Received: 13 January 2020

Revised: 26 February 2020

Accepted: 31 March 2020

DOI: 10.1002/cam4.3065

ORIGINAL RESEARCH

Cancer Medicine _ WILEY

Prognostic significance of tumor size for primary invasive
cutaneous melanoma: A population-based study, 2004-2016

Qiuying Ma'? | Huinan Suo'? | LiZhu'? | Yue Qian'? | Xiaoyan Sun® | Jun Xie* |

Qianru Li"? | Yangxue Fu® | JunLi® | Juan Tao'?

'Department of Dermatology, Union
Hospital, Tongji Medical College,

Huazhong University of Science and
Technology (HUST), Wuhan, China

*Hubei Engineering Research Center for
Skin Repair and Theranostics, Wuhan,
China

3Depzlrtment of Dermatology, Tongji
Hospital, Tongji Medical College,
Huazhong University of Science and
Technology (HUST), Wuhan, China

4Department of Dermatology, Zhongnan
Hospital, Wuhan University, Wuhan, China

5Depzlrtment of Dermatology, The Central
Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science
and Technology (HUST), Wuhan, China

Correspondence

Jun Li, Department of Dermatology, The
Central Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science
and Technology (HUST), No. 26 Shengli
Street, Wuhan, Hubei, 430014 China.
Email: goldcoindaniel @163.com

Juan Tao, Department of Dermatology,
Union Hospital, Tongji Medical College,
Huazhong University of Science and
Technology (HUST), No. 1277 Jiefang
Avenue, Wuhan, Hubei, 430022 China.
Email: tjhappy @ 126.com

Abstract

Background: This study aimed to assess the independent prognostic value of tumor
size compared with other clinical and pathologic features of primary invasive cutane-
ous melanoma (CM).

Methods: This study included 28,593 patients with primary invasive CM in
Surveillance, Epidemiology, and End Results Program database diagnosed from
2004 through 2016. Tumor size was divided into five subgroups (<6, 7-12, 13-30,
31-42, and >42 mm). The primary endpoint was melanoma-specific survival (MSS).
Results: The relationship between tumor size and survival was piecewise. After
adjusting for age, sex, primary site, histopathologic cell type, Breslow thickness,
ulceration, mitotic rate, regional metastasis, and distant metastasis, the hazard ratio
(HR) of MSS increased with increasing tumor size until a peak at 31-42 mm (HRs,
1.33, 1.59, 2.41, respectively; all P < .0001), and then decreased when tumor size
was larger than 42 mm using tumor size < 6 mm as the reference (HR, 2.11; 95%
confidence interval [CI], 1.84 —2.42; P < .0001). This pattern mostly remained after
stratification by T subcategories from T1 to T4 in localized primary CM except that
tumor size >42 mm subgroup had the shortest MSS in T4. In addition, tumor size
with a cutoff value of 12 mm showed stronger prognostic value for MSS (HR, 2.32;
95% CI, 1.80-2.98; P < .0001) than Breslow thickness and mitotic rate in primary
CM with TINOMO.

Conclusions: Tumor size was an important independent prognostic factor for MSS
in patients with primary invasive CM. Tumor size larger than 30 mm would provide
additional and important prognostic information in each T subcategory of localized
CM. Furthermore, tumor size with a cutoff value of 12 mm has great potential in

improving the accuracy of melanoma T1 substaging.
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1 | INTRODUCTION

Cutaneous melanoma (CM) continues to be a significant con-
tributor to cancer morbidity and mortality." 2 Current assessment
of survival outcomes of CM patients is based on the American
Joint Committee on Cancer (AJCC) staging.” The T category in
the staging system is determined by Breslow thickness and ul-
ceration. Breslow thickness was found to be of great value in as-
sessing prognosis since 1970,* and subsequent study validated
that Breslow thickness with a cutoff point of 0.8 mm could
separate high-risk and low-risk tumors.” According to the 8th
edition AJCC staging system, Breslow thickness >0.8 mm had
a hazard ratio (HR) of 1.7 versus Breslow thickness <0.8 mm,
but it was not statistically significant for melanoma-specific
survival (MSS) (P = .057).3 CM patients with localized tumors
typically exhibit favorable prognosis, but recent studies have
shown that patients with early stage CM contribute a substan-
tial number of deaths from melanoma.®’ 31-gene expression
profile was reported to be capable to provide personalized prog-
nostic information based on tumor biology.&9 Nonetheless, it
could be time-consuming and require specific equipment. Thus,
it is still important to find useful clinicopathologic factors that
may further stratify the patients with CM accurately, especially
for those with early stage CM.

