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Abstract Background: The tumor burden within the sentinel lymph node (SLN) is not

included in the 8th edition of the American Joint Committee of Cancer (AJCC) melanoma

classification. Therefore, we analysed the prognostic relevance of the SLN tumor burden in

the stage III subgroups.

Patients and methods: A total of 736 patients with melanoma with positive SLN and long-term

follow-up (mean, 64.4 months; median, 59.0 months) were assessed. SLN tumor burden was

evaluated by the maximum diameter of the largest deposit in all patients.

Results: By univariate Kaplan-Meier analyses, melanoma-specific survival (MSS) of patients

in stage IIIA, IIIB and IIIC and lower sentinel tumor burden (cut-offs �0.5 mm and

�1 mm) was significantly better than that in patients with higher sentinel tumor load

(>0.5 mm and >1 mm).

By multivariate analysis using the Cox model, the maximum diameter of the largest deposit

(cut-off �0.5 mm versus >0.5 mm and cut-off �1 mm as continuous variables) represented an

independent prognostic parameter for MSS in stage III patients. Cut-off of 0.5 mm showed a

slightly higher area under the receiver operating characteristic curve (AUC Z 0.617) when

than the cut-off of 1 mm (AUC Z 0.599).

Conclusion: The prognosis of patients with stage III melanoma can be determined more pre-

cisely if the SLN tumor burden is considered, also within the existing AJCC subgroups. Thus,

this parameter should be included in future classifications, and our study provides benchmarks
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in estimating prognosis and counselling patients with melanoma with positive sentinel nodes

beyond the 8th AJCC Cancer Staging Manual. The optimal cut-off remains for SLN tumor

burden remains to be determined, but our results suggest that a cut-off lower than 1 mm is

preferable.

ª 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Since 2018, adjuvant therapy of patients with melanoma

in stage group III was revolutionised by the use of

nivolumab, pembrolizumab and dabrafenib/trametinib

[1e3]. Therefore, assessment of prognosis is crucial. This

usually relies on a widely accepted classification, which
in case of melanoma is the American Joint Committee of

Cancer (AJCC) Cancer Staging Manual. The 7th edition

of the American Association of Cancer Research

(AACR) melanoma classification published in 2009 [4]

was recently replaced by the 8th edition in 2017 [5].

This new edition implies major changes in allocation of

patients in stage III to improve their discrimination and

prognostication [6]. In addition to the number, sites and
sizes of regional metastases (lymph nodes, in transit and

satellite metastases, micrometastasis and macrometa-

stasis) and the ulceration of the primary melanoma

which were already used in the 7th AJCC edition, the

8th edition also included thickness of the primary mel-

anoma to assign patients to stage IIIA-D.

However, no new parameters to improve the

discrimination of prognostic groups were introduced.
Tumor load in the sentinel lymph node (SLN) is an

important prognostic parameter in stage III patients

[7e10] but was not incorporated in the revised classifi-

cation. The AJCC panel acknowledged the possible

importance of the tumor load and proposed the incor-

poration in future classifications after further efforts to

harmonise and standardise the assessment and reporting

of SLN tumor burden [5]. We think that the tumor
burden in the SLN defined by the maximum diameter of

the largest deposit also is an important prognostic

parameter. This parameter already is available today,

can be measured reliably [11] and is helpful for prog-

nostication of patients with stage III melanoma.

To provide further evidence, we analysed patients

with melanoma, who had a primary melanoma �1 mm

thickness and a positive SLN.

2. Material and methods

2.1. Patients

All patients met the following inclusion criteria: primary

tumor thickness �1 mm, successful sentinel node biopsy

with detection of tumor cells and no evidence of
metastases in clinical and radiological assessments. SLN
tumor burden was evaluated by the parameter of

maximum diameter of largest deposit in all patients.

