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Poor prognosis for thin ulcerated
melanomas and implications for a more

aggressive approach to treatment
Makenzie L. Hawkins, MSPH,a Matthew J. Rioth, MD,a,b Megan M. Eguchi, MPH,a

and Myles Cockburn, PhDa,c,d,e

Aurora, Colorado, and Los Angeles, California
Background: Clinical guidelines for the treatment of melanoma are based largely on the behavior of
thicker tumors. As a result, little is known about survival differences among patients with thinner tumors.
Objective: To investigate the variability in survival for American Joint Committee on Cancer stage T1 thin
melanoma tumors, defined as tumors less than 1 mm thick at diagnosis.
Methods: This population-based series included 43,008 non-Hispanic whites in whom cutaneous melanoma
was diagnosed between 2004 and 2013 from the California Cancer Registry. Survival outcomes were estimated
using the Kaplan-Meier method. Cox proportional hazard models were used to estimate risk of death.
Results: Survival for patients with thin ulcerated tumors was comparable to that for patients with stage II
tumors, who are currently treated more aggressively. At 12 months, patients with thin ulcerated tumors had
approximately 6% lower survival (92.5% [95% confidence interval (CI), 90.6%-93.9%]) compared with patients
with thin nonulcerated tumors (98.2% [95% CI, 98.0%-98.3%]). At 24 months, this survival difference increased
(85.2% [95% CI, 82.8%-87.4%] vs 96.1% [95% CI, 95.8-96.3%] for those with thin ulcerated and thin
nonulcerated tumors, respectively) and a greater than 15% survival difference was seen at 60 months.
Limitations: Previous reports of cancer registry data have noted some evidence of miscoding of thin
tumors.
Conclusion: The poorer survival in patients with ulcerated tumors less than 1 mm thick implies the need
for additional studies to determine potential benefits of more aggressive treatment. ( J Am Acad Dermatol
2019;80:1640-9.)
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Melanoma prognosis is accurately predicted by
Breslow depth (tumor thickness), nodal involve-
ment, and ulceration, which together with clinical
evidence of metastasis, form the basis of current
staging and treatment practices. Guidelines for
treatment of melanoma are largely based on the
behavior of thicker tumors. Thin tumors comprise
CAPSULE SUMMARY

d Survival differences among patients with
thin melanoma tumors are unclear. This
population-based study found that
survival of patients with thin ulcerated
melanoma was similar to that of patients
with thicker lesions.

d The poorer survival of patients with thin
ulcerated tumors implies the need for
additional studies to determine the
benefits of aggressive or targeted
treatment.
the largest proportion of mel-
anomas (in most series more
than 50% are\1 mm thick1),
but little is known about sur-
vival differences among pa-
tients with thinner tumors,
and little guidance is pro-
vided on treatment ap-
proaches for thinner tumors
based on tumor characteris-
tics such as ulceration.2 We
investigated the variability in
survival for American Joint
Committee on Cancer stage
T1, thin tumors (\1 mm at
diagnosis) in a population-
based series and described

survival patterns by ulceration and nodal involve-
ment. Our objective was to identify tumor charac-
teristics within thinner tumors to guide clinical
decision making, particularly by identifying those
tumors with the worst survival, which are more likely
to warrant aggressive early or adjuvant treatment
approaches. We are aware of no other data available
that distinguishes survival outcomes within thin
tumors in an unselected population (as opposed to
specific clinical series possibly biased by selection)
that could guide staging classification and clinical
decision making.

DESIGN AND METHODS
Patient and tumor characteristics

A total of 43,008 non-Hispanic whites in whom
cutaneous melanoma was diagnosed between
January 1, 2004, and December 31, 2013, were
identified from the California Cancer Registry, the
population-based cancer registry for the State of
California. The California Cancer Registry operates
under the annual review of the State of California
Committee for the Protection of Human Subjects,
which provided approval for this analysis.

