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Abstract
BACKGROUND—Nodular melanoma (NM) may be biologically aggressive compared with the
more common superficial spreading melanoma (SSM), with recent data suggesting underlying
genetic differences between these 2 subtypes. To better define the clinical behavior of NMs, the
authors compared their clinical and histopathologic features to those of SSMs at their institution, a
tertiary referral center, over 3 decades.

METHODS—A total of 1684 patients diagnosed with 1734 melanomas were prospectively
enrolled. Of these, 1143 patients (69% SSM, 11% NM, 20% other) were diagnosed between 1972
and 1982; 541 patients (54% SSM, 23% NM, 23% other) were diagnosed between 2002 and the
present. Differences between the features of NM and SSM within each time period as well as
changes over time were analyzed.

RESULTS—The authors found that SSMs are now diagnosed as thinner lesions (P < .0001) with
a low incidence of histologic ulceration (P < .0001), whereas there was no significant change in
the median tumor thickness or ulceration status of NMs over time (P = .10, P = .30, respectively).
The median age at diagnosis of NM, however, did significantly increase over time (51 years to 63
years, P < .01). The median duration of NMs was reported to be only 5 months compared with 9
months in SSM patients.

CONCLUSIONS—The authors’ data suggest that improvements have been made in the early
detection of SSM but not NM. Modifications of current screening practices, including increased
surveillance of high-risk patients with an emphasis on the “E” for “evolution” criterion of the
ABCDE acronym used for early detection of melanoma, are thus warranted.
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Although the traditional classification of melanoma by histopathologic subtype (eg,
superficial spreading, nodular, lentigo maligna, acral lentiginous) has been criticized for its
lack of independent prognostic value, previous studies have demonstrated that nodular
melanoma (NM) may be a distinct biologic entity.1,2 In support of this theory, a recent
microarray study of primary and meta-static melanoma specimens identified a characteristic
gene expression profile unique to NMs.3 NMs have also been shown to have lower rates of
BRAF mutations compared with the more common superficial spreading subtype (SSM).
The largest study to date found a BRAF mutation rate of 39.1% for NMs, compared with
55.3% for SSMs.4 Furthermore, our group has recently demonstrated that NMs are
associated with increased shedding of collagen epitope HU177 into the bloodstream
compared with other subtypes, independent of tumor thickness.5 Taken together, these
findings suggest the possibility that NMs develop along distinct genetic pathways.

Although NM accounts for 15% to 30% of all cutaneous melanomas, it comprises nearly
half of all melanomas >2 mm in thickness.6,7 This finding is thought to reflect their
increased rate of growth and biologic aggressiveness compared with other subtypes, with a
typical history of onset over several months compared with a few years for SSMs.8,9 NMs
often fail to fulfill the original ABCD diagnostic criteria, possibly contributing to their
advanced stage at presentation.10,11 Evidence in support of the distinct clinical behavior of
NMs has also been demonstrated in data on sentinel lymph node (SLN) status, where NMs
have been associated with a higher incidence of recurrence in the SLN basin compared with
other subtypes.12,13

Given the higher proportion of NMs among thick tumors, previous studies have sought to
better define their clinical presentation and biologic behavior in attempts to facilitate early
detection. Several of these studies suffer limitations, including a small sample size,11,14 the
reporting of a few select parameters,12,15 or the failure to provide follow-up information.16

Our study represents the largest analysis of NMs from a single United States institution that
we are aware of to date, and reports on both clinical and histopathologic features of these
tumors. This comprehensive approach allows us to make specific recommendations
impacting the early detection of NM.

MATERIALS AND METHODS
Patients

The study cohort was comprised of 2 groups of primary cutaneous melanoma patients who
had been prospectively enrolled in the New York University Melanoma Cooperative Group
(NYU-MCG). The earlier cohort was enrolled between November 1972 and November
1982, with follow-up until 1991. The second group of patients was enrolled between August
2002 and April 2007. From the years 1992 to 2002, there was no active enrollment or
follow-up of patients in the melanoma program.

From the years 1972 to 1982, a total of 1143 patients (583 women and 560 men, median age
of 53 years) diagnosed with 1170 primary melanomas were enrolled in the NYU-MCG. All
patients within this registry were treated at NYU Medical Center. During this time, clinical
and pathologic data were collected on a total of 415 fields, of which 21 were reviewed for
purposes of this study. Data on melanoma features were also collected by the examining
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physician, including an assessment of border regularity, first dominant color, second
dominant color, color pattern, largest diameter (measured in millimeters), and elevation
(measured in millimeters). At this time, patients also provided yes/no responses as to
whether they had noted a change in the melanoma lesion, including whether there had been
a change in size, elevation, or color. Patients also provided an estimate of the duration of
melanoma (in months). All available pathologic slides were reviewed by 1 of 3
dermatopathologists at the time of patient enrollment, with central review of all cases
performed by 1 dermatopathologist. The melanoma subtypes from this earlier time period
included 812 SSMs, 126 NMs, 25 acral lentiginous melanomas, 60 lentigo maligna
melanomas, 54 other, and 93 unknown. For purposes of this study, patients were restaged
pathologically according to the sixth edition American Joint Committee on Cancer (AJCC)
staging system.17 Patients enrolled into the NYU-MCG during this time period gave verbal
informed consent. Subsequent approval to use data from these patients was obtained from
the NYU Institutional Review Board (IRB).

