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Melanoma staging is a critical tool for communication

between physicians and their patients and also assists

clinical decision-making and prognostic assessment. It is

used for clinical trial design, eligibility, stratification, and

analysis. Importantly, it also represents the foundation for

reporting in institutional, state, national, and international

data registries, which, in turn, facilitate understanding of

the broader melanoma landscape.

The 7th edition AJCC melanoma staging system was

introduced in 2009 and implemented in 2010. Since that

time, there has been a tremendous improvement in our

understanding of the molecular and immune biology of

melanoma, which has led to the unprecedented introduction

and widespread use of a number of effective systemic

therapies for patients with advanced disease and in the

adjuvant setting.1–6

To facilitate an evidence-based approach and to inform

revisions for the 8th edition of the AJCC melanoma staging

system, we created a contemporary international melanoma

database: the International Melanoma Database and Dis-

covery Platform (IMDDP).7 Given the recent advances in

the clinical management of patients with advanced and

unresectable disease, rapidly evolving treatment options for

such patients and varying approval for use of these new

agents in different parts of the world, the AJCC melanoma

expert panel considered that it was inappropriate to include

stage IV patients in their initial data analyses of the

IMDDP. Therefore, patients eligible to be included in the

IMDDP were those with stages I–III cutaneous melanoma

diagnosed since 1998. This approach allowed us to exclude

patients diagnosed during the early and mid-1990s, a per-

iod of rapid evolution in surgical, pathological, and nuclear

medicine strategies employed to identify, remove, and

accurately assess the sentinel lymph node (SLN) in patients

with cutaneous melanoma who underwent lymphatic

mapping and SLN biopsy. In contrast, the database used for

the 7th edition had no restriction on the date of diagnosis

and included patients diagnosed as long ago as the 1960s.8

In addition, for inclusion in the 8th edition analyses,

patients were required to have undergone SLN biopsy if

their primary was T2 or thicker, and if T1 and a SLN

biopsy had been performed, SLN status was incorporated

for data analysis and staging purposes.

The TNM- or anatomic-based staging system is effec-

tively constrained by the limited type and number of

factors that can be included. However, both anatomic and

nonanatomic factors can have significant prognostic

importance. As such, the overall 8th edition AJCC strategy

embraced inclusion of standard anatomic ‘‘TNM’’ prog-

nostic factors and also considered nonanatomic factors that

could help further improve staging and prognostic

assessment.9

T CATEGORY AND STAGES I/II STAGE GROUPS

In the 7th edition, T-category criteria included tumor

thickness (measured to the nearest 0.01 mm) and presence

or absence of ulceration across all subcategories; mitoses

as a dichotomous variable (\ 1 vs. C 1 mitosis/mm2) also
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was included as a T1 category criterion.8 However, based

on the impracticality of measuring tumor thickness to the

nearest 0.01 mm, especially for tumors[ 1 mm in tumor

thickness, in the 8th edition, the AJCC recommends that

tumor thickness be recorded to the nearest 0.1 mm and has

provided a formal rounding schema to standardize the

approach.7 For example, patients with melanomas

0.75–0.84 mm in tumor thickness will now be rounded to

(and reported as) 0.8 mm (i.e., T1b), and melanomas

between 0.95 mm and 1.04 mm in tumor thickness will be

reported as 1.0 mm (i.e., T1b). In the 8th edition, the

definitions of Tis, T0, and TX have been refined and/or

clarified. Tis is used for melanoma in situ (i.e., no invasive

component is present). T0 is designated when no evidence

of a primary tumor can be found (e.g., a patient presenting

with an inguinal nodal metastasis of melanoma with no

evidence of a primary tumor). TX is used when the tumor

thickness cannot be determined (e.g., in a curettage spec-

imen when there is no sectioning of the tumor

perpendicular to the skin surface) or there is no information

about the T category for the primary tumor (e.g., a primary

melanoma that was resected many years previously and the

primary melanoma report cannot be found).