Recently, the tumor volume of CM has been reported to be
prognostically superior to Breslow thickness in multivariate
analysis,lo'12 which implied that a multidimensional assess-
ment could have more crucial prognostic implications than a
single evaluation of Breslow thickness alone. Subsequently,
Saldanha et al'® identified the independent prognostic value
of tumor area calculated by tumor size and Breslow thick-
ness for the 1239 cases (HR, 1.70), and it provided better
stratification for MSS than Breslow thickness, which sug-
gested that tumor size may have additional and important
prognostic value for CM. However, these studies were based
on complicated histological measurements and may be labo-
rious. Meanwhile, tumor size has been included in the cur-
rent staging of uveal melanoma.'*To our knowledge, there
were no comprehensive studies about the effects of tumor
size on the prognosis of CM. Herein, detailed analyses about
tumor size were conducted using data from the Surveillance,
Epidemiology, and End Results (SEER) program database.
We described the effects of tumor size on MSS in patients
with primary invasive CM and further evaluated its prognos-
tic effects on localized primary CM in each T subcategory.

2 | METHODS

2.1 | Data source

This project was not subject to institutional review board ap-
proval due to publicly accessible data. The right to conduct
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TABLE 1 Melanoma diagnosed, 2004-2016

Melanoma categories #

Total invasive cutaneous melanomas 254,569
Primary by international rules 232,731
Known precise tumor size 83,127
Known precise thickness 80,346
Known status of ulceration 79,195
Known survival time 79,194
Total samples with known status of both regional and 28,593

distant metastasis
Total samples without both regional and distant 21,361

metastasis

analysis was granted by the National Cancer Institute after
signing the SEER data-use agreement. SEERStat soft-
ware was used to obtain and analyze data. SEER provides
population-based data on cancer incidence, treatment, and
survival through 18 SEER cancer registries throughout the
country for approximately 30% of the US population. Tumor
size has been recorded for melanomas in the SEER database
since 2004. For this reason, melanomas diagnosed from 2004
through 2016 were included in this study. Patients were iden-
tified based on the following order of inclusion criteria: inva-
sive CM, primary by international rules, known precise tumor
size, thickness, the status of ulceration, survival time, and
status of regional and distant metastasis (Table 1). Finally, a
total of 28,593 patients were included. About 21,361 patients
with localized CM were characterized without either regional
or distant metastasis (Table 1).

The data under the variables of “Collaborative Stage
(CS) tumor size (2004-2015)” and “Tumor Size Summary
(2016+)” were combined for analysis. Surgery was per-
formed for 98% of cases in this study. Tumor size was mea-
sured on pathology specimens by macroscopic examination
and recorded in the pathology report. According to the anno-
tation of the SEER database, tumor size was defined as the
largest dimension of the primary tumor in millimeters and
described the most accurate measurement of a solid primary
tumor. Detailed records and coding rules could be found in
Collaborative Staging Manual and Coding Instructions or
available at: https://training.seer.cancer.gov/collaborative/
system/tnm/t/size/. In addition, these cases were divided
into thickness categories T1 through T4, consistent with the
AJCC 8th edition staging system. Status of regional metasta-
sis was determined by a comprehensive analysis of the vari-
ables below: “Regional nodes positive (1988+),” “CS lymph
nodes (2004-2015),” and “CS site-specific factor 3 (2004+),”
all of which recorded the status of regional disease in mela-
noma samples. “Regional nodes positive” records the exact
number of positive regional lymph nodes (including senti-
nel lymph nodes) examined by the pathologist. “CS lymph
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nodes” obtained from regional lymphadenectomy records
regional lymph node chain farthest from the primary site
that is involved by tumor either clinically or pathologically
(regional lymphadenectomy). “CS site-specific factor 3” re-
cords the clinical status of lymph node metastasis (clinically
detected metastasis). “Regional nodes positive (1988+),”
“CS lymph nodes (2004-2015),” and “CS site-specific factor
3 (2004+)” were used to analyze the regional status of sam-
ples from 2004 to 2015. “Regional nodes positive (1988+)”
and “CS site-specific factor 3 (2004+)” were used to ana-
lyze the regional status of samples from 2016. According to
the annotates of the SEER database, the contents under each
variable were converted into negative, positive, and unknown
status of regional disease. Then, the regional status of a single
sample was determined as follows: The sample with negative
results in all above three variables was defined as the sample
without regional metastasis. The sample with positive results
in any of the three variables was defined as the sample with
regional metastasis. The remaining samples were unknown
status of regional disease. Status of distant metastasis was
determined by comprehensive analyses of “CS Mets at dx
(2004-2015),” “Mets at DX-Distant LN (2016+),” and “Mets
at DX-Other (2016+),” all of which recorded the status of
metastasis in distant organs or distant lymph nodes. The anal-
ysis process of distant metastasis was similar to the way that
regional status analyzed.

2.2 | Statistical analysis

Pearson Chi-squared test for categorical variables and
Kruskal-Wallis rank-sum test for non-normally distributed
continuous variables were performed to compare the distri-
bution of melanoma by tumor size. The primary endpoint
was MSS, which was defined as the time from diagnosis to
a documented death due to melanoma. Kaplan-Meier curves
reflecting MSS were calculated using the log-rank test. Cox
proportional hazards models were used to identify significant
predictors for MSS, and assumptions of proportionality were
verified. All statistical analyses were performed with SPSS
version 24.0 (SPSS Inc, Chicago, IL, USA) and R version
3.6.1 (http://www.r-project.org). Statistical significance was
set at two-sided P < .05.

