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MELANOMA, ONCE it has metastasised beyond the locoregional
lymph nodes, is associated with a dismal prognosis with a
median survival of at best 7.5 months [1]. Despite all the
advances in management, prognosis has remained unaltered
during the last quarter of a century. The incidence is rising
rapidly, doubling every 10 years, It is forecast that the overall
mortality from malignant melanoma will peak early in the next
century [2-5].

Even patients with locoregional spread to the lymph nodes
do badly, 70% progressing to die eventually of systemic dis-
ease. Until recently, no form of intervention has been shown
to materially affect the outcome in stage III disease. The
experience with adjuvant interferon alpha-2b administered at
the maximum tolerated dose is encouraging with an improve-
ment in disease-free and median survival in the treated group
of approximately 1 year [6]. Even so, only a small number of
patients receiving this toxic treatment actually benefit from it.

Recent experience with non-toxic treatments, e€.g. vacci-
nation with the Mage 1 or 3 peptide in patients with advanced
disease [7], suggests there is hope for a patient-tailored
approach to adjuvant immunotherapy using a cocktail of
peptides in those with early stages of melanoma at high risk of
relapse. We need to identify patients with truly microscopic
metastases since optimal immunomodulation at this stage of
disease is likely to result in a significantly increased cure rate.
Indeed, the impact of adjuvant interferon alpha is greatest
in those with clinically inapparent microscopic lymph node
involvement [6] supporting the idea that the optimal setting
for adjuvant therapy is in those with minimal residual disease.

Clinically, negative lymph nodes in patients with thick
primaries = 4 mm have a 60% chance of harbouring micro-
scopic nodal metastases. However, elective lymph node dis-
section in patients with high risk primary lesions has failed to
show any survival advantage in randomised prospective stud-
ies [8-10]. Sentinel node mapping with selective lymph node
dissection has a greater than 95% predictive value of the
nodal status in those with tumours = 1 mm thick [11]. It is
hypothesised that if the sentinel node is negative, the remain-
der of the lymph nodes in the basin would be negative, so that
such patients could be spared the morbidity of a complete
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nodal dissection. Whether elective nodal dissection in those
with a positive sentinel lymph node leads to improved survival
is the subject of an ongoing international randomised trial.

The likelihood with which lymph node spread is discovered
depends on the diligence with which it is sought, the number
of nodes identified and the methods used to examine them.
Routine histological examination of lymph nodes enables
approximately one abnormal cell to be identified in a back-
ground of 10* normal cells, but if only one or two sections are
cut from the centre of each node then less than one thousandth
of the submitted tissue is examined in detail. This leads to
an underestimation of the number of involved nodes. Serial
sectioning with immunohistochemical staining, e.g. with anti-
bodies to S-100 protein or HMB 45 antigen, will increase the
sensitivity of detection to approximately one abnormal cell per
10% background normal cells, but is not routinely conducted
because of constraints on time and expense.

The development of sensitive assays which combine reverse
transcription with the polymerase chain reaction (PCR) for
the detection of messenger RNA of tyrosinase means we
now have a highly sensitive specific tool for the detection of
microscopic tumour. This technique has been used for the
identification of tumour spread to the lymph nodes [12], to
the circulation [13-17] and as reported in this issue (pages
1664-1667), to the subcutaneous fat around the primary
lesion [18].

The gene for tyrosinase is tissue specific and is found in
melanocytes and malignant melanoma cells. Tyrosinase is a
key enzyme during melanin synthesis. Importantly, tyrosinase
may be recognised by cytotoxic T cells, and two different T
cell epitopes have been identified, one in the context of HLA-
A2 [19] and the other in the context of HLLA-A24 [20].
This means that immunotherapeutic approaches involving
tyrosinase peptides or proteins could be used as adjuvant
therapy in patients with micrometastatic spread of tyrosinase-
containing tumour.

