Ann Surg Oncol (2025) 32:6927-6935
https://doi.org/10.1245/s10434-025-17442-2

Annals of q
SURGICAL ONCOLOGY

updates
OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLOGY

ORIGINAL ARTICLE - MELANOMA AND CUTANEOUS ONCOLOGY

Validation of Invasive Area for Predicting Sentinel Node Status
and Survival in Primary Cutaneous Melanoma

Sophie E. Orme, MBBS!%, Mark Bamford, FRCPath?, Marie O’Riordan, FRCPath?,
Philip D. Da Forno, MD, FRCPath®, Andrew Snelling, FRCS(Plast.)’,

Martin J. Heaton, MD, FRCS(Plast.)!, Rachael Stanley, PhD!, Roxanne Brunton-Sim’,
Marc D. Moncrieff, PhD, FRCS(Plast.)!?, and Gerald Saldanha, PhD, FRCPath®

Norfolk and Norwich University Hospitals NHS Trust, Norwich, UK; 2Norwich Medical School, University of East
Anglia, Norwich, UK; 3University Hospitals of Leicester NHS Trust, Leicester, UK

ABSTRACT

Background. Two-dimensional histologic features have
demonstrated independent prognostic value for survival in
primary cutaneous melanoma, but their predictive value
for sentinel node (SN) status has yet to be validated. We
aimed to demonstrate the predictive value of the previously
described calculated tumor area (CTA), and the novel Sim-
plified Breslow Area (SBA), for SN metastasis and survival.
Materials and Methods. A total of 177 primary melano-
mas were assessed for standard histological characteristics,
maximum invasive width (IW) of the primary tumor and
CTA. We simplified CTA measurement by transforming IW
with Breslow thickness (BT) [In(IW) +1n (BT)], yielding
SBA. Multivariate analysis was undertaken to assess the per-
formance of CTA and SBA, respectively, as independent
predictors of both SN status and survival outcomes.
Results. The SN +rate was 18.1% (32/177). The median
CTA for SN—patients was 3.2 mm? (IQR 1.2-10.9) com-
pared with 6.7 mm? (IQR 4.2-26.9) for SN + patients
(»<0.01). Maximum threshold analysis identified an opti-
mal CTA cutoff point of 6.3 mm? for disease-specific (DSS)
[HR 1.01 (1.00-1.02); p=0.008], distant metastasis-free
[HR 1.01 (1.00-1.02); p=0.005], and disease-free survival
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[HR 1.01 (1.00-1.02); p=0.005]. The 5-year DSS for low-
risk CTA tumors was 91.2% versus 61.3% for high-risk
tumors. Cox regression showed CTA [HR 3.5 (1.21-10.81);
p=0.021] and ulceration status (US) were independent
predictors of DSS. Similar results were obtained for SBA,
which, on multivariate analysis, was the single most impor-
tant predictor of SN status outperforming lymphovascular
invasion, US, and BT.

Conclusions. The two-dimensional histologic features CTA
and SBA are independently prognostic for survival in pri-
mary cutaneous melanoma, and SBA may be a better predic-
tor of SN status than BT.

The introduction of effective adjuvant therapy for cuta-
neous melanoma, as well as the results of the Multicenter
Selective Lymphadenectomy Trial II (MSLT-2) and German
Dermatologic Cooperative Oncology Group (DeCOG) trials,
has led to a paradigm shift in international opinion on the
primary role of sentinel node biopsy (SNB).'™ Crucially,
the determination of sentinel node (SN) status has become a
key factor influencing access to adjuvant systemic therapies
by identifying micrometastatic stage III disease in patients
with clinically negative nodes, for whom such therapies may
confer significant survival advantage. Furthermore, SNB-
proven micrometastasis may confer eligibility for further
clinical trials in this patient group.>” However, the procedure
is not without associated risk, and it is equally important
to avoid unnecessary procedures and associated morbidity
in patients in whom the likelihood of nodal involvement is
truly low.

