 and 86 years with a mean of 54.9 years
(SD=15.8). Patients were referred for treatment from all
over Scotland (133 patients), from 2 centres in England (5
patients) and from Ireland (2 patients). The referral
pattern of Scottish patients according to their local
Health Board is shown in Table 9.

Isolated Limb Perfusion was performed at the iliac level
on 121 occasions. Other 1lower 1limb perfusions were
performed at the femoral (5 cases) and popliteal (10
cases) levels. The upper limb was isolated at the
axillary level on 22 occasions and at the subclavian level
on 4 occasions. The subclavian approach presented
technical difficulties in cannulation of the axillary vein
on 3 occasions. This approach has now been abandoned in
favour of the direct axillary approach. A technique of
mild hyperthermia is routinely employed, and in this
series the mean perfusion temperature ( measured on the
skin surface ) was 38.3°C (SD=1.2).

Post-operative hospital stay varied widely, especially
during the initial experience of ILP. The median
post-operative stay was 10 days (range 5-42) following
lower 1limb perfusion and 7 days (range 4-22) following
upper limb perfusion.
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Table 9 :
Referral Pattern of Scottish Patients

for I or Melanoma
No. of Patients
Health Board Adjuvant Therapeutic Total
(*)
Greater Glasgow 30 23 (11) 53
Ayrshire & Arran 15 5 20
Argyll & Clyde 10 9 (3) 19
Lothian 1 9 (3) 10
Forth Valley 2 5 7
Lanarkshire 2 4 (2) 6
Dumfries & Galloway 3 2 (1) 5
Highland 3 2 5
Fife 0 4 4
Tayside 0 2 2
Grampian 0 2 2
Total 66 67 (20) 133

* no. of patients undergoing repeat ILP in brackets.
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2.1.4 Complications

The complications encountered following 162 isolated

perfusions are summarised in Table 10.

[1] surgical complications

This procedure is associated with a risk of similar
complications to those seen after many other major
elective operations. 2 mild wound infections have been
observed ( ie. cellulitis only ), both of which resolved
with oral antibiotic therapy. 2 patients developed early
postoperative haematomas which required exploration and
ligation of a small branch of the external iliac artery.
A third patient developed a wound haematoma 24 hours
after a popliteal perfusion; this was treated
conservatively. One case of lymphocoele developing at the
site of the external iliac dissection has been documented.
This was only diagnosed on CAT scanning two years after
treatment during routine follow-up assessment.

The most serious complication observed in this series was
pulmonary thromboembolism (3 patients). In 2 cases, this
was associated with <clinical signs of deep venous
thrombosis in the perfused limb, confirmed radiologically.
The third case presented two weeks after discharge from
hospital ( 22 days post-ILP ). 1In this case, no source of
embolism was identified. One further patient developed an

uncomplicated deep venous thrombosis.
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Table 10 :
Complications Encountered in 162 ILPs

Surqgical
Wound infection

Deep venous thrombosis(DVT)

DVT & pulmonary thromboembolism(PTE)

PTE (no evidence of DVT)

Post-operative bleeding (re-exploration)
Wound haematoma

Lymphocoele (late)

Hepatitis B

HEENENDN

Systemic
Alopecia 2
Myelosuppression 16
leukopenia
leukopenia & anaemia
leukopenia & thrombocytopenia
pancytopenia
Angina/postural hypotension 1
Postoperative confusion 1

Regional
Postoperative neuromuscular disability

Elevated serum transaminases/creatine kinase
Ulceration of pre-existent skin graft
Failure of new skin graft

Flexion contracture (elbow)

Cutaneous burns

=Wk W oo
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One patient is known to have suffered an attack of
hepatitis-B eight weeks after ILP. This is presumed to
have been transmitted by post-operative blood transfusion.
The patient has acquired immunity to the virus and is not
believed to be a carrier of the HepBgAg.

Two other patients suffered from post-operative
complications thought not to be specifically related to
the isolated perfusion: one elderly patient who had
suffered a myocardial infarction a few months earlier
complained of angina during the first 24 hours after the
operation and of postural hypotension for a few days
thereafter; serial electrocardiograms and cardiac enzyme
measurements showed no evidence of acute myocardial
infarction. The other patient became very confused and
disorientated for three days; he was later found to have

cerebral metastases and died within 2 months of treatment.

[2] systemic complications of ILP

The most common systemic side-effect of isolated limb
perfusion has been nausea. This occurs in most patients,
noticeably more often than after other major vascular
procedures, and is mainly restricted to the first 12
hours after operation. The cause of this is not clear but
it 1is 1likely that the sustained release into the
circulation of even 1low concentrations of melphalan from

the perfused limb is a major contributor.
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A more serious effect is the myelosuppression which has
been noticed in around 10% of cases. This mostly takes
the form of a mild leukopenia ( white cell count 1.0 - 3.0
x 109/L ) but has been associated with anaemia in one case
( Hb 5.6 g/dl ) and thrombocytopenia in another ( platelet
count 39 x 109/L ). Furthermore, two cases of
pancytopenia have been observed ( case 1 : Hb 8.6 g/dl,
WCC 1.0 x 109/L, platelets 23 x 109/L; case 2 : Hb
9.8g/dl, WCC 0.6 x 109/L, platelets 12 x 10%/L ). While
these effects have often resulted in a 1longer stay in
hospital, they have all resolved without complication.

Two patients have reported a mild alopecia which
developed about three weeks after treatment. One of these
had also been noticed to have a mild leukopenia. Both

cases resolved completely within three months.

[3] regional complications of ILP

Since a degree of toxicity to the tissues of the perfused
limb is a desirable feature of this treatment, this is
described separately in Section 4.1.5. In eight cases,
however, the patients’ post-operative recovery has been
complicated by excessive toxicity, resulting in temporary
muscle weakness and peripheral neurological deficits.
This was associated with markedly elevated serum
transaminases and creatine kinase in three cases,
indicating severe muscle damage. As_; result of this, one
patient developed a flexion contracture of the elbow and

another showed obvious atrophy of the thigh and calf
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muscles. Three patients complained of sensory
disturbances attributable to one peripheral nerve, and
while compression by the tourniquet may have been a
contributory factor, the pattern of the combined sensory
and motor loss in one patient indicated an ulnar nerve
lesion in the forearm. In this patient at least, the
symptoms were probably due to a direct neurotoxic effect.
The relative contributions of melphalan and hyperthermia
to these complications is unclear. Fortunately, full
function was restored in all cases within 4 months of
treatment.

Many patients undergoing ILP had previously been treated
by wide excision of primary and/or recurrent melanqmas and
dpplication of skin grafts. In four cases, the skin
grafts ulcerated after perfusion. These all healed
satisfactorily without the need for further grafting.

One patient sustained first degree cutaneous burns due to
overheating of the water blanket when the thermistor

probes failed.

2.1.5 Regional Toxicity

The toxic effect of isolated limb perfusion on the normal
tissues of the limb is well recognised. A degree of
erythema and oedema are common but in some cases this is
very marked and can be associated with blistering of the
skin. The grading system devised by Wieberdink406 (see
Table 8) is now widely used to classify the observed
toxicity in each case. Although initially in this centre
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38
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Grade

Fiqure 4 : '
Toxic reactions registered after 112 ILPs.

( Wieberdink grading system4°6, see Table 8 )
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Figure 5 :
Examples of the regional toxicity encountered after ILP.