Patients were either from the DeCOG-SLT trial

(Complete Lymph Node Dissection vs Watchful Wait-

ing in Patients With Malignant Melanoma; Thickness of

1,0mmþ and Evidence of Metastases in the Sentinel

Node, n Z 432) or from the sentinel node database of

the Skin Cancer Center Hannover (n Z 304).
A total of 473 patients participated in the DeCOG-

SLT trial, who were randomised to be treated addi-

tionally with completion lymph node dissection

(CLND) e or without CLND [12]. The size of the SLN

tumor load was not available for 41 of 473 patients; they

were excluded from this study. All remaining 432 pa-

tients were included in this evaluation; in 171 of 432

patients (39.6%), CLND was performed.
Three hundred four patients were treated in our sin-

gle centre (Skin Cancer Center Hannover) in the years

2000e2009, who did not participate in the DeCOG-SLT

trial. All patients underwent initial surgical treatment of

the primary melanoma in our department (Department

of Dermatology and Allergy, Hannover Medical School,

Hannover, Germany). As described previously, all pa-

tients underwent wide local excision of the primary
melanoma with 1e2 cm safety margin and SLN biopsy

[13]. If ulceration of the primary melanoma was not

reported (n Z 85), it was considered as absent. In 246 of

304 patients (80.9%), CLND after positive SLN biopsy

was performed. CLND was not performed in 58 of 304

patients because of the following reasons: refusal by 53

patients after informed consent (in particular due to low

tumor burden in 29 patients) and medical reasons pro-
hibiting a major procedure in general anaesthesia in 5

patients.

The pathology workup was similar within the

DeCOG study [12] and Skin Cancer Center Hannover

[14]. Histopathological analysis of SLNs was performed

in slices of 1e2 mm thickness of the respective nodes,

which were separately paraffin-embedded and stained in

serial sections with haematoxylin and eosin and immu-
nohistochemical stains for S-100 protein, HMB-45, and

Melan-A. Because the S-100 did not provide additional

information, this staining was dispensed during the

course of the patient collection and not available since

2007 for lymph nodes from the Skin Cancer Center

Hannover.



Table 1
Characterisation of 736 melanoma patients with positive SLN.

Characteristic SLN-positive maximum diameter

largest deposit

�0.5 mm

SLN-positive maximum diameter

largest deposit

>0.5e1.0 mm

SLN-positive maximum diameter

largest deposit

>1.0 mm

p-value

No. 335 195 206

Age (years)

Median (IQR, 23) 56 58 59 0.002

Sex

Male (%) 182 (54.3) 117 (60.0) 134 (65.0) 0.004

Female (%) 153 (45.7) 78 (40.0) 72 (35.0)

Site of primary tumor

Head/Neck 16 (4.8) 0 (0.0) 5 (2.4) 0.053

Trunk 154 (46.0) 89 (45.6) 100 (48.5)

Upper extremity 47 (14.0) 35 (17.9) 24 (11.7)

Lower extremity 115 (34.3) 71 (36.4) 75 (36.4)

Unknown 3 (0.9) 0 (0.0) 2 (1.0)

Thickness of primary melanoma (mm)

Median (IQR 2.06) 2.2 2.6 3.05 <0.001

Ulceration of primary melanoma

Yes (%) 123 (36.7) 77 (39.5) 97 (47.1) <0.001

No (%) 188 (56.1) 81 (41.5) 85 (41.3)

Unknown (%) 24 (7.2) 37 (19.0) 24 (11.7)

Pathological stage group according to 8th edition [5]

IIIA (%) 130 (38.8) 54 (27.7) 46 (22.3) <0.001

IIIB (%) 87 (26.0) 52 (26.7) 48 (23.3)

IIIC (%) 118 (35.2) 89 (45.6) 109 (52.9)

IIID (%) 0 (0) 0 (0) 3 (1.5)

Recurrence

Yes (%) 101 (30.1) 79 (40.5) 104 (50.5) <0.001

No (%) 234 (69.9) 116 (59.5) 102 (49.5)

Yes, IIIA 20 15 15 0.588

Yes, IIIB 20 16 20

Yes, IIIC 61 48 66

Yes, IIID 0 0 3

Distant metastases

Yes (%) 78 (23.3) 63 (32.3) 83 (40.3) <0.001

No (%) 257 (76.7) 132 (67.7) 123 (59.7)