According to internationally congruent guidelines, SNB
is recommended in patients for whom the risk of nodal
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positivity is >5%.° However, AJCC stage criteria, for
which Breslow’s thickness (BT) and ulceration status form
the backbone, are inadequate to accurately stratify patients
when used alone.!? This is best illustrated in patients with
tumors <2 mm thick (pTla-pT2a), where some subgroups
of T1b have positivity rates <5%, while some T1a patients
have rates > 5%.!1713 Beyond the scope of the current staging
system, numerous clinicopathologic features have demon-
strated associations with SN positivity, including younger
age, female sex, presence of mitotic figures, microsatellites,
lymphovascular invasion (LVI), absence of tumor-infiltrating
lymphocytes, absence of tumor regression, nodular histol-
ogy, vertical growth phase, and Clark’s level.'*° However,
the predictive value of these for SN metastasis in the litera-
ture is variable and inconsistent.

Therefore, patient selection for SNB may now need to be
reappraised, and as such there has been a renewed drive to
identify novel markers that enable the accurate stratification
of patients according to their risk of having SN metastasis.
BT represents only a one-dimensional surrogate marker for
primary tumor burden, however, it is plausible that a histo-
logical marker that accounts for the two-dimensional nature
of tissue sections could more accurately reflect true tumor
burden and therefore prognosis. One such two-dimensional
marker, calculated tumor area (CTA), has been previously
described and demonstrated to have independent prognostic
value and is potentially more powerful than BT as a prog-
nostic feature.?!

In this work we devised a novel two-dimensional marker,
the simplified Breslow area (SBA), and aimed to validate
both CTA and SBA as prognostic markers for positive SN
status.

MATERIALS AND METHODS

A retrospective cohort was collated and analyzed from a
single, academic cancer center in the East of England with
a prospectively maintained melanoma database. All adult
patients diagnosed with primary cutaneous melanoma, with
complete primary tumor and outcomes datasets, who were
referred for SNB between 2011 and 2014, were included.
Patients were excluded if there were multiple or mucosal
melanoma primaries, or if the hematoxylin and eosin-stained
histopathology slides were unavailable. The research pro-
tocol was approved by the Faculty of Medicine and Health
Sciences Research and Ethics Committee at the University
of East Anglia, including the use of human tissue under the
Norwich Research Park Biorepository ethical approval (REC
ref.: 19/EE/0089).

Standard patient demographic data and tumor charac-
teristics were recorded. Survival outcomes data including
overall survival (OS), disease-specific survival (DSS),
and distant metastasis-free survival (DMFS) were also

collected. In the case of multiple sites of recurrence, dis-
ease-free survival (DFS) was recorded on the basis of the
first instance and highest stage at that time, according to
the “first/worst” principle. Systemic therapy was offered
to eligible patients in accordance with national guidance.

Statistical Analysis

Statistical analysis of the data was performed using
Jamovi software (version 2.3; Sydney, Australia; https://
www.jamovi.org). Descriptive statistics was used to sum-
marize patient and primary tumor characteristics strati-
fied by SN status. Medians with interquartile ranges (IQR)
were given for continuous variables, while for categorical
variables, frequencies with proportions were used. The
Kruskal-Wallis and »? tests were used to assess for differ-
ences in the medians and proportions, respectively.

The distribution of measurements for BT, invasive
width (IW) of the primary tumor, and consequently CTA
are positively skewed. To achieve a more normally dis-
tributed sample with constant variance to facilitate lin-
ear regression analysis, these measurements were trans-
formed using the natural logarithm to give InBT, InIW, and
InCTA, respectively (Fig. 1). The semiquantitative nature
of CTA has been criticized for potentially introducing
interobserver variability.22 Therefore, in addition to vali-
dating CTA against SN status, we sought to test whether
an objective quantitative two-dimensional prognostic bio-
marker incorporating BT and IW may better predict both
disease-specific survival and SN status. The sum of their
transformations yielded the simplified Breslow area (InBT
+Inlw =SBA) (Fig. 2).