3 | RESULTS

3.1 | Patient and tumor characteristics

A total of 28,593 patients with primary invasive CM di-
agnosed from 2004 through 2016 were included in this
study. Histopathologic subtypes of melanoma samples are
shown in Table 2. After adjusting for age, sex, primary site,
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TABLE 2 The classification of histopathologic subtypes of
28,593 melanoma samples in this study

Histopathologic subtypes Cases (%)
Malignant melanoma 11 456 (40.1)
Superficial spreading melanoma 8144 (28.5)
Nodular melanoma 5571 (19.5)
Acral lentiginous melanoma, malignant 703 (2.5)
Lentigo maligna melanoma 691 (2.4)
Spindle cell melanoma 684 (2.4)
Desmoplastic melanoma, malignant 623 (2.2)
Amelanotic melanoma 166 (0.6)
Mixed epithelioid and spindle cell melanoma 128 (0.4)
Epithelioid cell melanoma 125 (0.4)
Malignant melanoma, regressing 90 (0.3)
Balloon cell melanoma 12 (0.0)
Malignant melanoma in giant pigmented nevus 125 (0.4)
Malignant melanoma in junctional nevus 64 (0.2)
Blue nevus, malignant 10 (0.0)
Malignant melanoma in precancerous melanosis 1 (0.0)

histopathologic cell type, Breslow thickness, ulceration, mi-
totic rate, regional metastasis, and distant metastasis in mul-
tivariate analysis, the pre-calculated HR of tumor size as a
continuous variable on MSS was 1.001 using Cox propor-
tional hazards models. So, dividing tumor size into several
subgroups was more appropriate for studying its effects on
MSS. According to the ABCDE rule suggesting that the tumor
size beyond 6 mm would provide a diagnostic clue for CM,
tumor size was initially divided into 10 subgroups at 6-mm
intervals. HR of every tumor size subgroup on MSS was cal-
culated using Cox proportional hazards models. Combining
the distribution characteristics of melanomas by the 10 tumor
size subgroups, tumor size subgroups with similar HRs were
merged into a large subgroup for convenience. Thus, tumor
size was finally divided into five subgroups, including tumor
size <6 mm in 5893 cases (20.6%), tumor size 7-12 mm in
9785 cases (34.2%), tumor size 13-30 mm in 9323 cases
(32.6%), tumor size 31-42 mm in 1133 cases (4.0%), and
tumor size >42 mm in 2459 cases (8.6%). The distribution
of clinicopathologic characteristics of the primary invasive
CM according to categories of tumor size is shown in Table
3. Median age, Breslow thickness, and the proportion of nod-
ular and acral lentiginous melanoma, mitotic rate Zl/mmz,
ulceration, and regional metastasis increased with increasing
tumor size until a peak at 31-42 mm except that the peak of
the proportion of male was at tumor size 13-30 mm. When
the tumor size was larger than 42 mm, the median value or
percentage of the above factors decreased. The proportion
of distant metastasis increased continuously until tumor size
>42 mm (Table 3).
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TABLE 3 Clinicopathologic characteristics in 28,593 patients with primary invasive cutaneous melanoma by tumor size
Tumor size
Total <6 mm 7-12 mm 13-30 mm 31-42 mm >42 mm
Characteristics n = 28,593 (100) n = 5893 (20.6) n = 9785 (34.2) n = 9323 (32.6) n = 1133 (4.0) n = 2459 (8.6)
Age (y) 61 (50-72) 59 (47-69) 60 (49-71) 64 (53-74) 65 (54-76) 62 (52-72)
Tumor size (mm) 11 (7-20) 5 (3-6) 10 (8-10) 18 (15-22) 37 (35-40) 80 (55-142)
Thickness (mm) 1.5(1.0-3.2) 1.2 (0.8-1.9) 1.4 (0.9-2.6) 2.0 (1.1-4.5) 3.1(1.2-7.0) 1.9 (1.0-3.2)
Follow-up (mo) 45 (19-86) 57 (25-94) 48 (21-89) 40 (17-77) 27 (11-61) 41 (15-92)
Sex
Female 11 116 (38.9) 2634 (44.7) 3909 (39.9) 3252 (34.9) 416 (36.7) 905 (36.8)
Male 17 477 (61.1) 3259 (55.3) 5876 (60.1) 6071 (65.1) 717 (63.3) 1554 (63.2)
Primary site
Limbs 13 698 (47.9) 2926 (49.7) 4812 (49.2) 4342 (46.6) 506 (44.7) 1112 (45.2)
Trunk 9253 (32.4) 1619 (27.5) 3128 (32.0) 3250 (34.9) 386 (34.1) 870 (35.4)
Head/neck 5566 (19.5) 1334 (22.6) 1829 (18.7) 1702 (18.3) 236 (20.8) 465 (18.9)
Overlapping 31 (0.1) 6(0.1) 7(0.1) 12 (0.1) 2(0.2) 4(0.2)
Skin 45 (0.2) 8(0.1) 9(0.1) 17 (0.2) 3(0.3) 8(0.3)
Histopathology
Superficial 8144 (28.5) 1742 (29.6) 3031 (31.0) 2624 (28.1) 235 (20.7) 512 (20.8)
Nodular 5571 (19.5) 973 (16.5) 1771 (18.1) 1997 (21.4) 300 (26.5) 530 (21.6)
Lentigo 691 (2.4) 139 (2.4) 238 (2.4) 244 (2.6) 32 (2.8) 38 (1.5)
Acral 703 (2.5) 74 (1.3) 146 (1.5) 341 (3.7) 65 (5.7) 77 (3.1)
Others 13484 (47.2) 2965 (50.3) 4599 (47) 4117 (44.2) 501 (44.2) 1302 (52.9)
Mitotic rate (/mmz)
<1 2970 (10.4) 727 (12.3) 1139 (11.6) 888 (9.5) 78 (6.9) 138 (5.6)
>1 12 609 (44.1) 2511 (42.6) 4368 (44.6) 4317 (46.3) 526 (46.4) 887 (36.1)
Unknown 13014 (45.5) 2655 (45.1) 4278 (43.7) 4118 (44.2) 529 (46.7) 1434 (58.3)
Ulceration
No 19 692 (68.9) 4886 (82.9) 7266 (74.3) 5597 (60.0) 511 (45.1) 1432 (58.2)
Yes 8901 (31.1) 1007 (17.1) 2519 (25.7) 3726 (40.0) 622 (54.9) 1027 (41.8)
No 21 445 (75.0) 4999 (84.8) 7830 (80.0) 6463 (69.3) 601 (53.0) 1552 (63.1)
Yes 7148 (25.0) 894 (15.2) 1955 (20.0) 2860 (30.7) 532 (47.0) 907 (36.9)
Distant metastasis
No 27 845 (97.4) 5830 (98.9) 9663 (98.8) 9067 (97.3) 1040 (91.8) 2245 (91.3)
Yes 748 (2.6) 63 (1.1) 122 (1.2) 256 (2.7) 93 (8.2) 214 (8.7)
Notes: P values are based on Pearson Chi-square test for categorical variables and Kruskal-Wallis rank-sum test for non-normally distributed continuous variables; all
P < .001.
3.2 | Tumor size was an independent site, histopathologic cell type, Breslow thickness, ulcera-