Yes, IIIA 15 11 10 0.454

Yes, IIIB 16 11 14

Yes, IIIC 47 41 56

Yes, IIID 0 0 3

Deceased

Yes, melanoma (%) 59 (17.6) 60 (30.8) 87 (42.2) <0.001

Yes, other (%) 21 (6.3) 8 (4.1) 11 (5.3)

No (%) 255 (76.1) 127 (65.1) 108 (52.4)

Yes, melanoma, IIIA 11 9 10 0.578

Yes, melanoma, IIIB 12 13 15

Yes, melanoma, IIIC 36 38 59

Yes, melanoma, IIID 0 0 3

CLND

Yes, positive NSLN 22 (6.6) 15 (7.7) 39 (19.0) <0.001

Yes, negative 172 (51.5) 78 (40.0) 89 (43.4)

No 140 (41.9) 102 (52.3) 77 (37.6)

Yes, positive NSLN, IIIA 2 2 4 0.913

Yes, positive NSLN, IIIB 6 3 8

Yes, positive NSLN, IIIC 14 10 24

Yes, positive NSLN, IIID 0 0 3

IQR, interquartile range; CLND, completion lymph node dissection; SLN, sentinel lymph node; NSLN, non sentinel lymph node.
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In the DeCOG trial, the maximum diameter of the

largest deposit was assessed prospectively by local

(dermato)pathologists and categorised into �0.5 mm,

0.51 mme1 mm, 1.01e2 mm, 2.01e5 mm and >5 mm.

In the Skin Cancer Center Hannover, all slides from the

positive SLNs were retrospectively assessed, and the

maximum diameter of the largest deposit was assessed

as the continuous variable.
Patients were followed up according to German

guidelines [15]; the median and mean follow-up times

were 59.0 and 64.4 months, respectively. Melanoma-

specific survival (MSS) was defined as death due to

melanoma; deaths due to other causes or unclear causes

were censored.
Fig. 1. Survival rates of 736 melanoma patients with positive SLN

stratified by the 8th edition of the AJCC classification. AJCC,

American Joint Committee of Cancer; SLN, sentinel lymph node.
2.2. Statistics

The software SPSS, version 25, was used for statistical

analyses. For univariate analyses, chi-squared tests and

Kaplan-Meier tests were performed. A backwards step-

wise Cox multivariate analysis was performed including

parameters that were significant by univariate analysis.

The following histopathologic features of patient
characteristics, the primary melanoma and SLN were

analysed in different combinations with two different cut

points given: age (cut-off value 60 years), Breslow

thickness, ulceration of the primary melanoma (absent

versus present) and maximum diameter of the largest

deposit (with cut-off values � 0.5 mm vs > 0.5 mm or

�1 mm vs > 1 mm as the continuous variable). Multi-

variate analysis including tumor burden as the contin-
uous variable could only be conducted on patients from

our single centre (Skin Cancer Center Hannover) because

in the DeCOG database, the tumor burden (maximum

diameter of the largest deposit) was not specified as a

continuous variable. Sensitivity and specificity values

with area under the receiver operating characteristic

(ROC) curve (AUC) for maximum diameter of the

largest deposit regarding MSS were calculated. P-values
and confidence intervals are given. In case of a p-value

<0.05, the result was considered statistically significant.
3. Results

In total, 736 patients were eligible for this study.

We grouped the 736 SLN-positive patients in the

stage III categories according to the 8th AJCC Cancer

Staging Manual. Two hundred thirty patients (31.3%)

were grouped in stage IIIA, 187 patients (25.4%) in stage

IIIB, 316 patients (42.9%) in stage IIIC and 3 patients

(0.4%) in stage IIID. Assessing the tumor burden of the
SLN in these subgroups, the tumor burden showed an

increase from stage IIIA to IIID (Table 1). The 8th

AJCC classification provided excellent differentiation

between stage IIIA, IIIB and IIIC patients in univariate

Kaplan-Meier analyses (Fig. 1).
Then, we selected three cut-off values of the SLN