From the years 2002 to 2007, a total of 541 patients (232 women and 309 men, median age
of 59 years) diagnosed with 564 primary melanomas were enrolled in the NYU
Interdisciplinary Melanoma Cooperative Group. All patients within this registry were
prospectively accrued and had received definitive treatment at NYU Medical Center. In this
time period, clinical and pathologic data were collected on a total of 371 fields, of which 10
were reviewed for purposes of this study. Data on melanoma features were not collected in
this time period. All available pathologic slides were centrally reviewed by 2 pathologists, 1
of whom reviewed all surgical pathology, and 1 of whom reviewed all dermatopathology.
The melanoma subtypes in this cohort included 307 SSMs, 127 NMs, 14 acral lentiginous
melanomas, 19 lentigo maligna melanomas, 38 other, and 59 unknown. All patients were
staged pathologically according to the sixth edition AJCC staging system.17 Prospective
accrual of patients from August 2002 to present is approved by the NYU IRB, with written
informed consent obtained at the time of enrollment.

In this study, only patients with a histopathologic diagnosis of either NM or SSM within
both time periods were included, as these are the most common subtypes of invasive
melanoma among the US population. Nodular melanomas were histologically defined as
melanomas exclusively in the vertical growth phase, without evidence of an intraepidermal
melanocytic proliferation beyond 3 epidermal ridges on either side of the tumor mass.18

Differences between the features of NM and SSM within each time period as well as over
time were compared with respect to age, sex, primary tumor thickness, anatomic site, Clark
level, histologic ulceration, histologic regression, and pathologic stage. Mitotic rate was also
assessed within each database; however, because the format in which these data were
recorded differed between the 2 time periods (mitoses per mm2 in the earlier time period vs
categorical [0, ≤2, 3-5, or >5 mitoses/high-power field (HPF)] in the current time period),
we could not make a direct comparison of mitotic rate across time. Lastly, we also compared
data regarding the clinical features of NM and SSM that had been collected in the earlier
time period only.

Statistical Analysis
Descriptive statistics were calculated for baseline demographic and clinicopathologic
characteristics. To determine changes in NM and SSM over time, demographic and
clinicopathologic features during both time periods were compared (separately for NM and
SSM) using the Student t test, Wilcoxon rank sum test, or chi-square test, as appropriate.
Differences between the features of NM and SSM within each time period were also
analyzed using the tests referenced above. All P values are 2-sided, with statistical
significance evaluated at the .05 alpha level. All analyses were performed in SAS Version
9.1 (SAS Institute Inc., Cary, NC) and SPSS Version 15.0 (SPSS Inc., Chicago, Ill).
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RESULTS
Characteristics of the Early Cohort (1972-1982)

The earlier cohort consisted of 920 patients diagnosed with 126 NMs and 812 SSMs. Table
1 summarizes the noted differences in the demographic and histopathologic features of NMs
and SSMs within this time period. A statistically significant difference between NMs and
SSMs was observed with respect to primary tumor thickness, Clark level, ulceration, mitotic
rate, regression, and stage distribution. Specifically, NMs presented as substantially thicker
lesions compared with SSMs (median tumor thickness 3.2 mm for NM vs 1.1 mm for SSM;
P < .0001, Wilcoxon test), and were more likely to be ulcerated (P <.0001, chi-square test)
or invasive to Clark level IV or V (P < .0001, chi-square test). NMs also had a high mitotic
rate, with the median number of mitoses per mm2 for NMs more than double that of SSMs
(2.5 vs 1.0; P < .0001, Wilcoxon test). Conversely, regression was more often a feature of
SSMs compared with NMs (P = .0002, chi-square test). There were no observed differences
between NMs and SSMs regarding age at diagnosis, sex, or anatomic site (P = .69, P = .33,
P = .09, respectively, Wilcoxon test and chi-square test).

