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Abstract

Background: Evidence exists that escalating melanoma incidence is due in part to
overdiagnosis, the diagnosis of lesions that will not lead to symptoms or death. The authors aimed
to characterize subsets of melanoma patients with very-low risk of death that may be contributing
to overdiagnosis.

Methods: Melanoma patients diagnosed in 2010 and 2011 with stage | lesions <1.0 mm thick
and negative clinical lymph nodes from the Surveillance, Epidemiology, and End Results database
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were selected. Classification and regression tree and logistic regression models were developed
and validated to identify patients with very-low risk of death from melanoma within 7 years.
Logistic models were also used to identify patients at higher risk of death among this group of
stage | patients.

Results: Compared to an overall 7-year mortality from melanoma of 2.5% in these patients, a
subset comprising 25% had a risk below 1%. Younger age at diagnosis and Clark level 1l were
associated with low risk of death in all models. Breslow thickness below 0.4 mm, absence of
mitogenicity, absence of ulceration, and female sex were also associated with lower mortality. A
small subset of high-risk patients with >20% risk of death was also identified.

Conclusion: Patients with very-low risk of dying from melanoma within 7 years of

diagnosis were identified. Such cases warrant further study and consensus discussion to develop
classification criteria, with the potential to be categorized using an alternative term such as
“melanocytic neoplasms of low malignant potential.”

Lay summary

. Although melanoma is the most serious skin cancer, most melanoma patients have high
chances of survival.

. There is evidence that some lesions diagnosed as melanoma would never have caused
symptoms or death, a phenomenon known as overdiagnosis.

. In this study, we used cancer registry data to identify a subset of early-stage melanoma
patients with almost no melanoma deaths.

. Using two statistical approaches, we identified patients with <1% risk of dying from
melanoma in 7 years.

. Such patients tended to be younger with minimal invasion into the skin.
. We also identified a very small patient subset with higher mortality risk.
Keywords

melanoma; overdiagnosis; prognosis; regression analysis; SEER program

INTRODUCTION

Melanoma is considered the most common potentially lethal tumor of the skin. However,
the prognosis is very good for patients with melanoma in the lowest category of risk,

T1 melanoma, in the current staging system of the American Joint Committee on Cancer
(AJCC), 8th edition.! Prognostic modeling has been used to predict survival in patients with
melanoma and identify prognostic variables. The most prominent attributes are Breslow
thickness? and ulceration of the primary tumor,3 which form the basis of the current

AJCC staging system. Mitotic rate (the presence and number of mitoses) and Clark levels
of invasion 111 and greater are also associated with increased risk of progression.4-%
Additionally, tumorigenicity or vertical growth phase (VGP), which represents expansile
growth in the dermis, has been shown to be strongly associated with poorer outcomes.’-10
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We are interested in identifying lesions currently diagnosed as melanoma that might lack
competence for metastasis. Such cases could potentially account for part of the phenomenon
of overdiagnosis, in which lesions diagnosed as melanoma do not have capacity to harm
patients.1! Cases that lack VGP/tumorigenicity might qualify,”— but these characteristics are
not available in the Surveillance, Epidemiology, and End Results (SEER) cancer registry
database. We hypothesized that characteristics included in the AJCC system and SEER
database might act as surrogates, perhaps imperfectly. Specifically, we developed prognostic
models for risk of death from melanoma in patients with low risk melanomas diagnosed

in 2010 and 2011 from the SEER database. We evaluated the models’ ability to identify
very-low risk subsets of patients with melanoma-specific survival surpassing that of T1
overall. Additionally, we considered whether models could identify a subset of patients

with high risk of death from melanoma. We used two complementary methods for building
logistic regression. We believed this strategy, and the presentation of multiple models, might
enhance identification of significant prognostic variables for the purposes of hypothesis-
generating.

MATERIALS AND METHODS

Data source

We used SEER cancer registry research data to develop and validate models. We selected
patients from the November 2020 submission comprised of 18 population-based registries
covering approximately 28% of the US population.1213 The database includes patients
diagnosed from 2000 to 2018, with survival follow-up through December 2018. The SEER
research database includes Breslow thickness, ulceration, Clark level, stage of disease, and
mitotic rate, but does not include VVGP/tumorigenicity or regression.}2 Because mitotic rate
was added for the 7th edition of the AJCC system,14 we selected patients diagnosed using
AJCC 7th edition criteria. To capture sufficient follow-up to evaluate 7-year survival, we
limited analysis to patients diagnosed in 2010 and 2011.

