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SUMMARY

Surgery remains the cornerstone in the treatment of malignant melanoma. The
surgical treatment of primary and recurrent limb malignant melanoma ranges from
wide local excision of the primary melanoma to elective and therapeutic lymph node
dissection. The delivery of a chemotherapeutic agent via an isolated limb perfusion
circuit has been available since 1957, yet its exact role remains to be defined.

The theme of this thesis is "how can the current management of limb malignant
melanoma be improved?"

The work in this thesis was carried out in the Vascular Unit, at Gartnavel General
Hospital, Glasgow and in the Animal and Scientific Laboratories of Glasgow
University. In 1984 isolated limb perfusion (ILP) using melphalan was made
available in Glasgow for the treatment of primary and recurrent limb malignant
melanoma and since then over 250 adjuvant and therapeutic ILPs have been
performed.

My analysis of the ILP results in the Glasgow unit showed that in the treatment of
primary melanoma, ILP confers an improved disease free interval and possibly a
small survival advantage. In the treatment of recurrent limb melanoma, therapeutic
ILP is effective in the control of local and regional recurrence. I have analysed the
results in specific subgroups of patients, i.e. when patients with subungual malignant
melanoma undergoing ILP were matched (for age, site and tumour thickness) with
patients treated with amputation only, no survival advantage was demonstrated in the
perfused patients. Having analysed these results, I then addressed the issue of how
the theoretically attractive concept of ILP could be improved and its role
convincingly established.

The components of my study are summarised below:

1) Improving the ILP circuit by:

a) Introducing pulsatility to assess if it may be physiologically superior.

b) Avoiding the compartment syndrome.

c) Using a vasodilator to increase transcutaneous oxygen.

2) Assessing laser ablation as an alternative therapy for recurrent melanoma.
3) Accurate staging of malignant melanoma using lymphatic mapping.

4) Targeting radiotherapy in an animal model.
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1) Improving the ILP circuit

Isolated limb perfusion was developed to maximise drug delivery to the target tissue
while minimising systemic toxicity. It has been shown that an increase in the skin
oxygen tension in the isolated circuit can potentiate the action of the
chemotherapeutic agent and may have a selective tumouricidal action.

It was surprising to discover that since the introduction of ILP over 30 years ago,
there have been virtually no changes in the basic circuit. Performing clinical studies
on ILP patients is a difficult problem, since even in a regional centre, only 3040
patients each year will be treated by ILP and not all these patients are appropriate for
study. Nonetheless, I was determined to attempt to address several basic issues
previously ignored:

Pulsatility

1(a) One obvious feature of the ILP circuit that is not physiological is the delivery of
the perfusate in a non pulsatile manner via a simple roller pump although pulsatility
is an obvious feature of blood flow in arteries. A non randomised study was
conducted to investigate if introducing pulsatility into the circuit would confer
physiological advantages.

Twenty-two patients were studied. Pulsatility was introduced using a Stockert
Frequency Control Module and blood flow was synchronised to the
electrocardiogram of the patient. Twenty-two patients matched for sex, age, site and
level of perfusion using the standard continuous flow circuit were used as controls.
Using pulsatile flow, the time taken to reach physiological skin oxygen saturation
was reduced. There was less fluctuation in levels of oxygen tension and there was
less fluid shift in the circuit compared to the non pulsatile group. However, there was
no significant difference in the maximum oxygen tension achieved between the
pulsatile and non pulsatile group. Introduction of pulsatility into the ILP circuit is a
simple and safe modification that appears to offer physiological advantages over non
pulsatile blood flow.

Compartment pressure

1(b) Treatment by ILP can predispose to the development of a compartment
syndrome in the limb and some investigators thus perform routine prophylactic
fasciotomy after ILP. A non randomised study was conducted to determine if there
was a significant increase in the compartment pressures during ILP and whether the
nature of blood flow in the circuit effected these pressures.
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Sixteen patients were studied. Eight patients had non pulsatile ILP whilst 8 had
pulsatile ILP. The rate of rise of the compartment pressures in the non pulsatile group
was significantly greater than in the pulsatile group (p < 0.001). The time taken for
the tissue oxygen levels to rise to physiological values was significantly lower in the
pulsatile group than in the non pulsatile group (p = 0.002). These results suggest that
the routinely used mode of non pulsatile blood flow in the ILP circuit has the
significant disadvantage of greater rate of rise of compartment pressure when
compared to pulsatile blood flow. Since the introduction of pulsatility in the
operation of the ILP circuit, neither routine prophylactic nor therapeutic fasciotomy
has been needed.

Role of Vasodilator

Ic) Several reports have shown that vasoactive drugs can significantly affect the
nature of blood flow in both experimental tumours in rodents and human tumours. A
study was set up to assess the efficacy of vasodilator agents to improve oxygenation
in the ILP circuit and potentiate the effects of melphalan. The study was conducted
using verapamil hydrochloride in twenty-one patients undergoing ILP. Results of
this study showed that this agent produced a significant fall in the peripheral arterial
pressure. As the pressures fell, there was a proportional fall in the transcutaneous
oxygen tension. Despite the theoretical advantage of the use of vasodilators in
chemotherapy, the present study showed that the use of verapamil hydrochloride
offers no measurable advantage in the ILP circuit.

2) Assessing laser ablation as an alternative therapy for recurrent
melanoma

In Glasgow, ILP is the treatment of choice for the control of recurrent limb malignant
melanoma. However not all patients are suitable for this treatment. When cutaneous
metastases from malignant melanoma are untreated, they inevitably enlarge in size,
ulcerate and become painful. A study was carried out to assess whether a carbon
dioxide laser can be used as an effective alternative to ILP in the control of cutaneous
metastases. Fourteen patients who were unsuitable for ILP or had failed ILP were
recruited into this study. Results showed that in patients with non nodal regional
recurrence, when ILP had failed or was unsuitable, carbon dioxide laser therapy is a
safe and effective alternative treatment in the palliation of cutaneous recurrence from
malignant melanoma.
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3) Accurate staging of malignant melanoma using lymphatic
mapping

The prognosis of malignant melanoma is ultimately related to the stage of the disease.
If staging is incorrect, the patient may not receive appropriate treatment. Controversy
surrounds the role of elective of elective lymphadenectomy. If a technique could be
developed to identify patients with occult nodal disease, these patients may be
selected for elective lymphadenectomy. Intraoperative lymphatic mapping is such a
technique which has been developed on the assumption that metastases embolise via
lymphatic channels to regional nodes.

Although the technique was reported in 1992, no other workers had been able to
replicate the original results. I therefore studied the method in a group of 30 patients.
Sentinel nodes were identified in all 30 patients. Eight nodes contained
micrometastases. Our evaluation of intraoperative lymphatic mapping shows the
method to be promising. The technique is practical and easy to master. If 32% of
patients with cutaneous malignant melanoma who are clinically stage 1 have nodal
disease, this has great importance in the staging and treatment of disease and for all
therapeutic trials in the future. This technique may have potential application in other
tumours that metastasise via the lymphatics.