(a) Grade II (b) Grade III (c) Grade 1IV.
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(cases 1-65) only the most severe toxic reactions were
documented, the peak toxicity is now routinely recorded
in every case. The observed reactions in 112 cases
classified according to Wieberdink are shown in Figure 4.
Photographic examples of these reactions are shown in Fig
5.

More than half of the patients treated 1in Glasgow have
experienced Grade II reactions, and more than 90% fall
into the "desirable" range of toxic reactions (Grades II
and III). Grade IV reactions have only been recorded on
four occasions, equivalent to 2.5% overall, since failure
to record the reaction in 50 of the first 65 patients
implies that it was less severe than Grade IV in all of
these (see above). These four patients all had muscle
weakness in the perfused 1limb and are included in the
group described above (Section 2.1.4).

" The relative contributions of melphalan and hyperthermia
to the observed toxicity are not clear. Each is capable
of independently inducing the typical tissue reactions.
Furthermore, it 1is possible that ischaemia occurring
during the period of dissection and cannulation or during
the isolated perfusion itself may contribute to this,
either directly or by sensitizing the tissues to the
effects of the melphalan and heat. No direct correlation
has been demonstrated between the grade of reaction and
the skin temperature during ILP, but all four cases which
resulted in Grade IV reactions were associated with
temperatures in excess of 38.8°cC. Based on this
observation, a maximum skin temperature during ILP of

39°C is now imposed in this centre.
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The sequence of erythema and oedema followed by a
érolonged or permanent bronze discolouration of the skin
would appear to be specific to treatment with melphalan.
This is demonstrated by the clinical photographs in Figure
6 which clearly show the "tanning" reaction of the
perfused region. The area of nonpigmented skin on the
dorsum of the foot corresponds exactly to the outline of
the dorsalis pedis artery cannula. This must have been
caused by compression of the skin at that point by the
firmly secured cannula so that, although the temperature
could be raised by transfer of heat from the surrounding
skin and the heated blanket, no melphalan could reach this
skin.
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Figure 6 :
Pigmentation of the skin after ILP with melphalan.

The very clear cut-off in the gluteal fold (a) corresponds
to the level of the tourniquet. In (b), the non-pigmented

silhouette of the dorsalis pedis arterial cannula is easily
recognised.
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2.2 Adjuvant ILP

2.2.1 Patient details

Since January 1985, 66 patients have undergone Isolated
Limb Perfusion in Glasgow as adjuvant treatment of Stage I
melanoma. One further patient, originally included in
this group, was found to have iliac lymph node involvement
at the time of ILP. Accordingly, her staging has been
amended to Stage IIIB, and she is now considered in the
group of patients undergoing "therapeutic" ILP for
regionally advanced or metastatic melanoma.

The demographic details of this group of patients are
shown in Table 11 together with details of their primary
tumours. Two thirds of patients were female, this sex
difference being almost entirely due to the preponderance
of lower leg lesions in women. The patients’ mean age was
52.11 vyears. The primary tumours were evenly distributed
into the intermediate ( Breslow < 3.0 mm ) and poor (
Breslow > 3.0mm ) prognostic categories, the median
Breslow thickness being 2.98mm. Three patients referred
for adjuvant ILP had primary melanomas less than 1.5mm
thick. Although they did not meet the normal inclusion
criteria for this treatment ( see Section 2.1.1 ), ILP was
performed at their own request. They are included in this
description of results but, in view of the Dbetter
prognosis associated with their primary disease, they have

been omitted from the later analysis of survival and

disease-free survival after adjuvant ILP (Section 2.2.3).
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Table 11 :

Details of Patients Treated by Adjuvant ILP

Female Male Overall
Number 46 20 66
Age mean 53.6 48.6 52.1
range (17-77) (16-81) (16-81)
Thickness mean 3.37 3.06 3.28
(Breslow) range (1.3-7.5) (0.9-5.0) (0.9-7.5)
Site
arm 7 1 8
forearm 3 4 7
Upper limb hand 3 0 3
palm 0 0 0
subunqual 0 4 4
total 13 9 22
thigh 3 4 7
leg 23 3 26
Lower l1limb foot 4 3 7
sole 2 0 2
subunqual 1 1 2
total 33 11 44
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Initially, most patients were referred for adjuvant ILP
after the definitive surgical treatment of their primary
melanoma. However, in order to avoid any delay in
treatment caused by the time taken for skin grafts to
heal, referring surgeons and dermatologists have been
éncouraged through the Scottish Melanoma Group to refer
patients for treatment as soon as possible after their
diagnostic biopsy. Consequently, wide excisional surgery
of the primary site has been performed at the time of ILP
on 25 occasions ( upper limb 6, lower limb 19 ). This
was done at the end of the procedure, once the systemic
heparinisation had been reversed, and consisted of a 3cm
lateral clearance of the primary lesion, excising all the
tissue down to, but not including, the deep fascia.
Primary closure of the defect was possible in 6 cases (
upper 1limb 5, lower 1limb 1 ); in the remainder,
split-thickness skin grafts were applied. The skin
grafts were all harvested from the contralateral thigh,
fenestrated and secured with sutures or staples. All but
three of the skin grafts resulted in a greater than 50%
take, even 1in the presence of Grade III or IV toxic
reactions of the surrounding perfused skin ( see Figure

5).

2.2.2 Results

All patients are followed up regularly after ILP in
Glasgow. Because of the great distances involved in

travelling from their towns of origin, some of the
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patients elect to attend their 1local dermatologist or
surgeon, and follow-up data are collected by regular
correspondence for these patients. All other patients are
seen at Gartnavel General Hospital by a member of the
perfusion team. In this way, no patients have been lost

to follow-up after adjuvant ILP.
Disease control and survival

Of the 66 patients in this group, 17 have suffered
recurrences of their melanoma. The site of first
recurrence for these patients is shown in Table 12,
together with the timing of the recurrences and their
outcome. Almost all the recurrences have taken the form
of regional 1lymph node or systemic metastases, or a
combination of the two. Only two patients have developed
recurrences in the perfused limb, and indeed one of these
also had lymph node involvement at that time.

All patients with systemic metastases have since died of
their disease, as have 3 patients whose initial recurrence
was in the regional lymph nodes. The mean time to first
recurrence for these 10 patients was 14.9 months ( range
3-32 months ) and their mean survival time was 26.1 months
( range 6-51 months ). One patient who developed lymph
node metastases 26 months after ILP died of other causes
17 months later, but the other 6 patients remain alive at
a mean follow-up of 35.8 months ( range 26-53 months ).
The mean disease-free survival for these patients was 22.2

months ( range 8-34 months ).
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Table 12 :

Site and Time of First Recurrence
after 66 Adjuvant ILPs

Site Limb Total Time Outcome

Upper Lower (months)
Limb 0 1 1 15 alive
LN 2 6 8 16,27,33,34 alive
7,10,30 dead (melanoma)
26 dead (other)
Limb & LN 0 1 1 8 alive
Systemic 2 2 4 3,7,18,32 dead
Systemic 0 3 3 3,8,31 dead
& LN

LN - regional lymph node
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At present, 48 patients remain alive with no evidence of
recurrent disease 47.1 months ( mean; range 25-97 ) after
ILP. 10 patients have died of metastatic melanoma. One
patient with 1lymph node metastases and another with no
evidence of recurrent melanoma have died of other causes
at 42 and 18 months respectively. Six patients are still
alive with recurrences of their melanoma 35.8 months (

mean; range 26-53 months ) after ILP.