Study sample

We used SEER*Stat (Surveillance Research Program, National Cancer Institute SEER*Stat
software [http://www.seer.cancer.gov/seerstat] version 8.3.9.) to select patients with
melanoma of the skin diagnosed in 2010 or 2011 with no prior melanoma diagnoses

in SEER (N = 35,304). To limit to low-risk thin melanoma cases, we rounded Breslow
thickness to the nearest 0.1 mm, then selected only patients whose lesions were <1.0 mm,
stage I, and had negative clinical lymph nodes. Those with missing or unknown ulceration,
mitogenicity, or Clark level were excluded. Patients were required to have complete 7-year
follow-up, which we defined as survival for 7 years or death from melanoma within 7 years,
leaving a study sample of 11,594. Patients with less than 7 years of follow-up, or who died
of other or unknown causes before 7 years, were excluded from the main analysis. See
Figure S1 for details. We also performed a sensitivity analysis using a Fine-Gray competing
risk model that included patients who died of other causes.

Cancer. Author manuscript; available in PMC 2023 July 25.
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Outcome and predictors

The outcome for all models is a binary variable indicating death from melanoma within 7
years or survival for 7 years.

Demographic predictors included sex and age at diagnosis. Age is quantitative, except that
patients older than 85 years were assigned age 85 years for analysis. Clinical characteristics
at diagnosis include Breslow thickness, ulceration, mitogenicity, and Clark level. Breslow
thickness is measured in 0.01 mm increments in the analysis data set (in the current AJCC
8th edition, increments are 0.1 mm). Ulceration and mitogenicity are binary variables
indicating presence vs. absence of ulceration or mitotic figures. For Clark level, we created
a binary variable indicating level Il vs. all other values from the SEER variable for tumor
extension (see Table S1 for details).

Statistical analysis

We randomly divided the sample into training (67%) and testing (33%) sets. The testing data
were reserved until after the final selection of candidate models developed using the training
data. We used classification and regression tree (CART) analysis and logistic regression to
develop models using the training data. We developed multiple CART models by varying
the weights assigned to patients with the event (i.e., death from melanoma) and by varying
the degree of cost—complexity pruning. Patients with vs. without the event were either
weighted 42:1, which made the total weight of the two groups approximately equal; or
weighted 160:1, reflecting the maximum amount of re-weighting enabled in the software
and reflecting our goal of identifying a low-risk subgroup. Age and Breslow thickness were
included as quantitative variables; thresholds for quantitative variables are identified by the
CART algorithm if selected for the classification tree.

Initial logistic regression models included one model using all predictors (Table S2) and
one using the subset of predictors thought to be most relevant (age, Breslow thickness,
ulceration, mitogenicity, and Clark level). Secondary models dropped nonsignificant
predictors from the two initial models. We used a bootstrap technique to recalibrate logistic
models on the training data before any evaluation on the testing data.1> CART and logistic
regression were performed in SAS 9.4 (SAS Institute Inc, Cary, North Carolina) and
recalibration was done using the “rms” package in R (R Core Team 2020, Vienna, Austria).

We calculated area under the receiver-operating characteristic curve (AUC) for an overall
summary of each model; however, AUC is not the primary performance metric of interest.
CART models classify patients into two groups, nominally patients predicted to die and
patients predicted to survive. For CART models, we examined the proportion of patients
predicted to survive and the proportion of that subset that actually died within 7 years.
Logistic regression models assign patients an estimated risk of death from 0% to 100%. For
comparison with CART models, we examined the proportion assigned risk <0.5%, which
we believe is a reasonable threshold to define “very-low” risk of death. Additionally, we
examined patients who were assigned risk 220% in the logistic models, because this is a
reasonable threshold for consideration of adjuvant therapy.