4) Targeting radiotherapy in animal model

The main difficulty for the clinician treating malignant melanoma is that early
random metastases occur. If a melanoma specific compound could be labelled with
an appropriate radioisotope, this compound could be used to scavenge and destroy
melanoma cells beyond the limits of clinical detectability. Targeted radiotherapy is
such a treatment that allows deposition of a high radiation dose in targeted tissue with
little exposure to the surrounding structures. Methylene blue has been shown to have
a high affinity for melanin. A study was designed to assess the efficacy of radioactive
iodine labelled to methylene blue to target melanoma cells in nude mice.

Radioisotopes of iodine were injected into 3 groups of nude mice with B16/F10
mouse melanoma. Group A (controls) received tumour cells subcutaneously, Group
B received a subcutaneous mixture of tumour cells and radioactive labelled
methylene blue and Group C received tumour cells subcutaneously and on
macroscopic evidence of tumour growth received intravenous radioactive labelled
methylene blue into the tail vein.
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Parallel experiments were performed on B16/F10 melanoma cells grown as plate
cultures. In both the animal experiments and the cell cultures, the effects of different
isotopes were compared. Tumour growth was delayed in the treated groups and the
effect was maximal using iodine 125. Targeted radiotherapy using iodine 125
labelled methylene blue may now be clinically possible. The isolated circuit is the
obvious vehicle for such a treatment modality.

The overall aim of this thesis was to find ways of improving the efficacy of ILP as a
treatment for limb malignant melanoma. My studies have shown that:

1) Pulsatile flow is both logical, easy to produce and confers physiological
advantages. The risk of a compartment syndrome in the perfused limb can be
considerably reduced.

2) Local laser therapy is a safe and practical alternative for the palliation of local
recurrence when ILP is not possible or has failed.

3) Accurate disease staging can be achieved using an intraoperative technique which
may have important implications for future studies.

4) An animal model was successfully established showing that targeted radiotherapy
is effective and that this mode of treatment may become a clinical possibility for
patients with malignant melanoma.
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CHAPTER 1

INTRODUCTION

1.1 HISTORY OF MALIGNANT MELANOMA
1.1.1 18TH AND 19TH CENTURY

John Hunter was the first to publish an account of melanoma in 1787 after removing a
recurrent lesion from behind the angle of the jaw of a 35 year old man. He did not
name the disease as such but in describing the lesion stated, ‘part of it was white and
part spongy, soft and black'. He called it "cancerous fungous excrescence.”" Hunter's
original specimen in the Royal College of Surgeons of England was examined in
1968 and confirmed to be a melanoma, probably a secondary deposit from an
unknown primary tumourl,

It was Rene Laennec, in 1806 who is accredited with the first description of
melanoma as a disease entity. In 1812 he actually used the word melanosis which he
said was derived from the Greek word meaning "black"2.

Fourteen years after Laennec's first description of melanotic growth the first
melanoma was described in England by William Norris. It is interesting to note that
he was the grandson of John Hunter. Norris, although a country practitioner so loved
his profession that he would carry out a complete necropsy in private practice and ride
20 miles for a sight of a case of melanomic sarcoma3. His first patient was a 59 year
old fair complexioned and light haired man who presented with a tumour midway
between the umbilicus and pubis?. Norris excised this lesion only to find that it
recurred six weeks later in the scar. He noted that the patient remained in good health
until just before his death. Norris performed the post-mortem himself and his
enthusiasm for pathology can be seen from this account below.

"When the abdomen, chest and cranium were thrown open, it was a most
extraordinary phenomenon; thousands upon thousands of coal black spots of circular
shape and various sizes were to be seen clearly dotting the shining mucous, serous
and fibrous membranes of most vital organs: I should think the most dazzling sight
ever beheld by the morbid anatomist. I shall never forget the pleasing thrill which
came over me when I first beheld them. It would have puzzled the most powerful
descriptive talents to have done full justice to such a novel and striking disease
displayed so beautifully in the endless profusion everywhere3."
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He later found out that his patient's father had also died of melanoma and commented,
"he was not acquainted with any case affording so strong probability of the hereditary
nature of the disease".

In the 19th century, many other descriptions of primary melanoma were published.
In 1834, David William6 probably gave the first description of the horizontal and
vertical growth phases of a superficial spreading melanoma and in 1837 Isaac
Parrish7 reported the first case of melanoma in America.

In 1838, Robert Carswell8 in his "Tllustrations of Elementary Forms of Disease" sub-
divided melanoma into two groups; true melanosis and spurious melanosis, and
described four modifications - punctiform, tuberiform, stratiform and liquiform. He
was the first to coin the term melanoma. In 1851, the first case of surgical excision of
a metastatic melanoma was published in the Lancet by Mr Ferguson?, who removed a
groin secondary from a 45 year old woman who two years previously had had a dark
tumour excised from the mons veneris.

In 1853, Sir James Paget!0 presented a relatively large series of 45 patients with
"melanoma cancer”. In his series, there were 27 women and 18 men of whom 20
were between the ages of 20 and 60 years. The primary lesion was removed in 18
patients of whom only 5 were alive at two years. In his famous work "Lectures on
Surgical Pathology!0", he reported that in "spurious melanoma" there was blacking of
various structures whose only common character is that they are not tumours. He
emphasised that "melanomic cancers [were] ...... medullary cancers modified by the
formation of black pigment in their elemental structures".

Oliver Pemberton!! in 1858 presented a further 60 cases of melanoma, 33 men and
27 women, and described post-mortem appearances in 33 patients. He noted that
melanotic cancer occurred frequently in or near a "congenital wart or mole". He also
observed that "in colour melanosis has many shades. In its primary form it is almost
always brownish. Later the brown shade assumes every intensity of black.
Sometimes the first change is of a slate colour". Pemberton!! also reported the first
case of melanoma in a black person. The man was a 29 year old Madagascarian
whose lesion was located on the side of his foot but who despite a below knee
amputation died from disseminated disease. In 1857, Sir Jonathan Hutchisonl2
described the first case of subungual melanoma. He referred to it as a "melanotic
whitlow" because it resembled a whitlow!13.
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Towards the end of the 19th century more cases of melanoma were being reported
including an interesting article by Tennent14 in the Glasgow Medical Journal. He
comments, in a patient with advanced melanoma, that the urine had a greenish black
tint and felt this was probably the result of absorption of melanin, as at autopsy no
tumour was found in the urinary tract. He concluded, "the mode of origin,
development and progress of such a case of melanotic sarcoma strongly indicated the
propriety of the more frequent and prompt complete removal of moles or pigmented
spots by the hand of the surgeon14".