Tumors were categorized by Breslow thickness,
in millimeters, and stage, in accordance with the
primary tumor melanoma staging described by the
American Joint Committee on Cancer.3 Thin tumors
were defined as those with a Breslow thickness less
than 1 mm. Tumor ulceration was determined by
using the Collaborative Stage version 02.05 Cancer
Schema and categorized as ulcerated or nonulcer-
ated. Nodal involvement was categorized as
without nodal involvement, with nodal involve-
ment, and unknown nodal involvement. Histologic
subtype was accordingly coded to the
International Classification of Diseases for
Oncology, Third Edition, as
nodular melanoma (8721),
lentigo maligna melanoma
(8742), superficial spreading
melanoma (8743), acral len-
tiginous melanoma (8744),
and malignant melanoma
not otherwise specified
(8720). Rare histologic sub-
types (8722-8741 and 8745-
8790) were classified as ma-
lignant melanoma not other-
wise specified. Cancer
treatment included chemo-
therapy, immunotherapy,
and sentinel lymph
node biopsy (SLNB).
Socioeconomic status (SES) of patients was deter-
mined by using an index measure developed by
Yost et al.4
Statistical analysis
Differences in patient demographics were

compared by using chi-square tests. Follow-up
time was calculated from date of diagnosis to date
of last known follow-up or death. Survival curves
were generated by using the Kaplan-Meier method,
and 95% confidence intervals (CIs) were generated
by using the Hall-Wellner method.5 A long-rank test
was used to determine significance between the
different Kaplan-Meier plots. Survival estimates and
95% CIs were reported at 12, 24, 36, and 60 months.
Univariate and multivariate Cox proportional haz-
ard models were used to estimate the risk of death
(overall and melanoma-specific) after adjustment
for sex, age at diagnosis, histology, year of diag-
nosis, SES, and cancer treatment. Proportionality of
hazards of key covariates was examined, and pro-
portional hazards assumptions were not violated.
Within the thin ulcerated tumors, we examined
differences between patients with more than
26 months of survival and patients with 26 or fewer
months. This was the first point at which survival
confidence limits of the thin ulcerated tumors did
not overlap with the survival confidence limits of
the stage IIB tumors. The analysis was conducted



Abbreviations used:

CI: confidence interval
SEER: Surveillance, Epidemiology, and End

Results
SES: socioeconomic status
SLN: sentinel lymph node
SLNB: sentinel lymph node biopsy
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with SAS software (version 9.4, SAS Institute Inc,
Cary, NC).

RESULTS
Patient characteristics

Patients with ulcerated tumors less than 1mm thick
(thin tumors) were older (53% were age $65 years)
than patients in whom thin nonulcerated tumors had
been diagnosed (42.6% were age $65 years)
(P \ .001; Table I). The majority of patients with
both the thin ulcerated and thin nonulcerated tumors
were classified as being of higher-middle or the
highest SES (53.6% and 59.4%, respectively)
(P \ .001). However, a slightly higher proportion
(22.0%) of patients with thin ulcerated tumors fell into
the lower SES groups compared with the group with
thin nonulcerated tumors (16.8%) (P\ .001). Nearly
12% of patients with thin ulcerated tumors had
nodular histology (11.9%) compared with 1.0% of
those with thin nonulcerated tumors (P \ .001).
Conversely, patients with thin nonulcerated tumors
had a higher proportion of superficial spreading
melanoma (32.3%) than did patients with thin ulcer-
ated tumors (25.2%) (P \ .001). Compared with
patients with thin nonulcerated tumors, patients
with thin ulcerated tumors received slightly more
chemotherapy (33.3%) (P\ .001) or more immuno-
therapy (1.3%) (P \ .001) and a higher proportion
underwent SLNB (2.4%) (P\ .001).

Survival
At 12 months, patients with thin ulcerated tumors

had an approximately 6% lower survival rate
(Table II) (92.5% [95% CI, 90.6%-93.9%]) than pa-
tients with thin nonulcerated tumors (98.2% [95% CI,
98.0%-98.3%]). At 24 months, this survival difference
increased (85.2% [95% CI, 82.8%-87.4%)] vs 96.1%
[95% CI, 95.8%-96.3%], respectively) and continued
to increase more than 2-fold by 60 months (75.5%
[95% CI, 72.1%-78.5%] vs 88.6% [95% CI, 88.2%-
89.0%], respectively). The survival estimates of thin
ulcerated melanomas with unknown nodal involve-
ment were between those with and without nodal
invasion (not shown).

Survival of thin ulcerated tumors was significantly
worse than survival of thin nonulcerated tumors and
was comparable to survival in stage IIB (American
Joint Committee on Cancer) tumors in the first
26 months after diagnosis (Fig 1). The survival rate
at 24 months for thin ulcerated tumors was 85.2%
(95% CI, 82.8%-87.4%) versus 81.8% (95% CI, 80.0%-
83.4%) for stage IIB tumors at 24 months. After
26 months, survival of thin ulcerated tumors was still
significantly worse than survival of thin nonulcerated
tumors.