Based on previously published studies that reported

patients with thicker T1 melanomas have a worse prog-

nosis than those with thinner T1 melanomas, the AJCC

melanoma expert panel explored the potential impact of

including an additional tumor thickness criterion for sub-

categorizing T1 melanomas by analyzing our IMDDP

melanoma database.10–13 With the proposal in place to

record tumor thickness measurements to the nearest

0.1 mm, a 0.8 mm cut point was explored for patients with

T1 melanoma along with ulceration and mitosis (i.e.,\ 1

vs. C 1 mitosis/mm2). In this analysis, the addition of a

0.8-mm tumor thickness stratum was a more powerful

prognostic factor than mitotic rate (as a dichotomous

variable). Principally for this reason, mitotic rate as a

dichotomous variable was removed as a T1 subcategory

criterion. The subcategorization of T1 melanomas at a 0.8-

mm threshold has potential clinical relevance, particularly

for the role of SLN biopsy in patients with T1 melanomas.

Overall, SLN metastases are very infrequent (\ 5%) in

patients whose melanoma is\ 0.8 mm in thickness and

nonulcerated (i.e., AJCC 8th edition T1a) but occur in

approximately 5–12% of patients with primary melanomas

0.8–1.0 mm in thickness (i.e., AJCC 8th edition T1b).14–17

Reflective of these data, consensus guidelines have rec-

ommended that SLN biopsy may be considered in this

latter group of patients (i.e., patients with a primary tumor

thickness 0.8–1.0 mm) and also in patients with thinner

ulcerated tumors (i.e., all patients with AJCC 8th edition

T1b melanomas).18,19 Although mitosis was removed as a

T1 subcategory criterion, analyses performed for both the

7th and 8th edition AJCC staging systems demonstrated

that tumor mitotic rate, when explored across its dynamic

range, was a very important prognostic factor and strongly

supports that if interrogated in this fashion, will likely be

an important covariate going forward as clinical tools are

developed. As emphasized by the AJCC melanoma expert

panel, for these reasons, mitotic rate should be collected for

all invasive melanomas.7,13

Comparison of stages I and II substage melanoma-

specific survival rates between the AJCC 7th and 8th edi-

tions demonstrate more favorable survival in the 8th

edition compared with the 7th edition. An important con-

tributing factor was the requirement that to be included in

the 8th edition analysis, SLN biopsy had to be performed

for patients with T2 and thicker melanomas, and if per-

formed in patients with a T1 melanoma, the status of the

SLN was used.7,8,13,20 This approach ensured that patients

with clinically occult nodal metastases (detected by SLN

biopsy) were designated as stage III in the 8th edition. In

contrast, SLN biopsy was not required for inclusion in the

7th edition survival analyses for any tumor thickness (and

indeed many patients included in the dataset were managed

before the era of SLN biopsy). As such, in the 7th edition

database, many patients with clinically localized melanoma

who did not undergo SLN biopsy were characterized as

having stage I or II melanoma regardless of whether they

harbored clinically occult regional node metastasis,

because only clinical staging of their nodal basin was

performed. A sequela of this 7th edition approach was that

the survival outcomes across multiple T subcategories were

likely underestimated and, given the increasing relative

risk of tumor-involvement of SLNs with increasing T

category, was most evident when comparing outcomes to

those of the 8th edition for patients with T4b melanomas

(Fig. 1a, b).

N CATEGORY AND STAGE III STAGE GROUPS

For the N category, which includes regional lymph node

as well as non-nodal regional disease (i.e., satellites, in-

transit metastasis, and microsatellites), the AJCC mela-

noma expert panel grouped nonnodal regional disease

together for staging purposes (because they each had a

similar impact on prognosis) and revised the N category

criteria.7 Previously used terms of ‘‘microscopic’’ and

‘‘macroscopic’’ regional disease in the 7th edition have

been replaced by ‘‘clinically occult’’ (i.e., detected by SLN

biopsy) and ‘‘clinical evident’’ (i.e., detected by clinical

examination or radiographic imaging) regional disease to

enhance clarity. These correspond to N category designa-

tions ‘‘a’’ and ‘‘b’’, respectively. The presence of

microsatellites, satellites, or in-transit metastases is now
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categorized as N1c, N2c, or N3c, based on the number of

tumor-involved regional lymph nodes, if any.7 Importantly,

the definition of a microsatellite was refined and clarified; a

microsatellite is a microscopic cutaneous and/or subcuta-

neous metastasis adjacent or deep to, but discontinuous

from, a primary melanoma detected on pathological

examination of the primary tumor site.