The Kaplan—Meier log-rank method was used to ana-
lyze all survival outcomes and differences between groups.
The maximally selected rank method was used to study the
relationship between InCTA and SBA, as surrogate mark-
ers for tumor burden, and survival outcomes to identify a
potential cutoff point that may be used to stratify patients
into “high” and “low” risk of SN metastasis. This method
investigates all possible cutoff points in the maximum
value of InCTA and SBA, respectively, and identifies the
cutoff point value for each marker that achieves the maxi-
mum dichotomous separation of the Kaplan—Meier curves
into high and low risk groups.?? This method was applied
to DSS, DFS, and DMFS individually. Once identified for
both markers, Cox regressions were then performed to
evaluate whether the optimal cutoff point remains signifi-
cantly associated with outcomes after adjusting for poten-
tial confounding factors.

The predictive value of SBA and CTA for SN status was
evaluated using separate multivariate logistic regression
analyses.
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FIG.1 Frequency density plots illustrating the skew of tumor meas-
urements including routinely collected. Breslow thickness (BT), but
also invasive width (IW) and calculated tumor area (CTA). The natu-
ral logarithmic transformations of CTA (InCTA) as well as the sum

RESULTS
Standard Patient and Tumor Characteristics

Of a total cohort of 588 eligible patients, we were able to
retrieve slide sets for 177 (30.1%) patients with correspond-
ing SNBs for evaluation. The distribution of standard patient
and tumor characteristics collected, stratified according to
SN status, is presented in Table 1.

The incidence of SN metastasis in our cohort was 18.1%
(32/177). Age, primary tumor AJCC stage, lymphovascu-
lar invasion, BT, IW, and CTA were all associated with SN
status (Table 1). The median BT for the whole cohort was
1.60 mm (IQR 1.10-3.00 mm) and there was significant cor-
relation between BT and the IW of the primary tumor (R=
0.527; p< 0.001). On multivariate analysis, using logistic
regression, we found that of the standard primary tumor
characteristics, Breslow thickness, and lymphovascular

of transformations yielded (InBT +Inlw =SBA), a novel biomarker
which we have termed the Simplified Breslow Area, is shown to be
significantly more normally distributed

invasion were the only significant independent predictors
of positive SN status.

Calculated Tumor Area, Simplified Breslow Area, and SN
status

The median CTA for SN—patients was 3.2 mm?’
(IQR1.2-10.9) compared with 6.7 mm? (IQR 4.2-26.9) for
SN + patients (p < 0.01). The median SBA for SN—patients
was 2.0 (IQR 1.3-2.7) compared with 2.8 (IQR 2.1-3.6) for
SN+patients (p < 0.01).

We assessed whether BT, CTA, and SBA were predictors
of SN status in separate multivariable logistic regression
models each controlling for age, sex, primary tumor site,
US, and LVI. Both BT (OR 1.33, 95% CI 1.03-1.71, p=
0.023) and SBA (OR 2.27, 95% CI 1.39-3.89, p= 0.002)
were found to be significant independent predictors of SN
status in their respective models. The C-statistic for the SBA
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FIG.2 Two stylized examples of melanomas A & B with equal
Breslow Thickness (BT) are shown. The calculated tumor area (CTA)
box for each tumor, which includes all invasive melanoma cells
(brown) within the full tumor breadth on the section with maximal
BT, is shown in purple. CTA was calculated by multiplying each
tumor’s BT (green arrow), invasive width (IW) (blue arrows) and the
proportion of the box occupied by invasive melanoma cells. The sim-
plified Breslow area (SBA) is the natural logarithmic transformation
of the product of BT and IW

model was 79.4%, compared with 77% for the model incor-
porating BT. In contrast, InCTA was not found to be an inde-
pendent predictor of SN status (OR 1.01, 95% CI1 0.99-1.03,
p=0.293). We found SBA to be the single most important
significant independent predictor of SN status (Fig. 3); when
SBA (OR 2.65,95% CI 1.25-6.13, p= 0.016) was included
in the model with BT, BT was no longer statistically sig-
nificant (OR 0.90, 95% CI 0.57-1.34, p= 0.616) showing
significant confounding by SBA.