An investigation of a sentinel lymph node (SLN) is
not standard in staging thin melanomas; populations
with unknown and presumably unstaged SLNs are
presented separately from those with known nodal
status. Nodal involvement had a clear negative
influence on survival rates in both ulcerated and
nonulcerated thin tumors. Patients with thin ulcer-
ated tumors with nodal involvement (stage III) had
extremely poor survival; the survival rates were at
least 10% lower than those for stage III tumors
(Fig 2). At 36 months after diagnosis, the survival
rate of patients with thin ulcerated tumors with nodal
involvement (57.9% [95% CI, 46.8%-67.5%]) was
more than 20% lower than the survival rate for
patients with thin nonulcerated tumors with nodal
involvement (73.7% [95% CI, 67.4%-79.0%]).

The overall risk of death in thin ulcerated tumors
was as bad as that for stage IIA tumors (hazard ratio
[HR] 2.2 [95% CI, 1.97-2.61] vs HR, 2.46 [95% CI, 2.26-
2.66]; respectively) (Table II). The overall risk of
death in thin ulcerated tumors with nodal invasion
was double the risk seen in thin nonulcerated tumors
with nodal invasion, even after adjustment for
covariates (HR, 10.07 [95% CI, 7.33-13.83] vs HR,
4.55 [95% CI, 3.60-5.76], respectively). The risk of
melanoma-specific death in patients with ulcerated
tumors less than 1 mm thick (HR, 7.45 [95% CI, 5.84-
9.51]) was 7-fold that in patients with nonulcerated
tumors less than 1 mm thick (referent) and was also
greater than the risk of stage IIA tumors (HR, 6.67
[95% CI, 5.64-7 .88]) The risk of melanoma-specific
death in ulcerated tumors less than 1 mm thick with
nodal invasion was significantly higher than that in
nonulcerated tumors less than 1mm thick with nodal
invasion (HR, 45.64 [95% CI, 29.22-71.30] vs HR,
19.83 [95% CI, 14.24-27.60], respectively).

Differences in patients with thin ulcerated
tumors surviving < 26 months compared to
those surviving longer

Of those surviving 26 months or less and those
surviving more than 26 months, the majority were
male (Table III). Patients with shorter survival time
were also significantly older than patients surviving
past 26 months. More patients surviving 26 months
or less had their disease diagnosed as nodular



Table I. Patient demographics, cancer characteristics, and cancer treatment in non-Hispanic white patients
with melanoma by tumor thickness and stage from the California Cancer Registry (2004-2013)

Characteristic

\1 mm not

ulcerated

\1 mm

ulcerated Stage IIA Stage IIB Stage III Stage IV

P

value

(n = 30,873

[71.6%])

(n = 1092

[2.5%])

(n = 3447

[8.0%])

(n = 2350

[5.5%])

(n = 3137

[7.3%])

(n = 2209

[5.1%])

n % n % n % n % n % n %

Sex
Male 17,964 58.2% 698 63.9% 2242 65.0% 1593 67.8% 2124 67.7% 1575 71.3%
Female 12,909 41.8% 394 36.1% 1205 35.0% 757 32.2% 1013 32.3% 634 28.7% \.001

Age at diagnosis, y
\5 1970 6.4% 48 4.4% 133 3.9% 59 2.5% 224 7.1% 78 3.5%
35-44 3023 9.8% 76 7.0% 175 5.1% 103 4.4% 291 9.3% 116 5.3%
45-54 5710 18.5% 154 14.1% 459 13.3% 248 10.6% 581 18.5% 317 14.4%
55-64 7033 22.8% 233 21.3% 647 18.8% 444 18.9% 719 22.9% 540 24.4%
65-74 6288 20.4% 226 20.7% 712 20.7% 503 21.4% 579 18.5% 498 22.5%
$751 6849 22.2% 355 32.5% 1321 38.3% 993 42.3% 743 23.7% 660 29.9% \.001

SES
Lowest SES 1772 5.7% 78 7.1% 244 7.1% 191 8.1% 259 8.3% 204 9.2%
Lower-middle SES 3439 11.1% 163 14.9% 490 14.2% 345 14.7% 447 14.2% 341 15.4%
Middle SES 5341 17.3% 192 17.6% 666 19.3% 446 19.0% 633 20.2% 447 20.2%
Higher-middle SES 7473 24.2% 259 23.7% 795 23.1% 546 23.2% 718 22.9% 527 23.9%
Highest SES 10,874 35.2% 326 29.9% 1011 29.3% 676 28.8% 880 28.1% 549 24.9%
Missing 1974 6.4% 74 6.8% 241 7.0% 146 6.2% 200 6.4% 141 6.4% \0.001