Recent clinical trial data, demonstrating no clear sur-

vival benefit for patients with a tumor-involved SLN who

underwent completion lymph node dissection (CLND)

compared with those who did not, has already begun to

transform surgical approaches for patients with tumor-in-

volved SLNs—i.e., fewer patients undergo completion

lymph node dissection (CLND) after detection of a tumor-

involved SLN.21,22 It is worth noting that the 8th edition

AJCC Cancer Staging Manual provides specific recom-

mendations for documentation of the now common

scenario when SLN biopsy identifies tumor-involved SLNs

but CLND is not performed.9 To distinguish patients who

have had a CLND from those who have not, the ‘‘(sn)’’

suffix should be appended to the N category for those who

did not undergo CLND—i.e., a patient with a single tumor-

involved SLN who does not undergo CLND is

pN1a(sn).7,8,13 This approach will likely improve data

capture and facilitate future planned analyses in this new

era of a more selective approach to CLND.

Recognizing the importance of tumor thickness as a

potential prognostic factor among patients with regional

disease and expanding on prior analyses demonstrating the

importance of primary tumor ulceration among these

patients, the AJCC explored the prognostic impact of pri-

mary tumor factors (e.g., tumor thickness and ulceration

status), as well as regional factors via a T-category- and

N-category-based analysis. Based on recursive partitioning

analysis, the expert panel agreed on four stage III substages

to capture the significant heterogeneity among the stage III

population.13 It is important to note that no direct com-

parison or ‘‘mapping’’ of the 7th edition and 8th edition
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FIG. 1 Comparison of survival curves for 8th edition and 7th edition

AJCC stages I, II, and III. a 8th edition stages I and II stage groups;

b 7th edition stages I and II stage groups; c 8th edition stage III stage

groups; and d 7th edition stages III stage groups. Figures a and c used

with permission from Gershenwald, J.E., Scolyer, R.A., Hess, K.R.,

et al. Melanoma staging: Evidence-based changes in the American

Joint Committee on Cancer eighth edition cancer staging manual. CA

Cancer J Clin. 2017;67:472–92. Figures b and d used with

permission from Balch CM, Gershenwald JE, Soong SJ, et al. Final

version of 2009 AJCC melanoma staging and classification. J Clin

Oncol. 2009;27:6199–206
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pathological stage III stage groups is possible. First, tumor

thickness was included as a component of stage III stage

groups for the 8th edition but was not employed as a stage

III stage group criterion in the 7th edition melanoma

staging system. Furthermore, the N category criteria differ

in the 7th and 8th editions and, in several instances, the

various N subcategories map to different stage III group-

ings in the 8th edition. With these important caveats in

mind, melanoma-specific survival (MSS) for both AJCC

8th edition stage IIIA and stage IIIB patients was more

favorable compared to 7th edition stage IIIA patients

(Fig. 1). These observations translate into significant

implications for patient counseling, management, and

contemporary clinical trial design, stratification, and anal-

ysis, because patients in the 8th edition cohort had a more

favorable survival profile across stages IIIA, IIIB, and IIIC

disease compared with patients with similar stage group-

ings in the 7th edition (Figs. 1c and d). To facilitate

accurate and efficient 8th edition stage III stage group

determination, particularly in busy patient clinics, clinic-,

desktop-, and phone-friendly stage III subgroup grids are

available for download in the supporting information sec-

tion of reference13 (reproduced in Fig. 2).

In recent years, multiple studies of patients with tumor-

involved SLNs have demonstrated that SLN tumor burden

provides important prognostic information.23,24 SLN tumor

burden can be quantitated by a variety of parameters, such

as the maximum size of the largest metastasis, the maxi-

mum subcapsular depth of extension of the tumor deposit

(also known as the tumor penetrative depth), the location of

the deposit(s) within the SLN, and the percentage cross-

sectional area of the SLN involved by tumor.25,26 Micro-

scopic tumor burden has already been implemented as an

inclusion criterion in some clinical trials of adjuvant ther-

apy.5 Based on available data and practical considerations,

the AJCC melanoma expert panel recommends that the

single largest maximum dimension (measured in millime-

ters using an ocular micrometer) of the largest discrete

metastatic melanoma deposit in any tumor-involved SLN

be recorded in pathology reports. Although this

histopathological parameter is not currently a formal

staging criterion, SLN tumor burden will be included in

and will likely guide the development of future prognostic

models and ultimately validated clinical tools (e.g., calcu-

lators, nomograms, etc.) for patients with regional

metastatic disease.

