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Background: The objective of this study was to establish a nomogram for predicting the
overall survival (OS) of patients with acral lentiginous melanoma (ALM).

Materials and Methods: The study sample was selected from 1785 patients diagnosed with
ALM from 2004 to 2015 in the Surveillance, Epidemiology, and End Results (SEER) database,
and R software was used to divide patients into the training cohort and validation cohort at a ratio
of 7: 3. Stepwise selection method in the Cox regression model was used in the training cohort to
select predictive variables to construct the nomogram, and model validation parameters were
used in the validation cohort to evaluate the performance of the nomogram.

Results: The nomogram showed that age at diagnosis had the greatest impact on OS in
patients with ALM, followed by AJCC stage, surgical treatment, SEER stage, sex, race, and
marital status. The index of concordance, area under the receiver operating characteristic
curve, calibration plots, net reclassification improvement, integrated discrimination improve-
ment, and decision curve analysis demonstrate the good performance of this nomogram.
Conclusion: The prognostic value of the nomogram is superior to that of the AJCC staging
system alone, and it helps clinicians to better predict 3-, 5-, and 8-year OS in patients with ALM.
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Introduction
Cutaneous melanoma (CM) is a tumor caused by malignant changes in melano-
cytes, mostly in the skin, but also visible in the mucous membrane and internal
organs.! Acral lentiginous melanoma (ALM) is a rare melanoma subtype.” It is
mainly found in the acral parts without hair covering such as the palms of the
hands, soles of the feet, and nail bed, and it accounts for about 2%-3% of all
melanomas.® > Although the incidence of ALM is low, the early symptoms of ALM
are not obvious compared with other types of CM, which may lead to delayed
medical treatment for patients or misdiagnosis by medical staff.” Therefore, most
patients have developed advanced cancer when ALM is diagnosed.® In addition,
some studies have shown that over the next few decades, the incidence of ALM will
continue to increase, and patients with ALM may have a shorter life cycle.’
Currently, ALM remains a particularly important subtype of CM worldwide.

The American Joint Committee on Cancer (AJCC) staging manual established
the criteria for the Tumor Node Metastasis (TNM) staging system, which is widely

used in clinical practice to evaluate prognosis and make treatment decisions.'®
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However, there is evidence that patients with the same
pathological grade or clinical stage may have different
prognosis and ultimate survival,'' and the separate appli-
cation may affect the prediction of overall survival,'
which means that although TNM staging is the golden
standard for oncology prognosis, it cannot accurately and
reliably predict patient survival. Another reason might be
that the survey of the prognosis for patients was made
from the perspective of anatomy alone, without consider-
ing other variables affecting the prognosis, such as
patients” age, gender, race, diagnosis treatment, etc.
Consequently, ignoring these important potential factors
may reduce the accuracy of patient survival prediction.'
Therefore, new prognostic tools need to be constructed to
improve the accuracy of predicting the survival probability
of patients with ALM.'*!3

The SEER database is one of the largest and most
representative tumor registries in North America. It has
collected a large amount of data related to evidence-
based medicine, covering nearly 30% of the population
in the United States,'® providing systematic evidence
support and valuable first-hand information for clini-
cians’ evidence-based practice and clinical medical
research. In order to accurately and reliably predict the
overall survival, researchers have raised the idea of using
a prediction model of nomogram. The nomogram is
based on multi-factor regression analysis. First, it inte-
grates multiple prediction indicators and then draws
them on the same plane in proportion with a graduated
line segment to express the relationship between vari-
ables in the prediction model. The basic idea is that by
building a multi-factor regression model, a score is
assigned to each value level of each risk factor in the
model according to its contribution to the outcome vari-
able. Then, the scores can be added together to obtain
the total score, and the predicted value of the individual
outcome event is calculated by the function conversion
relationship between the total score and the probability
of the outcome event.'” Since there is no nomogram on
ALM is available yet, in this study, data from the
Surveillance, Epidemiology, and End Results (SEER)
database were used to construct a prediction model for
the 3-, 5-, and 8-year overall survival (OS) of patients
with ALM, and several model validation parameters
were used to verify the prediction accuracy of the

nomogram.

Materials and Methods

Search Strategy

This study analyzed data obtained from the SEER database
(covering 18 registries), and selected and identified eligi-
ble patients using SEER*Stat 8.3.5 (https://seer.cancer.
&\//).18 The study included patients who met the ICD-

0O-3 (third revision of the International Classification of
Diseases for Oncology) and histological code 8744/3.
Patients who were diagnosed only on autopsy or death
certificates, patients not diagnosed under a microscope,
and patients with incomplete or unavailable case informa-
tion were excluded. Of note, we used the sixth edition of
the AJCC staging system, which was released in 2004, so
we limited our search between 2004 and 2015. See
Figure 1.

