
Abstract. Background/Aim: To validate the melanoma
nomogram and improve its function in prediction of nodal
dissemination by incorporating a molecular marker in the
model. Microphthalmia transcription factor (MITF) is an
important regulator of melanocyte homeostasis and
differentiation. We have shown that the grade of MITF
expression in primary melanoma cells can serve as a
predictor of nodal status. Many efforts to identify the nodal
spread in cutaneous melanoma using non-invasive means
have been recently undertaken. A nomogram was developed
by Memorial Sloan Kettering Cancer Center (MSKCC) based
on clinicopathological features of the primary melanoma to
predict the nodal status. In this study, we applied the same
nomogram for external validation. Then, we added MITF as
an independent predictive factor, and assessed its impact on
the nomogram’s accuracy in prediction of the nodal spread.
Materials and Methods: We included 171 patients with
melanoma with available tumor specimens, and used MITF
staining grade of ≥50% as a pathological characteristic of
the primary tumor in addition to age, location, thickness,
Clark level, and ulceration, as reported by MSKCC. Results:
Upon comparison of receiver operating curves, we confirmed
the external validation of the melanoma nomogram, in
accordance with the MSKCC curves [area under the curve
(AUC) 0.742 vs. 0.650]. Addition of MITF ≥50% as an
independent factor in the analysis improved the model fit
significantly (AUC=0.825 vs. 0.742; p<0.0001). Conclusion:

The nomogram described by MSKCC is a valuable tool in
predicting sentinel lymph node involvement in primary
cutaneous melanoma. Addition of MITF≥50% into the logistic
regression analysis significantly improves the accuracy of the
melanoma nomogram in prediction of regional nodal spread.

Microphthalmia transcription factor (MITF) is the most
prominent member of the MIT proteins, a family of basic
helix-loop-helix proteins that bind to CANNTG DNA
promoter E-box, and regulate cellular differentiation, mitosis,
and apoptosis cascades (1). The role of MITF is evident in
homeostasis of certain human cell lines such as osteocytes,
mast cells, and most importantly, melanocytes (1), where it
functions as a downstream factor in the Ras-activated factor-
B/mitogen-activated protein kinase/extracellular signal-
regulated kinase (BRAF/MEK/ERK) pathway (2); BRAF-
mutant malignant melanocytes have decreased levels of MITF,
whereas in melanoma cells treated with BRAF inhibitors, the
MITF level was restored and cell-cycle arrest and apoptosis
induced (2). Therefore, the presence of MITF in melanoma
cells has been judged a favorable biological marker. Indeed,
we were able to demonstrate that increased MITF expression
in primary melanoma was associated with less aggressive
phenotypes (3), decreased tumor growth (4), and improved
overall and disease-free survival (5). Moreover, we recently
showed that MITF expression in primary melanoma carries a
predictive value for sentinel lymph node (SLN) metastasis (6).

Nodal dissemination is currently considered the most
important prognosticator in malignant melanoma (7), with 5-
year survival decreasing by two- to three-fold when lymph
node involvement is detected (8). In current practice,
histology of the SLN remains the gold standard for assessing
locoregional dissemination. Recently, there has been a
growing trend for predicting the SLN status using
noninvasive approaches. Most importantly, a nomogram was
established by the Memorial Sloan-Kettering Cancer Center
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(MSKCC) to predict nodal metastasis based on clinical and
pathological characteristics of the primary melanoma tumor
(9). Herein, we aimed to apply and externally validate this
nomogram in our melanoma population at the University of
Illinois at Chicago Medical Center (UICMC), and assess
whether the incorporation of MITF increases the
nomogram’s accuracy in prediction of nodal status.

Materials and Methods

UICMC tissue bank included specimens from patients diagnosed
and treated for cutaneous melanoma between 1976 and 2006.
Collected demographic and histopathological data included patient
age, melanoma location, thickness (Clark and Breslow levels), and
ulceration per MSKCC’s nomogram.