Characteristics of the Current Cohort (2002-2007)
The current cohort consisted of 425 patients diagnosed with 127 NMs and 307 SSMs. Table
1 summarizes differences in the demographic and histopathologic features of NMs and
SSMs within the current time period. As in the earlier cohort, a statistically significant
difference between NMs and SSMs was noted with respect to primary tumor thickness,
Clark level, ulceration, mitotic rate, and stage distribution. Unlike the earlier time period, we
observed a statistically significant increase in the age at diagnosis of NMs compared with
SSMs (P = .001, Wilcoxon test). We found that NMs continued to present as thick lesions
and were more often diagnosed with regionally advanced disease compared with SSMs (P
< .0001, Wilcoxon test, P < .0001, chi-square test, respectively). NMs were also more
mitotically active, with nearly 70% of NMs having either “moderate” (3-5 mitoses/HPF) or
“many” (>5 mitoses/HPF) mitoses, whereas approximately 80% of SSMs had either “none”
or “few” (≤2 mitoses/HPF; P < .0001, chi-square test) mitoses. In contrast to the earlier
cohort, where regression was more often a feature of SSMs, we observed no differences
between SSMs and NMs with respect to regression in the current time period (P = .24, chi-
square test). There were also no differences in the sex distribution or anatomic site between
NMs and SSMs (P = .57, P = .75, respectively, chi-square test).

Changes in the Presentation of SSMs and NMs Over 35 Years
The clinicopathologic features of SSMs within the 2 time periods are presented in Table 1.
We found nearly a 50% reduction in the median thickness of SSMs over time (1.10 mm vs
0.60 mm; P < .0001, Wilcoxon test). This was consistent with an overall migration toward
earlier stages of disease, with a 25% increase in the proportion of stage I disease across both
time periods (68.8% vs 86.0%; P < .0001, chi-square test). Similarly, the proportion of
SSMs that presented as Clark level IV or V decreased over time (P = .02, chi-square test).
There was also a significant decrease in the percentage of ulcerated SSMs, but an increase in
the proportion of tumors with histologic evidence of regression (P < .0001 and P = .02,
respectively, chi-square test). A small but statistically significant increase in the median age
at diagnosis as well as in the proportion of men with SSMs was also noted (P < .0001,
Wilcoxon test; P = .01, chi-square test, respectively).

The clinicopathologic features of NMs within the 2 time periods are presented in Table 1.
Although we observed a 25% reduction in the median thickness of NMs over time, this
decrease was not statistically significant (P = .10, Wilcoxon test). Whereas the proportion of
NMs with ulceration remained unchanged (P = .30, chi-square test), the percentage of NMs
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invasive to Clark level IV or V increased over time (P = .008, chi-square test). The resulting
stage distribution of NMs remained relatively constant over the 2 time periods, although a
trend toward an increase in stage I disease was suggested (P = .05, chi-square test). We did
detect a statistically significant increase in the median age at diagnosis of NMs over time (51
years vs 63 years; P < .0001, Wilcoxon test). The overall sex distribution of NMs was not
significantly different between time periods, although an increase in the relative proportion
of men diagnosed with NM over time was observed (P = .28, chi-square test).

Differences in Clinical Features Between NMs and SSMs
Table 2 presents the clinical features of NMs and SSMs within the earlier time period. NMs
were more likely to exhibit border regularity compared with SSMs (P = .004, chi-square
test), although the majority of lesions among both histologic subtypes had moderately
irregular borders. The dominant color of NMs was black, compared with brown in SSMs (P
< .0001, chi-square test), with the second dominant color being brown in NMs and light
brown in SSMs (P = .003, chi-square test). Red was the dominant color in 13.5% of NMs,
compared with 6.8% in SSMs. SSMs were more likely to present with color variegation
compared with NMs (P = .006, chi-square test). Approximately 90% of both NM and SSM
patients reported a change in the lesion before presentation, with approximately 54% of both
NM and SSM patients reporting an increase in size of the lesion. A slightly higher
percentage of NM patients reported a change in elevation or color compared with SSM
patients (P < .0001, P = .01, respectively, chi-square test). The median duration of NMs as
assessed by patient recall was 5 months, compared with 9 months in SSM patients (P = .01, t
test). SSMs had a larger diameter, although NMs were more often elevated (P = .01, P < .
0001, respectively, Wilcoxon test).

DISCUSSION
Our study provides evidence that advances in the early detection of melanoma have led to
statistically significant and clinically relevant migration to earlier stages of disease at
diagnosis for SSMs. Although these findings reflect data that have been generated through a
hospital-based prospective database, our results are consistent with previous epidemiological
studies using population-based registries, including the Surveillance, Epidemiology, and
End Results (SEER) cancer registry.6 In contrast, evidence of progress in the early diagnosis
of NMs is lacking. In fact, the presenting clinical and histopathologic features of NM have
not changed substantially over the last 30 years. Although we observed a 25% reduction in
the median thickness of NMs over time, this did not amount to significant improvements in
stage distribution.