prognostic factor for MSS of patients with
primary invasive CM

There were 3649 patients (12.8%) who died because of
melanoma. The median follow-up was 45 months (inter-
quartile range, 19-86 months). The results of the Kaplan-
Meier survival analysis of MSS in the whole samples are
displayed in Figure 1. After adjusting for age, sex, primary

tion, mitotic rate, regional metastasis, and distant metasta-
sis in multivariate analysis, the HR of MSS increased with
increasing tumor size until a peak at 31-42 mm (HRs from
1.33 to 2.41; all P < .0001), after which increasing tumor
size (>42 mm) was related to decreased HR (HR, 2.11;
95% confidence interval [CI], 1.84-2.42; P < .0001), but
was still greater than that of tumor size 13-30 mm (Table
4). In addition, regional metastasis (HR, 3.70; 95% CI,
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FIGURE 1
for predicted melanoma-specific survival in five tumor size subgroups
(<6, 7-12, 13-30, 31-42, and >42 mm) of patients with primary
invasive cutaneous melanoma (n = 28,593). P value illustrates the

Survival analysis. Kaplan-Meier curves are shown

difference between these curves, as calculated with the log-rank test

3.43-3.98), distant metastasis (HR, 3.69; 95% CI, 3.32-
4.11), thickness class (HRs from 1.23 to 2.31), ulceration
(HR, 1.81; 95% CI, 1.68-1.95), and mitotic rate lemm2
(HR, 1.47;95% CI, 1.19-1.82) were associated with worse
MSS as expected (all P < .0005). However, the prognostic
value of age, primary site, and histopathology for MSS was
significant but relatively small (HRs from 1.01 to 1.48)
(Table 4).