Four-μm-thick sections of the primary tumor were used for
immunocytochemical staining using mouse monoclonal IgG1
microphthalmia antibody Ab-2 (Neomarkers, Union City, CA,
USA). Antigen retrieval was accomplished with 1 mm EDTA buffer.
We used 1% dried skim milk to block nonspecific binding before
incubation with the primary antibody for 2 h (1:25 dilution).
Aminoethylcarbazine was used as a chromogen. All the slides were
evaluated by the same examiner. The stained slides were graded
according to the percentage of cells whose nuclei stained positive
for MITF in the entire fields of the slide. Cytoplasmic staining was
excluded from the analysis. MITF staining cut-off of ≥50% of the
melanoma cells per slide (MITF≥50%) was used as an additional
characteristic of the primary tumor based on our previous study (6).

We used the logistic regression model to fit the data without
considering MITF in order to validate the MSKCC nomogram in
our patient population. We then added MITF≥50% to the model to
assess its impact on the nomogram’s predictability of the nodal
status. Likelihood ratio test was conducted to test the effect of the
addition of MITF≥50 into the model.

Results

This study included 171 patients with primary cutaneous
melanoma whose tumors were eligible for proper specimen
collection into our tumor bank between 1976-2006. All patients
consented to specimen collection under an Institutional Review
Board protocol #2002-0540. The tumor bank included patients
who underwent nodal sampling using sentinel node biopsies or
elective node dissection prior to the sentinel node era, as well
as patients who received planned nodal basin dissection for
palpable disease. Their mean age was 55.5±15.8 years
(range=17-89 years). Mean tumor thickness was 2.55±2.17 mm
(range=10.43-22 mm). A total of 101 of our patients were
females (59.06%). Histopathological characteristics of our
patients with melanoma are summarized in Table I.

Firstly, we used the MSKCC logistic regression model
with coefficients locked-down then fit to our data. The model
has the form:
Logit (probability of positive nodes):
=β0 + β1 Head/Neck + β2 Trunk + β3 Level IV + β4 Level
V + β5 Ulceration + f1 (age) + f2 (thickness) (Eq. 1)

where f1 (age) and f2 (thickness) are nonlinear functions
modeled by the restricted cubic splines to accommodate
potential nonlinear effects for age and thickness. By plotting
the receiver operating curves of logistic regression (Eq. 1),
the MSKCC nomogram demonstrated an area under the
curve (AUC) of 0.650, whereas fitting the coefficients to our
data gave an AUC of 0.742 (Figure 1A).

We then used the same logistic regression model with the
addition of MITF≥50% as a predictor. The model had the form:
Logit (probability of positive nodes):
=β0 + β1 Head/Neck + β2 Trunk + β3 Level IV + β4 Level
V + β5 Ulceration + f1 (age) + f2 (thickness) + β6
MITF≥50% (Eq. 2).

ANTICANCER RESEARCH 36: 6603-6610 (2016)

6604

Table I. Summary of the characteristics of our 171 patients with melanoma.

Characteristic                                                          Value

Female, n (%)                                                   101 (59.06%)
Mean age±SD, years                                            55.5±15.8
Location, n (%)
    Head & neck                                                  23 (13.5%)
    Upper extremity                                             62 (36.3%)
    Trunk                                                               57 (33.3%)
    Lower extremity                                             27 (15.8%)
    Perineal                                                             1 (0.6%)
    Missing                                                             1 (0.6%)
Clark level, n (%)
    1                                                                        2 (1.2%)
    2                                                                        4 (2.3%)
    3                                                                      35 (20.5%)
    4                                                                    121 (70.8%)
    5                                                                        8 (4.7%)
    Missing data                                                     1 (0.6%)
Breslow’s thickness, n (%)
    <1 mm                                                              8 (4.68%)
    1.00-2 mm                                                      79 (46.19%)
    2.01-4 mm                                                      67 (39.18%)
    >4 mm                                                            17 (9.95%)
Histology, n (%)
    Superficial spreading                                     73 (42.7%)
    Nodular                                                           62 (36.3%)
    Lentigo maligna                                              11 (6.4%)
    Acral                                                               16 9.4%)
    Dysplastic                                                         8 (4.7%)
    Missing data                                                     1 (0.6%)
Ulceration
    Absent                                                           110 (64.3%)
    Present                                                            60 (35.1%)
    Missing data                                                     1 (0.6%)
MITF staining, n (%)
    MITF<50%                                                   100 (58.5%)
    MITF≥50%                                                     71 (41.5%)
Node pathology, n (%)
    Negative                                                        119 (69.6%)
    Positive                                                           52 (30.4%)

SD: Standard deviation; MITF:  microphthalmia transcription factor.