Detection of tumour in lymph nodes using molecular patho-
logical techniques greatly enhances the ability to diagnose
microscopic locoregional tumour spread. Using PCR to ident-
ify cells containing mutations of TP53 or K-RAS, Hayashi and
associates showed that the presence of genetically detectable
tumour cells in histologically negative lymph nodes from
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patients with colon cancer was strongly associated with clinical
outcome [21]. 27 of 37 patients with PCR-positive lymph
nodes developed a recurrence within 5 years, whereas all 34
patients with negative nodes remained disease-free. One of
the drawbacks of this approach is that fragments of dying or
dead tumour containing the sequence of interest may be
transported to the regional nodes where detection may be
misinterpreted as indicating the presence of live neoplastic
cells. Tumour heterogeneity is also a problem especially if the
target being sought is restricted to a few tumour subclones. It
is relevant to note that tyrosinase expression within a tumour
is usually homogenous, unlike the heterogeneous pattern of
expression of other melanoma-associated antigens such as
gp100 [22] or Mage 3 (our own observations) seen within
tumours for a single patient.

Wang and colleagues studied regional lymph nodes elec-
tively removed from patients with clinical stage I or II mela-
noma [13]. Nodes were examined both histologically follow-
ing routine procedures and with an RT-PCR method.
Nineteen of the lymph node preparations (containing an aver-
age of five nodes per patient) from 29 patients were positive
for tyrosinase including all eleven which were histologically
positive. Further analysis of the RT-PCR-positive, histologi-
cally-negative nodes using serial sections and immunohisto-
chemical stains still failed to identify malignant cells. Exper-
iments to determine sensitivity of the RT-PCR method
showed a lower limit of detection of approximately three
melanoma cells per 107 nodal lymphocytes. It would be inter-
esting to know how many of the histologically-negative senti-
nel nodes in patients who subsequently relapse locally actually
contain tumour identifiable by RT-PCR. There is an urgent
need for more studies of this technique to be incorporated
into prospective studies so that the clinical significance of the
findings of occult metastases in lymph nodes in melanoma can
be determined.

An area of increasing interest has been the identification of
circulating malignant cells in the peripheral blood. Most stud-
ies have used RT-PCR with nested primers for tyrosinase
originally described by Smith and associates [13-17, 22]. This
method can detect one melanoma cell in 2 ml normal blood
[13], or one melanoma cell in 10° peripheral blood lympho-
cytes [16]. Attempts have been made to give a semiquantit-
ative assessment [15] or a truly quantitative estimate of the
number of circulating cells. One of the difficulties of quantifi-
cation is that there may be interpatient variation in the level of
expression of tyrosinase in the melanoma cells. If reliable
means of quantifying cells were available, it would allow an
estimate of the relative numbers of circulating cells in the
patient and possibly permit early detection of progression or
regression in the same way as more conventional markers e.g.
CEA or CA-125 may mimic the behaviour of cancer. Clearly,
precautionary measures need to be taken during the assay to
prevent false-positive results due to contamination with PCR
products or genomic DNA, and controls need to be built in
for the RNA isolation, cDNA synthesis and the PCR steps.

If a combination of markers is used to provide multiple
targets in the PCR assay, e.g. tyrosinase, Mage 3 and p97,
then the chance of identifying circulating cells increases [16].
Knowledge of the characteristics of the primary tumour would
help to identify which markers should be used for follow-up of
circulating cells in the individual patient. However, it should
be remembered that some markers, e.g. Mage 3, are more
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commonly expressed in metastases than in the primary
turmnour.

The chance of finding cells in the circulation depends on
the site from which the blood sample is taken. The number of
viable cells in the circulation falls by at least two orders of
magnitude during the first pass through a capillary bed. Thus,
to detect tumour spill during resection, intra-operative sam-
pling of peripheral venous blood from the antecubital fossa is
likely to give a much lower yield than direct sampling of the
venous blood draining from the tumour, e.g. sampling of the
proximal subclavian vein during breast cancer surgery [23] or
the portal vein following colon cancer resections [24].