tumor burden (maximum diameter of the largest

deposit � 0.5 mm versus >0.5 mm, �1 mm versus

>1 mm and �2 mm versus >2 mm) based on the data in

the DeCOG-SLT trial as well as the cut-off value of

>1 mm in 2 recent adjuvant melanoma studies [2,3,12].
3.1. Kaplan-Meier analysis

By univariate Kaplan-Meier analysis, patients in stage
IIIA, IIIB and IIIC had a significant better prognosis

with a lower maximum diameter of the largest deposit

(�0.5 mm and �1 mm, respectively) than those with a

higher tumor burden (>0.5 mm and >1 mm, respec-

tively, Fig. 2) and the 10-year MSS rates were signifi-

cantly higher for all stage IIIA, IIIB and IIIC patients

with SLN tumor deposits �0.5 mm and �1 mm (Fig. 2).

MSS of stage IIIA patients differed not significantly
when stratified by the cut-off of 2 mm, whereas prog-

nosis was significantly better with tumor burden <2 mm

in stage IIIB (p < 0.001) and IIIC (p Z 0.002) patients

(data not shown).
3.2. Receiver operating characteristic curve analysis

ROC curve analysis was used to compare the sensitivity

and specificity of different cut-offs (0.5 mm, 1 mm and

2 mm) to predict the prognosis of melanoma patients in

stage III. Cut-off of 0.5 mm showed the highest area

under the ROC curve (AUC Z 0.617) when compared
with the cut-off of 1 mm (AUC Z 0.599) and 2 mm

(AUC Z 0.556; Fig. 3a). In subgroup analyses of stages

IIIA, IIIB and IIIC, the cut-off of 0.5 mm was also

superior compared with 1 mm and 2 mm (Fig. 3bed).



Fig. 2. Kaplan-Meier analysis of melanoma-specific survival in stage IIIA (Fig. 2a), IIIB (Fig. 2b) and IIIC patients (Fig. 2c) with ma-

lignant melanoma divided between patients with positive SLN with a maximum diameter of the largest deposit in the SLN �0.5 mm versus

>0.5 mm and �1 mm versus >1 mm. Ten-year survival rate (10 YR) was significantly improved in patients with maximum diameter of the

largest deposit �0.5 mm and �1 mm in stages IIIA, IIIB and IIIC when compared with patients with maximum diameter of the largest

deposit >0.5 mm and >1 mm, respectively. SLN, sentinel lymph node.
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However, the AUC values for 0.5 mm were only slightly

better than those for 1 mm and 2 mm.

3.3. Multivariate analysis

To determine independent prognostic parameters of

patient characteristics, primary melanoma and SLN

tumor burden, we performed a backwards stepwise Cox

multivariate analysis including the potential prognostic
parameters. SLN tumor burden was tested with two cut-

offs (>0.5 mm and >1 mm) in all patients.

The four significant parameters determined in this

analysis were age (>60 years), Breslow thickness, ul-

ceration of the primary melanoma (present) and SLN
tumor burden (maximum diameter of the largest deposit

>0.5 mm and maximum diameter of the largest deposit

>1 mm, respectively; Table 2a and 2b).



Fig. 3. Receiver operating characteristic curves for SLN tumor burden with two different cut-offs (0.5 mm and 1 mm) in 736 patients with

stage III melanoma (Fig. 3a). Sensitivity and specificity define prognosis in patients with stage IIIA (Fig. 3b), stage IIIB (Fig. 3c) and stage

IIIC melanoma (Fig. 3d). Area under the area under the receiver operating characteristic curve (AUC) values is given in the right lower

corner of each plot. SLN, sentinel lymph node.

Table 2a
Backwards stepwise Cox multivariate analysis of parameters of the primary melanoma, patient characteristics and SLN tumor burden (cut-off

�0.5 mm versus >0.5 mm) with regard to the prediction prognosis of 736 stage III patients.

Characteristic p-value Hazard ratio �95% CI þ95%

Maximum diameter largest deposit

Sentinel tumor burden

>0.5 mm <0.001 2.324 1.702 3.171

Breslow thickness of primary melanoma Continuous variable 0.001 1.053 1.022 1.084

Ulceration of primary melanoma Yes <0.001 1.867 1.385 2.516

Age >60 years <0.001 1.712 1.283 2.284

Sex Male 0.182 1.227 0.909 1.656
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3.4. Sentinel lymph node tumor burden as a continuous

variable in multivariate analysis and receiver operating

characteristic curve analysis

Maximum diameter of the largest deposit as a

continuous variable was also an independent
significant parameter when included into multivariate

analysis (Table 2c). ROC curves for SLN tumor

burden as the continuous variable revealed an AUC

value of 0.674 to predict prognosis in stage III patients

(Fig. 4).