In the model fit, the estimated coefficient for MITF ≥50% was
−2.2035 (p=0.0002), indicating that patients with MITF ≥50%
are significantly less likely to have nodal disease compared to
those with MITF <50%. Likelihood ratio test was conducted
to test the effect of the addition of MITF ≥50% to the model.
The results indicate that the inclusion of MITF ≥50% improved
the model fit significantly (p<0.001). By comparison of
receiver operating curves (Figure 1C), the addition of MITF to
the model raised the AUC from 0.742 to 0.825, significantly
improving the accuracy of the nomogram in predicting the
lymph node involvement. Figure 2 demonstrates our
nomogram scoring table with a projection on predicted
probability values. 

Discussion

Involvement of regional lymph nodes remains the single
most important prognostic factor in cutaneous melanoma,
where survival is reduced from 89-95% and 45-79% in
stages I and II, respectively, to 24-70% in stage III when
lymph node metastasis is evident (8). Histological evaluation
of the SLN remains the gold standard in nodal staging for
cutaneous melanoma in the current oncologic practice.

The indications for SLN biopsy continue to be somewhat
uninformed. It is clearly recommended by the National
Comprehensive Cancer Network that patients with melanoma
undergo a SLN biopsy when tumor thickness exceeds 1 mm
(10). Patients with thin melanomas (<1 mm) carry a risk as
low as 2-5% of nodal spread (11, 12), thus making patient
selection for SLN biopsy a topic of high importance in this
group. Current evidence proposes SLN biopsy for patients
whose tumor thickness ranges between 0.76 and 1 mm if they
demonstrate “adverse features” such as lymphovascular
invasion, age<40 years, significant vertical growth phase,
increased mitotic rate, positive deep margins, and Clark’s
level IV or higher (8). Thick melanomas (>4 mm) with
clinically negative lymph nodes were associated with SLN
positivity in 30-40% of cases (13, 14). However, the high
likelihood of systemic spread in patients with thick
melanomas renders the survival benefit from lymph node
dissection somewhat debatable (15). Moreover, the role of
completion of lymph node dissection in the face of a positive
SLN in terms of survival benefit is yet to be clarified, and is
currently a trending theme in this field.

According to the above, multiple approaches have been
undertaken to stratify patients with melanoma into risk
categories for nodal metastasis in an attempt to waive the
unnecessary risk of surgical procedures in those who bear a
very low risk of nodal spread.

The nomogram developed by the MSKCC (9), a tertiary
cancer center in the U.S., was a pioneer endeavor in this
regard. This nomogram was constructed using five
commonly reported characteristics of primary melanoma

tumors: thickness, ulceration, Clark level, age, and tumor
location. The model that was generated based on the
simultaneous interaction of these variables was found to be
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Figure 1. Receiver operating curves. A: Results of the Memorial Sloan
Kettering Cancer Center nomogram with coefficients locked-down; area
under the curve (AUC)=0.650. B: Results of the University of Illinois
at Chicago Medical Center nomogram with coefficients fit into the data;
AUC=0.742; microphthalmia transcription factor (MITF) was not
considered in the model. C: Results of the University of Illinois at
Chicago Medical Center nomogram after fitting MITF ≥50% into the
model; AUC=0.825 (p<0.001).



quantitatively more discriminating than the American Joint
Committee on Cancer staging system in prediction of
regional melanoma spread (7).

In a parallel effort, our group focused on the expression of
MITF, a favorable molecular marker in cutaneous melanoma,
in the primary tumors as a predictive factor of nodal
involvement. Certainly, we showed that patients with higher
MITF expression were less likely to have nodal spread (6).
More specifically, we demonstrated in that report that none
of the patients with MITF ≥50% had positive SLN. Given
this significant sensitivity, MITF expression of ≥50% was
selected as the optimized cut-off for this marker as a predictor
in the nomogram model. Herein, we proceeded to apply and
externally validate the MSKCC nomogram in our patient
population, and assess whether the addition of MITF would
improve the nomogram’s predictability of the nodal status.