Joseph Coats!5 echoed Tennent's findings at a presentation to the Pathological and
Clinical Society of Glasgow where he stated, "outside the obvious boundaries of
tumour there are individual cells planted ....... which are capable of multiplying and
reproducing tumour tissue ...... when the surgeon removes a sarcoma, therefore he
may leave behind many cells ...... capable of forming tumour and so causing
recurrence. The operation should be so executed as to remove the tissue some
distance outside the apparent limits of the growth".

By the end of the 19th century, wide surgical excision of primary melanoma was well
established although controversies on lymph node dissection were being debated.
Herbert Snow16, in his lecture on melanotic cancerous diseases at the Cancer Hospital
in 1892, emphasised that "in the surgical treatment of melanoma, the skin tumour is
in the majority of cases very small but there is a tendency to rapidly infect the nearest
lymph glands. Palpable enlargement of these glands is unfortunately but a late
symptom of deposit therein ...... we thus see the utter futility of operative measures
which are addressed to the primary lesion only ...... we see the paramount importance
of securing whenever possible, the perfect eradication of these lymph glands which
will necessarily be first infected and before enlargement takes place radical removal
of such organs before they have undergone appreciable increase in bulk, is a safe and
easy measure which under the condition indicated should never be neglected”.

1.1.2 20TH CENTURY

From the accurate and careful observations made by the 19th century pioneers, it was
possible for William Sampson Handley3, after only studying a single autopsy
examination of a patient with melanoma, to present "The Pathology of Melanotic
Growth in Relation to Their Operative Treatment", at the Hunterian lectures. He
concluded "that the process of dissemination is initiated by the access of malignant
cells to the fine lymphatics, followed by the centrifugal spread of permeation along
the main lymphatic plexus into which the primary growth pours its lymph and by
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secondary permeation of small tributaries of this plexus ...... meanwhile invasion of
the bloodstream takes place either by local infiltration of veins from comitant
permeated lymphatics or malignant cells carried into the blood along the thoracic duct
from invaded lymphatic glands ...... mesoblastic cells of melanotic sarcoma are able
to thrive when lodged in a blood vessel. Thus, in later stages of melanotic sarcoma,
the slow process of lymphatic permeation usually recedes into insignificance and the
patient dies with almost universal deposits resulting from blood embolism". He felt
able to advocate wide local excision of the primary lesion, regional lymph node
dissection and amputation in selected cases of melanoma. This was to remain the
mainstay of treatment for the next fifty years until the question of the effectiveness of
lymphadenectomy arose.

Although many advances have been made in various aspects of melanoma, we owe a
lot to the early pioneers such as Norris, Paget, Pemberton and Handley who through
their dedication, made accurate and detailed observations of the disease and thus laid
the foundation upon which advances were possible. Many of their observations have
stood the test of time and are still pertinent in the modern day treatment and
prevention of melanoma.

1.2 EPIDEMIOLOGICAL FEATURES OF MALIGNANT MELANOMA

1.2.1 INCIDENCE

The world-wide incidence of malignant melanoma is increasing and this upward trend
has been sustained over several decades. The first increase was noted in Connecticut,
United States in the 1930's and later in Denmark in the 1940's and is now evident
world-widel7. In the United Kingdom, this increasing incidence is particularly
notable in women. Women have twice the incidence of melanoma than men in
England, Scotland and Wales and three times the incidence in Ireland!8. In 1979,
there were 2,095 new cases of melanoma in the UK. In 1984 this had increased to
2,624, an increase of 25%. Figure 1 shows changes in the number of patients
registered by the Scottish Melanoma Group between the years 1979 and 1986.

These figures depict a rise of 75% over seven years equivalent to 10.5% per year and
similar increases are reported in Scandinavia and Australia. Although it has been
estimated that approximately 70,000 new cases occur world-wide each yearl9, the
overall world incidence remains very low due to the small numbers occurring in Asia
where over half the world population lives. In the caucasian population, malignant
melanoma is now an important cause of death20,
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1.2.2 ANATOMICAL DISTRIBUTION

Melanoma in the white population occurs most frequently on the lower limb in
females and the trunk in males?l. However in the black population, melanoma is
commonly seen to affect the soles of the feet?2. The anatomical site of malignant
melanoma is reflected in the histology of the tumour23,24, e.g. superficial spreading
melanoma and nodular melanoma commonly occur on the trunk and lower limb
whilst lentigo maligna melanoma frequently occurs on the head and neck region and
on exposed body surfaces24.

L]

1.2.3 PLACE OF RESIDENCE AND BIRTH

Place of birth also appears to be an important factor in the incidence of melanoma.
This is most clearly seen in people who migrate from a country of low to one of high
incidence; initially such migrants tend to have a lower rate of melanoma than the
local population25.26 but with increasing duration of stay and an early age of
migration, the risk increases. Conversely this pattern is not, however, observed in
white migrants to Hawaii who tend to have a higher incidence of melanoma than
Hawaiian born whites27. This may be explained by the Southern European or mixed
race ancestry of the native whites28. A study conducted in Western Australia showed
that the age at arrival was a more useful predictor of risk than duration of residence2®.
Those who arrived before ten years of age were exposed to similar risks of developing
melanoma as native born Australians whilst arrival after that age conferred a relative
risk of approximately 0.529.

1.24 AGE AND SEX

Melanoma tends to occur in the young and middle aged but is rare before puberty.
The incidence rate rises steeply until 50 years of age, after which the rise slows
down30. Figure 2 shows the age-distribution and age-specific incidence of the rate of
melanoma in Scotland from 1979 to 1986. There is often a relationship between the
histological type of melanoma and the age at presentation. In the young and middle-
aged, superficial spreading and nodular melanoma are more common whereas in the
older patient lentigo maligna melanoma predominates. Although world-wide the
overall incidence of melanoma does not differ between the sexes, it has been shown
that in areas of low incidence, melanoma is commoner in males30 whereas female
predominance is seen in Northern Europe where the ratio of female to male is 2:1.
Survival after the diagnosis of melanoma is longer in women than in men31,32,
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1.2.5 RACE

Although melanoma is primarily a disease of the white population and is uncommon
in the black population, there is a variation in the incidence within the white
population, perhaps reflecting the ethnic background. For example, Hispanics have a
lower incidence of melanoma than other whites in United States30, It has also been
shown that people of Southern or Eastern European background have a lower risk of
developing melanoma than those who originate in Northern European or the United
Kingdom33,34,

1.2.6 SOCIAL CLASS

Both disease incidence and mortality rates from melanoma are noted as being highest
in the higher social classes35-36. It has been postulated that this may relate to
behavioural pattern. A typical representative of the higher social class tends to work
indoors and is more likely to be exposed to sharp short bursts of sunlight whilst a
person from a lower social class is often engaged in outdoor work and exposed to
constant sunlight and therefore at less risk of developing melanoma37.