2.2.3 Adjuvant ILP - a Case-Control Study

Adjuvant isolated limb perfusion for melanoma remains of
unproven value, mainly due to the 1lack of randomized
controlled trials (see Section 1.4.5). In Glasgow, it has
proved impracticable to randomize patients, often referred
from distant centres, into a trial of adjuvant ILP. One
such trial was initiated by the Medical Research Council
but closed prematurely due to poor patient accrual.
Since then, the policy in this centre has been to consider
all patients with primary melanomas 2>1.5mm thick for
adjuvant ILP. The patients treated here form a group in
whom a standard technique has been employed by a single
perfusion team. This therefore avoids some of the
variability which is inherent in most multicentre studies.

For the last fifteen years, the Scottish Melanoma Group
(SMG) has been collecting clinical and pathological data
prospectively on all melanomas diagn&éed in Scotland, and
a very large and detailed database has now been

established.
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In order to study the results of adjuvant ILP in
Gartnavel General Hospital, a closely matched population
of non-perfused control patients was selected from the SMG

database.

Matching criteria

In order to exclude the bias created by the selection of
éertain patients for Adjuvant ILP in the years since 1985,
controls were picked from the SMG database relaﬁing to the
five-year period immediately preceding this (1980-1984).
Only patients with primary melanomas >1.5mm thick were
included in phis study. Patients were matched on the
basis of site ( excluding laterality ) and Breslow
thickness of the primary tumour. Site matching was
absolute ( using the SMG 3-digit site code, but grouping
the dorsum of the foot and hand with the lower leg and
forearm respectively ) and the closest thickness match was
selected within this classification. Sex, level of
invasion (Clark), and age were defined as secondary
criteria where two or more equally matched controls were
identified on the basis of site and thickness.

A description of the two matched populations is shown in
Table 13. The thickness of 1lesions was very closely
ﬁatched, with differences in the range -0.6 to +0.55 mm (
mean=0.00mm, SD=0.16 ). This is demonstrated graphically
as the plot of the difference in thickness ( patient -

control ) in Figure 7. The greatest differences occurred
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Table 13 :

Details of Matched Populations
of ILP Patients and SMG Controls

ILP SMG
Number 63 63
Sex ratio 19:44 12:51
(m:f) matched: 42/63
Age mean(SD) 52.0(17.2) 55.5(16.4)
range 16-81 18-93
median 52.0 58.0
Thickness mean(SD) 3.37(1.59) 3.37(1.61)
(Breslow) range 1.5-7.5 1.5-8.0
median 3.00 3.00

-145-



Thickness difference (mm)
10—

m-

6

O
N
o

Breslow Thickness (mm) of ILP patients

Fiqure 7 :
Graphic representation of the matching of ILP patients and

their SMG controls by Breslow thickness.

The difference between each pair of subjects (ILP-SMG) is
plotted against the thickness of the ILP patient’s melanoma.
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in the matching of patients with the thickest lesions and
in whom this degree of mismatching would be least

significant.

Up-to-date follow-up data were obtained for all patients
and controls up to 31lst October 1993. Details of disease
recurrence and death ( including cause of death ) were
recorded. These results were analysed by constructing
life tables for each of the two groups of patients4°8
which were then compared using the "logrank" test408 and a
proportional hazards model. More detailed analysis of the
results was performed by match analysis using first
recurrence of melanoma and death caused by melanoma as the

end points of the study.

Results

No patients were lost to follow-up. In all, 7 patients
are known to have died of causes other than melanoma (ILP
2, Control 5). These patients are included in the
analysis up to the date of their death.

Figure 8 shows (a) the survival and (b) the disease-free
survival curves drawn from the life table analysis of both
groups of patients. Separation of the survival curves for
the two groups can be seen in both plots with apparent
survival and disease-free survival benefits to the ILP
group of approximately 20% and 15% respectively at 36

months. Comparison of the curves using the logrank test
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Figqure 8 :

(a) Survival and (b) disease-free survival curves for 63

patients undergoing Adjuvant ILP and their matched controls
from the SMG register.
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revealed a statistically significant advantage to the ILP
group in terms of both survival (p = 0.029) and
disease-free survival (p = 0.042) ( see Table 14 ).

The patients were divided into subgroups according to (1)
the region perfused ( [i] upper limb or [ii] lower 1limb )
and (2) the thickness of the lesion ( [iii] Breslow <3.0mm
or [iv] Breslow >3.0mm ). The survival curves for each of
these subgroups are plotted in Figures 9(i)-9(iv) and the
results of the analysis by subgroupﬂare also shown in
Table 14. The most significant improvements in both
survival and disease-free survival after ILP were for the
subgroups of patients with lesions >3.0mm thick or with
upper limb melanomas, although the differences did not
achieve statistical significance at the 5% 1level.

The "relative risk" of survival or disease-free survival
up to three years after ILP, calculated using a
proportional hazards model ( ie. relative risk = x, where
post-ILP survival = control survival¥ ), was slightly
greater than 1 for all groups and subgroups but was
greatest for the thicker melanomas (survival 1.12,
disease-free survival 1.12) and for disease-free survival
after upper limb ILP (1.10).

Match analysis revealed that twice as many ILP patients
outlived their controls as did the reverse in terms of
both survival and disease-free survival ( 18:9 and 22:13
respectively ), although these differences did not achieve
statistical significance at the 5% level ( p = 0.083 and p
= 0.129 respectively ). -
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Table 14 :

Analysis of Survival and Disease-free Survival
for ILP Patients and SMG Controls

% Relative® Logrank test
Survival Risk
(3-year) Obs. Exp. x2 P

SURVIVAL
Overall ILP 88.6 1.07 10 16.53 4.77 .029

SMG 66.4 26 19.47
Upperx ILP 90.7 1.07 2 4.95 3.21 .073
limb SMG 68.2 9 6.05
Lower ILP 87.6 1.07 8 11.62 2.10 .147
1imb SMG 65.4 17 13.38
lesions 1ILP 89.7 1.03 3 5.06 1.45 .229
< 3mm SMG 79.3 9 6.94
lesions ILP 87.9 1.12 7 11.50 3.38 .066
> 3mm SMG 55.2 17 12.50
DISEASE-FREE SURVIVAL
Overall ILP 72.3 1.06 17 24.17 4.12 .042

SMG 56.9 33 25.83
Upper ILP 81.3 1.10 4 7.36 3.23 .073
1imb SMG 54.6 10 6.64
Lower ILP 67.7 1.04 13 17.00 1.78 .182
limb SMG 58.1 23 19.00
lesions ILP 82.9 1.02 5 6.71 .79 .374
< 3mm SMG 75.9 10 8.29
lesions ILP 62.5 1.12 12 17.60 3.59 .058
> 3mm SMG 40.4 23 17.40

* relative risk = x, where
ILP survival = (SMG survival)¥*

-150-



Survival

A

100
1 ILP
804 -
— SMG
60 S
404 No. at risk
do2 21 20 16 8 e
22 22 18 16 15 12 SMG
20
0 10 20 30 40 50 60
months
Disease-free survival
YA
100 -;q__‘
1 - ] ILP
80 1 T
60 - — SMG
40 - No. at risk
J22 20 18 15 5 ILP
22 20 15 2 12 1 SMG
201
0 10 20 30 40 50 60
months

lz‘igg) re 9(i) :
a

Survival and (b

disease-free survival curves for 22
patients with upper limb lesions undergoing Adjuvant ILP and
their matched controls from the SMG register.
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Fiqure 9(ii) :