As demonstrated above, the MSKCC nomogram was a
valuable tool in predicting nodal involvement in our
population, with an AUC=0.65 when coefficients were
locked-down, and AUC=0.742 after fitting. It is currently
agreed that an AUC of a receiver operating curves >0.6
provides reasonable discrimination, AUC>0.7 represents
good discrimination, and AUC>0.8 represents excellent
discrimination (16). Notably, there were some differences in
the magnitude of regression coefficients between our
UICMC and MSKCC nomograms which could be explained
by the intrinsic differences between the two populations, but
the signs of significant coefficients were in agreement.
Inclusion of patients with clinically positive nodal disease

increased the rate of node positivity in our population
compared to the usual rates detected by SLN biopsies.
However, this would not interfere with the function of the
nomogram in detecting a correlation between the factor set
and nodal status, regardless of the clinical findings.

The MSKCC melanoma nomogram was previously
validated by European groups (17-19) with concordance
indices of >0.8. The current study represents the first
external validation of this nomogram in a tertiary care center
in the U.S.

Given the significance of MITF expression in prediction
of nodal involvement, the regression analysis was reapplied
after incorporation of the molecular marker into the model
fit. Evidently, the accuracy of the nomogram increased to
AUC=0.825 (p<0.001).

The purpose of developing nomograms in medical
practice, and particularly in oncology, is to better predict
certain outcomes in individual patients. Similar nomograms
have been evolving for prediction of prostate cancer
recurrence (20, 21) and non-SLN involvement in breast
cancer (22, 23), with promising and reproducible results .

The melanoma nomogram developed here is an effort
toward the establishment of accurate selection criteria for
SLN sampling, in order to avoid redundancy and the
complications of surgical interventions in patients with a
low risk of disease spread. Nonetheless, the main criticism
of nomogram-based predictions remains about their
practical application in the clinical setting. Generally, the
MSKCC melanoma nomogram can be used to decide when

ANTICANCER RESEARCH 36: 6603-6610 (2016)
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Figure 2. University of Illinois at Chicago Medical Center melanoma nomogram score table. MITF: Microphthalmia transcription factor.



not to perform a SLN biopsy based on its negative
predictive value (NPV). 

In order to shed further light on the influence of MITF on
the nomogram’s precision, we tested both the MSKCC and
UICMC nomograms on our patient population to understand
how they would have affected the surgical decision. We used
a pre-set predicted probability cut-off of <9% as reported by
previous validations (18) to avoid the data-driven
overestimation of sensitivity and specificity (24). Results are
presented in Tables II and III.

It is evident that the addition of MITF into the model
significantly improved the precision in regards to sensitivity,
specificity, NPV, and error rates. It was noted that the
discrepancy between the nomograms increased as the tumors
become thicker, since the MSKCC nomogram relies heavily
on the tumor’s thickness (highest β-coefficient), whereas our
nomogram relies more on MITF status.

The refinement in the nomogram is attributable to the
predictive value of MITF for nodal spread. This, in turn, stems
from the critical biological role of MITF in melanocyte
homeostasis by controlling proliferation and triggering cell-
cycle exit (25). Recent reports investigating the molecular
mechanisms of melanoma development documented that high
levels of MITF expression exert an antiproliferative activity
in melanoma cells (26), whereas low levels of MITF protein
were found in invasive melanoma cells (27). However, the
majority of melanoma cells tend to maintain a low basal
expression of this protein (28). This ambivalent function of
MITF made it difficult to use for targeted therapy. Instead,
detection of low levels of MITF or gene amplification have
been utilized as diagnostic approaches for this malignancy
(29-35). Numerous studies addressed the correlation of
diminutive expression of MITF in primary melanoma with
poor prognosis and clinical disease progression (4, 5, 26, 27,
32, 34, 36). In addition, MITF is suggested to be involved in
BRAF-targeted therapy resistance. Melanoma resistance to
BRAF inhibitors occurs due to a cAMP response element
binding protein escape after RAF/MEK inhibition via
intracellular signaling network, leading to activation of
downstream transcription factors such as fibroblast osteogenic
sarcoma (c-FOS), nuclear receptor subfamily 4 group A
members 1 and 2 (NR4A1, NR4A2) and MITF (37). Another
extracellular mechanism was suggested via WNT and secreted
frizzled–related protein 2 (sFRP2), proteins secreted by aged
fibroblasts, which diminish β-catenin and MITF levels in
melanocytes, resulting in loss of DNA-apurinic/apyrimidinic
site phosphomonoester-lyase endonuclease (APE1), a major
redox effector. Subsequently, melanoma cells fail to respond
to DNA damage and become more resistant to BRAF-targeted
therapy (38). 