1.2.7 FAMILY HISTORY AND PIGMENTARY TRAITS

Melanoma has long been known to run in families38. Holman and Armstrong3?
showed that a patient with one affected relative had a increase risk of 2.3 of
developing melanoma and with two affected relatives this more than doubled to 5.0
when compared to the patient with no affected relatives. Blue eyes, fair or red hair
and a pale complexion are risk factors for melanoma. Eye colour is a weak risk factor
with a relative risk of less than 2. Hair colour is the strongest predictor of all the
physical characteristics with a relative risk of 3 in persons with blonde or red hair.
Those with pale white skin who never tan and often burn and those who burn initially
and tan with difficulty have a relative risk of 3. A history of severe sunburn also
gives a relative risk of 339, The most practical method currently available for
screening a large population at risk for skin cancer is by determining the skin
phenotype. This technique of classifying the sun sensitivity of the skin is based on
the ability of the skin to tan.
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1.2.8 BENIGN MELANOCYTIC NAEVI

The presence of benign melanocytic naevi increases the risk of melanoma and the
relative risk increases with increasing number of naevi. Bain et al40 initially showed
a strong correlation between naevi in the lower limb and the development of
subsequent melanoma. Weinstock et al4l, in a later study, found that the number of
naevi on any site was not predictive of melanoma at that site. The presence of
dysplastic naevi is associated with a significant risk of melanoma. The Scottish
study#2 showed that naevi with irregular edges had a seventy fold increase in risk and
those with colour variation had a thirty fold increase in the risk of developing
melanoma. Holly et al*3 showed that the total number of naevi and atypical naevi
were both independent predictors of risk. However MacKie et al44 found that the
total number of naevi was a stronger predictor of risk than the number of atypical
naevi.

1.2.9 EXPOSURE TO SUNLIGHT

Several aetiologic agents have been proposed for melanoma of which exposure to
sunlight, especially ultraviolet B radiation, has received most attention.
Electromagnetic radiation from the sun can be divided into 3 bands: ultraviolet,
visible and infra-red. The ultraviolet portion is further divided into ultraviolet-C (200
to 290nm), ultraviolet-B (290 to 320nm) and ultraviolet-A (320 to 400nm). Only
ultraviolet B and A reach the earth's surface. The solar energy in the ultraviolet-C and
ultraviolet-B bands are absorbed by the earth's ozone layer. However as our ozone
layer becomes depleted, more ultraviolet-B rays penetrate the earth's atmosphere and
this may be one of the reasons for the increased incidence of melanoma.

In animal studies, ultraviolet radiation has been shown to induce neoplasia in
epidermal cells including melanocytes. In human skin it is absorbed by melanosome
in the melanocytes and increases melanin activity. The association between
melanoma and sun exposure is not a simple one. Studies relating risk of melanoma to
occupational exposure to sunlight have been inconclusive. Gallagher et al4> and
Holman et al*6 showed that with increasing occupational exposure there is a
decreasing risk of melanoma, whereas several other studies including those by Dubin
et al47 showed the opposite. Cook et al35 in New Zealand showed that outdoor
workers had a higher incidence of melanoma affecting the trunk. Holman et al46
showed that although outdoor workers had a lower incidence of melanoma than
indoor workers, the incidence of melanoma was higher on sites that were exposed to
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the sun. It is therefore difficult to be dogmatic on the effect of occupational exposure
to sunlight.

In contrast, in several studies, recreational or intermittent sun exposure has been
shown to to increase the risk of melanoma. People who sunbathe once or more a
week in summer have a relative risk of 2.6 of developing a superficial spreading
melanoma on the back. In women between the ages of 15 and 24, the risk of
melanoma has been related to the type of bathing suit. Those who wore a one piece
suit had a relative risk of 4.0 whilst for those who wore a two piece bathing suit or
none at all, the risk of developing melanoma of the trunk rose to 1346, It is unclear
whether the use of sunlamps and sunbeds increases the risk of the development of
malignant melanoma. Different studies have shown the risk to range from 0 to
2.948,49,50_ Tt is widely accepted that inappropriate use of such equipment is harmful
to the skin and almost certainly carcinogenic. MacKie et al3! showed a relative risk
of less than unity. However, none of these studies took into account the pattern of
exposure to the site at which the melanoma arose.

In summary, the main risk factors for melanoma seem to be high socio-economic
class, latitude of residence, white race, migration into an area of high incidence and
intermittent sun exposure. If the destruction of the earth's ozone layer continues then
ultraviolet-B radiation will increase at a rate of 1% to 2% for every 1% decrease in
ozone32,33, It has been estimated, provided there are no behavioural changes in the
population, that the incidence of melanoma will increase between 1% and 2% for
every 1% decrease in ozone layer53.

1.3 HISTOLOGY OF SKIN
1.3.1 STRUCTURE AND FUNCTION OF SKIN

The skin is the largest organ of the body. It is the frontier with the external
environment and its structure and functions all reflect this fact. Functions of the skin
include mechanical protection, melanin production that protects against ultraviolet
damage, vitamin D synthesis, thermal insulation, fat deposit reserve,
thermoregulation and sensory function. The skin is essentially divided into two
layers; the outer layer of ectodermal origin, the epidermis, and the inner layer of
mesodermal origin, the dermis. Figure 3 is a diagrammatic illustration of the
histology of skin.
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The epidermis consists of 4 layers - stratum basale, stratum spinosum, stratum
granulosum and stratum corneum. A fifth layer, stratum lucidum, is only seen in the
thick skin of the palm and sole. The surface cells of the epidermis are continuously
being shed and replaced by mitotic division in the basal layer (stratum basale).
Keratinocytes form 85% of all cells in the epidermis. As the keratinocytes migrate
from stratum basale to stratum corneum, they mature from nucleated cells to flat
anucleated squames. Their main function is to provide an impermeable barrier.
Other cells of the epidermis include melanocytes, Langerhans cells and Merkel cells.
Melanocyte cells produce melanin, which has a photoprotective action.

The epidermis is firmly attached to, supported and nourished by the dermis, a thick
layer of fibrous connective tissue. Although epidermis and dermis constitute the skin
in the strict sense, beneath the dermis is a layer of loose connective tissue that forms
the subcutaneous adipose tissue.

1.3.2 MELANOCYTE, MELANOGENESIS AND SKIN PIGMENTATION

Melanocytes synthesise the pigment called melanin. They are found deep in the basal
layer of the epidermis. They are dendritic in form. Melanin appears in their
cytoplasm in melanosomes which are oval or spherical bodies. These melanosomes
are transferred to keratinocytes through the end feet of the dendritic processes. Each
melanocyte is associated with a number of keratinocytes and together they constitute
an epidermal-melanin unit. Figure 4 shows a diagrammatic illustration of an
epidermal-melanin unit.

There are about 1000 melanocytes per square millimetre of epidermis. Racial
difference is not due to increased number of melanocytes but to increased
melanogenesis with slightly larger melanosomes. Melanosomes transferred to
keratinocytes are broken down more slowly in Negroid than in Caucasian skin by
lysosomal enzymes.