(a) Survival and (b) disease-free survival curves for 41
patients with lower limb lesions undergoing Adjuvant ILP and
their matched controls from the SMG register.
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Fiqure 9(iii) :

(a) Survival and (b) disease-free survival curves for 30
patients with lesions 1less than 3.0mm thick undergoing
Adjuvant ILP and 29 controls from the SMG register.
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Fiqure 9(iv) :

(a) Survival and (b)
patients with lesions more

disease-free survival curves
than  2.99mm thick undergoing

for 33

lesions more than c.5Jmm TAHICK
Adjuvant ILP and 34 controls from the SMG register.
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Discussion

This study has compared the outcomes of two closely
matched groups of patients undergoing wide excisional

surgery alone or wide excisional surgery plus adjuvant

Isolated Limb Perfusion for Stage I melanoma of the limbs
(Breslow thickness >1.50mm). The mean difference 1in
Breslow thickness between the ILP patients and their
non-ILP controls was 0.00mm (SD. 0.16mmi, and although the
range was from -0.6mm to 0.55mm, the greatest differences
occurred in the group of patients with the thickest
melanomas. Thus the ratio of the Breslow thicknesses for
each matched pair (ILP/control) had a mean of 1.0 (SD.
0.04) with a range of 0.83 to 1.12.

The analysis of the results of this study consistently
shows a survival and disease-free survival benefit to the
group of patients treated with adjuvant ILP. This is most
obvious in the overall analysis but is also apparent for
the subgroups of patients with lesions thicker than 3.0mm
or with upper 1limb melanomas. The trend in all the
analyses is similar, the ILP and Control curves tending to
diverge after about 18 months.

In interpreting these results, one must bear in mind that
the follow-up of ILP patients is shorter than that of the
controls and that, consequently, the number of ILP
patients included beyohd 36 months decreases very rapidly.
The division of the study populéiion into subgroups
results in rather small numbers of patients so that only

very large differences in outcome for these subgroups
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will achieve statistical significance. One might
therefore predict that the most significant differences in
this study would be found in the overall analysis. It |is
interesting that the subgroups showing the greatest
differences at this time are not those with the largest
numbers of patients.

Thicker melanomas are known to carry a significantly
worse prognosis than thinner lesions and it is perhaps not
surprising therefore that this group of patients should be
the first to show a significant benefit. One can hope
that prolonged follow-up might uncover a similar benefit
to those patients with thinner melanomas.

As described in Section 2.2.2, the disease control within
the perfused limb after adjuvant ILP appears very good.
In this assessment of disease-free survival, the site of
first recurrence was not specifically analysed. However
the improvement in the survival of the ILP patients
observed in this study suggests that spread of disease to
the lymph nodes or systemic organs ( normally associated
with worsening prognosis ) may, to some extent, also be

better controlled.

Conclusion

While it does not represent a randomized controlled
study, this comparison of 63 patients undergoing wide
excisional surgery and adjuvant ILP for Stage I melanoma
(21.5mm Breslow thickness) between 1985 and 1990 in a

single centre with a very closely matched group of
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control patients from the same geographical area, first
registered in the immediately preceding 5-year period and
undergoing wide excisional surgery alone, does provide
early evidence of a benefit to the ILP patients. This
applies both to survival and disease-free survival, the
differences after three years being 20% and 15%
respectively. The benefits seem most marked for patients
with primary melanomas >3.0mm (Breslow thickness) or with
melanomas situated on the upper limb. It is encouraging
to note, however, that at this time all subgroups of the
study population show an improvement in the survival and
disease-free survival of the ILP-treated patients. The
significance of this apparent improvement will only be

determined by prolonged follow-up.
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2.3 Therapeutic ILP

2.3.1 Patient details

Since August 1985, 77 patients have undergone 96
therapeutic ILPs for recurrent or advanced melanoma. The
upper limb has been perfused on 4 occasions (4 patients)
while the lower limb has been perfused on 92 occasions (73
patients). Details of these patients are 1listed in Table
15. The sexes were represented. in a ratio of
approximately 3:1 (f:m) and the mean age was 56.8 years.
Technical difficulties were encountered in the first two
upper limb ILPs which prompted a change of technique from
the infraclavicular approach to the direct axillary
approach for this region. Lower limb ILP was performed at
the external iliac level in 70 of the 73 patients. The
other 3 patients, including one lady who had previously
undergone adjuvant iliac ILP, were elderly and had disease
confined to the lower leg. The isolation in these cases
was performed at the popliteal level.

ILP has been repeated on 22 occasions for 18 patients
whose disease advanced after the initial perfusion,
including 3 patients originally treated by adjuvant iliac
ILP. In order to avoid the serious potential
complications of a second exposure of the same vessels, a
more distal approach ( femoral 5, popliteal 8 ) was
employed if the disease was believed to be confined below
the knee. In 9 cases, the iliac route was re-employed.

One patient has now undergone a total of 4 ILPs ( 2 iliac,
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Table 15 :
Details of Patients Treated by Therapeutic ILP

Number male 20 (22)
patients(ILP) female 57 (74)
TOTAL 77 (96)
Age mean 56.8
range (17-86)
Region .
iliac 70
First Lower limb femoral 0*
Therapeutic popliteal 3
ILP
(n=77#) Upper limb subclavian 2
axillary 2
Repeat iliac g**
ILP Lower limb femoral S,
(n=22#) popliteal 8

f* includes 3 patients previously treated by Adjuvant ILP.
« A1ncludes 2 patients previously treated by Adjuvant ILP.
includes 1 patient previously treated by Adjuvant ILP.
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1 femoral, 1 popliteal ) while two others have been
treated on 3 occasions ( 1 iliac, 1 femoral, 1 popliteal
).

The stage of disease of the patients at the time of
therapeutic ILP is shown in Table 16. This classification
takes account of the status of the iliac or axillary lymph
nodes excised at the time of ILP and which were found to
contain tumour deposits in 15 cases ( iliac 14; axillary 1
). In 60 cases, the disease was confined to the limb
with no evidence of lymphatic or systemic spread. 1In 36
cases, there was evidence of more advanced disease with
regional lymph node involvement ( <clinical, cytological
or histological ) in 34 cases and known systemic spread in
2 cases. These last 2 patients were given palliative
treatment to control extensive, painful, ulcerated limb
deposits of melanoma.

At the time of referral for ILP, most patients had
already undergone treatment for recurrent melanoma : 61
patients had been treated surgically ( excision 55; lymph
node dissection 4; therapeutic ILP 19 ) and 6 had received
systemic chemotherapy. The number of previous surgical
procedures ranged from one or two in most cases to as many
as 19 1in one case. In addition, 3 patients had earlier
been treated by adjuvant ILP in this centre. However 15
patients, referred at the time of their first recurrence
or because their disease was already locally or regionally
advanced at the time of diagnosis, had received no other

treatment than the initial excisional surgery.
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Table 16 :

Stage of Disease (MDAH*) at the Time of
96 Therapeutic ILPs

Upper limb Lower limb Total

Stage II - 16 16
Stage IIIA 3 41 44
Stage IIIB 1 14 15
Stage IIIAB - 19 19

Stage IV - 2 2

* M.D.Anderson Hospital Staging System150 (see Table 2).
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2.3.2 Results

Objective response of visible tumour deposits

The observed response rates of melanoma deposits in this
centre have been very similar to those of the other major
perfusion centres with an overall response rate ( complete
response + partial response ) of 83%, according to the
UICC criteria (see Table 6, Section 1.4.5). Table 17
lists the responses observed in these patients and in
those undergoing repeat ILP. At the time of their first
therapeutic ILP, 37 patients had visible tumour deposits
on the perfused limb. Complete or partial responses were
observed in 30 of these cases (CR = 15; PR = 15). It is
worth noting that the response rate after repeat ILP was
very similar to this. Furthermore, of the 10 patients in
this group who had evaluable tumour at the time of both
their first and subsequent ILPs, 9 had a complete or
partial response to the first perfusion and all responded
to the second. This suggests that fears that recurrence
of melanoma after ILP might be due to the selective
survival of clones of relatively melphalan-resistant

melanoma cells are ill-founded.