Variable Selection and Assignment

The selected variables included (1) age at diagnosis (a
continuous variable), (2) gender (1 = male, 2 = female),
(3) race (1 = white, 2 = black, 3 = others), (4) marital
status (1 = married, 2 = unmarried, 3 = divorced/separated/
widowed [DSW]), (5) AJCC stage (1 = stage I, 2 = stage
II, 3 = stage III, 4 = stage IV), (6) SEER stage (1 =
localized, 2 = regional, 3 = distant), (7) site (I = head
and neck, 2 = trunk, 3 = upper limb, 4 = lower limb, 5 =
others), (8) laterality (1 = left, 2 = right, 3 = not a paired
site), (9) surgical treatment (1 = yes [surgery was per-
formed], 2 = no [patient died before surgery was recom-
mended, surgery was not recommended, surgery was
recommended but the patient refused]), and (10) health
status (0 = life, 1 = death).

Statistical Analysis

Establishment of the Nomogram

All of the above factors were analyzed descriptively in this
study. The continuous variable was expressed as median
and quartile spacing, while the categorical variable was
expressed as percentage. The predictive variables were
selected using stepwise selection method in the Cox
regression model in the training cohort,' and the 3-, 5-,
and 8-year OS rates for patients with ALM were con-
structed on the basis of the identified variables.

Validation of the Nomogram

The internal validation method, index of concordance
(C-index), and area under the receiver operating character-
istic curve (AUC) were used to evaluate the predictive

9842 "

Dove!

International Journal of General Medicine 2021:14


https://seer.cancer.gov/
https://seer.cancer.gov/
https://www.dovepress.com
https://www.dovepress.com

Dove

Yin et al

SEER database
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cancer registries

ALM patients under the above criteria (n=2160)

The following are excluded: patients
confirmed only by autopsy or death
certificate; Patients who have not been

diagnosed under a microscope;

Patients with incomplete or unavailable

case information (n=375)

v

Included primary cohort (n=1785)

!

!

Training cohort

(n=1249, 70%)

Validation cohort

(n=536, 30%)

!

Establish and evaluate the nomogram

Figure | Flowchart of the selection of the studies in the meta-analysis.

capability of the model. A calibration plot was used to
evaluate the consistency between the predicted probability
and the actual results. Net reclassification improvement
(NRI) and integrated discrimination improvement (IDI)
were used to identify improvements achieved using the
nomogram. Decision curve analysis (DCA) was used to
evaluate the clinical validity of the predictive model.

Results

Characteristics of the Included Patients

A total of 1785 patients who met the criteria were included
in the study, including 1249 in the training cohort and 536
in the validation cohort. Median age at diagnosis was 65

years in the training cohort and 66 years in the validation
cohort, with a quartile interval of 54 to 76 years in both
cohorts. There were slightly more female patients than
male patients. The majority of patients were white, mar-
ried, and AJCC stage 1. More than 60% of patients were
limited to local metastases. About 79% of patients had
tumors located in the lower extremity. The number of
patients with tumors on the left side was equal to that on
the right. About 98% of patients underwent surgery. See
Table 1 for details.

Variable Screening
After univariate Cox regression analysis, multivariate Cox
regression analysis was performed on age at diagnosis, sex,
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Table | Baseline Characteristics of Patients with ALM

Variable Training Validation
Cohort Cohort

Number of Patients n (%) 1249 (70) 536 (30)
Age at diagnosis 65 (54-76) 66 (54-76)
Sex n (%)

Male 605 (48.4) 250 (46.6)

Female 644 (51.6) 286 (53.4)
Race n (%)

White 1034 (83.8) 453 (84.5)

Black 111 (8.9) 38 (7.1)

Other 104 (8.3) 45 (8.4)
Marital status n (%)

Married 770 (61.6) 337 (62.9)

Unmarried 198 (15.9) 8l (I5.1)

DsSw 281 (22.5) 118 (22.0)
AJCC stage n (%)

| 569 (45.6) 237 (44.2)

I 364 (29.1) 164 (30.6)

11l 279 (22.3) 125 (23.3)

v 37 (3.0) 10 (1.9)
SEER stage n (%)

Localized 854 (68.4) 361 (67.4)

Regional 334 (26.7) 154 (28.7)

Distant 61 (4.9) 21 (3.9)
Site n (%)