Survival

The median follow-up period was 94 months (IQR
82-106 months). SN positivity was associated with worse
DSS, with a 5-year survival of 74.0% compared with 88.8%
for SN negative patients (hazard ratio 2.56, 95% confidence
interval 1.20-5.48; p=0.015) (Fig. 4).

The maximally selected rank (MSR) method was used
to identify optimal cutoff point values for both InCTA and
SBA that would differentiate patients into “high” and “low”
risk groups for SN positivity.”> MSR analysis identified

primaries with a InCTA of less than 1.84 as low risk, and
those greater than 1.84 as high risk, with a 5-year DSS of
86.2% for the low-risk cohort and 68.1% for the high-risk
cohort (HR 2.6, 95% CI 1.41-4.79; p= 0.002) (Fig. 5). Simi-
lar results were seen for DFS and DMFS (Supplementary
material). The median OS and DSS of patients in either
group was not reached.

The optimum cutoff point according to SBA, determined
by the same method, was 2.61 for the whole cohort, with
S5-year DSS of 91.6% for the low-risk cohort (i.e., patients
whose primaries where SBA was less than 2.61) and 74.4%
for the high-risk cohort (i.e., patients with primaries with
SBA greater than 2.61) (HR 3.98, 95% CI 1.91-8.30; p<
0.001) (Fig. 6). Once again, similar results were seen for
DFS and DMFS (Supplementary material). The median OS
and DSS of patients in either group was not reached.

The incidence of SN positivity in the low-risk group
according to SBA was 12.3% (15/122) compared with
30.9% (17/55) in the high-risk group. Within the low-risk
SBA cohort, the median age for SN+patients was 55 (IQR
48-68) compared with 64 (IQR 52-70) for those who were
SN—, although again age was not found to be significantly
associated with SN status (p = 0.28).

When analyzed using Cox proportional hazards regres-
sion models as continuous variables, SBA and InCTA out-
performed BT as a prognostic indicator for both DFS (SBA
HR 1.62, 95% CI 1.27-2.07, p< 0.001; InCTA 1.47, 95%
CI 1.21-1.77, p< 0.001; BT HR 1.24, 95% CI 1.12-1.37,
p<0.001) and DSS (SBA HR 1.85,95% CI 1.37-2.49, p<
0.001; InCTA 1.63, 95% CI 1.28-2.06, p < 0.001; BT HR
1.29, 95% CI 1.14-1.45, p< 0.001). Once again, similar
results were seen for OS and DMFS.

DISCUSSION

The results of our single-center analysis align with estab-
lished literature regarding the prognostic importance of sen-
tinel node status for disease-specific survival in patients with
primary cutaneous melanoma.?* However, not all patients
benefit from the procedure, and optimal patient selection
for SNB continues to be challenging given the limited abil-
ity to predict SN positivity, particularly in putative low-risk
melanomas such as AJCC pT1b and pT2a primaries. In par-
ticular, there remains a significant absence of additional reli-
able associated clinicopathologic factors, beyond ulceration
status, despite the emergence of numerous nomograms and
risk stratification tools.!32%%

The incorporation of molecular prognostic information,
in the form of gene expression profile (GEP) or immunohis-
tochemistry (IHC) tests, into stratification models has shown
promise for refining patient selection for SNB in the future.?
Currently, several prognostic tests are commercially availa-
ble, and some have been shown to discriminate patients who
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TABLE 1 Cross table of clinicopathologic characteristics of cohort stratified by SN status