M CATEGORY

Patients with distant metastasis continue to be defined

by anatomic site of distant metastases and serum lactate

dehydrogenase (LDH) level. In the 8th edition, reflective of

the importance of central nervous system (CNS) disease in

prognosis, clinical management, and clinical trial design,

stratification, and analysis, a new M1d designation for

distant metastasis to the CNS has been added; M1c no

longer includes patients with CNS metastasis. In addition,

M1c is no longer defined by any patient with distant

metastasis and elevated LDH. Nevertheless, as elevated

LDH has been demonstrated to be an adverse prognostic

factor both in the 7th edition analyses and recent clinical

trials, it remains an M category criterion in the 8th edi-

tion.2,3,7 The revised M category now includes a suffix to

signify the absence or presence of an elevated LDH for

each M1 subcategory.

BEYOND TNM, ASSESSMENT OF CLINICAL

PROGNOSTIC TOOLS, AND NEXT STEPS

Additional prognostic factors that are not staging criteria

but are recommended for recording clinical care, emerging

prognostic factors for clinical care, as well as

AJCC Eighth Edition
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FIG. 2 American Joint Committee on Cancer (AJCC) eighth edition

stage III subgroups based on T and N categories. Used with

permission from Gershenwald JE, Scolyer RA, Hess KR, Sondak

VK, et al. Melanoma staging: evidence-based changes in the

American Joint Committee on Cancer eighth edition cancer staging

manual. CA Cancer J Clin. 2017; 67:472–491
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recommendations for clinical trial stratification are also

presented in the 8th edition AJCC Cancer Staging Manual

and/or on the AJCC website.7,27

Despite its success over the past several decades, TNM/

anatomic-based staging systems have been constrained in

their ability to accommodate prognostic factors that may

emerge from an improved understanding of cancer biology.

To be useful, any staging system needs to be clinically

relevant, reflect contemporary practice, and be refined as

our understanding of the disease matures. In an effort to

foster clinical relevance, the AJCC has expanded its prin-

ciples of cancer staging to include nonanatomic-based

factors. Nevertheless, it is essential that before such factors

are introduced as staging criteria (and therefore adopted in

routine clinical settings), they are demonstrated to have

independent prognostic significance, are validated in

independent patient cohorts, and are practical to measure in

routine clinical practice. Using a systematic search of the

published literature, a priori criteria were used to evaluate

quality and clinical relevance of 17 clinical prognostic

tools for primary cutaneous melanoma; a principal con-

clusion was that there ‘‘is a great opportunity to improve

these tools and to foster the development of new, validated

tools by the inclusion of contemporary clinicopathological

covariates and by using improved statistical and method-

ological approaches.’’28 Formal criteria also have been

recently developed by the AJCC 8th edition Precision

Medicine Core to serve as a framework for approval of

contemporary risk models by the AJCC.29 These changes

are overall reflective of a strategic evolution from popu-

lation-based staging to a more personalized approach.29,30

Given the ongoing advances in our understanding of the

clinical, pathological, molecular, and immunological

underpinnings of melanoma, a less ‘‘staccato’’ approach to

cancer staging is likely to be embraced and implemented

by the AJCC. Strategically configured iterative or ‘‘rolling’’

updates can more efficiently exploit integration of clini-

cally relevant advances into the cancer staging arena. It is

important to note that while there is tremendous enthusi-

asm to integrate molecular and/or immune-based

biomarkers into melanoma staging and other clinical

prognostic tools, there are as yet no formally validated

schema. In addition, some biomarkers may have predictive

significance but not prognostic significance. Overall, no

molecular or immune biomarkers or signature currently

fulfill the necessary criteria for inclusion into the AJCC

melanoma staging system or as a component of a validated

clinical tool.

Opportunities abound to leverage the expanding reper-

toire of electronic data collection efforts to facilitate

development, validation, implementation, and use of clin-

ically relevant clinical calculators and tools to more

accurately stage patients. Such approaches will enable

individualizing prognostic—and even predictive—assess-

ment and enhance clinical decision making for patients

with melanoma.29,31 Failure to maintain relevance in this

exciting and unprecedented era of cancer discovery that is

translating into improved patient outcomes will eventually

render any staging system or prognostic model less rele-

vant and potentially obsolete.
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