Recurrence of melanoma after therapeutic ILP

. In the assessment of disease control after therapeutic
ILP, it is important not only to observe recurrence of
melanoma but also progression of existing disease, since

many patients do not have their disease excised.
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Table 17 :

Objective Response Rates after Therapeutic ILP
in 53 Evaluable Patients

n CR PR NR PD
First ILP 37 15 15 3 4
(41) (41) (8) (11)
Repeat ILP 16 6* g# - 2
(38) (50) (13)
Total 53 21 23 3 6
(40) (43) (5) (11)
CR - complete response
PR - partial response
NR - no response
PD - progressive disease

Figures quoted are numbers(%).

* includes 3 previous CR and 1 previous PR
* includes 3 previous CR, 2 previous PR and 1 previous PD
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Table 18 :

Recurrence or Progression of Melanoma
after 96 Therapeutic ILPs

Site No. Time
Locoregional 16 7.0 (2-21)
(extra-nodal)

Nodal 6 8.5 (4-14)
Locoregional 6 7.0 (2-13)
and nodal

Systemic 21 8.0 (2-28)
Nodal and systemic 6 9.0 (2-50)
Locoregional, 4 5.0 (1-9)
nodal and systemic

TOTAL 59/96 7.0 (1-50)

Site describes site of first recurrence after ILP.
Time expressed in months as a median (range).
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Following the 96 therapeutic ILPs performed in Glasgow,
recurrence or progression of melanoma have been observed
in 59 cases. These occurred at a median time after ILP of
7.0 months ( range : 1-50 ). Details of these recurrences
are listed in Table 18. It is interesting to note that
half of these cases had evidence of systemic disease at
the time of first post-ILP recurrence. The appearance of
these recurrences so soon after ILP lets one suppose that
many of these patients harboured undetected systemic
metastases at the time of ILP and that their fate was not
likely to be affected by regional treatment of their
disease.

Although such a high recurrence rate is disappointing, 1if
ﬁot unexpected, it is encouraging to note that a third of
patients (n=27) are alive with no evidence of recurrence
or disease progression at a median follow-up time of 20.5

months ( range : 1-67 ).

Survival after therapeutic ILP

Of the 77 patients treated by therapeutic ILP, 31 have
since died of their melanoma. The median survival of
these patients was 13.0 months ( range : 2-46 ). Three
patients have died of other causes ( at 7, 15, and 24
months follow-up ).

Of the 43 surviving patients, 27 have had no further
recurrence of their melanoma at a median follow-up of 20.5
months ( range : 1-67 ) while 16 are alive despite

progression of their disease at 24.5 months ( range : 6-67

).
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These data are presented in Fig 10 in the form of life
tables which show that the overall survival and
recurrence-free survival at 2 years are of the order of

60% and 35% respectively.
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Survival

40 i 4
5
Recurrence-free survival*
20
0 10 20 30 40 50 60
months
Fiqure 10 :

Survival (n=77) and recurrence-free survival® (n=96) curves
for patients undergoing Therapeutic ILP.

* Recurrence-free survival signifies no new recurrences
and/or no progression of existing disease.
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2.4 Conclusions on ILP in Glasgow

In assessing the results of isolated 1limb perfusion in
Glasgow so far, it is reassuring to observe that while a
degree of toxicity is almost inevitable, serious
complications are very rare. The regional toxicity has
been almost entirely 1limited to the "desirable" grades
(II-III), and the haematological and pharmacokinetic data
have shown that the surgical technique employed is
associated with minimal systemic distribution of melphalan
during and after ILP.

The results of adjuvant ILP give early evidence of a
possible improvement in survival, especially for the
thicker melanomas and lesions located on the upper limbs.
More prolonged follow-up of patients 1is necessary to
éonfirm these early results. They do, however, provide
some justification for the continued use of adjuvant ILP
for Stage I melanoma while the results of the large

multicentre EORTC/WHO randomized study are awaited.

After therapeutic ILP, the very high objective response
rate observed (83%) is similar to the best response rates
quoted in the literature ( see Table 6, Section 1.4.5 ).
The disease control provided by therapeutic ILP is of
limited duration in many cases. However, there |is
evidence that prolonged control can be achieved in up to a
third of patients. Furthermore, the high response rates
observed after a first ILP can be reproduced on repeating

the procedure. Therapeutic ILP therefore offers a means
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of controlling a disease which often runs a relentless
course of successive recurrences in the limb, as well as
useful palliation of intractable regional tumour deposits
in the presence of systemic disease. In the treatment of
malignant melanoma of the extremities, mutilating
excisional surgery and 1limb amputations can now be

regarded as things of the past.

-169-



PART B

-170-



PART B

Introduction

The details of the surgical technique of isolation and
cannulation for ILP have changed remarkably little since
the original description in 1957, so that a more or less
standard approach is used in most of the major centres.
There is, however, a surprising lack of conformity with
regard to several aspects of the technique of perfusion of
the isolated «circuit. This is especially true of the
measurement of the important physiological parameters
governing the perfusion, and of the dosage of cytotoxic
drugqg. The effect of this variability on the clinical
outcome of the procedure is not known, but the
interpretation of results from various centres must be
coloured by the knowledge that the technique employed in
these centres is often substantially different. In order
to make comparisons of results more valid and to improve
the reliability of multicentre studies, as many aspects of
the treatment as possible should bé standardised.

Isolated Limb Perfusion offers the possibility of
confining cytotoxic treatment to the region of the body
harbouring the disease and thus of minimising the toxicity
to vital organs while maximising the dose of drug
administered. The therapeutic ratio could be increased
further by manipulating the physiological parameters of
perfusion to ensure that, within the perfused region,

those tissues most 1likely to contain tumour are
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preferentially exposed to the drug. Even greater
specificity may be achieved by targeting treatment to the
cells responsible for the disease - in this case, melanoma
cells. In the past, attempts to target therapy have been
directed at characteristic biochemical reactions or
hormonal influences. More recently, immunological
approaches to targeting have resulted in the development
of monoclonal antibodies to tumour-associated antigens
which can then be used as vectors for the delivery of
cytotoxic agents to the malignant cells. Several
antibodies to melanoma-associated antigens are now

available.

Having reviewed the early Glasgow experience with ILP
(1984-1988), and finding that several important questions
had never been addressed by other perfusionists, the
author devised a series of experiments to quantify and
evaluate certain specific aspects of this therapeutic

modality with the following aims :
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1. Physiology

to standardise the regulation of the perfusion
parameters in the isolated circuit so that effective
delivery of cytotoxic drug to the tissues of the limb

can be ensured, reliably and safely (Chapter 3).