Characteristic SN negative (n= 145) SN positive (n= 32) Test statistic
Age at diagnosis, median (IQR) 65 (53-71) 58 (48-67) H =325
p=0.07*
Male sex 69 (48) 17 (53) (1)=032
p=057°
Primary site Head and neck 21 (14) 1(3) ;(2(3) =5.56
p=0.13°
Torso 54 (37) 17 (53)
Upper limb 36 (25) 5(16)
Lower limb 34 (23) 9 (28)
Subtype SSM 107 (74) 27 (84) 7A(4)=3.30
p=051°
Nodular 25 (17) 5(16)
Lentigo maligna 8 (6) 0
Acral 2(D) 0
Other 3(2) 0
AJCC stage® 1B 93 (64) 11 (34) 7 (3)=19.69
p<0.01°
ITA 21 (14) 9 (28)
1B 24 (17) 4(12)
IC 7(5) 8 (25)
Lymphovascular invasion 8 (6) 7(23) ;(2(1) =9.23
p<0.01°
Ulceration 3121 12 (38) 7*(1)=3.70
p=0.05
Mitotic rate, median (IQR) 3(1-6) 3 (2-6) H=0.37
p=0.54*
BT, median (IQR) 1.4 (1.0-2.7) 2.4(1.3-4.3) H=7.39
p=0.01*
IW, median (IQR) 4.9 (3.2-7.0) 7.2 (4.6-9.8) H=10.57
p<0.01*
CTA, median (IQR) 3.2 (1.2-10.9) 6.7 (4.2-26.9) H =8.03
p=0.01*

Data are expressed as n (%) unless otherwise specified. Data on mitotic rate was available for 175 patients and lymphovascular invasion for 173

patients

#Kruskal-Wallis with 1 degree of freedom
®Pearson (degrees of freedom)

¢AJCC 8th edition

SN sentinel node, /QR interquartile range, SSM superficial spreading melanoma, AJCC American Joint Committee on Cancer, BT Breslow thick-

ness, IW invasive width, CTA calculated tumor area

have a < 5% risk of SNB positivity.>’=" The potential of
GERP tests to influence clinical decision-making has already
been evident in the construction of guidelines for other can-
cer sites, most notably breast.>! However, due to significant
methodological limitations in these studies, whether there is
enough quality evidence supporting their clinical utility in
cutaneous melanoma to justify their substantial cost remains
highly controversial.>**>3* The use of GEP tests in cutane-
ous melanoma still requires further prospective investigation
with longer follow-ups, especially in the case of thin mela-
nomas, to validate their prognostic utility. and as such, there

continues to exist a need for improved clinicopathological
prognostic biomarkers.

In their seminal paper, Breslow et al. described the
incidence of both recurrent and metastatic disease to be
a function of the width, thickness, and stage of invasion
of the primary tumor.>* Several studies have since dem-
onstrated that increasing tumor volume is associated with
a greater chance of metastasis and subsequently poorer
survival outcomes.*—” Recently, Saldanha et al. found
that a novel two-dimensional marker, CTA, demonstrated
improved prognostic accuracy compared with BT, in 1239
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patients diagnosed with primary cutaneous melanoma
treated in two UK centers.?! Our findings corroborate this
work, evidenced by the significant separation of the sur-
vival curves in our cohort according to the optimal cut-
off point for CTA. Compared with our dataset, cohorts
were well matched for sex (male, 47.6% versus 48.6%)
and age (60 years, IQR 47-71 years versus 64 years IQR
52-71 years). The tumors analyzed by Saldanha et al. were
typically thinner [median BT 0.9 mm (IQR, 0.5-2.0 mm)
versus BT 1.60 mm (IQR 1.10-3.00 mm)] with a lower
proportion of ulcerated tumors (16% versus 24.2%) and

consequently of an earlier AJCC stage at diagnosis (AJCC
pathological stage I, 49.7% Norwich versus 73.6% Leices-
ter). Therefore, unsurprisingly, the median CTA for our
cohort was also higher [4.40 (IQR 1.6-11.3) versus 1.30
IQR (0.2-6.4)]. The larger proportion of patients with
high-risk features in our dataset is representative of the
cohort of patients that are selected for SNB in a modern
melanoma practice, however, as a single-center analysis,
our findings should nonetheless be interpreted with cau-
tion bearing in mind the potential for measurement and
selection biases.
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Our study did not find that CTA was a significant predic-
tor of SN status in univariate or multivariate logistic regres-
sion analysis. To our knowledge, only one other group has
investigated the predictive value of CTA for SN status. An
analysis of 271 patients who underwent SNB between 2004
and 2018 from three centers in the USA found that BT,
IW, and CTA had similar areas under a receiver operating
characteristic (ROC) curve in separate multivariate logistic
regression models adjusted for age, sex, US, mitotic rate,
and LVI.2 This study investigated a similar size cohort but
did not assess survival as an outcome. We hypothesized that
these results were likely due to a degree of error introduced
by the subjective assessment of proportion of the visual field
involved by tumor as part of the CTA measurement, and that

this was further exaggerated by the relatively greater propor-
tion of larger tumors in datasets of patients selected for SNB.
In the initial validation of CTA, the intraclass correlation
coefficient for 13 primary melanoma samples independently
scored by two observers was 0.99, however, further study is
required to demonstrate that these findings can be replicated
by others.?!