Cancer. Author manuscript; available in PMC 2023 July 25.
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Finally, we applied models to an earlier cohort as an additional assessment of performance
for 7-year survival and to examine 10-year survival. We selected patients diagnosed using
AJCC 6th edition staging criteria from 2004 to 2009. Sample selection was similar to

the primary analysis sample, except mitotic rate was not routinely collected in this era,
therefore cases missing mitotic rate were not excluded. We only evaluated models without
mitogenicity. We examined 7-year risk of death from melanoma in cases diagnosed from
2004 to 2009 and 10-year risk of death in cases diagnosed from 2004 to 2008.

The study sample of 11,594 patients contained slightly more males (54%) than females
(46%) (Table 1). Median age was 58 years (interquartile range [IQR], 48-68 years). Median
Breslow thickness was 0.45 mm (IQR, 0.30-0.65 mm) and 71% were assigned stage 1A.
Ulceration was present for 4% of cases, 27% were mitogenic, and 45% were Clark level II.

Of the 11,594 patients, 292 (2.5%) died of melanoma within 7 years. In the training data set,
177 of 7652 patients (2.3%) died of melanoma within 7 years; in the testing data set, 115 of
3942 patients (2.9%) died of melanoma within 7 years.

Model identification and assessment

Using only the training data to develop and select models, we identified three CART models
and one logistic regression model of interest. The selected CART models all demonstrated
potential to identify a substantial subset of patients with excellent prognosis. All logistic
regression models showed similar performance in the training data, and we selected the most
parsimonious model to validate. Model 1A is a CART model that classifies patients using
only age (cutpoint 69 years) and Clark level. Model 1B extends Model 1A with an additional
branch using age (cutpoint 43 years) and Breslow thickness (cutpoint 0.40 mm). Figure 1
depicts Model 1A and 1B. Model 2 is a risk prediction model constructed using logistic
regression and uses continuous age, sex, Clark level, ulceration, and mitogenicity (Table 2).
The fourth model, Model 3, is a CART model that classifies patients using age (cutpoint 69
years), Clark level, ulceration status, and mitogenicity (Figure S3; Table S3). Based on final
results (described below), we focus on Model 1A, 1B, and 2.

Table 3 summarizes model performance for the low-risk group identified by CART models
and those with risk of death <0.5% for the logistic model. Table 3A shows performance in
the training data in the top panel; these results were used to evaluate all candidate models
and select the final models to evaluate on the testing data. Model performance is slightly
diminished in the testing data (Table 3A, second panel) compared to the training data, which
is expected because models were developed using the training data. We focus on testing data
results as the most objective assessment.

Model 1A classifies 35% of patients as low risk of death, with estimated risk of death 0.58%
(95% confidence interval [CI], 0.29%-1.14%). Model 1B identifies a smaller subset (25%)
with a better prognosis, 0.40% (95% ClI, 0.16%-1.03%) risk of death. Model 2 performs
similarly to Model 1B regarding the proportion of the sample identified as low risk and
number of actual deaths (Table 3A).

Cancer. Author manuscript; available in PMC 2023 July 25.
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Model 1B and Model 2 each identified small subsets of patients with 0 deaths in the training
data and 0 deaths when evaluated in the testing data. Model 1B identifies patients 43 years
or younger with Clark level 11 (Figure 1). There were 638 patients in the training data and
331 patients in the test data who fit these criteria and none died from melanoma within 7
years of diagnosis. For the logistic regression model, Model 2, we examined the cutoff of
<0.1% (one in a thousand) risk of death. There were 206 patients in the training data and 115
in the testing data with estimated risk <0.1% and none died (Table S4).

Table 3B evaluates Model 2 for its ability to identify patients at high risk of death using the
criterion risk =20%. Less than 1% of patients fell into this category, but 32.1% of them died
within 7 years, a much higher risk than the baseline risk of 2.5% for this patient population.
Figure 2 shows survival curves for three groups defined by the logistic model: very-low risk
(<0.5%), intermediate risk, and high risk (=20%). Model 2 demonstrated good calibration in
the testing data, especially in the range of risk <10%, where most of the individual risks lie
(Figures S2A,B).

