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Background: Recent data have changed our views of prognostic factors in cutaneous melanoma. While some newer
methods bave yielded better prognostic information, some insights have evolved as a result of large-scale population-
based analyses.

Methods: We review current data on several different prognostic factors and divide these factors according to their
application in localized primary melanoma or metastatic melanoma. For each prognostic factor; the level of evidence
supporting its use and its applicability to clinical practice are considered.

Results: For localized primary melanoma, the dominant predictors of survival include lesion thickness, ulceration,
and lymph node involvement. Factors such as age, sex, anatomic location, and satellite/in-transit lesions are important
in localized melanoma. Factors currently being investigated are tumor vascularity, vascular invasion, mitotic rate,
tumor regression, and tumor-infiltrating lymphbocytes. For metastatic melanoma, the most important prognostic
Jfactors are site of metastases and the presence of elevated serum lactic debydrogenase. The value of these prognostic
Jactors to clinicians caring for melanoma patients is discussed.

Conclusions: A better understanding of prognostic factors in cutaneous melanoma has evolved over the last decade,
allowing oncologists to provide appropriate treatment for their patients. Many of the prognostic factors are interrelated.
In the near future, it is expected that several molecular genetic factors will provide more insight into the prognosis of
patients with melanoma.
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In 2005, an estimated 59,580 Americans will be diagnosed
with cutaneous melanoma and 7,700 will die of the dis-
ease.! The Surveillance, Epidemiology, and End Results
(SEER) Program reported an increase of more than 600% in
the diagnosis of cutaneous melanoma from 1950 to 2000.2

In 2002, the American Joint Committee on Cancer
(AJCO) approved a new version of the melanoma staging
system.>* The changes were validated with an analysis of
prognostic factors that involved 17,600 patients with
melanoma.? The revised system includes the following
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features: (1) lesion thickness, presence or absence of
ulceration but not level of invasion are the dominant pre-
dictors of survival in patients with localized melanoma,
(2) the number of metastatic lymph nodes rather than
their dimensions and the differentiation of microscopic vs
macroscopically involved nodes, (3) satellite metastases
around a primary melanoma and in-transit metastases
were merged into a single staging entity that is grouped
into stage III disease, (4) staging information gained from
lymphatic mapping and sentinel node biopsy, and (5) for
patients with metastatic disease, the site of distant metas-
tases and the serum lactic dehydrogenase level. However,
other factors not included in the revised staging system
may alter prognosis, survival, and treatment (Table 1).
This review addresses both clinical and histologic factors
related to outcomes in cutaneous melanoma.

Patient Age

Older patients present more frequently with thicker and
ulcerated melanomas,”> and many studies have reported
age to be an independent prognostic factor.®® In a large
study of more than 17,000 patients, each 10-year increase
in age was associated with a decline in both 5- and 10-year
survival rates.* Patients younger than 30 years of age had
a 5-year survival rate of 87% compared to 78%, 71%, and
60% for those in their 60s, 70s, and 80s or more, respec-
tively. A smaller study that included 488 patients with no
evidence of metastatic disease showed an 84% 10-year sur-
vival rate for patients less than 60 years of age compared
with 57% for patients 65 years of age or greater (odds
ratio, 3.0).° Another study of 442 stage I and II patients
demonstrated a 55% relapse-free survival rate at 5 years in
patients greater than 65 years of age compared to 65% in
patients 65 years or younger.'* A survival benefit was also
reported in patients younger than age 60 years when they
underwent elective lymph node dissection vs observation
for early-stage disease in 740 patients.!!

Table 1. — Prognostic Factors in Cutaneous Melanoma

Factor Better Prognosis

Clinical:
Age <65 years
Sex Women
Location Extremities
Number of lymph nodes involved None
Distant metastasis Absent
Lactate dehydrogenase level Normal

Histologic:
Thickness <1.0 mm
Ulceration None
Clark level Level |
Tumor vascularity Absent
Vascular invasion Absent
Microsatellites None
Mitotic rate Low
Regression Absent
Tumor-infiltrating lymphocytes Present

Sex

Many studies report that women have a better prognosis
compared to men, even in patients with nodal metasta-
sis.?1214 A study of 488 patients with no evidence of
metastatic disease showed an 86% 10-year survival rate for
women compared with 68% for men.” The influence of
gender can be confounded by differences in thickness,
ulceration, and anatomic site of the melanoma; women
have been shown to have thinner lesions with less fre-
quent ulceration compared with men.>'¥ Melanoma risk
is not associated with age at menarche, menopausal status,
use of hormone replacement therapy, parity, age at first
birth, or oral contraceptive use.!