In this work, we describe, for the first time, a more objec-
tive factor, namely SBA, which removes this subjective
aspect of the assessment (SBA =InBT +1nIW) and thus may
have improved clinical applicability. Subsequent multivari-
ate analysis demonstrated that our novel derived biomarker,
SBA, was the single most important predictor of sentinel
node status, outperforming LVI, ulceration status, and BT.
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Importantly, SBA shares the practicality, low cost, and ease
of dissemination as CTA, and has the additional advantage
that its measurement and calculation can be easily achieved
using digital pathology techniques where such software is
available. There is evidence that computer-assisted analysis
of multidimensional tumor burden may enhance the objec-
tivity and prognostic accuracy further, and we suggest that
this may lend itself to automation with artificial intelligence
algorithms.*®

Our findings should be interpreted cautiously in light of
several limitations, the most substantial being the potential
measurement and selection biases inherent to a single-center
study as well as to a relatively small sample size, attested by
the wide 95% confidence intervals seen in our analyses. The
latter is particularly pertinent in the subsample of patients
with pT1b-pT2a tumors (n= 96), for whom biomarkers to
guide patient selection for SNB will be especially valuable
for the construction of international guidelines. Therefore,
independent validation of our findings in a prospective study
using a large, multi-institutional, international cohort of
SNB patients is necessary prior to translation into clinical
practice.

CONCLUSIONS

Our study is the first to validate the two-dimensional
histological marker, calculated tumor area, against sentinel
node status using survival analysis. The transformation of
tumor area into a reproducible objective measure, simpli-
fied Breslow area, achieved superior prognosis of both sen-
tinel lymph node status and survival in primary invasive
melanoma compared with Breslow thickness. This may be
enhanced further using digital pathology software, and lends
itself to the potential for automation to achieve increased
accuracy and objectivity, ultimately improving patient selec-
tion for staging with SNB.

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-025-17442-2.

DISCLOSURE No conflicts of interest to declare.

OPEN ACCESS  This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

REFERENCES

1. Peach H, Board R, Cook M, et al. Current role of sentinel
lymph node biopsy in the management of cutaneous melanoma:
a UK consensus statement. J Plast Reconstr Aesthet Surg.
2020;73(1):36-42.

2. Varey AHR, Thompson JF, Howle JR, Lo SN, Ch’ng S, Carlino
SM. Has the advent of modern adjuvant systemic therapy for
melanoma rendered sentinel node biopsy unnecessary? Eur J
Cancer. 2023;186:166-71. https://doi.org/10.1016/j.ejca.2023.
03.011.

3. Faries MB, Thompson JF, Cochran AJ, et al. Completion dissec-
tion or observation for sentinel-node metastasis in melanoma. N
Engl J Med. 2017;376:2211-22.

4. Leiter U, Stadler R, Mauch C, et al. Complete lymph node dis-
section versus no dissection in patients with sentinel lymph node
biopsy positive melanoma (DeCOG-SLT): a multicentre, ran-
domised, phase 3 trial. Lancet Oncol. 2016;17(6):757-67.

5. Bello DM, Faries MB. The landmark series: MSLT-1, MSLT-2
and DeCOG (management of lymph nodes). Ann Surg Oncol.
2020;27(1):15-21.

6. National Comprehensive Cancer Network (NCCN). Melanoma
Guidelines Version 3.2023. 2023. https://www.nccn.org/guide
lines/guidelines-detail ?category=1&id=1492. Accessed 16 June
2023.

7. Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant
pembrolizumab versus placebo in resected stage III melanoma
(EORTC 1325-MG/KEYNOTE-054): distant metastasis-free sur-
vival results from a double-blind, randomised, controlled, phase
3 trial. Lancet Oncol. 2021;22(5):643-54.

8. Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant pem-
brolizumab versus placebo in resected stage III melanoma. N
Engl J Med. 2018;378(19):1789-801.

9. Weber J, Mandala M, Del Vecchio M, et al. Adjuvant nivolumab
versus ipilimumab in resected stage III or IV melanoma. N Engl
J Med. 2017;377(19):1824-35.

10. Amin MB, Edge S, Greene F, et al. AJCC Cancer Staging Man-
ual. 8th edn. Berlin: Springer; 2017.

11 Egger ME, Stevenson M, Bhutiani N, et al. Should sentinel
lymph node biopsy be performed for all T1b melanomas in the
new 8th edition American Joint Committee on Cancer Staging
System? J Am Coll Surg. 2019;228(4):466—72. https://doi.org/
10.1016/j.jamcollsurg.2018.12.030.

12. Sinnamon AJ, Neuwirth MG, Yalamanchi P, et al. Association
between patient age and lymph node positivity in thin melanoma.
JAMA Dermatol. 2017;153(9):866-73.

13. Friedman C, Lyon M, Torphy RJ, et al. A nomogram to pre-
dict node positivity in patients with thin melanomas helps
inform shared patient decision making. J Surg Oncol.
2019;120(7):1276-83.

14. Cordeiro E, Gervais MK, Shah PS, Look Hong NJ, Wright
FC. Sentinel lymph node biopsy in thin cutaneous melanoma:
a systematic review and meta-analysis. Ann Surg Oncol.
2016;23(13):4178-88.

15. Sondak VK, Taylor JM, Sabel MS, et al. Mitotic rate and younger
age are predictors of sentinel lymph node positivity: lessons
learned from the generation of a probabilistic model. Ann Surg
Oncol. 2004;11(3):247-58.

16. Cadili A, Dabbs K. Predictors of sentinel lymph node metastasis
in melanoma. Can J Surg. 2010;53(1):32-6.

17. Ribero S, Gualano MR, Osella-Abate S, et al. Association of
histologic regression in primary melanoma with sentinel lymph
node status: a systematic review and meta-analysis. JAMA Der-
matol. 2015;151(12):1301-7.


https://doi.org/10.1245/s10434-025-17442-2
https://doi.org/10.1245/s10434-025-17442-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ejca.2023.03.011
https://doi.org/10.1016/j.ejca.2023.03.011
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1492
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1492
https://doi.org/10.1016/j.jamcollsurg.2018.12.030
https://doi.org/10.1016/j.jamcollsurg.2018.12.030

Validation of Invasive Area ...

6935

18.

19.

20.

21.

22.

23.

24

25.

26.

217.

28.

Cavanaugh-Hussey MW, Mu EW, Kang S, Balch CM, Wang T.
Older Age is associated with a higher incidence of melanoma
death but a lower incidence of sentinel lymph node metasta-
sis in the SEER Databases (2003-2011). Ann Surg Oncol.
2015;22(7):2120-6.

Andtbacka RH, Gershenwald JE. Role of sentinel lymph node
biopsy in patients with thin melanoma. J Natl Compr Canc Netw.
2009;7(3):308-17.

Maurichi A, Miceli R, Eriksson H, et al. Factors affecting senti-
nel node metastasis in thin (T1) cutaneous melanomas: develop-
ment and external validation of a predictive nomogram. J Clin
Oncol. 2020;38(14):1591-601.

Saldanha G, Yarrow J, Elsheikh S, O’Riordan M, Uraiby H, Bam-
ford M. Development and initial validation of calculated tumor
area as a prognostic tool in cutaneous malignant melanoma.
JAMA Dermatol. 2019;155(8):890-8.

Meves A, Todd A, Johnson EF. Tumor width and calculated
tumor area do not outperform Breslow thickness in predicting
sentinel lymph node biopsy positivity. J Am Acad Dermatol.
2023;89(1):188-90.