Circulating tumour cells have been found at all stages of
disease and, not surprisingly, are more common in those with
manifest tumour. The short- or long-term significance of the
presence of tumour cells in the blood is unclear. The prognos-
tic significance of systemic dissemination of single cells has
been demonstrated in some patients with breast or gastrointes-
tinal cancer [25]. However, the finding that 80% of patients
undergoing radical prostatectomy for prostate cancer had
circulating prostate cancer cells following operation is far
higher than previously thought, and far exceeds the expected
recurrence rate [26). Denis and colleagues identified circulat-
ing melanoma cells after lymph node dissection in 7 of 16
patients [27]. These cleared after 4 weeks and only one patient
has relapsed. In contrast, Battayani and associates found that
5 of 8 patients with circulating cells prior to removal of
involved lymph nodes relapsed within 6 months, whereas only
one of 10 PCR-negative patients relapsed in the same time
period [28]. Thus, one must question whether circulating
tumour cells are always capable of further metastasising and
developing their own supportive vasculature.

One further refinement of the attempts to identify early
occult disease is to look at the site of resection of the primary
disease. Proebstle and colleagues examined portions of subcu-
taneous fat in tissue below the primary melanoma (pages
1664-1667) [18]. Random inoculation of known amounts of
cells from a tyrosinase positive cell line enabled calculation
that the lower limit of detection with RT-PCR of tumour cells
in subcutaneous fat was between 10? and 10* cells. The
enzymatic fat dissociation step prior to preparation of the
subcutaneous tissue for PCR probably leads to loss of mela-
noma cells resulting in the lower sensitivity of this assay
compared with that for circulating tumour cells. It is unclear
in the paper by Proebstle and colleagues in how many cases
the tissues from patients were examined at the time of the
removal of the primary when contamination with normal
melanocytes was unlikely and in how many at the time of
secondary wide excision following an earlier resection, when
the chance of contamination of subcutaneous fat would be
higher. In 4 of the 10 patients examined, tyrosinase transcripts
were found in the subcutaneous fat, in 3 of 5 Clark IV and in
only 1 of 5 Clark III lesions. The prognostic significance of
these findings is unclear, but the study is worth extending to a
larger group of patients. If melanoma cells are reproducibly
and frequently found in the local fat, one wonders why local
recurrence is so rare. Are these cells simply harbingers of the
fact that cells have already spread elsewhere, e.g. via lymphatic
or blood vessels? Are they more susceptible to immune surveil-
lance than cells in the circulation? Are they even capable of
further cell division?

We are entering an era where detailed and sensitive studies
can be made to identify the presence of occult metastases at
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various sites. These approaches should be incorporated into
some of the large adjuvant studies with melanoma which are
due to start shortly. In this way, we can assess the prognostic
significance of the finding of minuscule amounts of occult
metastases. Perhaps in several years time we will have suf-
ficient data to know whether we should alter therapy according
to whether micrometastases have been identified or not.

10.

11.

12.

13.

. Barth A, Wanek LA, Morton DL.. Prognostic factors in 1,521

melanoma patients with distant metastases. J Am Col Surg 1995,
181, 193-201.

. Armstrong BK, Kicker A. Cutaneous melanoma. Cancer Surv

1994, 19120, 219-240.

. Marks R. An overview of skin cancers: incidence and causation.

Cancer 1995, 75 (Suppl.), 607-612.

. Elder DE. Skin cancer: melanoma and other specific nonmela-

noma skin cancers. Cancer 1995, 75 (Suppl.), 245-256.

. Scotto ], Pitcher H, Lee JAH. Indications of future decreasing

trends in skin-melanoma mortality among whites in the United
States. Int ¥ Cancer 1991, 49, 490-497.

. Kirkwood JM, Strawderman MH, Ernstoff MS, e al. Interferon

alfa-2b adjuvant therapy of high-risk resected cutaneous mela-
noma: the Eastern Cooperative Oncology Group Trial EST 1684.
F Clin Oncol 1996, 14, 7-17.

. Marchand M, Wynants P, Rankin E, er al. Tumor regression

responses in HL.A-A1 melanoma patients treated with a peptide
encoded by gene Mage-3. Int ¥ Cancer 1996, 63, 883-885.

. Veronesi U, Atamus J, Baniera DC, et al. Inefficiency of immedi-

ate node dissection in stage I melanoma of the limbs. N Engl ¥
Med 1977, 297, 25-30.