Tumor Location

Many studies have reported a correlation between prog-
nosis and anatomic location, showing that lesions of the
extremities have a better prognosis than head, neck, and
truncal melanomas.”'>'° In a series of 5,093 patients with
invasive primary cutaneous melanoma, locations that were
associated with a significantly higher risk of death caused
by primary cutaneous melanoma included the back, tho-
rax, upper arm, neck, and scalp.”” In the absence of
metastatic disease and for all tumor thickness ranges,a 10-
year survival rate of 90% was observed when the primary
melanoma was in the extremities compared to 70% when
in the trunk, head, or neck.”

Lymph Node Involvement

In the 2001 AJCC analysis, 49% of all patients with nodal
metastases survived 5 years and 37% survived 10 years.*
In the revised melanoma staging system, N1 refers to
metastasis to one node, N2 to two to three nodes, and N3
to four or more nodes.*'® This grouping according to the
number of metastatic nodes involved correlated best with

Table 2. — Effects of Ulceration, Number of Lymph Nodes, and
Tumor Thickness on Five-Year Survival

Five-Year Survival Rate (%)
Ulceration No Ulceration
Depth (mm)*
<1.0 91 95
1.01-2.0 77 89
2.01-4.0 63 79
>4.0 45 67
No. of Nodes Involved
(microscopic involvement)
1 52 69
2-3 50 63
4 or more** 37 27
* Node-negative disease
** With or without ulceration
Data from Balch.*18
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Fig 1A-B. — Tumor thickness in melanoma.
tion x 50). Increased tumor thickness is associated with poorer survival.
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5-year survival rates (Table 2).%'® Staging for node-nega-
tive patients with intermediate to thick melanomas (>1
mm) has improved with the use of lymphatic mapping
and sentinel lymph node biopsy.” This procedure has
evolved over the last few years and involves the injection
of a blue dye and radiolabeled sulfur colloid into the skin
around the tumor site, followed by dissection of the radi-
olabeled and dye-labeled lymph node. The node is then
carefully examined for metastatic deposits. Pathologically
documented nodal metastases (by either sentinel or elec-
tive node dissection) are defined as microscopic, and clin-
ically or radiologically documented nodal metastases are
defined as macroscopic. Survival rates for these two
patient groups are significantly different. Ten-year survival
rates in the presence of a single microscopic vs macro-
scopic node are 63% vs 47%, respectively. Studies of the
detection of submicroscopic levels of disease in lymph
nodes are currently under way.?*2!

Tumor Thickness

Tumor thickness and ulceration are consistently the most
powerful independent prognostic factors in localized
cutaneous melanoma.**?2% Tumor depth is measured in
millimeters from the granular layer of the epidermis to the
deepest tumor cell. Fig 1A-B shows images of thin and
thick melanomas. Increased tumor thickness is associated
with poorer survival. In the 1997 version of the
melanoma staging system, the cutoff point between a T1
and T2 melanoma was defined as 0.75 mm.?* In the 2002
AJCC system, melanoma thickness is stratified into four
categories: <1.0 mm, 1.01-2.0 mm, 2.01-4.0 mm, and >4.0
mm.'® Five-year survival rates in all four categories in the
presence or absence of ulceration are shown in Table 2.
The 5-year overall survival rate in patients with thin
tumors without other adverse prognostic factors is 95% or
greater.'8% Less than 5% of patients with these character-
istics have micrometastasis in the regional nodal basin.?
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(A) shows thin melanoma (original magnification x 100) and (B) shows thick melanoma (original magnifica-