To our knowledge, ours is the first study to report these findings based on data from a
United States academic center. Although no change in the median tumor thickness of NM
has been documented in the SEER registry from 1988 to 1999, data on other histopathologic
features are not available for comparison.6 Ulceration is a known poor prognostic feature of
melanoma and, thus, can provide insight into the overall aggressiveness of melanoma.
Considering that ulceration is more often a feature of thick tumors, the stable rate of
ulcerated NMs detected across both time periods is another indication that limited progress
has been made at diagnosing NMs at earlier stages in their progression. NMs were also
found to be more proliferative than SSMs as assessed by the number of mitoses detected in
these tumors. High mitotic rate has previously been associated with rapid tumor growth
independent of thickness, as well as correlated with the NM subtype.8,19 Some have also
found mitotic rate to be a significant predictor of SLN positivity.20,21 Thus, our data on
mitotic rate lend further support to the distinct biologic behavior of NMs.
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There is no clear explanation for the observed increase in NMs with regression across the 2
time periods. Several reports have commented on the lack of consistent criteria for defining
regression, making the reproducibility of this finding potentially difficult.22,23 The
prognostic importance of regression has also been disputed, with a recent study reporting
that patients with regression of the primary tumor had a better survival profile than those
without regression.24 Thus, it is difficult to comment on the implications of the increased
rate of regression we observed in NMs over time.

We found that patients who develop NM tend to be significantly older compared with those
who develop SSM. These findings are in support of a US population-based analysis where
age-specific melanoma incidence rates were shown to have a bimodal distribution, with
distinct early onset and late-onset peak frequencies at 54 and 74 years of age, respectively.25

Although the specific age distribution of NMs was not presented in this referenced study,
their data suggest that older patients are at significant risk for melanoma development. In a
separate study of the SEER Registry, patients >60 years of age, in particular men, had the
most precipitous increase in the incidence of thick melanomas ≥4 mm, nearly 50% of which
were of the nodular subtype.6,26 The association of older age and male sex with NM has also
been documented in Australian-based registries.16,27 Taken together, these results suggest
that older male patients need to be carefully considered for secondary prevention efforts.
The HARMM (History of previous melanoma, Age over 50, Regular dermatologist absent,
Mole changing, Male sex) melanoma risk assessment model, an acronym derived from the
American Academy of Dermatology Skin Cancer Screening Program Data from 2001 to
2005, identified both age >50 years (“A”) and male sex (“M”) as risk factors for melanoma
development and suggests that targeted screening of this subgroup, especially those who tan
poorly, may help to improve rates of melanoma detection.28 The recognition of those at high
risk for NM is critical, as the diagnosis of this melanoma subtype often presents a clinical
challenge to dermatologists and general practitioners alike.

In this study, we found that NMs typically lacked the ABCD criteria, exhibiting a high
degree of border regularity, a more uniform color pattern, with dominant colors of black and
brown, and a smaller diameter compared with SSMs. Chamberlain et al, in their assessment
of the presenting features of NMs within an Australian registry, also noted that these tumors
were more likely to be symmetric and elevated in comparison to SSMs. However, in their
study, the predominant color of NMs was pink, with 60.6% of NM patients reporting no
evidence of pigmentation within the lesion.11 Given these discordant data, it seems
reasonable to conclude that although NMs in the United States are more likely to be
amelanotic compared with SSMs, it is not uncommon for these tumors to present as black or
brown pigmented lesions. Although the specific changes that NMs undergo before
presentation can also be disputed, it is important to emphasize that any change in a persistent
pigmented or nonpigmented lesion warrants further attention.11,29 In our study alone, >90%
of NM patients reported a history of change in the lesion, lending clinical relevance to
evolving, or the “E” criterion, in the ABCDE acronym for the early diagnosis of
melanoma.30 It must also be emphasized that the time over which this change occurs is
typically shorter for NMs than for SSMs.11 Consistent with this, we found that the median
duration of NMs was only 5 months compared with 9 months for SSMs, suggesting that the
clinically aggressive biology of these tumors, rather than delays in seeking medical
attention, may account for their advanced thickness. Given this rapid rate of growth, the
implementation of self-detection strategies, including education on how to perform skin self-
examinations, becomes critically important as a means of secondary prevention for NM.31

Although the traditional classification of melanoma by histopathologic subtype has been
criticized for its lack of independent prognostic value, our data demonstrate the distinct
clinical behavior among melanoma subtypes. These findings should not be ignored when
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considering the adoption of newer classification strategies for melanoma. Furthermore, our
group has recently demonstrated that NMs are associated with increased shedding of
collagen epitope HU177 into the blood compared with other subtypes, independent of tumor
thickness.5 In support of these findings, a recent gene expression study of melanoma
identified a characteristic gene expression profile unique to NM.3 Still others have shown
that the proto-oncogene hPTTG1 (human pituitary tumor-transforming gene 1) is
differentially overexpressed in NMs, a finding that remained significant when controlling
for tumor thickness.32 Recognized limitations in adequately addressing the biologic
behavior of melanomas with distinct histopathologic subtypes are largely inconsistent
reporting and the lack of a universal classification system. In the SEER database alone, over
30% of melanomas lack a designated histopathologic subtype.6 Although some authors
debate the existence of fundamental histopathologic differences among melanoma subtypes,
to facilitate future correlative studies, we support the continued classification of melanoma
by histopathologic subtype and encourage its reporting by all dermatopathologists.33 Further
research efforts directed toward improving our understanding of the etiology and underlying
biologic properties of melanoma subtypes are also warranted.