3.3 | The prognostic value of tumor size in
patients with localized primary CM in each T
subcategory

We next investigated whether tumor size could further
stratify the patients with localized primary CM in each T
category. A total of 21,361 patients with localized primary
CM were determined and used for analysis. The results
of the Kaplan-Meier survival analysis for MSS are shown
in Figure 2A-D. After adjusting for dichotomous ulcera-
tion and mitotic rate with a cutoff value of 1/mm? in all T
subcategories, and Breslow thickness with a cutoff value
of 0.8 mm in T1, tumor size showed a significant and best
prognostic value for MSS in T1 in all five subgroups (HRs
from 1.63 to 4.10; all P < .05), and a certain degree of prog-
nostic value for MSS in T2-T4 (Table 5). In general, the HR
of MSS increased with increasing tumor size until a peak
at 31-42 mm in all T subcategories, after which increasing
tumor size (>42 mm) was related to decreased HR except
that tumor size >42 mm subgroup had the shortest MSS in
T4 (Table 5). Ulceration was associated with shorter MSS in
every T subcategory (HRs from 1.85 to 4.78; all P < .0001).
The effects of Breslow thickness and mitotic rate for MSS
were not statistically significant in all T subcategories in
multivariate analysis (Table 5).
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3.4 | The prognostic value of dichotomous
tumor size in thin melanomas

Considering the above results that the relatively similar
MSS in tumor size subgroups no larger than 12 mm and the
generally longer MSS for patients with size no larger than
12 mm compared with those larger than 12 mm, the prog-
nostic value of tumor size with a cutoff value of 12 mm was
further evaluated. The results of Kaplan-Meier survival
analysis for MSS are shown in Figure 2E-H. With mul-
tivariate analysis, tumor size >12 mm subgroup showed
shorter MSS in each T subcategory (HRs from 1.31 to 2.32;
all P < .05) and best stratification ability in T1 (HR, 2.32;
95% CI, 1.80-2.98; P < .0001) (Table 6) Ulceration was
associated with shorter MSS in each T subcategory (HRs
from 1.86 to 4.78; all P < .0001). The effects of Breslow
thickness and mitotic rate for MSS were also not statis-
tically significant in all T subcategories in multivariate
analysis (Table 6).

Meanwhile, Spearman correlation analyses on tumor size
with Breslow thickness and mitotic rate as continuous vari-
ables were performed. The correlation between tumor size
and Breslow thickness was weak in whole samples (1, 0.234;
P < .0001), also weak in T1-T3 (r from 0.028 to 0.089; all
P < .005), and slightly higher in T4 (r, 0.347; P < .0001)
(Table 7). The correlation between tumor size and mitotic
rate was still weak in whole samples (r, 0.217; P < .0001),
also weak in T1, T2, and T4 (r from —0.050 to 0.090; all
P < .005), not significant in T4 (P < .05) (Table 7) (all vari-
ables were non-normally distributed).

4 | DISCUSSION

Tumor size was divided into five subgroups in this study (<6,
7-12, 13-30, 31-42, and >42 mm), which could provide es-
sential and significant prognostic information of primary
invasive CM. After adjusting for common prognostic fac-
tors such as Breslow thickness, ulceration, and mitotic rate,
the HR of MSS increased with increasing tumor size until a
peak at 31-42 mm, and then decreased when tumor size was
larger than 42 mm using tumor size <6 mm as the reference.
The HRs of tumor size 31-42 and >42 mm subgroups were
higher than that of ulceration using tumors without ulcera-
tion as the reference. Interestingly, tumor size could further
stratify the patients with localized primary CM in each T
category. Most importantly, dichotomous tumor size with
a cutoff value of 12 mm showed stronger prognostic value
for MSS than Breslow thickness and mitotic rate in localized
primary CM. It has great potential in improving the accuracy
of current melanoma T1 subcategory. Accurate staging of T1
subcategory is also critical for the sentinel lymph node bi-
opsy decision-making.15
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Univariate analysis
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Multivariate analysis

TABLE 4 Association of tumor

size with melanoma-specific survival in

Variables HR (95% CI) P HR (95% CI) P whole samples with known status about
Age (years) regional and distant metastasis using Cox
proportional hazards models (n = 28,593)

Continuous 1.02 (1.02-1.02) <.0001 1.01 (1.01-1.02) <.0001
Sex

Female Reference Reference

Male 1.68 (1.56-1.80) <.0001 1.28 (1.19-1.38) <.0001
Primary site

Limbs Reference Reference

Trunk 1.28 (1.19-1.38) <.0001 1.22 (1.13-1.32) <.0001

Head/neck 1.56 (1.43-1.69) <.0001 1.37 (1.26-1.50) <.0001
Histopathology

Superficial Reference Reference

Nodular 3.47 (3.15-3.82) <.0001 1.35(1.21-1.49) <.0001

Lentigo 1.15 (0.87-1.51) 326 1.05 (0.80-1.39) 714

Acral 3.23 (2.70-3.87) <.0001 1.48 (1.23-1.79) <.0001
Tumor size (mm)

<6 Reference Reference

7-12 1.70 (1.50-1.92) <.0001 1.33 (1.18-1.51) <.0001

13-30 3.17 (2.82-3.56) <.0001 1.59 (1.41-1.80) <.0001

31-42 6.42 (5.51-7.49) <.0001 241 (2.05-2.82) <.0001

>42 4.49 (3.93-5.13) <.0001 2.11 (1.84-2.42) <.0001
Mitotic rate (/mm2)

<1 Reference Reference

>1 3.50 (2.84-4.30) <.0001 1.47 (1.19-1.82) <.0005
Thickness (mm)