Ulceration

Ulceration (Fig 2) is defined histologically as the absence
of an intact epidermis overlying a significant portion of
the primary tumor.?’” As noted above, the two most pow-
erful independent characteristics of the primary
melanoma are ulceration (which was not included in the
older staging system) and tumor thickness. These factors
are highly correlated with each other; studies have
shown that the incidence of melanoma ulceration rose
with increasing tumor thickness, ranging from 6%-12.5%
for thin melanomas to 63%-72.5% for thick (>4.0 mm)
lesions.*?” The presence of ulceration decreases survival
in all tumor thickness categories (Table 2). Thin (<1.0
mm) ulcerated tumors have approximately a 4%
decreased 5-year survival rate compared to non-ulcerated
tumors. This survival decrement is as high as 22% in
thick (>4.0 mm) tumors.? This observation led to the
inclusion of ulceration as the second determinant for the
T classification in the new staging system and the only
primary tumor factor to modify the prognosis of node-
positive disease.?

Fig 2. — Melanoma ulceration (arrow). The presence of ulceration decreases
survival in all tumor thickness categories (original magnification x 200).
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Clark Level

The Clark level has been used to describe the anatomic
involvement of the tumor within the cutaneous and sub-
cutaneous structures. Level I is intraepidermal growth
with intact basement membrane, level II is invasion of the
papillary dermis, level IIT is tumor involvement filling the
papillary dermis and involvement of the junction between
the papillary and reticular dermis, level IV is invasion of
tumor into the reticular dermis, and level V is invasion of
tumor cells into the subcutaneous fat.?® The 5-year sur-
vival rate is 95% for Clark level II melanomas, between
80% and 85% for Clark level III and IV melanomas, and 55%
for Clark level V. melanomas.?? The Clark level was found
to be most predictive of survival in thin (<1 mm)
melanoma, and it is part of the staging system only in
patients with such lesions.?” Eighty-four percent of thin
melanomas are level II or III, and less than 1% are level V.
The 10-year survival rate decreased from 86% in level II to
80% in thin, non-ulcerated, level IV lesions.* However,
other studies have shown that Clark’s level is not an inde-
pendent predictor of outcome, even in thin melanomas.?®
For tumors thicker than 1 mm, Clark level is less predictive
than ulceration, patient age, or anatomic location and also
has limited utility.

Tumor Vascularity

Tumor vascularity is the formation of new microvessels in
the dermis at the base of an invasive melanoma. It is asso-
ciated with the development of vertical growth phase in
thin melanoma.?®3! Four patterns of tumor vascularity are
described: absent, sparse, moderate, and prominent.
Increased tumor vascularity is more likely with thick,
ulcerated tumors.’*¥ The mean tumor thickness of
melanomas with prominent vascularity is 4.01 mm, com-
pared with 1.55 mm in melanomas with absent vasculari-
ty, and almost half tumors with prominent vascularity are
ulcerated. Prominent vascularity was found to have a 69%
risk of relapse and 42% death rate over a 2-year follow-up
compared to 33% and 12%, respectively, for absent vascu-
larity (P<.00005).32 The broad utilization of this factor is
limited by subjectivity of the pathologist when measuring
tumor vascularity and thus the reproducibility of the mea-
surement among observers. Although one study showed
that the degree of vascularity was the most important
histopathologic factor determining overall survival, more
studies are needed to further clarify the impact of tumor
vascularity in predicting survival.3?

Lymphovascular Invasion

Vascular involvement denotes invasion of tumor cells into
the microvasculature in the dermis by either abutting the
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Fig 3. — Vascular invasion (arrows) (original magnification x 200).

endothelium (incipient invasion) or penetrating the
endothelium and lodging within the vessel lumen (vascu-
lar invasion) (Fig 3). Several reports noted that vascular
invasion significantly increased the risk of relapse, lymph
node involvement, distant metastases, and death, and its
impact on melanoma outcomes was similar to that of
ulceration.?¥3¢  Vascular invasion was present in 57% of
nodular melanomas with lymph node metastasis at the
time of diagnosis compared with only 12% of those con-
fined to the skin (P=.001).37 Distant metastases were
observed in up to 74% of patients with vascular involve-
ment and in 22% of patients without vascular involve-
ment.> In thick melanomas (>4 mm) the presence of vas-
cular involvement by tumor cells is associated with a 5-
year overall survival rate of 25% compared to 50% without
vascular involvement.® A recent study® has shown that
vascular invasion is more common with increased vascu-
larity and has implicated the signaling pathway involving
nuclear factor kappa B (NF-kB) in the development of
these vascular factors. Finally, recent molecular analyses of
the vasculature in primary cutaneous melanoma have sug-
gested that lymphangiogenesis (as opposed to angiogene-
sis) has a powerful role in further characterizing the
nature of the specific vessels concerned with melanoma
progression.303