Over the last few years, newer classification strategies focused on the underlying biology of
melanoma, with an emphasis on the categorization of distinct genetic alterations, have been
proposed. Specifically, differences in chromosomal aberrations and mutation frequencies
have been documented in melanomas based on the extent of sun exposure and anatomic site.
For example, melanomas on skin without chronic sun-induced damage have been shown to
have frequent mutations in BRAF and losses of chromosome 10, whereas melanomas on
skin with chronic sun-induced damage, mucosal membranes, or acral skin have a low rate of
BRAF mutation but frequent oncogenic mutations and/or copy number increases in
KIT.34,35 Although it has yet to be determined whether this classification of melanomas
based on ultraviolet light exposure and anatomic site can accurately stratify patients into
prognostic groups, this strategy may prove to be clinically useful in selecting patients for
targeted therapeutic interventions. Moving forward, classification systems will likely evolve
to integrate tumor genetics with histopathologic findings, thus providing both practical and
clinically relevant information.36

We recognize that our study does not include information on patients diagnosed with
melanoma in the 1990s, a time when we were not actively recruiting patients into our
melanoma registries. Nevertheless, we believe that our conclusions are valid, as they are
based on a large-scale, comprehensive prospective database. We also realize that the
incidence of NM at our institution is higher than that typically reported in the literature;
however, our results are largely consistent with those of the SEER registry, including a
similar median thickness for NM, which suggests that misdiagnosis or discrepancies in
dermatopathologic expertise were less of a concern in our study.6 We also acknowledge the
possibility that our observation of an increasing age at diagnosis of NM patients might be
confounded by possible changing referral patterns over time. However, the fact that these
findings have also been reported in analyses of Australian-based registries lends support to
our observations.16,27

In conclusion, NM presents with aggressive histological features and at advanced stages of
disease. Targeted screening of older patient populations, with an emphasis on men, is critical
if melanoma mortality rates are to be impacted. Healthcare practitioners need to be vigilant
for these aggressive melanomas and should perform total cutaneous examinations in this
high-risk group. Considering that NMs often fail to exhibit the ABCD criteria, alerting
patients to the significance of evolution within a lesion, the “E” criterion, may serve as a
more effective means of early melanoma recognition in this patient population.

Warycha et al. Page 7

Cancer. Author manuscript; available in PMC 2013 April 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
Supported in part by NYU Cancer Center Core Grant (5 P30 CA 016087-27, I.O.) and a Chemotherapy Foundation
Grant.

References
1. Barnhill RL, Fine JA, Roush GC, Berwick M. Predicting 5-year outcome for patients with cutaneous

melanoma in a population-based study. Cancer. 1996; 78:427–432. [PubMed: 8697387]

2. Weyers W, Euler M, Diaz-Cascajo C, Schill WB, Bonczkowitz M. Classification of cutaneous
malignant melanoma: a reassessment of histopathologic criteria for the distinction of different types.
Cancer. 1999; 86:288–299. [PubMed: 10421265]

3. Jaeger J, Koczan D, Thiesen HJ, et al. Gene expression signatures for tumor progression, tumor
subtype, and tumor thickness in laser-microdissected melanoma tissues. Clin Cancer Res. 2007;
13:806–815. [PubMed: 17289871]

4. Liu W, Kelly JW, Trivett M, et al. Distinct clinical and pathological features are associated with the
BRAF (T1799A(V600E)) mutation in primary melanoma. J Invest Dermatol. 2007; 127:900–905.
[PubMed: 17159915]

5. Ng B, Zakrzewski J, Warycha M, et al. Shedding of distinct cryptic collage epitope (HU177) in sera
of melanoma patients. Clin Can Res. 2008; 14:6253–6258.

6. Demierre MF, Chung C, Miller DR, Geller AC. Early detection of thick melanomas in the United
States: beware of the nodular subtype. Arch Dermatol. 2005; 141:745–750. [PubMed: 15967921]

7. Nestle, FO.; Halpern, AC. Dermatology. 2. Vol. 2. St. Louis, MO: Mosby Elsevier; 2008.

8. Liu W, Dowling JP, Murray WK, et al. Rate of growth in melanomas: characteristics and
associations of rapidly growing melanomas. Arch Dermatol. 2006; 142:1551–1558. [PubMed:
17178980]

9. Langley, RBR.; Mihn, M.; Fitzpatrick, TB.; Sober, AJ. Fitzpatrick’s Dermatology in General
Medicine. 6. New York, NY: McGraw Hill; 2003.