Year of diagnosis
2004-2006 9683 31.4% 332 30.4% 1056 30.6% 704 30.0% 942 30.0% 670 30.3%
2007-2009 10,791 35.0% 334 30.6% 1060 30.8% 747 31.8% 1002 31.9% 728 33.0%
2010-2013 10,399 33.7% 426 39.0% 1331 38.6% 899 38.3% 1193 38.0% 811 36.7% \.001

Histology
Malignant
melanoma, NOS

18,677 60.5% 646 59.2% 2052 59.5% 1368 58.2% 1871 59.6% 1985 89.9%

Nodular melanoma 299 1.0% 130 11.9% 660 19.1% 609 25.9% 690 22.0% 158 7.2%
Lentigo maligna
melanoma

1800 5.8% 37 3.4% 66 1.9% 30 1.3% 20 0.6% 2 0.1%

Superficial spreading
melanoma

9977 32.3% 275 25.2% 629 18.2% 313 13.3% 497 15.8% 57 2.6%

Acral lentiginous
melanoma

120 0.4% 4 0.4% 40 1.2% 30 1.3% 59 1.9% 7 0.3% \.001

Lymph node biopsy
No 26,494 85.8% 725 66.4% 1454 42.2% 1096 46.6% 1742 55.5% 2021 91.5%
Yes 4332 14.0% 364 33.3% 1988 57.7% 1252 53.3% 1385 44.2% 98 4.4%
Unknown 47 0.2% 3 0.4% 5 0.1% 2 0.1% 10 0.3% 90 4.1% \.0001

Chemotherapy
No 30,738 99.6% 1075 98.4% 3415 99.1% 2308 98.2% 2824 90.0% 1525 69.0%
Yes 72 0.2% 14 1.3% 28 0.8% 36 1.5% 275 8.8% 647 29.3%
Unknown 63 0.2% 3 0.3% 4 0.1% 6 0.3% 38 1.2% 37 1.7% \.0001

Immunotherapy
No 30,726 99.5% 1060 97.1% 3394 98.5% 2262 96.2% 2439 77.8% 1972 89.3%
Yes 96 0.3% 26 2.4% 46 1.3% 79 3.4% 640 20.4% 224 10.1%
Unknown 51 0.2% 6 0.6% 7 0.2% 9 0.4% 58 1.8% 13 0.6% \.0001

NOS, Not otherwise specified; SES, socioeconomic status.
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melanoma (20.5%) than did patients surviving
longer, who had a higher proportion of superficial
spreading melanoma (29.8%). Of the patients sur-
viving more than 26 months, more underwent SLNB
(33.4%) (P \ .001), but they received less chemo-
therapy (0.2%) (P\.001) or immunotherapy (1.3%)
(P \ .001) treatment than did those with shorter
survival time. There were no significant differences



Table II. Survival estimates and risk of death by tumor thickness, ulceration, nodal involvement, and stage of non-Hispanic white patients with melanoma
from the California Cancer Registry (2004-2013)

Survival estimate

Tumor classification 12 mo 24 mo 36 mo 60 mo

Characteristic n %

Survival

estimate 95% CI

Survival

estimate 95% CI

Survival

estimate 95% CI

Survival

estimate 95% CI

\0.8 mm 28,110 87.9 98.1% 97.9% 98.2% 95.9% 95.6% 96.1% 93.7% 93.4% 94.0% 89.0% 88.5% 89.4%
0.8-1.0 mm 3855 12.1 97.5% 96.9% 98.0% 94.6% 93.8% 95.3% 91.6% 90.6% 92.5% 86.3% 84.9% 87.6%
#1.0 31,965 74.3 98.0% 97.8% 98.1% 95.7% 95.4% 95.9% 93.4% 93.1% 93.7% 88.6% 88.2% 89.0%
Nonulcerated 30,873 71.8 98.2% 98.0% 98.3% 96.1% 95.8% 96.3% 93.9% 93.6% 94.2% 89.1% 88.6% 89.5%
Without nodal involvement 29,877 69.5 98.3% 98.1% 98.4% 96.2% 96.0% 96.5% 94.1% 93.8% 94.4% 89.3% 88.9% 89.8%
With nodal involvement 297 0.7 91.5% 87.5% 94.3% 80.6% 75.0% 85.0% 73.7% 67.4% 79.0% 66.7% 59.6% 72.9%
With unknown nodal
involvement