Head and neck 15 (1.2) 7 (1.3)

Trunk 13 (1.0) 7 (1.3)

Upper limb 227 (18.2) 95 (17.7)

Lower limb 989 (79.2) 423 (78.9)

Others 5(0.4) 4 (0.7)
Laterality n (%)

Left 620 (49.6) 268 (50.0)

Right 624 (50.0) 262 (48.9)

Not a paired site 5 (0.4) 6 (0.7)
Surgery n (%)

Yes 1232 (98.6) 525 (97.9)

No 17 (1.4) I (2.1)

race, marital status, AJCC stage, SEER stage, and surgical
treatment. The results indicate that age at diagnosis (hazard
ratio [HR] = 1.044, P < 0.001), black race (HR = 1.590 vs
white race, P = 0.002), unmarried (HR = 1.421 vs married,
P=0.031), DSW (HR = 1.374 vs married, P = 0.006), AJCC
stage IT (HR = 2.246 vs AJCC stage I, P <0.001), AJCC stage
I (HR =4.013 vs AJCC stage I, P <0.001), AJCC stage IV
(HR =4.988 vs AJCC stage I, P < 0.001), distant metastasis
(HR =2.351 vs localized, P = 0.006), and no surgical treatment
(HR =3.533 vs surgical treatment, P < 0.001) were risk factors
for survival in patients with ALM, while female (HR = 0.579

vs male, P < 0.001) was a protective factor for survival in
patients with ALM. See Table 2 for details.

Construction of the Nomogram

On the basis of the results of multivariate Cox regression
analysis, we established a nomogram that ultimately included
age at diagnosis, sex, race, marital status, AJCC stage, SEER
stage, and surgical treatment to predict 3-, 5-, and 8-year OS
for patients with ALM. As can be seen from the nomogram
(Figure 2), age at diagnosis had the greatest impact on OS in
patients with ALM, followed by AJCC stage, surgical status,
SEER stage, sex, race, and marital status.

Evaluation of the Nomogram

After establishing the nomogram, we used several model
validation parameters to evaluate its performance. First, the
C-index of the nomogram (0.772 for the training cohort and
0.755 for the validation cohort) was higher than that of the
AJCC staging system (0.697 for the training cohort and 0.677
for the validation cohort). Second, the AUC values of the
nomogram at 3, 5, and 8 years (0.803, 0.823, and 0.835 in
the training cohort and 0.772, 0.766, and 0.814 in the valida-
tion cohort) were higher than those of the AJCC staging
system at 3, 5, and 8 years (0.736, 0.739, and 0.716 in the
training cohort and 0.714, 0.683, and 0.713 in the validation
cohort) (Figure 3). Third, the calibration plots show that the
calibration curves for 3-, 5-, and 8-year OS of the nomogram
are very close to the standard 45° diagonal (Figure 4). Fourth,
the NRI values at 3, 5, and 8 years were 0.524 (95% CI =
0.328-0.632), 0.616 (95% CI=0.437-0.721), and 0.690 (95%
CI=0.576-0.835) in the training cohort and 0.479 (95% CI =
0.226-0.655), 0.602 (95% CI = 0.386-0.760), and 0.668 (95%
CI=0.372-0.867) in the validation cohort, respectively. Fifth,
the 3-, 5-, and 8-year IDI rates were 0.085, 0.110, and 0.125 in
the training cohort and 0.093, 0.125, and 0.138 in the valida-
tion cohort, respectively (P < 0.001). Sixth, the 3-, 5-, and
8-year DCA generated a net benefit in the training and valida-
tion cohorts, and the net benefit generated by the 3-, 5-, and
8-year DCA was higher than that of the staging system
(Figure 5). Therefore, the above verification results show
that this nomogram has good predictive performance.

Discussion

ALM is the most common histopathologic subtype of
CM in the acral area. Increasing evidence shows that
ALM has poorer prognosis and higher mortality rate
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Table 2 Variables Selected by Multivariate Cox Regression Analysis (Training Cohort)

Variable Multivariate Analysis
Hazard Ratio (HR) 95% Confidence Interval P-value
(95% CI)

Age at diagnosis 1.044 1.036-1.053 <0.001
Sex

Male Reference

Female 0.579 0.474-0.707 <0.001
Race

White Reference

Black 1.590 1.182-2.140 0.002

Other 0.975 0.696—1.366 0.883
Marital status

Married Reference

Unmarried 1.421 1.032-1.955 0.031

DSW 1.374 1.098-1.720 0.006
AJCC stage

| Reference

Il 2.246 1.723-2.927 <0.001

1] 4.013 2.565-6.279 <0.001

v 4.988 2.421-10.276 <0.001
SEER stage

Localized Reference

Regional 1.015 0.696—1.480 0.939

Distant 2.351 1.275-4.335 0.006
Surgery

Yes Reference

No 3.533 1.725-7.238 <0.001

compared with other types of melanoma and has many

unknown causes.?%?!