10. Kelly JW, Chamberlain AJ, Staples MP, McAvoy B. Nodular melanoma. No longer as simple as
ABC. Aust Fam Physician. 2003; 32:706–709. [PubMed: 14524207]

11. Chamberlain AJ, Fritschi L, Kelly JW. Nodular melanoma: patients’ perceptions of presenting
features and implications for earlier detection. J Am Acad Dermatol. 2003; 48:694–701. [PubMed:
12734497]

12. Corrigan MA, Coffey JC, O’Sullivan MJ, Fogarty KM, Redmond HP. Sentinel lymph node biopsy:
is it possible to reduce false negative rates by excluding patients with nodular melanoma?
Surgeon. 2006; 4:153–157. [PubMed: 16764200]

13. Nowecki ZI, Rutkowski P, Nasierowska-Guttmejer A, Ruka W. Survival analysis and
clinicopathological factors associated with false-negative sentinel lymph node biopsy findings in
patients with cutaneous melanoma. Ann Surg Oncol. 2006; 13:1655–1663. [PubMed: 17016755]

14. Baumert J, Plewig G, Volkenandt M, Schmid-Wendtner MH. Factors associated with a high
tumour thickness in patients with melanoma. Br J Dermatol. 2007; 156:938–944. [PubMed:
17381454]

15. Carli P, De Giorgi V, Palli D, et al. Patterns of detection of superficial spreading and nodular-type
melanoma: a multi-center Italian study. Dermatol Surg. 2004; 30:1371–1375. discussion
1375-1376. [PubMed: 15522016]

16. Chamberlain AJ, Fritschi L, Giles GG, Dowling JP, Kelly JW. Nodular type and older age as the
most significant associations of thick melanoma in Victoria, Australia. Arch Dermatol. 2002;
138:609–614. [PubMed: 12020221]

17. 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. [PubMed: 11504745]

18. Bergman, R.; Bruckner-Tuderman, S.; Hercogova, J.; Bastian, BC. Pathology and genetics of skin
tumors. In: Leboit, PE.; B, G.; Weedon, D.; Sarasin, A., editors. World Health Organization
Classification of Tumors. Vol. Chap 2. Vol. 68. Lyon, France: IARC Press; 2006.

Warycha et al. Page 8

Cancer. Author manuscript; available in PMC 2013 April 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. English DR, Heenan PJ, Holman CD, et al. Melanoma in Western Australia in 1980-81: incidence
and characteristics of histological types. Pathology. 1987; 19:383–392. [PubMed: 3444664]

20. Kesmodel SB, Karakousis GC, Botbyl JD, et al. Mitotic rate as a predictor of sentinel lymph node
positivity in patients with thin melanomas. Ann Surg Oncol. 2005; 12:449–458. [PubMed:
15864482]

21. Sondak VK, Taylor JM, Sabel MS, et al. Mitotic rate and younger age are predictors of sentinel
lymph node positivity: lessons learned from the generation of a probabilistic model. Ann Surg
Oncol. 2004; 11:247–258. [PubMed: 14993019]

22. Cooper PH, Wanebo HJ, Hagar RW. Regression in thin malignant melanoma. Microscopic
diagnosis and prognostic importance. Arch Dermatol. 1985; 121:1127–1131. [PubMed: 4037837]

23. Kang S, Barnhill RL, Mihm MC Jr, Sober AJ. Histologic regression in malignant melanoma: an
interobserver concordance study. J Cutan Pathol. 1993; 20:126–129. [PubMed: 8320356]

24. Morris KT, Busam KJ, Bero S, Patel A, Brady MS. Primary cutaneous melanoma with regression
does not require a lower threshold for sentinel lymph node biopsy. Ann Surg Oncol. 2008;
15:316–322. [PubMed: 18004626]

25. Lachiewicz AM, Berwick M, Wiggins CL, Thomas NE. Epi-demiologic support for melanoma
heterogeneity using the Surveillance, Epidemiology, and End Results program. J Invest Dermatol.
2008; 128:243–245. [PubMed: 17713570]

26. Jemal A, Devesa SS, Hartge P, Tucker MA. Recent trends in cutaneous melanoma incidence
among whites in the United States. J Natl Cancer Inst. 2001; 93:678–683. [PubMed: 11333289]

27. Hanrahan PF, Hersey P, D’Este CA. Factors involved in presentation of older people with thick
melanoma. Med J Aust. 1998; 169:410–414. [PubMed: 9830387]