Microsatellites

Microsatellites are discrete tumor nests greater than 0.05
mm in diameter that are separated from the main body of
the tumor by normal reticular dermal collagen or subcu-
taneous fat.** Only a few studies have evaluated the role
of microsatellites as a prognostic factor in cutaneous
melanoma. Satellite metastasis is shown in Fig 4. The pres-
ence of macrosatellites increases from 4.6% in tumors less
than 1.5 mm to 65% in those greater than 4 mm 4!
Although microsatellites rarely occur in tumors less than
1.5 mm, the 5-year survival rate for patients with
microsatellites was 36% compared to 89% for those with-
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Fig 4. — Satellite metastasis (satellitosis, arrow) in melanoma (original
magnification x 200).

out these microsatellites.”© Microsatellites are also associ-
ated with an increased frequency of regional lymph node
metastasis (from 12% to 53%) in tumors greater than 1.5
mm."" The presence of clinical or microscopic satellite
metastases around a primary melanoma as well as in-tran-
sit metastases between the primary melanoma and the
regional lymph nodes was included in the revised staging
system for stage III as N2c.!®

Mitotic Rate

The mitotic rate is measured as the number of mitoses per
square millimeter.#? It has been suggested that a higher
mitotic index may simply represent cells with higher dou-
bling times that eventually grow and invade into adjacent
lymphatic and blood vessels, and thus may be a predictor
of poor prognosis.** The adjusted odds ratio of survival for
patients with a mitotic rate of 0 was shown to be 12 times
that of patients with a mitotic rate of >6/mm? in stage I
melanoma.?> In the same stage, only 4% of lesions dis-
playing low mitotic activity recur compared to 24% of
those with a high mitotic rate.®® Mitotic rate and younger
age are predictors of sentinel lymph node positivity.i445
Thus, the role of mitotic rate as an independent prognos-
tic factor has become more important.

Regression

Regression is the replacement of tumor tissue with fibro-
sis, degenerated melanoma cells, lymphocytic prolifera-
tion, and telangiectasia formation.®> The incidence of
regression is up to 58% in melanomas of 0.75 mm or less.?
Although most studies have not found a significant role for
regression in determining survival, one study showed that
regression is an adverse prognostic factor in predicting
survival in thin melanoma.’> Another study reported that
no metastasis occurred in the 73 patients who had thin
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melanomas without histologic evidence of regression.®
However, the definition and measurement of regression
were not consistent in these studies. At the University of
California at San Francisco Melanoma Center, tumors less
than 1 mm with evidence of greater than 50% regression
are recommended for a sentinel lymph node biopsy to
evaluate for spread to the regional lymphatics.

Tumor-Infiltrating Lymphocytes

Tumor-infiltrating lymphocytes (Fig 5) are believed to
represent the immune reaction/response to melanoma
cells. This response is usually measured by the level of
lymphocytic infiltrate present at the base of the vertical
growth phase of the tumor and is sometimes catego-
rized as brisk, nonbrisk, or absent.? The most brisk
tumor-infiltrating lymphocytes response is found in thin
tumors.>® The 5- and 10-year survival rates for melanoma
with a vertical growth phase and a brisk infiltrate were
77% and 55%, respectively. For tumors with a nonbrisk
infiltrate, the 5- and 10-year survival rates were 53% and
45%, respectively, and for tumors with absent tumor-infil-
trating lymphocytes, the 5- and 10-year survival rates
were 37% and 27%, respectively.>® There is a need for a
uniform definition of host response in terms of type and
location of infiltrate before the role of tumor-infiltrating
lymphocytes can be clarified. Tumor-infiltrating lym-
phocytes could be an important new therapy for
melanoma,>">? although more research is needed on this
treatment modality.