Application to Patients Diagnosed 2004-2009

There were 47,171 eligible melanoma cases diagnosed from 2004 to 2009 with 7 years
of follow-up and 35,526 cases diagnosed from 2004 to 2008 with 10 years of follow-up.
Because mitotic rate was not routinely collected before 2010, only CART Models 1A and
1B could be applied to these cases (Table 3A).

After 7 years, 1301 (2.8%) of the total 2004—2009 cohort had died of melanoma. Using
Model 1B, 31% of cases were predicted to survive, and the actual risk of death in this subset
was 0.53% (95% ClI, 0.43%, 0.67%). After 10 years, 1386 (3.9%) of the total 2004-2008
cohort had died. Using the same model, 32% of the cohort was predicted to survive, and the
actual risk of death was 0.84% (95% ClI, 0.69%, 1.03%).

DISCUSSION

Using CART and logistic regression, we identified three large subsets of patients with AJCC
7th edition stage | (“thin”) melanoma with risk of death of approximately <1% according to
model validation in reserved testing data, a marked improvement over the rate in the sample
overall. In the simplest model (Model 1A), patients younger than 70 years at diagnosis

with Clark level Il invasion were classified as very-low risk. Model 1B used the same

initial classifications, but further refined the very-low risk subset identified by Model 1A by
limiting to patients who were either age 43 years or younger or 44 to 69 years with Breslow
thickness <0.40 mm. After 10 years, the subset identified by Model 1B showed <1% risk

of death from melanoma. Notably, mitogenicity did not enter these models. The logistic
regression model (Model 2) similarly identified about a quarter of the sample with predicted
risk of death <0.5%, incorporating patient age, sex, mitogenicity, Clark level, and ulceration.
Model 2 was further able to identify a small subset of patients with no deaths.

The favorable survival estimates we report are comparable to ultra-thin melanomas with
Breslow thickness <0.5 mm studied previously.1® The current study builds on that single-
center study by using a US population-based sample and considering factors beyond

Cancer. Author manuscript; available in PMC 2023 July 25.
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Breslow thickness. Other studies have identified subgroups of thin melanoma patients
having <1% 10-year risk of death.17:18 We sought to characterize a subset with even higher
survival by incorporating the mitogenicity variable added for AJCC 7th edition. However,
mitogenicity did not enter our final models with the exception of the logistic regression
model.

Although comprised of very few patients, the logistic regression model identified a very
small subset with risk of death exceeding 20%, markedly higher than most T1b patients
(Figure S4). It is notable that a small number of patients classified as stage | may be at
sufficiently high risk to potentially consider more aggressive treatment.

Age and Clark level were identified as essential factors in all models. Clark level of invasion
is based on patterns of involvement of the dermis, with Clark level | representing absence

of invasion (“in situ melanoma,” not included in the present study). In Clark level Il, tumor
is present in the papillary dermis but does not fill or expand it. In level 111, tumor fills and
expands the papillary dermis, thus corresponding in essentially all cases to the definition of
VGP as a pattern of expansile tumorigenic growth; however, in a few patients, tumorigenic
proliferation (VGP) can be present in a Clark level 1l tumor. Both mitogenicity and
ulceration were significant factors in the logistic regression model, consistent with previous
studies.3# Notably, Breslow thickness was not significantly associated with survival at 7
years in the initial multivariable models and therefore is not included in the final model.

One hypothesis for the absent prognostic effect from this otherwise generally very important
parameter is that the information contributed by thin Breslow thickness is conveyed by
Clark level I1; another explanation could be that the survival difference by Breslow thickness
becomes apparent only at longer follow-up times.1? In addition, study selection was limited
to lesions with Breslow thickness <1.0 mm as the major criterion to define T1 melanoma.

This study has several strengths and limitations. The 7-year survival end point is a limitation
of the available follow-up for cases diagnosed using AJCC 7th edition staging criteria,
required for capture of mitogenicity. We could only evaluate 10-year risk for models without
mitogenicity. We excluded patients who died of causes other than melanoma within 7 years,
which may introduce bias. However, results from a Fine-Gray competing risk analysis were
similar (Tables S5A,B). Other limitations are the availability and reliability of clinical and
pathologic parameters recorded in SEER.20

The variable “tumor extension” in the SEER database was used as a proxy for Clark level.
Although most cases had Clark level recorded in this variable, a small percentage of cases
classified as “Other” contained only a description such as “Stated as T1a with no other
information on extension” (Table S1). Although limited in histopathology variables, the
strength of SEER is that it is population-based, and our findings use routinely evaluated
characteristics. Validation of these findings in an external data set is a high priority, but
beyond the scope of this study. However, findings were developed in a training set and
validated in a reserved test set.