Melanocytes contain the copper dependent enzyme tryrosinase (DOPA Oxidase).
This enzyme stimulates a sequence of reactions that convert the substance tyrosine
(derived from essential amino acid phenylalanine) to stable insoluble melanin.
Dihydroxyphenylalanine (DOPA) is formed by oxidation of tyrosine and further
reaction results in formation of dopaquinone. Eumelanin, a brown or black pigment,
is then formed by random polymerisation of dopaquinone. Figure 5 illustrates the
synthetic pathway of melanogenesis.




ornified layer

Granular layer

Malpighian or prickle

cell layer (nucleated)
Basal or germinative layer
Basement membrane zone

Dermis

Figure 3 Diagrammatic illustration ofthe histology ofskin
(courtesy of Professor R M MacKie)

Keratinocytes
Melanin granules

Melanocyte 1
Basement membrane

Figure 4 Diagrammatic illustration ofan epidermal-melanin unit

(courtesy of Professor R M MacKie)



Dopa
*

*

Cysteine
Indole

Intermediates

Cysteinyldopa

N/

Eumelanins Intermeshing

Phaeomelanins

Mixed type polymer melanins

*Asterisks indicate

sites of tyrosinase activity

Figure 5  Synthetic pathway of melanogenesis.



32

Genetic factors act at various stages in the process of melanogenesis but also affect
migration from neural crest, melanocyte morphology, melanosomal structure,
tyrosinase activity, types of melanin synthesis, melanin transfer to keratinocyte and
melanosomal degeneration.

Exposure to sunlight leads to some darkening of skin within five minutes. This is
due to migration and redistribution of already existing melanosomes from deep to
more superficial keratinocytes and to oxidation reaction. This immediate darkening,
which lasts fifteen minutes after cessation of exposure, is responsible for the well
known 'false tan'. New pigment formation occurs 24 hours after exposure. More
melanosomes are produced and transferred to surrounding keratinocytes.

Ultraviolet light may act by blocking the action of reduced glutathione, a local
inhibitor of melanogenesis. It interferes with the function of tyrosinase, combining
with the copper in the enzyme and forming complexes with intermediates produced
during the conversion of tyrosine to melanin. Although melanin synthesis is
stimulated by certain pituitary melanotrophic hormones in animals, this is not so in
man. Oestrogens and progestogens also stimulate melanocyte function.

1.4 CLINICAL AND PATHOLOGICAL FEATURES OF MALIGNANT
MELANOMA

Malignant melanoma is a tumour of epidermal melanocytes. The tumour is
characterised by a biphasic growth pattern, with radial and vertical phases. During
the radial growth phase, the primary melanoma undergoes centrifugal enlargement.
The lesions tend to be relatively flat with irregular outlines but their overall shape is
circular or oval. This phase may persist for years and has little tendency to
metastasise. Surgery at this stage is likely to be curative.

The vertical growth phase which subsequently appears as a focal nodularity within
the flat lesion represents a new and distinctive clone of tumour cells. Growth is more
rapid than the radial phase, with invasion of the underlying connective tissue
including blood and lymph vessels. Chromosomal studies have shown differences
between the melanocytes in these two phases. Melanoma cells in the radial phase
show abnormalities at chromosome 6; melanoma cells of the vertical growth phase
show deletions, translocations and duplication at chromosomes 1, 6 and 7, as do cells
of metastatic melanoma34,
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There are four major types of malignant melanoma:

1) Superficial spreading melanoma
2) Nodular melanoma

3) Lentigo maligna melanoma

4) Acral melanoma

1.4.1 SUPERFICIAL SPREADING MELANOMA (SSM)

This accounts for about 70% of all melanoma and commonly occurs in the lower
limbs in women and on the back in men. SSM develops both on sun exposed and
covered surfaces. The lesion tends to be uniform in contour with an irregular
indefinite border. It is often multi-coloured, displaying a mosaic of black, brown, tan,
blue, red and white. Figure 6 shows a typical SSM lesion. During the radial phase of
growth, atypical melanocytes also spread along the dermal-epidermal junction. It is
the dermal component that produces the epidermal thickening characteristic of SSM,
hence the elevated surface and palpable margins.

1.4.2 NODULAR MELANOMA (NM)

Nodular melanoma has the most aggressive clinical course and accounts for 15-30%
of melanoma and is more common in men than in women. These lesions grow very
rapidly and are often difficult to diagnose, commonly being mistaken for vascular
lesions. It occurs most frequently on the trunk, head and neck. Nodular melanoma
exhibits a monophasic growth pattern with vertical growth phase from the outset.
NM, as the name suggests, presents as a dome shaped spherical lesion which is
smooth or ulcerating. The lesion is generally darker and more uniform in colour than
SSM and may resemble a haemangioma. Bleeding is a relatively early sign. The
lesions in most cases at the time of clinical detection have already invaded the
underlying connective tissue. Polypoidal nodular melanoma behaves in a particularly
aggressive manner. About 5% of nodular melanoma lack pigment altogether. Figure
7 shows a typical NM lesion.

1.4.3 LENTIGO MALIGNA MELANOMA (LMM)

This form of melanoma is characterised by a prolonged radial growth phase. In this
radial growth phase, the in situ melanoma is known as lentigo maligna. These lesions



Figure 6 Typical superficial spreading malignant melanoma
(courtesy of Professor R M MacKie)

Figure 7 Typical nodular malignant melanoma
(courtesy of Professor R M MacKie)
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account for 10% of all melanoma and are typically found in the elderly on sun
exposed surfaces, especially the head, neck and face.

It is usually a tan to brown patch speckled with minute brown to black flecks. It is
characteristically impalpable and palpability indicates dermal invasion. The
proliferation of atypical melanocytes is essentially confined to the epidermis.
Progression into an invasive lesion clinically presents as one or more blue to black
nodules or an area of induration. Figure 8 shows a typical LMM lesion.

1.44 ACRAL MELANOMA (AM)

Acral melanoma characteristically occurs on the palm or sole. In the United
Kingdom, eight times as many are found on the side of the sole of the foot as on the
palm. Acral melanoma has mixed histological features, the common type being acral
lentigo melanoma. This represents 2% to 8% of melanoma in whites but
substantially more occur in dark skinned patients (35%-90%). The lesion is typically
flat with a mosaic pattern of tan, dark brown and black with irregular and ill defined
borders. Figure 9 shows a typical acral melanoma. As the lesion advances, the
borders become highly irregular and notched. An important variant of acral
melanoma is the subungual melanoma. The great toe and thumb are most often
affected. Subungual melanoma represents 2% to 3% of melanoma in whites but a
higher percentage in black people. It may present as a split nail, ulceration with
bloody crusts or a longitudinal black or brown streak in the nail bed. An irregular tan
brown colour that diffuses proximally to the cuticle to involve the posterior nail fold
is an ominous finding associated with advanced disease.