2. Dosimetry

to study the relative merits of the currently used
melphalan dosage schedules, and to establish which
schedule most consistently leads to the administration

of the highest tolerable dose of melphalan (Chapter 4).

3. Targeting

to assess the possibility of increasing the specificity
of ILP by targeting treatment to melanoma using

monoclonal antibodies (Chapter 5).
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3 CHAPTER 3 -~ PHYSIOLOGICAL ASPECTS OF ILP

3.1 Variations in the ILP Technique

While the surgical techniques of 1isolation and
cannulation for ILP are similar in most reports, several
aspects of the technique of perfusion of the isolated
circuit still vary widely between perfusing centres.
These relate to the priming fluid, the cytotoxic dosage,

and the physiological parameters governing the perfusion.

(1] The Priming Fluid

The choice of priming fluid has been influenced over the
years by the practice of cardiac surgeons. In many
reports of Isolated Limb Perfusion, particularly in the
early vyears, the priming £fluid consisted of whole
bloodq382,384,388,390,409 in accordance with the
experimental work of the originators of the
technique327'329. In the field of total cardiopulmonary
by-pass for cardiac surgery, perfusionists have adopted a
mixture of whole blood and electrolyte solution to produce
a less viscous fluid than whole blood alone. This has the
advantage of allowing the blood to pass more easily
through the extracorporeal part of the circuit at the
fapid flow rates which are required to support an adequate
systemic circulation. Moreover, since cardiac surgery 1is
generally performed under hypothermic conditions, the

reduced oxygen carrying capacity of the dilute mixture is
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sufficient to ensure adequate tissue oxygenation.
Nowadays, the majority of 1isolation perfusion centres
also use this type of mixture360,361,369,373,375,376  qpe
exact proportions of the various constituents vary, as
does the total volume of the priming fluid in the circuit.
In fact, some centres use only balanced electrolyte or
colloid solution and rely on the blood trapped in the limb
at the time of isolation to provide the oxygen carrying
capacity of the perfusate376'4°2'403'410. Recent reports
seem to indicate that most centres aim to produce a
haematocrit of about 25% in the perfusate411, although one
of the major European perfusion centres still uses whole
blood as its priming fluid as a result of experimental
work which demonstrated 1less toxicity using this
method377-379 Many reports in fact give no indication of
the composition or volume of the
perfusate355'357'358'335'389'392'412.

While little comment is made of the effects that this
variability may have on the outcome of isolated limb

perfusion, one should bear in mind the following points :

- the volume of the priming fluid can contribute
substantially to the volume of distribution of the
administered drug. Some authors make no mention of the
volume of priming fluid used, while others quote volumes
ranging from 500ml to 2 1litres361,375, This lack of
uniformity must result in substantial variations in the
concentration of cytotoxic drug achieved in the perfusate
by similar doses. The effect of this on the clinical

outcome is, as yet, unknown.
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- large fluid shifts are often observed by perfusionists
during isolated perfusion; these are thought to reflect
the movement of fluid between the intravascular and
interstitial fluid compartments of the limb and will be
partly determined by the protein concentrations in these

compartments and their respective oncotic pressures.

- 1isolated limb perfusion is now usually performed under
normothermic or hyperthermic conditions; the oxygen
requirements of the tissues of the 1limb are therefore
higher than would be the case in cardiac surgery. The
reduced oxygen carrying capacity of a dilute perfusate may
therefore result in inadvertent hypoxic injury to the
tissues of the limb.

These are important issues and surprisingly little has

been done to try to resolve them.

[11i] Ccytotoxic Dosage

Several dosage schedules are used in 1isolated limb
perfusion, some of which include subjective judgements of
individual patients’ build and prognosis. While it does
seem desirable to tailor the dose of cytotoxic drug to the

patient, current thinking still holds that the highest
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tolerable dose of drug offers the greatest therapeutic
potential. The three most popular dosimetric methods are

based on
(a) a fixed dose of drug per kilogram of total body weight
(b) a fixed dose of drug per litre of perfused tissue

(c) the dose of drug required to achieve a predetermined

concentration in the estimated total perfusate volume.

These methods are assessed in a later section of this

thesis (Section 4.3-4.5).

[1i1]) Physiological Parameters of Perfusion

Our current knowledge of the pharmacokinetics of
cytotoxic drugs 1is principally based on studies of
systemic treatment. Isolated Limb Perfusion offers the
unique advantage of being able to exclude from
calculations the limits imposed by toxicity of the drug to
central organs ( eg. bone marrow, liver, kidneys ) and its
detoxification and excretion by them. The management of
the extracorporeal circuit also allows many of the
physiological properties of the blood in the 1limb to be
controlled or manipulated to advantage, including
oxygenation, temperature and pH. Much has been written of

these aspects of perfusion management. However the
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potential benefit of any such manipulations can only be
realised if the physiological parameters of perfusion are
maintained so that optimal delivery of the cytotoxic drug
to the tissues of the limb is ensured.

In this chapter, some of the aspects of the perfusion
technique which can result in variable drug delivery to
the tissues will be outlined. A series of studies
performed by the author and aimed at developing a method
of ensuring optimal drug delivery to the tissues of the
isolated 1limb will then be described.
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3.2 Assessment of Perfusion in the Isolated Limb

3.2.1 Introduction

The two essential criteria for 1Isolated Limb Perfusion,
as for any other treatment, must be its safety and its
efficacy. The former objective demands that systemic
toxicity be avoided by eliminating the potential routes of
leakage of drug from the limb to the syétemic circulation,
and by washing out as much of the unbound drug from the
vasculature as possible before reversing the isolation.
This is discussed in the description of Isolated Limb
Perfusion ( see Section 2.1.2 ). It also requires the
protection of the tissues in the isolated 1limb from
ischaemic injury and excessive toxicity.

The efficacy of the treatment 1s dependent on the
delivery by the perfusate of effective concentrations of
the cytotoxic drug to the appropriate tissues. This may
be improved by manipulation of the physiological
conditions in the limb such as temperature and pH, but
only if the first condition is satisfied.

The composition of the perfusate and control of the
perfusion circuit are thus of paramount importance in
ensuring both the safety of the limb and the efficacy of
the treatment. It seems rather surprising, therefore,
that perfusion centres should persist. in using different
perfusion techniques in terms of both the composition of

the perfusate and the regulation of the perfusion.
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In many centres, the principal concern of perfusionists
is for safety and the avoidance of leakage of cytotoxic
drug to the systemic circulation. In these centres the
flow rate is usually regulated to maintain the perfusion
pressure below the systemic arterial pressure in the
belief that the resultant positive pressure gradient can
prevent leakage of perfusate to the systemic
circulation357,360,361,369,412  gope centres deliberately
use lower than normal blood flow 1in the 1isolated
1imb146,357,402 However, several authors have claimed
that the aim of perfusion should be to mimic the normal
physiological conditions in the 1imb%1l,  For this reason,
many perfusion centres have now adopted the practice of
regulating their perfusion parameters according to those
observed in normal 1limbs. In particular, many seek to
achieve similar blood flow rates to those seen 1in the
lower limb at rest355,361,369,375,409,412 Although this
approach may seem very appealing at first, it does not
take into account the decreased viscosity and
oxygen-carrying capacity of the perfusate, nor the effect
on the peripheral vasculature of hyperthermia and of the
period of interrupted flow to the limb during isolation
and cannulation. All of these factors would, in the
"physiological” situation, result in an increased blood
flow in the limb. It therefore seems illogical to assume
that physiological "normality" can be maintained by normal
flow rates when the perfusate and conditions of the limb
are themselves so abnormal.