Lausen B, Schumacher M. Maximally selected rank statistics.
Biometrics. 1992;48(1):73-85.

Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma staging:
evidence-based changes in the American Joint Committee on
Cancer eighth edition cancer staging manual. CA Cancer J Clin.
2017;67(6):472-92. https://doi.org/10.3322/caac.214009.

Lo SN, Ma J, Scolyer RA, et al. Improved risk prediction cal-
culator for sentinel node positivity in patients with melanoma:
the Melanoma Institute Australia nomogram. J Clin Oncol.
2020;38(24):2719-27.

Kott J, Zimmermann N, Zell T, et al. Sentinel lymph node risk
prognostication in primary cutaneous melanoma through tissue-
based profiling, potentially redefining the need for sentinel lymph
node biopsy. Eur J Cancer. 2024;202:113989.

Vetto JT, Hsueh EC, Gastman BR, et al. Guidance of sen-
tinel lymph node biopsy decisions in patients with T1-T2
melanoma using gene expression profiling. Future Oncol.
2019;15(11):1207-17.

Bellomo D, Arias-Mejias SM, Ramana C, et al. Model combin-
ing tumor molecular and clinicopathologic risk factors predicts
sentinel lymph node metastasis in primary cutaneous melanoma.
JCO Precis Oncol. 2020;4:319-34.

29

30.

31

32.

33.

34.

35.

36.

37.

38.

Whitman ED, Koshenkov VP, Gastman BR, et al. Integrating
31-gene expression profiling with clinicopathologic features to
optimize cutaneous melanoma sentinel lymph node metastasis
prediction. JCO Precis Oncol. 2021. https://doi.org/10.1200/PO.
21.00162.

Tassavor M, Martin BJ, Glazer AM. The integrated i31-GEP test
outperforms the MSKCC nomogram at predicting SLN status in
melanoma patients. Anticancer Res. 2023;43(10):4511-6.

. Sparano JA, Gray RJ, Makower DF, et al. Adjuvant chemotherapy

guided by a 21-gene expression assay in breast cancer. N Engl J
Med. 2018;379(2):111-21.

Grossman D, Okwundu N, Bartlett EK, et al. Prognostic gene
expression profiling in cutaneous melanoma: identifying the
knowledge gaps and assessing the clinical benefit. Clin Rev Educ.
2020;156(9):1004-11.

Sabel MS. Genomic expression profiling in melanoma and the
road to clinical practice. Ann Surg Oncol. 2022;29(2):764-6.
Breslow A. Thickness, cross-sectional areas and depth of
invasion in the prognosis of cutaneous melanoma. Ann Surg.
1970;172(5):902-8.

Walton RG, Kim J, Velasco C, Swetter SM. Tumor volume:
an adjunct prognostic factor in cutaneous melanoma. Cutis.
2014;94(5):226-30.

Voss B, Wilop S, Jonas S, et al. Tumor volume as a prognos-
tic factor in resectable malignant melanoma. Dermatology.
2014;228(1):66-70.

Friedman RJ, Rigel DS, Kopf AW, et al. Volume of malignant
melanoma is superior to thickness as a prognostic indicator. Pre-
liminary observation. Dermatol Clin. 1991;9(4):643-8.
Rosenbaum BE, Schafer CN, Han SW, Osman I, Zhong H, Brin-
ster N. Computer-assisted measurement of primary tumor area
is prognostic of recurrence-free survival in stage IB melanoma
patients. Mod Pathol. 2017;30(10):1402-10.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.3322/caac.21409
https://doi.org/10.1200/PO.21.00162
https://doi.org/10.1200/PO.21.00162

	Validation of Invasive Area for Predicting Sentinel Node Status and Survival in Primary Cutaneous Melanoma
	Abstract 
	Background. 
	Materials and Methods. 
	Results. 
	Conclusions. 

	Materials and Methods
	Statistical Analysis

	Results
	Standard Patient and Tumor Characteristics
	Calculated Tumor Area, Simplified Breslow Area, and SN status
	Survival

	Discussion
	Conclusions
	References