699 1.6 97.4% 95.9% 98.4% 94.9% 92.9% 96.4% 92.4% 89.9% 94.3% 87.6% 83.9% 90.5%

Ulcerated 1092 2.5 92.5% 90.6% 93.9% 85.2% 82.8% 87.4% 81.7% 78.9% 84.1% 75.5% 72.1% 78.5%
Without nodal involvement 960 2.2 94.1% 92.3% 95.5% 88.7% 86.3% 90.7% 85.3% 82.6% 87.7% 78.8% 75.4% 81.8%
With nodal involvement 111 0.3 79.8% 70.6% 86.3% 57.9% 46.8% 67.5% 50.8% 39.1% 61.3% d d d

Staged tumors
Stage IIA 3347 7.8 94.5% 93.7% 95.3% 87.8% 86.5% 88.9% 80.3% 78.8% 81.8% 69.5% 67.5% 71.4%
Stage IIB 2350 5.5 92.7% 91.5% 93.7% 81.8% 80.0% 83.4% 72.2% 70.0% 74.2% 58.6% 56.0% 61.1%
Stage III 3137 7.3 89.6% 88.4% 90.6% 74.3% 72.6% 76.0% 64.3% 62.4% 66.2% 53.9% 51.7% 56.0%
Stage IV 2209 5.1 39.1% 37.0% 41.2% 25.5% 23.5% 27.5% 19.1% 17.3% 21.0% 14.9% 13.1% 16.8%

All-cause and melanoma-specific risk of death

Tumor characteristics All-cause risk of death Melanoma-specific risk of death

n % HRc 95% CI HRa 95% CI HRc 95% CI HRa 95% CI

\1 mm, not ulcerated 30,872 71.6 1.00 1.00 1.00 1.00
\1 mm, ulcerated 1092 2.5 2.54 2.22 2.92 2.27 1.97 2.61 7.89 6.23 10.0 7.45 5.84 9.51
Stage IIA 3446 8.0 3.00 2.78 3.24 2.46 2.26 2.66 7.06 6.00 8.31 6.67 5.64 7.88
Stage IIB 2350 5.5 4.38 4.05 4.75 3.31 3.04 3.60 13.14 11.25 15.34 11.56 9.83 13.59
Stage III 3137 7.3 5.17 4.82 5.54 5.31 4.93 5.72 27.23 24.00 30.90 26.52 23.23 30.29
Stage IV 2207 5.1 25.43 23.89 27.06 22.36 20.89 23.94 127.07 112.50 143.52 113.53 99.65 129.34

Thin melanomas

n % HRc 95% CI HRa 95% CI HRc 95% CI HRa 95% CI

\1 mm, not ulcerated
Without nodal invasion 29,876 93.5 1.00 1.00 1.00 1.00
With nodal invasion 297 0.9 3.67 2.92 4.62 4.55 3.60 5.76 20.33 14.90 27.75 19.83 14.24 27.60
With unknown nodal
invasion

699 2.2 1.25 0.98 1.59 1.14 0.89 1.46 1.79 0.98 3.26 1.72 0.91 3.24
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in year of diagnosis or SES for those surviving past
26 months compared with for those not surviving to
26 months.

DISCUSSION
These population-based data demonstrate a sub-

stantial survival disadvantage for patients who pre-
sent with thin melanomas with evidence of
ulceration versus for those who present with thin
melanomas with no ulceration. Survival for patients
with thin ulcerated tumors is as poor as that
experienced by patients with thicker lesions (greater
than stage II), who are currently treated more
aggressively. Patients with lesions thicker than
1 mm are generally surgically staged with SLNB, in
addition to which wider margins are used for
excision of their primary tumor.6 Moreover, among
the patients with thin ulcerated tumors, those with
evidence of both ulceration and nodal involvement
have still worse survival.