Based on the above, it is clear that MITF is part of a
multitude of melanoma development pathways, which makes
it an interesting focus of various clinical applications,

including diagnosis, therapy, and outcome prediction. In our
study, we aimed to utilize this factor to improve our ability
to predict regional melanoma spread. The shortcomings of
this study stem from the heterogeneous nature of our
population, which was recruited over a long period of time.
Some patients underwent nodal sampling using the SLN
biopsy, some had elective node dissection prior to the SLN
era, and others underwent a complete nodal basin dissection
for palpable nodes. This could explain, at least partly, the
relatively high rate of positive nodes in our population.
However, given the cross-sectional nature of the statistical
analysis, using this population for validation remains
suitable, and the statistical analysis remains appropriate.
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Table II. Comparative analysis of Memorial Sloan Kettering Cancer
Center (MSKCC) and University of Illinois at Chicago Medical Center
(UICMC) nomograms in our patient population at a predicted
probability cut-off of <9%. (N=171, one patient had missing data and
was excluded from this analysis).

Nomogram                                         Node +            Node −          Total

MSKCC         Nomogram +                  38                    76                115
                       Nomogram −                  14                    42                  55
                       Total                                52                  118               170
UICMC          Nomogram +                  46                    66                112
                       Nomogram −                    6                    52                  58
                       Total                                52                  118               170

Table III. Comparison of precision parameters for Memorial Sloan
Kettering Cancer Center (MSKCC) and University of Illinois at
Chicago Medical Center (UICMC) nomograms for our patient
population at a predicted probability cut-off of <9%. (N=171, one
patient had missing data and was excluded from this analysis).

                                                 MSKCC                         UICMC
                                         nomogram results          nomogram results 

Sensitivity                                 73.08%                          88.46%
Specificity                                 35.59%                          44.07%
NPV                                           76.36%                          89.65%
Reduction rate                           32.35%                          34.12%
Error rate                                     8.24%                             3.53%

NPV: Negative predictive value. Reduction rate: Sentinel node biopsy
(SNB) reduction rate=[TN+FN]/[TN+FN+TP+FP], which represents the
proportion of patients classified as negative and thus potentially selected
by the nomogram for being spared the SNB procedure. Error rate: error
rate=FN/[FN+TN+TP+TN], which is the proportion of patients
erroneously classified as negative by the nomogram (these patients
would be selected by the nomogram to be spared the SNB procedure
although they do harbor SN metastatic disease). FN/FP and TN/TP:
False/true and negative/positive.



Currently, only 15-20% of all SLN biopsies for melanoma
are reported to be positive, but much lower rates are reported
for patients with melanomas <1.2 mm thick according to the
Multicenter Selective lymphadenectomy Trial group (39) and
others (40, 41). Moreover, SLN false-negativity rates, based
on the contemporary indications, are reported by numerous
multicenter trials to be 4-14.4% (42-48). This suggests that
SLN biopsy might be overused nowadays, and that its
indications require refinement.

Therefore, our group supports the incorporation of the
MSKCC nomogram into clinical practice. The addition of
primary tumor prognostic factors, such as MITF, enhances
the nomogram’s accuracy and should be considered, taking
into account its generalizability for uniform application and
further validation.

Conclusion

The MSKCC melanoma nomogram is a valuable tool for
predicting nodal spread in cutaneous melanoma, and has
been externally validated in a variety of centers and settings,
including ours. In our opinion, it constitutes a valid effort
toward refining the selection criteria for SLN biopsy in
patients with melanoma. Inclusion of MITF ≥50% as a
favorable prognostic factor in the model significantly
increases its accuracy in predicting nodal spread. 
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