In summary, malignant pigmented lesions exhibit disorganisation, irregular shape and
chaotic pigmentation whereas benign lesions tend to show order in colour, symmetry,
regular border and uniformity.

1.5 STAGING AND PROGNOSTIC FACTORS OF
MALIGNANT MELANOMA

1.5.1 STAGING

The staging of melanoma is of critical importance. It determines appropriate
treatment, prognostic assessment and makes it possible to compare treatment world-
wide. Unfortunately there is no universally agreed staging system. The first widely
used staging system recognised three stagesS3.



Figure 8 Typical lentigo maligna melanoma

(courtesy of Professor R M MacKie)

Figure 9 Typical acral malignant melanoma
(courtesy of Professor R M.MacKie)
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The greatest asset of the 3-stage system was its simplicity, but it failed to reflect
prognostic groups. At the M. D. Anderson Cancer Centre36 in Houston, Texas, a 4~
stage system was devised which addressed a sub stage of melanoma patients with
local recurrence, in transit metastases or satellite disease who were suitable for
hyperthermic limb perfusion. This staging was introduced before the importance of
tumour thickness and level of invasion were appreciated.

In 1978, the Union Internationale Contra le Cancer (UICC)37 incorporated these
prognostic factors in their staging system. This staging system was in part based on
the concept that malignant cells tended to spread first to the regional lymph nodes and
from there via the thoracic duct lymph to the bloodstream and viscera.

In 1983, the Melanoma Subcommittee of the American Joint Committee on Cancer
(AJCC) derived a 4-stage system based on the TNM System38,59. The AJCC System
addressed the deficiencies in other systems and was able to produce a system better at
discriminating risk in patients with early melanoma. Unfortunately, unlike the other
TNM Staging, the AJCC System was neither accepted nor used universally. The
failings of all these systems were addressed when the AJCC and the UICC produced a
mutually acceptable TNM/pTNM Staging for all tumours60:61,

When clinical diagnostic staging is being carried out, a careful examination is
necessary and should include details of primary tumour size, nodularity, ulceration,
satellite lesions and palpation for in transit and regional node metastases. To aid
clinical staging a chest X-ray, CT scan of chest and abdomen and radioisotope studies
of lymph nodes, gallium scan and lymphangiography may be helpful. The staging
used in this thesis is the M. D. Anderson Cancer Centre Staging which is listed
below:

Stage I Primary Melanoma
IA: Intact primary melanoma
IB: Primary melanoma locally excised
IC: Multiple primaries

Stage II Local recurrence or local metastases within 3 cm of the primary
site
Stage III Regional metastases

IMA: Tissues excluding nodes
IIIB: Node(s)
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[IAB: Skin etc, plus node(s)

Stage IV Distant metastases
IVA: Cutaneous metastases only
IVB: Any visceral metastases

1.5.2 PROGNOSTIC FACTORS: PATHOLOGICAL FACTORS

The first prognostic parameter for melanoma was identified by Allen and Spitz62 in
1953 when they observed that superficial tumours had a better prognosis than deeply
invasive ones. Mehnert and Heard® introduced a system of four levels of micro-
invasion which later Clark64 modified by introducing a special Level Il and his
nomenclature became internationally accepted. A year later, Alexander Breslow55
showed that tumour thickness provided a simpler and more objective method of
predicting prognosis.

He defined thickness as the distance in millimetres (mm) from the granular layer in
the epidermis to the deepest invasive tumour cell in the underlying dermis. This has
been shown to be the single most important factor in the prediction of survival63.66,
Importantly, this measurement is both objective and reproducible.  Several
investigators have attempted to identify other parameters that have predictive value
for survival and metastasis. These factors include mitotic rate, ulceration, phase of
tumour growth, host response, vascular invasion and microscopic satellitesé”7. None
is as important as Breslow thickness.

TUMOUR THICKNESS - Breslow thickness is the single most important factor for
prognosis. The determination of tumour thickness is easy and reproducible.
Thickness may have less predictive value on prognosis in ulcerated melanoma, in
melanoma with marked hyperplastic epidermis which leads to over-estimation and in
desmoplastic neurotropic melanoma when over-estimation leads to poorer prognosis.
It is difficult to measure thickness accurately in subungual melanoma.

LEVEL OF INVASION - The Clark64 system is divided into 5 levels: I -
intraepidermal, II - papillary dermis, III - interface between papillary and reticular
dermis, IV - reticular dermis and V - subcutaneous fat. This method has
disadvantages in that there are difficulties in identifying landmarks at some sites thus
making it difficult to reproduce. There is also a greater interobserver variation than
with Breslow thickness. Clark68,69 level of invasion can be used for microstaging in
cases when two tumours are of the same thickness, thus giving a different prognosis.
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MITOTIC RATE - many studies have shown a significant relationship between
mitotic activity and prognosis, especially in the vertical growth phase70,71,72, The
prognostic effect of mitotic rate varies in different thickness and location subsets, and
appears to be most important in tumours that are of 'intermediate’ thickness (tumours
1.51 - 3.99mm thick). Elder et al’l showed that the overall five year survival in
patients with intermediate thickness tumour was 70%. However, patients with a
mitotic rate of <6/mm? had an 80% survival whilst the remainder had a 40%
survival’2, Using this argument Schmoeckel and Brown Falco?3 suggested an
alternative prognostic index than thickness alone but this formula has not been widely
accepted.

PHASE OF TUMOUR GROWTH - The presence of radial and vertical growth has
some correlation with thickness and level of invasion. The excellent prognosis of
tumours less than 1.0mm thick and anatomical Level I is primarily related to their
being in radial growth phase and thus lacking competence for metastasis69. Elder et
al%9 found that in 69 patients with pure radial phase, all survived at 5-12 year follow
up. Thus in their hands, "phase" was more sensitive than level or thickness in
identifying low or zero risk melanoma patients.

ULCERATION - This is usually indicative of poor prognosis. One may speculate
that ulceration might correlate with 'invasiveness' of tumour into the epidermis or
with rapid size of growth. Balch et al’4 and Day et al75.76 found this to be an
independent variable and also found ulcer width of greater than 3mm to be of
significance’6. Although ulceration has some crude correlation to thickness, it may
also correspond to tumour volume, rate of proliferation, tumour aggressiveness and
architectural configuration.