28. Goldberg MS, Doucette JT, Lim HW, Spencer J, Carucci JA, Rigel DS. Risk factors for
presumptive melanoma in skin cancer screening: American Academy of Dermatology National
Melanoma/Skin Cancer Screening Program experience 2001-2005. J Am Acad Dermatol. 2007;
57:60–66. [PubMed: 17490783]

29. Bergenmar M, Hansson J, Brandberg Y. Detection of nodular and superficial spreading melanoma
with tumour thickness < or = 2.0 mm—an interview study. Eur J Cancer Prev. 2002; 11:49–55.
[PubMed: 11917208]

30. Abbasi NR, Shaw HM, Rigel DS, et al. Early diagnosis of cutaneous melanoma: revisiting the
ABCD criteria. JAMA. 2004; 292:2771–2776. [PubMed: 15585738]

31. Berwick M, Begg CB, Fine JA, Roush GC, Barnhill RL. Screening for cutaneous melanoma by
skin self-examination. J Natl Cancer Inst. 1996; 88:17–23. [PubMed: 8847720]

32. Winnepenninckx V, Debiec-Rychter M, Belien JA, et al. Expression and possible role of hPTTG1/
securin in cutaneous malignant melanoma. Mod Pathol. 2006; 19:1170–1180. [PubMed:
16799481]

33. Ackerman AB, David KM. A unifying concept of malignant melanoma: biologic aspects. Hum
Pathol. 1986; 17:438–440. [PubMed: 3699804]

34. Curtin JA, Busam K, Pinkel D, Bastian BC. Somatic activation of KIT in distinct subtypes of
melanoma. J Clin Oncol. 2006; 24:4340–4346. [PubMed: 16908931]

35. Curtin JA, Fridlyand J, Kageshita T, et al. Distinct sets of genetic alterations in melanoma. N Engl
J Med. 2005; 353:2135–2147. [PubMed: 16291983]

36. Viros A, Fridlyand J, Bauer J, et al. Improving melanoma classification by integrating genetic and
morphologic features. PLoS Med. 2008; 5:e120. [PubMed: 18532874]

Warycha et al. Page 9

Cancer. Author manuscript; available in PMC 2013 April 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Warycha et al. Page 10

TA
B

LE
 1

C
ha

ra
ct

er
is

tic
s 

of
 S

up
er

fi
ci

al
 S

pr
ea

di
ng

 M
el

an
om

a 
an

d 
N

od
ul

ar
 M

el
an

om
a 

W
ith

in
 E

ac
h 

T
im

e 
Pe

ri
od

 a
nd

 O
ve

r 
T

im
e

C
ha

ra
ct

er
is

ti
c

Y
ea

rs
 1

97
2-

19
82

Y
ea

rs
 2

00
2-

20
07

C
ha

ng
es

 B
et

w
ee

n 
19

72
-1

98
2 

an
d 

20
02

-2
00

7

SS
M

, N
o.

 (
%

)
N

M
, N

o.
 (

%
)

P
SS

M
, N

o.
 (

%
)

N
M

, N
o.

 (
%

)
P

SS
M

, P
N

M
, P

A
ge

 (
y,

 m
ed

ia
n)

51
51

.6
9

56
63

.0
01

<
.0

00
1

<
.0

00
1

Se
x 

(m
en

, w
om

en
)

38
0 

(4
8)

, 4
15

 (
52

)
66

 (
52

),
 6

0 
(4

8)
.3

3
16

8 
(5

6)
, 1

31
 (

44
)

74
 (

59
),

 5
1 

(4
1)

.5
7

.0
1

.2
8

T
hi

ck
ne

ss
 (

m
m

, m
ed

ia
n)

1.
1

3.
2

<
.0

00
1

0.
6

2.
4

<
.0

00
1

<
.0

00
1

.1
0

C
la

rk
’s

 le
ve

l

 
I

32
 (

4.
0)

0 
(0

.0
)

<
.0

00
1

0 
(0

.0
)

0 
(0

.0
)

<
.0

00
1

.0
2*

.0
08

*

 
II

23
5 

(2
9.

1)
0 

(0
.0

)
11

9 
(4

0.
2)

1 
(0

.9
)

 
II

I
22

7 
(2

8.
1)

21
 (

17
.1

)
74

 (
25

.0
)

6 
(5

.2
)

 
IV

29
3 

(3
6.

2)
89

 (
72

.4
)

10
2 

(3
4.

5)
93

 (
80

.2
)

 
V

22
 (

2.
7)

13
 (

10
.6

)
1 

(0
.3

)
16

 (
13

.8
)

U
lc

er
at

io
n 

pr
es

en
t

14
5 

(1
8.

2)
58

 (
47

.2
)

<
.0

00
1

17
 (

5.
7)

50
 (

40
.7

)
<

.0
00

1
<

.0
00

1
.3

0

R
eg

re
ss

io
n 

pr
es

en
t

16
6 

(2
6.