Table 2c
Multivariate analysis including SLN tumor burden as a continuous variable could be performed on the 304 of 736 patients treated in our single

centre (Skin Cancer Center Hannover), as the tumor thickness was assessed in categories in the DeCOG study. The maximum diameter of the

largest deposit (as a continuous variable) and the ulceration of the primary melanoma yielded significance.

Characteristic p-value Hazard ratio �95% þ95%

Maximum diameter largest deposit

Sentinel tumor burden

Continuous variable <0.001 1.245 1.102 1.406

Breslow thickness of primary melanoma Continuous variable 0.258 1.069 0.952 1.201

Ulceration of primary melanoma Yes <0.001 3.353 1.920 5.857

Age >60 years 0.822 1.068 0.603 1.890

Sex Male 0.078 1.658 0.945 2.909

Table 2b
Four parameters yielded significant results. Using the different cut-off (�1 mm versus >1 mm) the same four parameters were also significant.

Characteristic p-value Hazard ratio �95% þ95%

Maximum diameter largest deposit

Sentinel tumor burden

>1 mm <0.001 2.214 1.654 2.963

Breslow thickness of primary melanoma Continuous variable 0.006 1.044 1.013 1.076

Ulceration of primary melanoma Yes <0.001 1.996 1.481 2.690

Age >60 years <0.001 1.743 1.307 2.325

Sex Male 0.155 1.243 0.921 1.677
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4. Discussion

4.1. Tumor load as an important prognostic parameter

By introducing the 8th edition of the AJCC Cancer

Staging Manual, we have learned that also in the stage

of regional metastases (stage III), the thickness of the
melanoma is a prognostically relevant parameter. We

analysed in this study whether the SLN tumor burden

can add another relevant variable to the prognostically

complex model in patients with stage III melanoma.

First, we tested the discriminatory power of the new

AJCC Cancer Staging Manual in our patient cohort of

736 SLN-positive patients. Three significantly different

groups could be identified (p < 0.001; Fig. 1). In a sec-
ond step, we compared the MSS of patients with an

SLN low tumor load with the MSS of patients with a

higher SLN tumor load in the respective substages IIIA,

IIIB and IIIC. We used the parameter of maximum

diameter of the largest deposit with three different cut-

offs, 0.5 mm, 1.0 mm and 2 mm. The 1.0-mm cut-off was

previously used to classify patients into adjuvant studies

and in the DeCOG-SLT trial [2,3,12]. In all three groups
(stage IIIA, stage IIIB and stage IIIC), significant

prognostic differences could be demonstrated when

stratified for SLN tumor load by cut-offs 0.5 mm and

1 mm. In ROC curves, the cut-off of 0.5 mm was found

to be superior, but the difference was only modest.

Moreover, the tumor load of the SLN (cut-offs 0.5 mm

and 1 mm as the continuous variable) was an indepen-

dent prognostic parameter in the multivariate analyses.
Our findings are in line with those of two recent studies

by Madu et al. [16] and Verver et al. [17]. Madu et al.

[16] analysed 640 patients with stage III melanoma of
the Dutch NKI-database with regional lymph node

metastases (both macrometastasis and micrometastasis)

as well as locoregional cutaneous metastases. In the

patients with stage IIIA melanoma according to the

AJCC 8th edition (n Z 77), maximum diameter of the

largest deposit (cut-off 1 mm) was used to group these
patients with stage IIIA melanoma. MSS of patients

with maximum diameter of the largest deposit �1 mm

was significantly longer (p Z 0.02) than MSS of patients

with maximum diameter of the largest deposit >1 mm

(91% versus 72%).