VASCULAR INVASION - Although seemingly a sine qua non for metastasis, this
property is infrequently recognised with certainty in melanoma. It indicates a high
risk of later metastasis development’7.78, While Schmoeckel et al’® found
"unequivocal" vascular invasion to be associated with impaired survival, he found
this feature in only about 10% of his cases. It is therefore important to record
vascular invasion only when it is seen unequivocally, as false positive results can
occur80, Recent multivariate analyses have demonstrated no significant influence of
vascular invasion on survival68.80,
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LYMPHOCYTE RESPONSE - Severe cellular atypia and small lymphocyte like
cell types at the tumour base are signs of poor prognosis8l. A cellular inflammatory
reaction, particularly at the base of the tumour, indicates a favourable prognosis,
while its absence correlates with a higher recurrence rate and impaired survival79.82,
In the vertical growth phase the presence of an infiltrative lymphocytic response is
associated with improved survival®l. Thus patients with the most intense degree of
lymphocyte infiltration had better survival compared to those who had mild
infiltration81,

HISTOGENETIC TYPE - Nodular melanoma growth pattern is associated with a
much poorer prognosis than SSM and LMM, probably due to the lesion being thicker
at presentation83. There is no significant difference in survival between NM and
SSM when matched for tumour thickness83:84. The better prognosis of LMM may be
confounded by it usually being less thick83.

MICROSCOPIC SATELLITES - Satellites are defined as discrete tumour nests >
0.05mm in diameter separate from the main body of the tumour. Day et al86 studied
95 patients with stage I melanoma and showed that the five year survival was 36% for
patients with microscopic satellites compared to 89% for patients without satellites.
Satellites are best regarded as local lymphatic and/or haematogenous metastases.
Their presence is a clear indication that the tumour has achieved competence for
metastasis. This parameter, however failed to demonstrate separate prognostic value
in a recent study®8.

TUMOUR CELL TYPE - Many studies have shown no correlation between cell
type and prognosis80. It has been suggested that since vertical growth is likely to be
the determinant of biological behaviour, the cell types in this component are most
likely to be of prognostic relevance but this however, has not been specifically
studied. In a few studies, well-differentiated spindle cells are associated with better
prognosis87:88. Drzewiecki and Anderson89 found a worse prognosis for epitheloid
cell melanoma.

153 PROGNOSTIC FACTORS: CLINICAL FACTORS

AGE - Blois et al% found that men aged less than 48 years had a better prognosis
than older men. Elder et al’! found a favourable prognosis to be associated with
intermediate age (40-60 years, relative risk 0.49). Advancing age correlated
significantly with a shortened survival times 89 and melanoma thickness, with older
patients presenting with thicker melanoma.
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SEX - Numerous studies have shown that female patients with melanoma have a
better survival rate than males91,92.93, Most of the differences that persist in the
survival rates between males and females when Clark level is matched are probably
related to the fact that melanomas in women occur more commonly on the extremities

(a more favourable prognostic site) and are found to be thinner and less frequently
ulcerated®!.

ANATOMICAL LOCATION OF PRIMARY LESION - The site of the primary
tumour appears to be one of the most important survival associated variables70,82,93,
Patients with melanoma of the extremities have a better survival rate than those with
trunk, head and neck melanoma. Analysis of anatomical lesions of the subsites can
also reveal a different prognosis, e.g. in head and neck melanoma, the scalp has a
worse prognosis than those on the ear, face or neck. Although no overall survival
difference was found for women or men when comparing back versus chest lesions,
female patients with melanoma on the back had better survival than their male
counterparts. Patients with melanoma located on hands and feet had a significantly
worse prognosis than did those with a lesion on the arm or leg72.93,

1.5.4 PROGNOSTIC FACTORS: CONCLUSION

In summary, three dominant factors predict survival in stage I and II melanoma
patients.

1 Thickness of melanoma.

2 Melanoma ulceration (present or absent).

3 Anatomical location.

Four other variables also correlate with survival in certain groups of patients: type of
initial surgical management, pathological stage, level of invasion and sex.

In patients with nodal metastases (stage IIIB and stage IIIAB) the three dominant
prognostic variables are the number of nodal metastases, the presence or absence of
ulceration in the primary lesion and the patient's age.

In patients with distant metastases (stage IV) there are no parameters of the primary
melanoma that predict the patient's clinical course. The dominant prognostic
variations are anatomical site of metastases (visceral versus non visceral), the number
of sites of metastases and the remission duration. The sex and age of the patient do
not significantly influence survival.
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CHAPTER 2

TREATMENT OF MALIGNANT MELANOMA

2.1 TREATMENT OF PRIMARY MALIGNANT MELANOMA
2.1.1 SURGICAL TREATMENT

The surgical treatment of any primary malignant melanoma consists of wide local
excision of the tumour with a margin of normal skin. The rationale for wider excision
margins is the removal of occult foci of melanoma cells that may lead to metastasis or
local recurrence. The current practice is to excise the primary malignant melanoma
with surgical margins that are based on tumour thickness and ulceration, as these
factors correlate with the risk of local recurrence94.95. Breslow and Macht96
observed that the incidence of local recurrence or metastasis from melanoma less than
0.76mm thick is not affected by the width of the excision margin.

In the World Health Organisation (WHO)?7 randomised study of 612 patients in
whom excision was randomised to 1 or 3cm, it was demonstrated that a 1cm margin
was adequate for primary melanoma less than 1mm thick. Optimal excision margin
for melanoma thicker than 1mm is still controversial. Aitken?® and associates
showed that for melanoma thicker than 2mm, survival was poor if the excision
margin was less than 2cm but increasing the margin beyond 3cm did not confer any
additional survival benefit. =~ Ackerman et al®® suggested metastases or
microsatellitosis more than 2cm from the primary tumour may reflect disseminated
disease and wider local resection may not influence survival outcome.

The current recommendations for surgical margins are as follows:

Type Margin

In situ 0.5-1.0cm
<1mm thick lcm
>1mm thick 2-3cm

Lentigo maligna melanoma Iem
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The depth of incision has received less attention than the width. Olsenl00 showed
that melanomas without clinical evidence of metastases had more lymph node
metastases when the primary excision extended through the underlying fascia than
when this was left intact. He suggested that resection of fascia allowed dissemination
of melanoma cell from subdermal lymphatics to subfascial lymphatics.

However, in a review carried out by Kenady et all0l no significant difference in the
incidence and site of subsequent recurrence or survival in patients in whom the fascia
was excised compared to those in whom the fascia was left intact. In theory, excision
of fascia should not affect the incidence of local recurrence or in transit disease since
lymphatic drainage to the regional nodes occurs in the subcutaneous tissue superficial
to the deep fascia. Resection of fascia is not routinely indicated except when the
tumour is deeply invasive in order to ensure that the deep margin is histologically
negative for melanoma.

In summary, a 1¢cm margin is adequate for tumours less than 1mm in thickness whilst
a 2-3cm excision margin is required for tumours of more than 1mm in thickness. It is
important that the width of excision is tailored to the individual patient based on the
assessment of tumour thickness and other prognostic factors.