. This aspect of Isolated Limb Perfusion has been studied

with four particular aims in mind :
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[1] To establish whether current practice reliably
ensures effective perfusion of the tissues of the

limb.

[2] 1If this is not the case, to determine whether an
alternative method can be used which does achieve

this.

[3] To assess whether control of adequate perfusion could

ensure more effective delivery of the cytotoxic drug

into the tissues.

[4] To measure the effect of this type of perfusion
control on the leakage of cytotoxic drug to the

systemic circulation.

In the treatment of malignant melanoma of the extremities
by Isolated Limb Perfusion, be it adjuvant or therapeutic,
effective perfusion of the cutaneous and subcutaneous
vascular beds should be regarded as critical since the
spread of melanoma tends to occur primarily in these
layers. Unfortunately, the circulation to these very
tissues tends to be the first to be compromised by the
sympathetic vasoconstrictor response to conditions of
hypotension413, Therefore it would be crucial to know

whether the blood flow rates routinely encountered during
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isolation perfusion and the pressures which they generate
are sufficient to support the circulation to these

tissues.

3.2.2 Arterial Pressure in the Perfused Limb

In most reports of isolated limb perfusion, the pressure
in the arterial side of the isolated circuit is monitored
throughout the procedure. This is usually done by placing
a pressure transducer at a point on the circuit between
the pump and the arterial cannula ( see Fig.3 ). The flow
rate 1s then adjusted to keep this pressure below the
systemic arterial pressure in order to minimise the risk
of leakage. However the pressure recorded at this
position does not accurately reflect the intra-arterial
pressure in the perfused limb. This is in fact dependent
not only on the pressure exerted by the pump but also on
the resistance to flow exerted by the rigid tubing and the
narrowest part of the circuit, which in this case is

usually at the tip of the arterial cannula.

The relationship between the drop in pressure across a
rigid tube and the flow through the tube is expressed by
Poiseuille’s equation which states that

8u.L
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where Q = the flow through the tube, (P1-P;) = the drop in
pressure across the tube, u = the viscosity of the fluid,
L = the length of the tube, and r = the radius of the

tube. This equation can be re-written to give

4

pi.r
So for a fluid of given viscosity "u" flowing through a
rigid tube, the pressure drop across the tube is directly
proportional to the length of the tube and the flow, and

inversely proportional to the fourth power of the radius
of the tube.

This relationship can be modified to apply also to
iocalised narrowings or stenoses which, in effect, can be
regarded as short sections of rigid tubing. Rodbard414

expressed this as follows:

Q = C.A V(Py-P3)
or
Py-Pp = _0Q2
c2.a2
where A = the cross sectional area of the stenosis (pi.rz)
and C is a factor dependent on other features of the

narrowing, termed the Coefficient of Contraction.
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In other words, while the pressure drop across an orifice
is inversely proportional to the fourth power of the
radius, it is directly proportional to the square of the
flow through it ( cf. pressure drop across a rigid tube,

above ).

In considering the isolated perfusion circuit, we can
therefore predict that the true arterial pressure may be
considerably lower than that measured in the arterial
tubing, the difference being dependent on the length and
calibre of the arterial tubing and cannula, the radius of
the orifice at the tip of the cannula, and the flow rate.
Furthermore, at very high flow rates the pressure
difference increases disproportionately due to the onset
of turbulent flow.

' Wieberdink415 has derived curves to predict the
difference between the inflow and outflow pressures across
the arterial cannulae which are commonly used for isolated
limb perfusion in one centre. This method gives a better
estimate of the true intra-arterial pressure, but the
curves would have to be recalculated for each perfusion
centre according to the viscosity of the perfusate and the
commercial brand of cannula wused. A simpler and more
reproducible method would be the direct measurement of the
intra-arterial pressure in the perfused 1limb. Fontijne
and colleagues reported the use of the smaller channel of
a double-lumen arterial cannula for this purpose416. They
confirmed that the pressure measured in the extracorporeal
circuit did not accurately reflect the true intra-arterial

pressure and that it always grossly underestimated this
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value, the difference ranging from 62mmHg to as much as
153mmHg. Another method of achieving this direct arterial
pressure measurement would be the placement of a
peripheral arterial cannula connected to a pressure

transducer.

3.2.3 Assessment of Cutaneous Perfusion

Effective assessment of skin perfusion during ILP
requires a technique of continuous measurement and cannot,
therefore, rely on the measurement of substances which
accumulate in the tissues with the possibility of
saturation being reached. Several potential markers exist
within the isolated circulation but most of these would be
unsuitable for this purpose. These include fluorescein
which accumulates in the tissues, and
radioisotope-labelled proteins ( often used 1in ILP as
markers of leakage of perfusate to the systemic
circulation ) which tend to remain within the
intravascular compartment and whose exact location in the
vascular tree ( artery, arteriole, capillary, venule, vein
) would be difficult to establish. A reliable marker of
capillary circulation must have the ability to diffuse
through the capillary walls in order to distinguish it
from other purely intravascular substances. In
hyperthermic isolated limb perfusion, the temperature of
the skin should vary in response- to changes in the
cutaneous perfusion. However the perfusate is not the

only source of heat, the other being the heated water

-185-



blanket  wrapped round the limb. The relative
contributions of these two heat sources to the final
temperature of the skin would be difficult to determine,
especially at tissue temperatures lower than that of the
blanket.

Oxygen diffuses out of the blood via the capillaries and
through the tissues, and because of its consumption by the
tissues does not accumulate significantly. Although the
skin is also exposed to oxygen from the atmosphere, only
the outer dead layer of the skin is exposed to this second
source. The conductivity of this layer for oxygen is
normally so low that measurement of the oxygen tension on
the skin surface using a technique which excludes the
atmosphere from the immediate vicinity of the measurement
site should reflect diffusion of oxygen from the
capillaries only. This 1s known as the transcutaneous
oxygen tension measurement (PtcOy) and 1is further
discussed below ( see Section 3.2.4 ).

In order to understand the significance of transcutaneous
oxygen tension measurement in the assessment of cutaneous
perfusion, it is important to appreciate the anatomical

structure of the cutaneous circulation.

Blood supply of the skin

The blood supply of skin comes from subdermal and
subpapillary arteriolar plexuses. These give rise to
"hair-pin" capillary loops which in turn drain into dermal

venous plexuses. The capillary loops penetrate into the
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dermal papillae and thus bring blood into close proximity
with the cells of the 1living layer of the epidermis
(Figure 11). The muscle of the arteriolar plexuses
controls the inflow of blood to these capillary 1loops by
vasoconstriction or vasodilatation. This is normally
determined by neural, chemical and hormonal influences.
However heat can cause maximal vasodilatation to occur

independently of these other factors417,

The anatomy of the capillary loop allows it to function
as a countercurrent exchange system so that the oxygen
tension at the apex of the loop is somewhat lower than the
incoming arterial oxygen tension418, The magnitude of
this difference will depend mainly on flow through the
loop : the slower the flow, the greater the difference.
However, in conditions of maximal vasodilatation, flow
through the loop can increase to such an extent that the
exchange of oxygen between the 1limbs of the 1loop is
minimal, and in this situation the oxygen tension at the
épex of the loop approaches the incoming arterial oxygen
tension (PaOj).