Therefore, effective treatment
with ALM are still

Nomograms are widely used in oncology to predict

plans for patients lacking.

disease outcomes and meet the needs of clinicians to

treatment  for 22,23

provide individualized patients.
Although the AJCC staging system has a significant
predictive power for the prognosis of patients with
ALM, it does not include some important demographic
characteristics and potential risk factors, such as age,
race, marital status, and surgical treatment. Therefore,
this study used the SEER database to obtain case data
and developed a nomogram prediction model to predict
the individualized OS of patients with ALM at 3, 5, and
8 years. In addition, this study verified the prediction
model and found that it has better prediction perfor-
mance. Compared with the AJCC staging system, this
prediction model can provide more accurate data, so as

to help medical staff predict the prognosis of diseases.

Through multivariate Cox regression analysis, this
study found that age at diagnosis, sex, race, marital status,
AJCC stage, SEER stage, and surgical treatment were all
influential factors affecting the survival of patients with
ALM. In this study, the median age at diagnosis in the
training cohort and validation cohort was 65 and 66 years,
respectively, and the interval between quartiles was 54—76
years old, which was similar to the results of Csanyi’s
study, indicating that ALM mainly affected the elderly.**
It has been confirmed that elderly melanoma patients have
a distinct natural history of disease in AJCC stages I, I,
and III, with higher morbidity and mortality,”> Therefore,
the most likely reason for the influence of age on patient
overall survival in this study was the inclusion of a large
number of ALM patients with AJCC I, I, and III stage. In
addition, there may be other reasons for this result, such as
the decreased immune capacity of elderly patients, the
increase of chronic inflammatory markers, and the elderly
patients are more susceptible to more aggressive tumor
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Figure 2 Nomogram of ALM.

invasion, which lead to the decreased survival rate.®2°

A previous study’ indicated that ALM is more common
in females compared with other subtypes of melanoma.
However, females increase the independent prognostic
factors for OS in ALM. The conclusions are consistent
with the results, showing that females are a protective
factor compared with males. ALM is the main type of
melanoma in colored races.’’ Studies have found that
ALM occurs less frequently in white people, accounting
for only 4%—-10% of skin melanoma, but it has a higher
proportion in Hispanic, Asian, African, and other people
of color.**° Of note, the study also found that being
unmarried and DSW were risk factors affecting the prog-
nosis of patients with ALM. Marriage may have a positive
impact on the early diagnosis of malignant tumors.’®
Therefore, unmarried and DSW patients are more likely
to develop advanced cancer disease. The analysis may be
because spouses of married patients may find suspicious or
changing moles on their body parts that are not easily
observed, or married patients will get more social or
material support in the process of disease treatment.’’

The study also found that AJCC stage, SEER stage, and
surgical treatment affected the survival rate of patients
with ALM: the higher the AJCC stage, the lower the
survival rate. In the SEER stage, distant metastasis is
a risk factor compared with local metastasis, while regio-
nal metastasis has no significance in this study. In addition,
surgical treatment is the primary effective treatment for
patients with ALM.>® In this study, the HR for patients
who did not receive surgical treatment was more than
3.5%. Therefore, the nomogram prediction model in this
study included not only the AJCC staging system, but also
patient demographic characteristics and other clinical para-
meters. In this nomogram, clinicians can use the total
score of these seven factors to predict the OS of an
individual patient and make decisions that are more likely
to improve their outcome.

Several common model validation parameters, includ-
ing C-index, AUC, calibration plot, NRI, IDI, and DCA,
were used to evaluate the performance of the conventional
AJCC staging system after the construction of the nomo-
gram. In the training cohort and validation cohort, the
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Figure 3 Receiver operating characteristic curves. (A and B) represent the training cohort and validation cohort of the nomogram, while (C and D) represent the training

cohort and validation cohort of the AJCC staging system, respectively.