<1.0 Reference Reference

1.1-2.0 1.49 (1.33-1.67) <.0001 1.23 (1.10-1.38) <.0005

2.1-4.0 3.42 (3.07-3.80) <.0001 1.63 (1.46-1.83) <.0001

>4.0 7.94 (7.18-8.78) <.0001 2.31 (2.06-2.59) <.0001
Ulceration

No Reference Reference

Yes 4.18 (3.92-4.47) <.0001 1.81 (1.68-1.95) <.0001
Regional metastasis

No Reference Reference

Yes 6.62 (6.20-7.08) <.0001 3.70 (3.43-3.98) <.0001
Distant metastasis

No Reference Reference

Yes 13.37 (12.08-14.79) <.0001 3.69 (3.32-4.11) <.0001

Abbreviations: CI, confidence interval; HR, hazard ratio.

Because there were no other detailed reports about the ef-
fects of tumor size on the prognosis of CM, tumor size was
initially stratified into 10 subgroups at 6-mm intervals until
tumor size >54 mm. The reason was that 6 mm was the diag-
nostic clue for CM suggested by ABCDE rule,'®"’
dependent prognostic value of tumor size with a cutoff value

and the in-

of 12 mm was demonstrated in uveal melanoma.'® Then, the
subgroups with similar HRs for MSS were merged. Five large
subgroups were ultimately used in this study (<6, 7-12, 13-
30, 31-42, and >42 mm). In this research, 20.6% of tumors
were smaller than 6 mm, which was in accordance with the
previous reports of 20%-30% CM with tumor size <6 mm
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FIGURE 2  Survival analysis. Kaplan-Meier curves are shown for melanoma-specific survival in five tumor size subgroups (<6, 7-12, 13-30,
31-42, and >42 mm) (A, B, C, D) and two tumor size subgroups (<12 and >12 mm) (E, F, G, H) of patients with localized primary cutaneous
melanoma in each T category (n = 21,361). P value illustrates the difference between these curves, as calculated with the log-rank test

among primary invasive CM.""?! Tumors with size 7-12 mm
accounted for the main part of all melanomas (34.2%).
Tumors with size 31-42 mm had a relatively small percent-
age (4.0%), but its highest HR for MSS compared with other
tumor size subgroups possibly represented a turning point for
the effects of tumor size on MSS. The HR of tumors size
>42 mm subgroup was slightly lower than that of tumor size

31-42 mm subgroup generally, but higher than that of tumor
size 13-30 mm subgroup. Together, five subgroups would
make it easier to use.

There was only a small amount of literature describing
the limited correlation between tumor size and Breslow
thickness as this study revealed. Moreno-Ramirez D et al®
observed that no statistical relationship existed between
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TABLE 5  Association of tumor size with melanoma-specific survival in each T category of localized primary cutaneous melanoma using

Cox proportional hazards models (n = 21,361)

Univariate analysis

Multivariate analysis

Variables HR (95% CI)
T1 (n = 7943)

HR (95% CI) P

Thickness >0.8 mm
Ulceration

Mitotic rate >1/mm?
Tumor size 7-12 mm
Tumor size 13-30 mm
Tumor size 3142 mm
Tumor size >42 mm
T2 (n =7033)
Ulceration

Mitotic rate >1/mm?
Tumor size 7-12 mm
Tumor size 13-30 mm
Tumor size 3142 mm
Tumor size >42 mm
T3 (n =3925)
Ulceration

Mitotic rate > 1/mm>
Tumor size 7-12 mm
Tumor size 13-30 mm
Tumor size 31-42 mm
Tumor size >42 mm
T4 (n = 2460)
Ulceration

Mitotic rate Zl/mm2
Tumor size 7-12 mm
Tumor size 1330 mm
Tumor size 3142 mm

Tumor size >42 mm

0.80 (0.62-1.03)
5.23 (4.04-6.77)
2.07 (1.08-3.97)
1.63 (1.09-2.44)
3.29 (2.23-4.85)
4.87 (2.53-9.38)
3.67 (2.30-5.86)

2.23 (1.78-2.78)
1.85 (1.07-3.20)
1.55 (1.16-2.07)
1.84 (1.37-2.48)
3.11 (1.72-5.63)
1.20 (0.76-1.90)

1.89 (1.56-2.30)
1.71 (0.87-3.36)
1.32 (0.96-1.81)
1.76 (1.29-2.41)
2.00 (1.17-3.42)
1.95 (1.29-2.95)

2.22 (1.80-2.74)
1.23 (0.57-2.63)
1.23 (0.77-1.96)
1.69 (1.09-2.62)
1.99 (1.14-3.48)
2.47 (1.51-4.02)