2.1.2 ADJUVANT THERAPY: PRINCIPLES

The concept and efficacy of multimodality therapy have been proven in animal
models of human tumours, where the best results were achieved by combining local
treatment with systemic treatment. Experimental models of animal tumours have
clearly established the principles of adjuvant therapy as reviewed by Balch and
Maddox!102, When animals were inoculated with a known tumour dose and then
randomly allocated to single treatment modalities or combination modalities, the
latter produced superior results103,104,

The four principles that are pertinent to designing treatment plans for any human
tumour are listed below102,103,

1) Effectiveness of any treatment is inversely proportional to tumour burden, i.e. the
smaller the tumour the better the response.

2) Occult micrometastases are generally more susceptible to drug treatment than the
larger primary tumour.

3) Agents with activity against moderately advanced disease are more active against
residual metastatic disease after debulking of tumour by surgery.
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4) Curative treatment of cancer involves destroying all cancer cells as lethal
metastases may arise even from a single residual malignant cell.

In the clinical situation, patients who are likely to benefit from adjuvant therapy are
those who are at high risk of harbouring occult metastases, for example those patients
with thick tumours and lymph node involvement.

2.1.3 ADJUVANT TREATMENT: CHEMOTHERAPY

Dacarbazine [5 - (3, 3 - dimethyl 1 - triazeno) - imidazole - 4 - carboxamide (DTIC)]
is generally considered to be the most active single agent in advanced disease. It has
been used extensively on its own as an adjuvant chemotherapeutic agent or in
combination with other agents or immunotherapy. The two largest studies were
conducted by the Central Oncology Group (COG)105 and the WHO106. The COG
study (174 patients) showed no proven benefit for DTIC whilst the WHO study (761
patients) concluded that adjuvant treatments did not significantly improve either the
disease free interval or overall survival. An overall review of 21 randomised trials in
2,850 patients between 1978 and 1986 showed no positive benefit in terms of
improving the disease free or the survival interval after adjuvant chemotherapy107.

2.14 ADJUVANT TREATMENT: ENDOCRINE THERAPY

It has been shown that melanoma tissues and cell lines bind to oestrogen and other
steroids108. Since the report by Fisher et all09 showing the presence of oestrogen
receptors in metastases, several trials have been conducted to examine the effect of
tamoxifen but none have shown definite benefit!110,111,112,

2.1.5 ADJUVANT TREATMENT: IMMUNOTHERAPY

Immunotherapy using non specific immune stimulants such as Bacillus Calmette-
Guerin (BCG) and Corynebacterium parvum (C parvum) is based on the observation
that tumour antigens on melanoma cells induce relatively weak immune responses.
To become effective in controlling tumour growth these responses need only to be
augmented by immunotherapy. Melanoma patients may have weakened immune
defences that can be restored by immune stimulants. Morton et alll3 in a non
randomised study comparing surgery, surgery + BCG and surgery + BCG + allogenic
irradiated cells, demonstrated a longer disease free interval and overall survival in
patients submitted to either adjuvant treatment regimen. The recurrence rate in
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surgically treated patients was 50%, 41% and 34% respectively in patients who
received immunotherapy.

A positive result by combining BCG and DTIC was also reported by Woodl14,
However, a few reports have suggested that BCG seems to induce earlier recurrence
or enhanced tumour growth. In a trial conducted by Mclllmurray et all15 4 out of 8
patients treated with BCG and autologous irradiated cells, died within one year of
treatment whilst none of the surgically treated patients had a recurrence or died. He
concluded that adjuvant immunotherapy might be dangerous and discontinued his
trial.

Overall the results of several large trials have shown no statistical benefit from BCG
vaccinations as an adjuvant to surgery in patients with stage II and III disease.
Similar findings apply to the use of C parvum as adjuvant therapy.

Interferon has also been evaluated as adjuvant treatment. The Southwest Oncology
Groupl16 found that adjuvant treatment with interferon daily for 12 months after
surgery for stage II and I1I disease did not show a significant benefit on disease free or
survival interval.

In recent years, workers have tried to prevent tertiary melanoma using different
melanoma cell vaccines and purified antigen. Cassel et alll7 reported that
prophylactic treatment with Newcastle disease virus lysates of melanoma cells
significantly improved survival in 32 patients with stage II and III melanoma when
compared to controls. A further study also reported survival rates of approximately
80% at 2 years. Hersey et all18,119 showed treatment with vaccinia viral lysates
improved survival of 80 patients with stage IT and stage III melanoma compared to
controls. The results of these studies have prompted a randomised controlled study
which is now in progress.

2.1.6 ADJUVANT THERAPY: RADIOTHERAPY

Radiotherapy as a primary treatment for cutaneous melanoma is rarely indicated
except for extensive facial LMM, especially in the elderly. Adjuvant radiotherapy
can be used to eliminate the need for wide surgical excision at sites where this would
cause deformity. This approach was first reported by Dickson!20 who treated 234
patients. Seventy-one patients had local excision only, 42 patients had radical surgery
and 121 patients had adjuvant radiotherapy following surgery. He found the overall
survival of patients receiving radiotherapy was at least as good as that for patients
receiving initial radical surgery.
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Studies on the role of adjuvant radiotherapy in the management of regional
metastases are few. Creagan et all2l reported that on 56 patients with nodal
metastases who were randomly assigned to receive postoperative radiotherapy or no
adjuvant treatment following therapeutic dissection, the disease free interval of
patients receiving adjuvant radiotherapy was longer.

However, he noted these results were attributed to imbalances in patients' ages and
distribution of nodal metastases between the groups. Two other studies have shown
encouraging results. Ang et all22 treated patients with stage I and II melanoma of
head and neck. They reported a local control and survival rate for patients treated
electively of 95% and 80% respectively compared to those treated before or after
therapeutic lymph node dissection of 87% and 70% respectively. Although the
study was not randomised, the results seem encouraging.

Radiotherapy does have a role to play in the adjuvant setting of the treatment of
melanoma but further prospective randomised studies are needed to evaluate the
efficacy of radiotherapy.

Another treatment that has been used is endolymphatic isotope therapy using lead
(P32) or iodine (I131). This method delivers radiation directly to regional lymph
nodes. The local dose can be high because of the small volumes irradiated. A study
undertaken by the Medical Research Council (MRC)!23 to assess the efficacy of
this treatment showed that there was no statistical difference between the groups
randomised to endolymphatic isotope therapy or to standard surgery. The
mmpression of this study of 146 cases was that there may have been a reduction in
the subsequent nodal metastases in the group that had successful endolymphatic
therapy but this was not reflected in improved survival. Ariell24 produced similar
results from a series of 120 patients.

2.1.7 ELECTIVE LYMPH NODE DISSECTION: PROS

Although lymphadenectomy had been suggested in the 19th century and later
emphasised by Handley3 in 1907, there are still controversies surrounding lymph
node dissection. There is general agreement that all melanoma patients do not need
elective lymph node dissection. Some surgeons prefer to excise only clinically
obvious nodal metastases. This is termed therapeutic or delayed lymph node
dissection. [Excision of nodes even when they appear normal is termed elective
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