Absence of VGP in SEER data is a limitation of SEER studies. In some other databases,
the lack of tumorigenicity and/or mitogenicity (that define VGP) is strongly associated with

Cancer. Author manuscript; available in PMC 2023 July 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eguchi et al.

Page 8

survival.”~® Absence of VGP was associated with 100% observed survival in a data set of
161 patients prospectively followed for at least 10 years’ and was found in one study to
be the only statistically significant prognostic factor for thin level 1l cutaneous superficial
spreading melanoma (SSM).10

VGP has been controversial because there is an element of subjectivity in its assessment.21
However, studies have found its reproducibility to be substantial and comparable to other
routinely used markers (x = 0.56 for VGP and x = 0.71 for Breslow thickness overall; x

= 0.68 for VGP and x = 0.68 for Breslow thickness among experienced observers).10:22
VGP has been confirmed as a biologically significant variable in many studies, including
a recent meta-analysis of genomic studies.23 Its contribution to prognosis is limited to

thin melanomas, because in thicker melanomas, VGP is nearly universally present.24
There are also very rare exceptions to the rule that melanomas lacking VGP do not
metastasize.2> A Euro pean Organisation for Research and Treatment of Cancer (EORTC)
group recommended an expanded definition with potentially better performance; however,
this has not been validated.2> Nevertheless, we and othersZ® consider that its addition to
SEER and AJCC could improve prognostication for the substantial “very-low risk” subset
of melanoma cases. A parsimonious recommendation would be to incorporate VGP for T1
melanomas only, because VGP is present in virtually all thicker melanomas.

Besides physical effects of unwarranted treatment, overdiagnosis can falsely import
psychological burden of disease.2’~29 We aimed to identify a subset of thin melanomas
with very-low risk of death. This hypothesis-generating analysis may inform further studies
to identify cases that could account for a portion of over-diagnosed melanomas. The criteria
for classification of both the very-low risk and high-risk cases will require further validation,
ideally prospective studies, and consensus development. Some changes in treatment may
need to be considered. For example, at present, sentinel node staging for prognosis is the
gold standard for AJCC T1b lesions. The need for this procedure should be addressed for
any such lesions that may qualify as T1b and/or high risk. Once identified and validated,
we propose that a class of cases with very-low risk of death could be classified as
“Melanocytic neoplasms of low malignant potential (MNLMP)”, a term analogous to those
used in other low risk lesions formerly called “cancers.”30:31 This revised terminology
might appropriately temper some patient apprehension that otherwise follows a diagnosis of
“melanoma.”

We show in CART Model 1B that patient age, Clark level, and Breslow thickness could
effectively identify patients at very-low risk of death. Application of the logistic model
would require the additional variables of sex, mitogenicity, and ulceration but could provide
an even more specific prognosis for those in the near-zero risk or high-risk categories. This
retrospective study indicates the need for prospective studies to better characterize MNLMP
cases. Such studies could evaluate factors outside those in SEER, including histopathology
features such as VGP, and tools beyond histopathology, such as molecular and gene tests,
and analyze survival, given the recent changes in the treatment of melanoma. This study
suggests there is a real subset of patients with very-low risk of melanoma death; we hope
this serves as a baseline to further develop the classification criteria to establish use of the
MNLMP term in clinical practice.

Cancer. Author manuscript; available in PMC 2023 July 25.
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FIGURE 1.
Model 1A has three leaves (nodes 2, 3, and 4). Model 1B with five leaves includes additional

tree branches in the dashed box. The diagram displays the number of patients in each
node and the proportion of patients in the node who died. Blue leaves indicate subsets of
patients classified as low-risk of death and red leaves indicate subsets of patients classified
as relatively higher risk of death. These models were constructed in the training data set
weighting patients who died within 7 years 160:1 compared to patients who survived. The
two models result from different levels of pruning.
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