078 0.88 (0.68-1.13) 300
<.0001 478 (3.68-6.19) <.0001
029 1.78 (0.92-3.41) 085
017 1.63 (1.09-2.44) 017
<.0001 3.03 (2.06-4.47) <.0001
<.0001 4.10 (2.13-7.92) <.0001
<.0001 3.19 (2.00-5.11) <.0001
<.0001 2.12 (1.70-2.66) <.0001
028 1.74 (1.01-3.02) 052
.003 1.52 (1.14-2.04) .005
<.0001 1.78 (1.32-2.39) <.0005
<.0005 2.94 (1.62-5.33) <.0005
433 1.19 (0.75-1.88) 464
<.0001 1.85 (1.52-2.25) <.0001
122 1.52 (0.77-2.99) 230
088 1.24 (0.90-1.70) 189
<.0005 1.63 (1.19-2.24) 002
011 1.89 (1.10-3.23) 020
001 1.86 (1.23-2.81) 003
<.0001 2.10 (1.69-2.60) <.0001
591 0.96 (0.45-2.07) 913
381 1.13 (0.71-1.81) 596
020 1.47 (0.94-2.28) 091
016 1.64 (0.93-2.88) 086
<.0005 1.97 (1.20-3.23) 007

Abbreviations: CI, confidence interval; HR, hazard ratio.

Breslow thickness and tumor size generally (r = 0.42,
P> .01). Seidenari® reported there was a weak relationship
between tumor size and Breslow thickness in the trunk-limbs
group (r = 0.32, P < .001). In addition, the limited correla-
tion between tumor size and mitotic rate was also revealed.
Nonetheless, the tumors in larger size subgroup had a higher
proportion of malignant features, including thicker tumors,
ulceration, mitotic rate Zl/mmz, regional metastasis, and
distant metastasis until the peak of 31-42 mm. Patients with
larger tumor size had concordant shorter MSS until tumor
size 31-42 mm, and the similar pattern mostly remained in
each T subcategory of localized primary CM. Other multi-
dimensional assessment of tumors also suggested that the
larger tumor size subgroup with similar Breslow thickness

would have worse prognosis.lo’12 For example, CM patients
with tumor volume less than 140 mm’ had significantly
higher 5-year relapse-free survival compared to those with
larger tumors (98% vs 47%).'° Saldanha et al'? confirmed
that the calculated tumor area had an HR of 1.70 for MSS. It
could be that larger CM has undergone more cell divisions
than smaller CM and may increase their chances of acquir-
ing mutations that allow them to achieve selective growth
advantage associated with poor prognosis.24 However, the
prognosis of localized CM with tumor size >42 mm was
not continuously worse than that of tumor size 31-42 mm in
T1-T3 of localized primary CM as expected. Interestingly,
the proportions of the aforementioned malignant features
were correspondingly decreased in tumor size >42 mm
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Univariate analysis Multivariate analysis

melanoma (n = 21,361); the analysis of TI (n = 7943)

tumor size was performed with a cutoff )
Thickness >0.8 mm

value of 12 mm
Ulceration

Mitoticrate > 1/mm?

Tumor size >12 mm
T2 (n =7033)

Ulceration

Mitotic rate >1/mm>

Tumor size >12 mm
T3 (n =3925)

Ulceration

Mitotic rate >1/mm?

Tumor size >12 mm
T4 (n = 2460)

Ulceration

Mitotic rate lemm2

Tumor size >12 mm

HR (95% CI) P HR (95% CI) P

0.80 (0.62-1.03) 078 0.88 (0.68-1.13) 301
523 (4.04-677)  <.0001 4.78 (3.69-6.20)  <.0001
2.07 (1.08-3.97) 029 1.78 (0.92-3.41) 085
2.56(1.99-328)  <.0001 2.32(1.80-2.98)  <.0001
2.23(1.78278)  <.0001 2.16(1.73-271)  <.0001
1.85 (1.07-3.20) 028 1.70 (0.98-2.95) 057
1.34 (1.09-1.65) .006 1.31 (1.07-1.61) 011
1.89(1.56-2.30)  <.0001 1.86 (1.53-226)  <.0001
1.71 (0.87-3.36) 122 1.52 (0.77-3.00) 228
149 (1.23-1.81)  <.0001 1.45(1.19-1.76)  <.0005
2.22(1.802.74)  <.0001 2.13(1.72-2.63)  <.0001
1.23 (0.57-2.63) 591 0.97 (0.45-2.08) 938
1.56 (1.25-1.94)  <.0001 1.41 (1.13-1.76) .002

Abbreviations: CI, confidence interval; HR, hazard ratio.

TABLE 7  Association of tumor size with Breslow thickness
and mitotic rate as continuous variables in each T category of primary
invasive cutaneous melanoma using spearman correlation analysis

Breslow thickness Mitotic rate
Spearman Spearman
Variable correlation P correlation P
Tumor size  0.234 <.0001 0.217 <.0001
Tumor size  0.053 <.0001 0.057 <.0001
in T1
Tumor size  0.028 0.003 —0.050 <.0001
in T2
Tumor size  0.089 <.0001 —-0.009 0.551
in T3
Tumor size  0.347 <.0001 0.090 <.0001
in T4

subgroup compared with tumor size 31-42 subgroup. We
suppose that early stage CM with super large tumor size
tends to grow radially rather than invasively, as Yu KD
et al reported that those with 61- to 80-mm tumors expe-
rienced significantly lower breast cancer-specific mortality
compared with those with 40- to 50-mm tumors.” In this
result, the tumors larger than 42 mm had the shortest MSS
in T4 of localized primary CM. One possible explanation is
that a much thicker CM with a super larger tumor size may
be related to a much heavier tumor burden, which may re-
sult in significantly shortest MSS. This hypothesis requires
further investigations to confirm. In general, the simplicity

of measurement and value for MSS of tumor size make
it a priority for further study to assess its validity and to
determine how it might be best translated into clinical ap-
plication, compared with complex measurements of tumor
volume or area.