C-index and AUC were used to evaluate the discrimination
performance, and the parameters of the nomogram were
higher than those of the AJCC staging system. In this
study, the calibration plots approximate to the 45° line,
indicating that the prediction of the nomogram has been
well calibrated. NRI and IDI are more sensitive indicators
than the C-index. NRI is usually used to compare the
predictive ability of the two models, while IDI can be
used to reflect the overall improvement of the new
model.** The NRI showed that the proportion of 3-, 5-,
and 8-year survival probability correctly classified in the
nomogram increased by 52.4%, 61.6%, and 69.0% in the
training cohort and 47.9%, 60.2%, and 66.8%% in the
validation cohort, respectively (P < 0.001). Compared
with the AJCC staging system, the IDI showed that the
predictive ability of 3-, 5-, and 8-year survival probability
was 8.5%, 11.0%, and 12.5% better in the training cohort
and 9.3%, 12.5%, and 13.8% better in the validation
cohort, respectively (P < 0.001). Therefore, the verification
results of NRI and IDI show that the nomogram has better
predictive performance than the AJCC staging system.
DCA is used to evaluate predictive models by calculating

their clinical net benefits.** In this study, the DCA of 3-,
5-, and 8-year survival probability for the nomogram was
higher than that of the AJCC staging system, indicating
a greater net benefit from the nomogram and thus a better
clinical validity of the new model.

In this study, the nomogram established based on
SEER database has certain advantages especially related
to its practicability. First, nomogram, which is adopted to
integrate different prognosis and decisive variables, can
generate individual numerical probability of clinical
events, such as death or relapse; it is tailored for individual
patients, making it easier to find Patients with poor overall
survival as early as possible in the evaluation duration,
which is superior to the clinician’s judgment.*' Second,
when there is no clear clinical guidance, the nomogram
provides a quick and convenient way to solve complex
situation.*? Third, the parameters involved in the nomo-
gram are easy to obtain and evaluate, which means that
there is no cost burden associated with complex tests in
clinical use.** Fourth, visual nomogram can enhance
patients’ understanding, help doctors and patients commu-
nicate from a medical perspective, and further promote
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of 3-, 5-, and 8-year OS in the validation cohort, respectively.

cooperation between patients and doctors, so as to achieve
better treatment effects.** Additionally, the results of this
study are conducive to the timely detection of patients
with low overall survival, but it is still worth considering
whether the results of the nomogram score can be used as
the basis for intervention to improve the overall survival of
ALM patients.

This study based on the SEER database to investigate
a large number of people has certain advantages, but also has

some limitations. First, it is a retrospective study, which may
cause potential selection bias and information bias. Secondly,
the evolution at the time of diagnosis was not considered in
this study, since some following reasons involved in. SEER
database fails to access some important information, such as
patients’ radiotherapy and chemotherapy information, patho-
logical information, treatment time information, surgical
method information, etc., which may have an important
impact on the course of disease development of patients;
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Figure 5 DCA. (A, C, and E) represent the DCA of 3-, 5-, and 8-year OS in the training cohort, while (B, D, and F) represent the DCA of 3-, 5-, and 8-year OS in the

validation cohort, respectively.

Then, TNM stage was not taken as a separate variable in the
study, only AJCC stage was used as a variable, which sim-
plified the model, but may sacrifice some accuracy in the
prediction of survival rate in the nomogram; The last is the
limitation of the nomogram itself, ie, only factors that can be
obtained and measured can be considered, and data should be
assumed to be static with time.'>** Thirdly, the study did not
perform external validation for the nomogram, and using
only internal validation could lead to overfitting of the new
model. Therefore, in future studies, we will further study the
SEER database to find more information on clinical disease

development, so as to make full use of the database
resources, and we also plan to add more predictors, use
prospective data to establish a nomogram, and use external
validation methods to verify the model’s effectiveness, so as
to compensate for these limitations as much as possible.

Conclusion

This study is the first to establish a comprehensive ALM
nomogram based on the SEER database and evaluate it
using a range of indicators. The validation results
showed that the nomogram was a powerful predictor.
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Compared to the AJCC staging system alone, both the
C-index and calibration curves of the nomogram per-
formed well and predicted better overall survival at 3-,
5-, and 8- years for ALM patients, but since we did not
externally validate it, the accuracy of the model remains
to be determined. The nomogram can be used as
a supplement to the AJCC staging system for disease
prognosis. Therefore, the clinical use of nomogram and
AJCC staging system in conjunction may lead to more
accurate assessment results. The nomogram may give
further reference information for clinicians to provide
personalized prognosis for patients with ALM. In addi-
tion, in the next phase of the study, we will attend to
collect prospective data on ALM by, exploring and uti-
lizing unknown prognostic factors to optimize the nomo-
gram, thus verifying the model’s effectiveness with the
help of external validation methods.
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