2)
4 

(5
.8

)
.0

00
2

96
 (

33
.5

)
30

 (
27

.3
)

.2
4

.0
2

.0
00

4

M
ito

se
s 

(p
er

 m
m

2 ,
 m

ed
ia

n)
1.

0
2.

5
<

.0
00

1

 
N

on
e

86
 (

31
.6

)
5 

(4
.8

)
<

.0
00

1

 
Fe

w
 (

≤2
 m

ito
se

s/
H

PF
)

13
2 

(4
8.

5)
27

 (
25

.7
)

 
M

od
er

at
e 

(3
-5

 m
ito

se
s/

H
PF

)
27

 (
9.

9)
23

 (
21

.9
)

 
M

an
y 

(>
5 

m
ito

se
s/

H
PF

)
27

 (
9.

9)
50

 (
47

.6
)

St
ag

e

 
I

52
4 

(6
8.

8)
27

 (
22

.0
)

<
.0

00
1

26
4 

(8
6.

0)
43

 (
33

.9
)

<
.0

00
1

<
.0

00
1

.0
5

 
II

16
3 

(2
1.

4)
61

 (
49

.6
)

28
 (

9.
1)

56
 (

44
.1

)
<

.0
00

1
.4

6

 
II

I
71

 (
9.

3)
33

 (
26

.8
)

15
 (

4.
9)

28
 (

22
.1

)
.0

2
.4

6

 
IV

4 
(0

.5
)

2 
(1

.6
)

0 
(0

.0
)

0 
(0

.0
)

.4
8

.4
6

SS
M

 in
di

ca
te

s 
su

pe
rf

ic
ia

l s
pr

ea
di

ng
 m

el
an

om
a;

 N
M

, n
od

ul
ar

 m
el

an
om

a;
 H

PF
, h

ig
h-

po
w

er
 f

ie
ld

.

* D
en

ot
es

 th
e 

ch
an

ge
 o

ve
r 

tim
e 

in
 th

e 
pr

op
or

tio
n 

of
 m

el
an

om
as

 p
re

se
nt

in
g 

as
 C

la
rk

 le
ve

l I
V

 o
r 

V
.

Cancer. Author manuscript; available in PMC 2013 April 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Warycha et al. Page 11

TABLE 2

Clinical Features of Superficial Spreading and Nodular Melanoma

Clinical Features Superficial Spreading, n=812, No. (%) Nodular, n=126, No. (%) P

Border regularity

 Regular 243 (29.9) 48 (38.1) .004

 Moderately irregular 435 (53.6) 70 (55.6)

 Very irregular 94 (11.6) 3 (2.4)

 Unknown 40 (4.9) 5 (4.0)

First dominant color

 Black 254 (31.3) 54 (42.9) <.0001

 Brown 384 (47.3) 33 (26.2)

 Red 55 (6.8) 17 (13.5)

 Other 107 (13.2) 20 (15.9)

 Unknown 12 (1.5) 2 (1.6)

Second dominant color

 Black 113 (13.9) 6 (4.8) .003

 Brown 131 (16.1) 25 (19.8)

 Light brown 143 (17.6) 11 (8.7)

 Red 49 (6.0) 9 (7.1)

 Other 84 (10.3) 19 (15.1)

 None 292 (36.0) 56 (44.4)

 Unknown 0 (0) 0 (0)

Color pattern

 Uniform 248 (30.5) 54 (42.9) .006

 Variegated 544 (67.0) 69 (54.8)

 Unknown 20 (2.5) 3 (2.4)

Change in lesion

 Yes 680 (83.7) 116 (92.1) .06

 No 102 (12.6) 9 (7.1)

 Unknown 30 (3.7) 1 (0.80)

Change in size

 Decrease 9 (1.1) 4 (3.2) .21

 Increase 439 (54.1) 69 (54.8)

 No change 305 (37.6) 49 (38.9)

 Unknown 59 (7.3) 4 (3.2)

Change in elevation

 Increase 400 (49.3) 95 (75.4) <.0001

 Decrease 16 (2.0) 1 (0.80)

 No change 357 (44.0) 28 (22.2)

 Unknown 39 (4.8) 2 (1.6)

Change in color

 Yes 419 (51.6) 81 (64.3) .01
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Clinical Features Superficial Spreading, n=812, No. (%) Nodular, n=126, No. (%) P

 No 333 (41.0) 38 (30.2)

 Unknown 60 (7.4) 7 (5.6)

Duration of melanoma, mean, median (mo) 27.9, 9.0 25.3, 5.0 .004

Largest diameter, mean, median (mm) 18.3, 15.0 14.8, 12.0 .01

Elevation, mean, median (mm) 2.2, 1.0 4.2, 3.5 <.0001
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