Currently, Breslow thickness and ulceration are the
two most important prognostic determinants for localized
primary CM.? Mitotic rate with a cutoff value of 1/mm?>
was included as a T1 staging criterion of the 7th edition
AJCC CM staging system.?® However, this study identified
a higher HR of tumor size >12 mm than that of Breslow
thickness and mitotic rate >1/mm?> (2.32 vs 0.88 and 1.78).
Breslow thickness and mitotic rate were not statistically
significant with multivariate analysis in this study, which
was consistent with the results in the 8th edition AJCC
staging system.3 It indicated that tumor size would have
the potential to provide more accurate staging in thin mel-
anomas with a cutoff value of 12 mm if verified in future
studies. Besides, the HRs of tumor size 31-42 and >42 mm
subgroups would be higher than that of ulceration in some
situations, although the percentage of tumor size >30 mm
subgroup was only 12.6%. On the other hand, it should be
noted that thickness and ulceration remained the two stron-
gest predictors for MSS of primary localized CM in most
instances, while tumor size is likely to offer additional im-
portant prognostic information.

This study has some limitations including the retrospective
nature that could not exclude patient selection bias. Tumor
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size has been recorded in the SEER database since 2004.
All available public data during 2004-2016 were utilized
in this study to achieve as high-quality results as possible.
Nevertheless, cases with known tumor size only account for
35.7% of all primary invasive CM during 2004-2006, possi-
bly because tumor size is not included in the required items of
melanoma pathology reports based on the recommendations
from the International Collaboration on Cancer Reporting.27
We may infer a selection bias for a greater-than-expected
proportion of small tumor size melanoma among cases for
which tumor size was not recorded. But the percentage of
melanomas with small tumor size (<6 mm) in the results was
roughly consistent with the results reported by other investi-
gators. Regarding this reason, the exclusion of these unknown
tumor size cases from this analysis would have little effect.
This study may bring to the attention of the clinical practi-
tioners about recording tumor size in the pathology reports
routinely and correctly. Accurate measurements are import-
ant for analyzing the role of tumor size in melanoma biology.
Regrettably, few publications described the interobserver
variability about tumor size. Additionally, the definitions of
N and M subcategories were revised in the 8th edition AJCC
staging system. Such updated staging is currently unavail-
able in the SEER database. Detailed substaging of regional
and distant metastasis could not be obtained. Therefore, we
distilled multiple data fields describing regional and distant
metastasis, and performed strict comprehensive analyses for
the status of the metastasis. Only melanomas that had no me-
tastasis in all variables would be considered as localized CM,
which ensured us to achieve the accuracy to the greatest ex-
tent possible. Besides, it is noted that Gemotty PA reported
coding errors in SEER with respect to Breslow thickness in
cases during 1988-2010.% As this study included data from
2004 through 2016, future studies are needed to confirm the
results. Nevus-associated melanoma is defined by the coex-
istence of nevus and melanoma features on histopathologic
examination. Although melanocytic nevus has a very low
likelihood of progressing to melanoma,” a meta-analysis
reported that 29.1% of melanomas likely arose from a preex-
isting nevus and 70.9% de novo.* But according to the clas-
sification of histopathologic subtypes of melanoma samples
in this study, the percentage of nevus-associated melanomas
was less than 0.7%. Therefore, there would be little impact
on the results. Nonetheless, the attempts to determine the
proportion of tumors in nevus-associated melanoma com-
bining multiple immunohistochemical markers and genetic
alterations are of great significance in future studies. Other
endpoints, such as recurrence-free survival, were also inter-
esting. But we could not gather relevant information from the
SEER database. This study may shed a light on the review of
the prognostic value of tumor size with multiple endpoints.
This study is, to our knowledge, the first comprehensive
description of tumor size on the prognosis of patients with

CM. Tumor size has a significant prognostic value in whole
samples and in each T subcategory of localized primary CM.
Tumor size larger than 30 mm would provide additional im-
portant prognostic information for CM patients. Therefore, the
recognition of quality and completeness of pathology reports
about tumor size would improve patient care. Importantly,
tumor size with a cutoff value of 12 mm showed a stronger
prognostic value for MSS, which may assist in improving the
accuracy of T1 substaging. These findings offered a useful
and simple indicator for future prognostic models of primary
invasive CM.
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