BRAF Mutations

The BRAF gene is the most frequent (60%-80%) mutation
observed in human melanoma.>*>* Eighty percent of these
mutations are found at exon 15, at a single amino acid
residue, usually a substitution for valine by glutamic acid,
V599E (now referred to as V60OE). This mutation causes
increased kinase activation and signaling through the MAP
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Fig 5. — Tumor infiltrating lymphocytes (original magnification x 200).
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kinase pathway and causes activation of the Brn-3 tran-
scription factor.>>>®  Surprisingly, this event occurs at a
high frequency in benign nevi as well as in melanoma.>
In a study of 38 metastatic melanomas, BRAF mutations
were associated with slower disease progression,
although this was not statistically significant.®® A specific
signature has been identified with the activating BRAF
mutations that could be useful therapeutically.®! New
RAF kinase inhibitors such as BAY 43-9006 are currently
in clinical trials. Other mutations have been reported in
patients with melanoma, albeit with less frequency. The
CDKN2A mutations that encode two different transcripts
— p16INK4A and p14ARF — were recently reported to
be present in patients with familial history of melanoma
(35.5%) compared with patients without (8.2%), with a
relative risk of 4.32 (95% confidence interval, 1.76 to
10.64; P=.001).# The age of onset was significantly lower
and the number of primary melanomas was higher in
patients with mutations.®

Distant Metastasis

The median survival time of 1,521 treated cutaneous
melanoma patients with distant metastases was reported to
be 7.5 months.®? The revised melanoma staging system
divides patients with distant metastases into three groups
based on the location of the involved organ: subcutaneous
spread or distant lymph nodes, lung involvement, and other
visceral organ involvement. A 1-year median survival dif-
ference was found among these groups. In 1,158 patients
with distant metastases, those with subcutaneous or dis-
tant lymph nodes had a better prognosis than those with
lung or other visceral organ involvement (1-year survival
rates were 59%, 57%, and 41%, respectively).*!'® In addition
to the site of metastases, disease-free interval before distant
metastases and stage of disease preceding distant metas-
tases were reported to have a role in predicting survival in
metastatic disease.®> An uncommon but widely recognized
presentation of melanoma is the unknown primary site.
This presentation is seen most often in the regional nodes,
lung, liver, and subcutaneous tissue but can occur in
numerous other sites. Histologic stains are often useful in
determining the origin of the tumor.

Lactate Dehydrogenase

The lactate dehydrogenase (LDH) serum level is one of the
factors most predictive of decreased survival in a multi-
variate analysis, even after accounting for site and number
of metastases.’® One study reported an elevated LDH to
have 79% sensitivity and 92% specificity in detecting dis-
ease progression in stage IV melanoma.’®? Other poten-
tial prognostic markers (eg, S100, melanoma-inhibitory
activity [MIA], and TA90) are being studied.
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Conclusions

A better understanding of prognostic factors in cutaneous
melanoma has evolved over the last decade. Many of the
prognostic factors discussed are interrelated. While the
importance of Breslow thickness and lymph node involve-
ment has been supported in multiple studies, Clark level
has not proven useful except perhaps in thin (1 mm)
melanoma. The importance of ulceration as a prognostic
factor has emerged in recent studies. Newer factors such
as vascular invasion and mitotic rate may continue to
refine the prognostic information gained by knowledge
of the tumor thickness alone. Finally, genetic (such as
BRAF mutation status) and molecular prognostic factors
(such as reverse transcription-polymerase chain reaction
[RT-PCR]) await further validation before they enter rou-
tine clinical use. Currently, the most useful prognostic
factors in clinical practice for localized melanoma are
Breslow thickness, presence of lymph node involvement,
and ulceration. In metastatic disease, they are location of
metastatic site and lactate dehydrogenase elevation in
metastatic disease. In the near future, it is expected that
several molecular genetic factors will become important
as prognostic factors in melanoma.

References

1. Jemal A, Murray T, Ward E, et al. Cancer statistics, 2005. CA Cancer
J Clin. 2005;55:10-30.

2. Ries LAG, Eisner MP, Kosary CL, et al, eds. SEER Cancer Statistics
Review, 1975-2002. National Cancer Institute: Bethesda, Md. Based on
November 2004 SEER data submission, posted to the SEER web site 2005.
Available at http:/seer.cancer.gov. Accessed on July 28, 2005.