Although ulcerated tumors represent a small pro-
portion of all thin tumors (2.5% in this data set), they
represent a substantial number of patients ([1000 in
this data set). Therefore, patients with thin ulcerated
tumors represent an important subset of patients
with melanoma who would potentially benefit from
more aggressive management, routine SLN evalua-
tion, and potentially adjuvant treatment, given their
10.1% rate of nodal positivity and generally poorer
outcomes (Table II). Indeed, this approach has
recently been under investigation in NCT03405155,
which is a study of adjuvant immunotherapy versus
placebo in stage IIB and IIC melanoma. Our findings
also support the current National Comprehensive
Cancer Network guidelines, which recommend
consideration of SLNB for thin melanomas in the
presence of risk factors such as ulceration.7

Thin ulcerated melanomas with SLN involvement
have previously been shown to have significantly
poorer survival than those without SLN involve-
ment,8 and they appear to have survival comparable
to that of thicker (2- to 4-mm) tumors with nodal
involvement.2 Although it is understandable that
lymph node involvement and metastasis would
affect melanoma survival regardless of tumor thick-
ness, the role of ulceration in substantially reducing
survival among the thinnest tumors has been less
clear, but it has been hypothesized that the biology of
ulcerated tumors gives rise to a more aggressive
phenotype.9 Ulceration has been linked to increased
expression of matrix proteins that reduce melano-
cyte adhesion and would promote dissemination
and metastasis.10 Indeed, Table II demonstrates a
much higher incidence of node positivity in ulcer-
ated tumors than in nonulcerated tumors (8.9% vs



Fig 1. Melanoma. Survival in non-Hispanic white patients by tumor thickness, ulceration, and
stage from the California Cancer Registry (2004-2013).
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0.9% [P\ .001]). In the context of thin melanomas,
ulceration may represent a population of tumors that
constitute biologically aggressive tumors with a poor
prognosis even if they are clinically detected early
with shallow invasion.

This study represents the largest population of
thin melanomas reported to date, allowing for the
investigation of detailed tumor and patient charac-
teristics and representing data that are not available
from existing clinical trials or series of selected
patients. This population-based data source repre-
sents all melanomas diagnosed in California over
the 10-year period considered and avoids biases
often inherent in clinic-based series, such as selec-
tion bias. These data also reflect standardized
methods of evaluating tumor characteristics (ulcera-
tion, Breslow depth) and patient characteristics
across all tumors. Previous smaller studies of patients
selected to undergo SLNB have been conflicting in
their conclusions regarding the prognostic role of
ulceration.11,12 Our data represent more direct evi-
dence as to the clinical implication of ulceration in
thin primary melanoma. Ulceration had a higher rate
of SLNB, potentially reflecting a difference in practice
for patients with ulcerated primary tumors and
therefore providing a greater chance for detection
of stage III disease; however, even in patients with a
negative SLNB result, survival was worse for patients
with ulcerated primary tumors across all time points.

There are some limitations to this analysis.
Although approaches to coding tumor characteristics
are standardized and manually reviewed by certified
tumor registrars in California’s population-based
Surveillance, Epidemiology, and End Results



Fig 2. Thin Melanoma. Survival in non-Hispanic white patients by ulceration and nodal
involvement from the California Cancer Registry (2004-2013).
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(SEER) registry, previous reports have noted some
evidence of miscoding of thin tumors, specifically, in
the Detroit SEER registry.13 However, the 3 central
tumor registries of California have taken steps to
address the issue. Each melanoma incident case
report is reviewed for more detailed information
on anatomic site beyond what is required for
International Classification of Diseases for
Oncology coding, providing the opportunity for
more in-depth consideration of potential coding
inaccuracies. California central tumor registries
routinely review and audit tumor thickness coding
for melanomas, and the current data set is unlikely to
contain the errors in coding thickness that have been
reported in the Detroit SEER registry, in which 88% of
all thin melanomas (\1 mm) and 71% of ultrathin
(\.25mm) melanomas were in fact actually coded
correctly. Gimotty et al13 also noted that some SEER
registries had survival rates for thin melanomas
outside the range observed in data from other
countries, shedding doubt on the accuracy of some
SEER thickness data. However, the 5-year and 10-
year cumulative melanoma-related death rates for
ultrathin melanomas in Los Angeles and San
FranciscoeOakland (the data included in this study)
overlap with the confidence bands of the interna-
tional cumulative melanoma-related death rates for
these time periods reported in Gimotty et al,13 which
further supports our contention that California SEER
data are unlikely to be subject to coding errors.