Verver et al. [17] stratified 1015 SLN-positive mel-

anoma patients from 9 European Organisation for

Research and Treatment of Cancer (EORTC) Cancer
Centers by ulceration and SLN tumor burden and

were able to identify four different prognostic risk

groups using these two parameters. They focused their

analysis on the relevance of CLND for correct staging

of patients with melanoma with positive node rather

than the relevance of SLN tumor load on AJCC

substages.

While the maximum diameter of the largest deposit
cut-off value of 1 mm is used in several studies [16,2,3],

we analysed 3 cut-offs (0.5 mm, 1 mm and 2 mm), which

were used in the DeCOG-SLT trial [12]. The cut-offs of

0.5 mm and 1 mm revealed significant differences in all

stage III patients, while the cut-off of 0.5 mm showed a

slightly higher AUC in the ROC curve analysis than

1 mm. Thus, the SLN tumor load is of prognostic

importance, but the ideal cut-off needs to be determined,
and our data point towards a cut-off lower than 1 mm.

The most probable scenario is that prognosis de-

teriorates continuously with increasing maximum

diameter of the largest deposit.



Fig. 4. Receiver operating characteristic curve for SLN tumor

burden as a continuous variable in 304 patients with stage III

melanoma of our single centre (Skin Cancer Center Hannover).

SLN, sentinel lymph node.
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4.2. Comparability of the patient cohorts

The AJCC cohort shows significantly better survival

rates in stage IIIA, IIIB and IIIC patients than our

cohort. In stage IIIA, we observed a 10-year MSS of

80% (AJCC 88%), in stage IIIB of 70% (AJCC 77%) and

in stage IIIC of 52% (AJCC 60%). This is

surprising because our study included only patients with

positive sentinel node, while the AJCC included also
patients with macrometastases in stage IIIB and IIIC.

Madu et al. [16] reported 5-year MSS rates, which

were also considerably worse than AJCC: in stage IIIA

86% (AJCC 93%), in stage IIIB 78% (AJCC 83%), in

stage IIIC 57% (AJCC 69%) and in stage IIID 19%

(AJCC 32%).

The obviously better outcome of the patients in the

AJCC cohort could be due to a possibly shorter follow-
up time, which is not given in the AJCC classification

[5]. It is also possible that in large international cohorts,

such as the AJCC cohort, deaths could not always be

precisely attributed to melanoma or other causes, which

would result in an underestimation in MSS. The follow-

up determination in our single skin cancer centre and in

a study such as the DeCOG-SLT trial could be more

intensive and thorough. However, due to lack of data in
the AJCC classification, this is speculation at this point

of time.
4.3. Sentinel lymph node tumor load and adjuvant

treatment

In recent adjuvant clinical trials, such as the COMBI-

AD trial [2] and the Keynote-54 trial [3], the maximum

diameter of the largest deposit was already incorporated

in the inclusion criteria. Stage IIIA patients (according

to the 7th edition of the AJCC Cancer Staging Manual)

were eligible with maximum diameter of the largest de-

posit of >1 mm. Recently, the impact of adjuvant

therapy in stage III patients according to the 8th AJCC
classification was investigated in two retrospective cal-

culations of the COMBI-AD [18] and the Keynote-54

[19] trial. While in the Keynote-54 trial, the follow-up

time was not sufficient yet, the COMBI-AD trial

showed an impact of dabrafenib þ trametinib on

recurrence-free survival of stage IIIA patients. Seventy

percent of placebo-treated patients in stage IIIA

(n Z 39) had not relapsed after 3 years, while 83% of
patients treated with dabrafenib þ trametinib (n Z 50)

were without recurrence.

This furthermore emphasises the practical relevance

of SLN tumor load in the interpretation of clinical trials,

possibly also for the registration of adjuvant therapies

and for counselling of patients.
5. Conclusion

Taken together, our data point towards a crucial prog-

nostic relevance of the SLN tumor load in stage IIIA,

IIIB and IIIC in the 8th edition of the AJCC Melanoma

Staging Manual. Thus, we recommend incorporating

the parameter of maximum diameter of the largest de-

posit in an updated melanoma classification. However,

the optimal cut-off point needs to be determined in a
larger patient cohort.
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