3. Balch CM, Buzaid AC, Atkins MB, et al. A new American Joint Commit-
tee on Cancer staging system for cutaneous melanoma.  Cancer.
2000;88:1484-1491.

4. Balch CM, Soong SJ, Gershenwald JE, et al. Prognostic factors analy-
sis of 17,600 melanoma patients: validation of the American Joint Committee on
Cancer melanoma staging system. J Clin Oncol. 2001;19:3622-3634.

5. Balch CM. Cutaneous melanoma: prognosis and treatment results
worldwide. Semin Surg Oncol. 1992;8:400-414.

6. Leiter U, Buettner PG, Eigentler TK, et al. Prognostic factors of thin
cutaneous melanoma: an analysis of the central malignant melanoma registry
of the German Dermatological Society. J Clin Oncol. 2004;22:3660-3667.

7. Hubalewska A, Sowa-Staszczak A, Huszno B, et al. Use of Tc99m-
nanocolloid for sentinel nodes identification in cervical cancer. Nucl Med Rev
Cent East Eur. 2003;6:127-130.

8. Chang CK, Jacobs IA, Vizgirda VM, et al. Melanoma in the elderly
patient. Arch Surg. 2003;138:1135-1138.

9. Schuchter L, Schultz DJ, Synnestvedt M, et al. A prognostic model for
predicting 10-year survival in patients with primary melanoma. The Pigmented
Lesion Group. Ann Intern Med. 1996;125:369-375.

10. Austin PF, Cruse CW, Lyman G, et al. Age as a prognostic factor in the
malignant melanoma population. Ann Surg Oncol. 1994;1:487-494.

11. Balch CM, Soong SJ, Bartolucci AA, et al. Efficacy of an elective region-
al lymph node dissection of 1 to 4 mm thick melanomas for patients 60 years of
age and younger. Ann Surg. 1996;224:255-266.

12. Masback A, Olsson H, Westerdahl J, et al. Prognostic factors in invasive
cutaneous malignant melanoma: a population-based study and review.
Melanoma Res. 2001;11:435-445.

13. Slingluff CL Jr, Vollimer RT, Reintgen DS, et al. Lethal “thin” malignant
melanoma. ldentifying patients at risk. Ann Surg. 1988;208:150-161.

14. Vossaert KA, Silverman MK, Kopf AW, et al. Influence of gender on sur-
vival in patients with stage | malignant melanoma. J Am Acad Dermatol.
1992;26(3 pt 2):429-440.

15. Freedman DM, Sigurdson A, Doody MM, et al. Risk of melanoma in rela-
tion to smoking, alcohol intake, and other factors in a large occupational cohort.
Cancer Causes Control. 2003;14:847-857.

16. Slingluff CL Jr, Reintgen D. Malignant melanoma and the prognostic
implications of pregnancy, oral contraceptives, and exogenous hormones.
Semin Surg Oncol. 1993;9:228-231.

October 2005, Vol. 12, No. 4



17. Garbe C, Buttner P, Bertz J, et al. Primary cutaneous melanoma. Iden-
tification of prognostic groups and estimation of individual prognosis for 5093
patients. Cancer. 1995;75:2484-2491.

18. Balch CM, Buzaid AC, Soong SJ, et al. Final version of the American
Joint Committee on Cancer staging system for cutaneous melanoma. J Clin
Oncol. 2001;19:3635-3648.

19. Dessureault S, Soong SJ, Ross M, et al. Improved staging of node-neg-
ative patients with intermediate to thick melanomas (>1 mm) with the use of lym-
phatic mapping and sentinel lymph node biopsy. Ann Surg Oncol. 2001;8:766-
770. Erratum in: Ann Surg Oncol. 2002;9:318.

20. Shivers SC, Wang X, Li W, et al. Molecular staging of malignant
melanoma: correlation with clinical outcome. JAMA. 1998;280:1410-1415.

21. Sung J, Li W, Shivers S, et al. Molecular analysis in evaluating the sen-
tinel node in malignant melanoma. Ann Surg Oncol. 2001;8:29S-308S.

22. Soong SJ, Shaw HM, Balch CM, et al. Predicting survival and recur-
rence in localized melanoma: a multivariate approach. World J Surg. 1992;16:
191-195.