CONCLUSION
Substantial variation in survival exists for patients

with thin (\1 mm at diagnosis) melanomas: some of
those thin tumors, especially those with evidence of
ulceration, have worse survival than much thicker



Table III. Patient demographics, cancer characteristics, and cancer treatment of non-Hispanic white patients
with melanoma diagnosed as less than 1-mm-thick ulcerated tumors by survival before or after 26 months

Characteristic

Survival #26 mo Survival[26 mo

P value

112 554

n % n %

Sex
Male 78 69.6% 341 61.6%
Female 34 30.4% 213 38.4% .1059

Age at diagnosis, y
\35 1 0.9% 34 6.1%
35-44 4 3.6% 41 7.4%
45-54 14 12.5% 92 16.6%
55-64 13 11.6% 130 23.5%
65-74 15 13.4% 117 21.1%
$75 65 58.0% 140 25.3% \.0001

Socioeconomic status
Lowest SES 10 8.9% 24 4.3%
Lower-middle SES 19 17.0% 79 14.3%
Middle SES 17 15.2% 97 17.5%
Higher-middle SES 32 28.6% 129 23.3%
Highest SES 25 22.3% 194 35.0%
Missing 9 8.0% 31 5.6% .0479

Histology
Malignant melanoma, NOS 67 59.8% 314 56.7%
Nodular melanoma 23 20.5% 54 9.7%
Lentigo maligna melanoma 5 4.5% 19 3.4%
Superficial spreading melanoma 15 13.4% 165 29.8%
Acral lentiginous melanoma 2 1.8% 2 0.4% .0002

Year of diagnosis*
2004-2006 56 50.0% 276 49.8%
2007-2009 56 50.0% 278 50.2% .9722

Lymph node biopsy
No 87 77.7% 369 66.6%
Yes 24 21.4% 185 33.4%
Unknown 1 0.9% 0 0.0% \.0001

Chemotherapy
No 104 92.9% 552 99.6%
Yes 8 7.1% 1 0.2%
Unknown 0 0.0% 1 0.2% \.0001

Immunotherapy
No 105 93.8% 545 98.4%
Yes 6 5.4% 7 1.3%
Unknown 1 0.9% 2 0.4% .0124

NOS, Not otherwise specified; SES, socioeconomic status.

*Limited to diagnosis between 2004 and 2009 to account for difference in amount of follow-up time available.
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lesions do, implying that they should be upstaged
and potentially treated more aggressively to improve
outcomes. Ulceration among thinner (\1 mm)
lesions appears to be the biggest driver of
compromised survival for patients with thin lesions.
Although TNM staging classifies these tumors
separately (T1b), there have to date been no data
available that distinguish survival or treatment
approach compared with those with other stage I
tumor types. The close overlap of survival curves and
similar rate of SLN involvement imply that T1b
tumors should be treated in a manner similar to
that used with stage IIA and higher-stage tumors.
Although the most recent staging system put forth by
the American Joint Committee on Cancer
incorporates only ulceration and not mitoses as
with previous systems, ulceration in the absence of
nodal involvement does not currently predicate a
change in management, such as routine SLN
evaluation. However, given the poor prognosis of
ulceration, further iterations of staging systems for
melanoma staging should be conducted to more
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heavily weigh the survival outcomes of ulceration
regardless of depth. Changes in the staging of thin
high-risk melanoma are especially relevant in
consideration of recent adjuvant clinical trials that
demonstrate efficacious and well-tolerated adjuvant
treatments for high-risk melanomas.14-16 In the
BRIM-8 study, patients with high-risk primary mela-
nomas ([4 mm with ulceration) but without nodal
involvement seemed to demonstrate benefit from
adjuvant treatment, which is a first for this patient
population.16

Among patients with thin ulcerated tumors, those
with nodal involvement have still worse survival;
however, survival was also worse in the first 2 years
after diagnosis of thin ulcerated melanomas for
males, older patients, and those with nodular
melanomas, which could represent additional
stratifying indicators for the treatment of thin
ulcerated lesions. These characteristics could also
represent a difference in underlying tumor biology,
raising the possibility of future research in
identification of biomarkers of aggressive pheno-
type. The same conclusion might be drawn for thin
ulcerated melanomas in general: in effect, a thin
ulcerated tumor represents a tumor in which
ulceration has occurred very early in the
development of the tumor. Thin melanomas already
showing evidence of ulceration could represent a
particularly aggressive phenotype that is destined to
progress rapidly, especially if we consider tumor
thickness to be a proxy for how long the tumor has
been developing.
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