From the apex of the loop, oxygen can diffuse out through
the tissues and towards the skin surface. As it does so,
it is consumed to some extent by the cells of the living
layer of the epidermis thus lowering its partial pressure
in the tissues. This is further reduced by the resistance
of the tissues to the diffusion of oxygen, especially in

the dead layer of the epidermis, the stratum corneum.
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Figqure 11 :
Diagrammatic representation of the skin vasculature.

The subdermal arteriolar plexus (SD,) supplies the
subpapillary arteriolar plexus (SPy) wgich in turn gives
rise to the network of "hair-pin" "capillary 1loops (L.).
These project into the dermal papillae and drain via ghe
subpapillary (SPy), dermal (D;) and subdermal (SDy,) venous
plexuses.
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The oxygen tension measured at the skin surface will
therefore be a function of all these factors and can be

expressed as follows :
Skin surface PO, = PaOj; - (dPOZ[Cap] + dPoZ[epid])

where dPO2[cap] represents the drop in partial pressure of
oxygen between the arteriole and the apex of the capillary
loop as a result of oxygen diffusion and the
countercurrent exchange shunt, and dPOZ[epid] represents
the drop in partial pressure of oxygen across the
epidermis as a result of oxygen consumption and resistance

to oxygen diffusion.

3.2.4 [Transcutaneous Oxygen Tension (PtcO,)

Clark, in 1956, designed a polarographic electrode which
measured oxygen tension in fluid and tissues by recording
the current generated by reduction of the oxygen at the
qathode419. This now forms the basis of most blood gas
analysers. The "Clark’s cell"” waé also incorporated into
a tissue probe in the hope that it might allow
non-invasive estimation of the arterial oxygen tension
but, in the initial studies of this approach, it was found
that the measurements made on the skin surface were much
lower than the true arterial oxygen tension%20,421  op
the other hand, when vasodilatation was induced chemically

or by ultraviolet 1light the difference was reduced.

Thereafter, other investigators used a heated probe to
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induce vasodilatation and found that by "arterialising"
the capillary blood flow in this way, they obtained a
good correlation between the oxygen tension measured at
the skin surface and that in arterial blood422,423, rThe
principal effects of heat on the oxygen tension measured

at the skin surface are believed to be
fourfold417'424'423 .

[1] it induces maximal vasodilatation, thereby increasing
the flow through the capillary loop. As a result, the
effect of the countercurrent mechanism of the capillary
loop 1is negated and the capillary oxygen tension

approaches the inflowing arterial oxygen tension.

[2] at raised temperatures, the lipid structure of cell
membranes is altered, allowing oxygen to diffuse more
readily through tissues, especially in the relatively

impermeable stratum corneum of the skin.

[3] heat 1is one of the factors which cause the
oxygen-haemoglobin dissociation curve to shift to the
right. 1In other words, a constant oxygen content in blood
exerts a higher partial pressure at higher temperatures.
This increase has been estimated to be in the region of

1.0-7.4% per degree C 417,424,427
[4] respiration by normal cells is increased at raised

temperatures leading to a greater consumption of oxygen by

the skin.
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The first two effects tend to reduce the difference
between the arterial and skin surface oxygen tensions.
The third effect results in an "artificial" increase in
the oxygen tension; this is balanced by the increased
oxygen consumption in the tissues. The overall balance is
therefore dependent on the blood flow through the
capillary network and the resistance of the tissues to
oxygen diffusion427, This is a function of skin thickness
and all investigators have shown a_mucﬁ better agreement
between arterial and skin surface oxygen tensions in
children and neonates than in adults%17,424,426,428,429
However, if the skin 1is heated to 43-44°C a good
correlation is obtained, even in adults. It has therefore
been possible to use this technique for continuous
monitoring of blood gas tension in neonatal and paediatric

medicine as well as in adult intensive care units.

In haemodynamically compromised adults, the correlation
between transcutaneous oxygen tension (PtcOjy) and arterial
oxygen tension (Pa0Oy) is poor. This has sometimes been
quoted as a 1limitation of the applicability of this
technique#30. However, since this method measures the PO,
diffusing through the tissues ( in this case, skin ), it
must depend on both the oxygenation of the arterial blood
and the distribution of blood to the tissues. In
haemodynamically stable patients, conditions of maximal
vasodilatation such as those produced by heating the skin
to 44°C produce complete arterialisation of the capillary
blood, so that the PO, at the apex of the capillary loop
is equal to the incoming PaO,. In this situation, the
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PtcO, 1is "flow in&ependent" 417 and can be regarded as a
measure of PaO,. However, if circulatory disturbances
occur, the heat-induced vasodilatation will be maintained
so that, in the absence of any change in the blood
oxygenation, changes in the PtcOy will reflect the
perfusion of the papillary and subdermal plexuses and will
therefore act as a measure of peripheral blood flow and
blood pressure417'425'428'429'431'432'433. In addition,
most currently available PtcO, monitors record a second
measurement : this is the power supplied to the heating
element to maintain the preselected temperature. Blood
flow under the probe will tend to dissipate heat away from
the site of the probe. Increases and decreases of blood
flow will therefore be reflected by similar changes in the
heating power recorded424,427,434,435

Rather than limiting its usefulness, these features have
increased the applicability of PtcO, measurement in other
fields. The technique has been advocated for the
continuous assessment of haemodynamic status in conditions
of low flow shock?26 and for the assessment of viability
of skin flaps 1in plastic surgery436. Furthermore, the
technique has proved useful in assessing the severity
of peripheral vascular disease?32,437-439 apnqd has been
recommended as a method for selecting the best level for
limb amputation with reduction of stump healing
problems44°'441.

The structure of the currently used transcutaneous oxygen
tension probes is shown diagrammatically in Figure 12. 1In
the early reports of the technique, one author suggested

heating the cathode itself to generate the desired
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Fiqure 12 :
Diagrammatic representation of the transcutaneous oxygen

tension (PtcO,) probe.

a. cable f. heating coil

b. probe casing - g. fixation ring

c. thermistor h. skin

d. cathode (Pt) i. teflon or cellophane membrane

e. anode (Ag)
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hyperthermia424. The disadvantage of this suggestion,
however, was that the larger surface area of the cathode
necessary for this also resulted in greater consumption of
oxygen by the electrode. Most probes now incorporate a
separate heating element ( as shown in Fig. 12 ). The
electrodes are bathed in fluid enclosed by a cellophane or
teflon membrane. The probe is fixed to the skin by means
of an adhesive fixing ring, and air is excluded from the
probe-skin interface by application of contact fluid.
This has the additional effect of hydrating the stratum
corneum, thereby making it more permeable to oxygen. The
various influences of heating and hydrating the skin on
the measured PO, ( see above ) tend to cancel each other
out, and the measured PtcO, is therefore dependent on the
arterial PO, and the capillary perfusion.

While measuring PtcO,, it is important to avoid pressure
on the probe as this can result in decreased local
perfusion through compression of the
capillaries421'424'442. Traction on the electrode wire
can also result in decreased capillary perfusion. Both
of these potential influences can be avoided by lightly
securing the probe and wire with tape.

In the studies described in this thesis, the E5242 PtcOj
electrode connected to the TCM2 PtcO; module ( both
Radiometer Ltd, Copenhagen ) were employed for all
ﬁeasurements of the transcutaneous oxygen tension ( Figure
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