23. Breslow A. Thickness, cross-sectional areas and depth of invasion in
the prognosis of cutaneous melanoma. Ann Surg. 1970;172:902-908.

24. Buzaid AC, Ross MI, Balch CM, et al. Critical analysis of the current
American Joint Committee on Cancer staging system for cutaneous melanoma
and proposal of a new staging system. J Clin Oncol. 1997;15:1039-1051.

25. Clark WH Jr, Elder DE, Guerry D 1V, et al. Model predicting survival in
stage | melanoma based on tumor progression. J Natl Cancer Inst. 1989;81:
1893-1904.

26. Gershenwald JE, Thompson W, Mansfield PF, et al. Multi-institutional
melanoma lymphatic mapping experience: the prognostic value of sentinel
lymph node status in 612 stage | or Il melanoma patients. J Clin Oncol.
1999;17:976-983.

27. Balch CM, Wilkerson JA, Murad TM, et al. The prognostic significance
of ulceration of cutaneous melanoma. Cancer. 1980;45:3012-3017.

28. Marcoval J, Moreno A, Graells J, et al. Angiogenesis and malignant
melanoma: angiogenesis is related to the development of vertical (tumorigenic)
growth phase. J Cutan Pathol. 1997;24:212-218.

29. Balch CM, Soong SJ, Atkins MB, et al. An evidence-based staging
system for cutaneous melanoma. CA Cancer J Clin. 2004;54:131-149; quiz
182-184.

30. Gimotty PA, Guerry D, Ming ME, et al. Thin primary cutaneous malig-
nant melanoma: a prognostic tree for 10-year metastasis is more accurate than
American Joint Committee on Cancer staging. J Clin Oncol. 2004;22:3668-
3676.

31. Marcoval J, Moreno A, Graells J, et al. Vascular density and survival in
cutaneous melanoma. BrJ Dermatol. 1996;134:809-810.

32. Kashani-Sabet M, Sagebiel RW, Ferreira CM, et al. Tumor vascularity in
the prognostic assessment of primary cutaneous melanoma. J Clin Oncol.
2002;20:1826-1831.

33. Straume O, Salvesen HB, Akslen LA. Angiogenesis is prognostically
important in vertical growth phase melanomas. Int J Oncol. 1999;15:595-599.

34. Kashani-Sabet M, Sagebiel RW, Ferreira CM, et al. Vascular involve-
ment in the prognosis of primary cutaneous melanoma. Arch Dermatol.
2001;137:1169-1173.

35. Kashani-Sabet M, Shaikh L, Miller JR Ill, et al. NF-kappa B in the vas-
cular progression of melanoma. J Clin Oncol. 2004;22:617-623.

36. Dadras SS, Paul T, Bertoncini J, et al. Tumor lymphangiogenesis: a
novel prognostic indicator for cutaneous melanoma metastasis and survival.
Am J Pathol. 2003;162:1951-1960.

37. Straume O, Akslen LA. Independent prognostic importance of vascular
invasion in nodular melanomas. Cancer. 1996;78:1211-1219.

38. Zettersten E, Sagebiel RW, Miller JR IlI, et al. Prognostic factors in
patients with thick cutaneous melanoma (>4 mm). Cancer. 2002;94:1049-1056.

39. Straume O, Jackson DG, Akslen LA. Independent prognostic impact of
lymphatic vessel density and presence of low-grade lymphangiogenesis in cuta-
neous melanoma. Clin Cancer Res. 2003;9:250-256.

40. Day CL Jr, Harrist TJ, Gorstein F, et al. Malignant melanoma. Prog-
nostic significance of “microscopic satellites” in the reticular dermis and subcu-
taneous fat. Ann Surg. 1981;194:108-112.

41. Harrist TJ, Rigel DS, Day CL Jr, et al. “Microscopic satellites” are more
highly associated with regional lymph node metastases than is primary
melanoma thickness. Cancer. 1984;53:2183-2187.

42. Zettersten E, Shaikh L, Ramirez R, et al. Prognostic factors in primary
cutaneous melanoma. Surg Clin North Am. 2003;83:61-75.