. Sim FH, Taylor WF, Ivins JC, er al. A prospective randomized

study of the efficacy of routine elective lymphadenectomy in
management of malignant melanoma. Preliminary results. Cancer
1978, 41, 948-956.

Stone CA, Goodacre TEE. Surgical management of regional
lymph nodes in primary cutaneous malignant melanoma. Br ¥
Surg 1995, 82, 1015-1022.

Morton D, Wen D, Wong ], ez al. Technical details of intra-
operative lymphatic mapping for early stage melanoma. Arch
Surg 1992, 127, 392-399.

Wang X, Heller R, VanVoorhis N, ez al. Detection of submicro-
scopic lymph node metastases with polymerase chain reaction in
patients with malignant melanoma. Ann Surg 1994, 220, 768—
774.

Smith B, Selby P, Southgate ], er al. Detection of melanoma

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

1629

cells in peripheral blood by means of reverse transcriptase and
polymerase chain reaction. Lancer 1991, 338, 1227-1229.

Foss AJE, Guille M], Occleston NL, ¢t al. The detection of
melanoma cells in peripheral blood by reverse transcription—
polymerase chain reaction. Br J Cancer 1995, 72, 155-159.
Brossart P, Schmier J-W, Kriiger S, et al. A polymerase chain
reaction-based semiquantitative assessment of malignant mela-
noma cells in peripheral blood. Cancer Res 1995, 55, 4065—4068.
Hoon DSB, Wang Y, Dale PS, et al. Detection of occult mela-
noma cells in blood with a multiple-marker polymerase chain
reaction assay. ¥ Clin Oncol 1995, 13, 2109-2116.

Brossart P, Keilholz U, Willhauck M, et al. Hematogenous spread
of malignant melanoma cells in different stages of disease. J Invest
Dermatol 1993, 101, 887-889.

Proebstle TM, Huber R, Sterry W. Detection of early micromet-
astases in subcutaneous fat of primary malignant melanoma pati-
ents by identification of tyrosinase-mRNA. Eur ¥ Cancer 1996,
32A, 1664-1667.

Brichard VA, Van Pel A, Wolfel T, et al. The tyrosinase gene
codes for an antigen recognized by autologous cytolytic T lym-
phocytes on HLA-A2 melanomas. J Exp Med 1993, 178, 489-
495.

Robbins PF, El-Gamil M, Kawakami Y, Rosenberg SA. Recog-
nition of tyrosinase by tumor-infiltrating lymphocytes from a
patient responding to immunotherapy. Cancer Res 1994, 54,
3124-3126.

Hayashi N, Ito I, Yanagisawa A, ez al. Genetic diagnosis of
lymph-node metastasis in colorectal cancer. Lancet 1995, 345,
1257-1259.

Chen Y-T, Stockert E, Tsang S, et al. Imunophenotyping of
melanomas for tyrosinase: implications for vaccine development.
Proc Natl Acad Sci USA 1995, 92, 8125-8129.

McCulloch P, Choy A, Martin L. Association between tumour
angiogenesis and tumour cell shedding into effluent venous blood
during breast cancer surgery. Lancer 1995, 346, 1334-1335.
Griffiths JD, McKinna JA, Rowbottham HD, ez al. Carcinoma of
the colon and rectum: circulating malignant cells and five-year
survival. Cancer 1973, 31, 226-236.

Schlimok G, Riethmiiller G. Detection, characterization and
tumorigenicity of disseminated tumor cells in human bone mar-
row. Semin Cancer Biol 1990, 1, 207-215.

Eschwége P, Dumas F, Blanchet P, et al. Haematogenous dis-
semination of prostatic epithelial cells during radical prostatec-
tomy. Lancet 1995, 346, 1528-1530.

Denis MG, Tessier M-H, Dréno B, Lustenberger P. Circulating
micrometastases following oncological surgery. Lancet 1996,
347,913.

Battayani Z, Grob JJ, Xerri L, er al. Polymerase chain reaction
detection of circulating melanocytes as a prognostic marker in
patients with melanoma. Arch Dermatol 1995, 131, 443-447.