43. Spatz A, Shaw HM, Crotty KA, et al. Analysis of histopathological fac-
tors associated with prolonged survival of 10 years or more for patients with thick
melanomas (>5 mm). Histopathology. 1998;33:406-413.

44, Sondak VK, Taylor JM, Sabel MS, et al. Mitotic rate and younger age
are predictors of sentinel lymph node positivity: lessons learned from the gen-
eration of a probabilistic model. Ann Surg Oncol. 2004;11:247-258.

45. Kesmodel SB, Karakousis GC, Botbyl JD, et al. Mitotic rate as a pre-
dictor of sentinel lymph nodepositivity in patients with thin melanomas. Ann
Surg Oncol. 2005;12:449-458.

46. Nagore E, Oliver V, Botella-Estrada R, et al. Prognostic factors in local-
ized invasive cutaneous melanoma: high value of mitotic rate, vascular invasion
and microscopic satellitosis. Melanoma Res. 2005;15:169-177.

October 2005, Vol. 12, No. 4

47. McGovern VJ, Shaw HM, Milton GW. Prognosis in patients with thin
malignant melanoma: influence of regression. Histopathology. 1983;7:673-680.

48. Ronan SG, Eng AM, Briele HA, et al. Thin malignant melanomas with
regression and metastases. Arch Dermatol. 1987;123:1326-1330.

49. Elder DE, Guerry D IV, VanHorn M, et al. The role of lymph node dis-
section for clinical stage | malignant melanoma of intermediate thickness (1.51-
3.99 mm). Cancer. 1985;56:413-418.

50. Mihm MC Jr, Clemente CG, Cascinelli N. Tumor infiltrating lymphocytes
in lymph node melanoma metastases: a histopathologic prognostic indicator
and an expression of local immune response. Lab Invest. 1996;74:43-47.

51. Rosenberg SA, Dudley ME. Cancer regression in patients with metasta-
tic melanoma after the transfer of autologous antitumor lymphocytes. Proc Nat!
Acad Sci U S A. 2004; 101(suppl 2):14639-14645. Epub 2004 Sep 20.

52. Rosenberg SA, Yannelli JR, Yang JC, et al. Treatment of patients with
metastatic melanoma with autologous tumor-infiltrating lymphocytes and inter-
leukin 2. J Natl Cancer Inst. 1994;86:1159-1166.

53. Davies H, Bignell GR, Cox C, et al. Mutations of the BRAF gene in
human cancer. Nature. 2002;417:949-954.

54. Brose MS, Volpe P, Feldman M, et al. BRAF and RAS mutations in
human lung cancer and melanoma. Cancer Res. 2002;62:6997-7000.

55. Wellbrock C, Ogilvie L, Hedley D, et al. V599EB-RAF is an oncogene in
melanocytes. Cancer Res. 2004;64:2338-2342.

56. Goodall J, Wellbrock C, Dexter TJ, et al. The Brn-2 transcription factor
links activated BRAF to melanoma proliferation. Mol Cell Biol. 2004;24:2923-
2931.

57. Garnett MJ, Marais R. Guilty as charged: B-RAF is a human oncogene.
Cancer Cell. 2004;6:313-319.

58. Wan PT, Garnett MJ, Roe SM, et al. Mechanism of activation of the
RAF-ERK signaling pathway by oncogenic mutations of B-RAF. Cell. 2004;116:
855-867.

59. Pollock PM, Harper UL, Hansen KS, et al. High frequency of BRAF
mutations in nevi. Nat Genet. 2003;33:19-20.

60. Dong J, Phelps RG, Qiao R, et al. BRAF oncogenic mutations correlate
with progression rather than initiation of human melanoma. Cancer Res.
2003;63:3883-3885.

61. Pavey S, Johansson P, Packer L, et al. Microarray expression profiling
in melanoma reveals a BRAF mutation signature. Oncogene. 2004;23:4060-
4067.

62. Barth A, Wanek LA, Morton DL. Prognostic factors in 1,521 melanoma
patients with distant metastases. J Am Coll Surg. 1995;181:193-201.

63. Sirott MN, Bajorin DF, Wong GY, et al. Prognostic factors in patients with
metastatic malignant melanoma: a multivariate analysis. Cancer. 1993;72:
3091-3098.

Cancer Control 229



