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Revisions to the Melanoma Staging 
System were published in the 7th edi-
tion of the American Joint Committee 
on Cancer (AJCC) in 2009 and imple-
mented January, 2010.1,2,3,4 Though 
the changes are not great in number, 
they are of considerable significance.  
[The latest TNM criteria and stage 
groupings are shown in Tables 1a and 
1b, while survival rates according to 
disease stage are shown in Figure 1.]

Highlights of the Revised  
Melanoma Staging System: 

1. Primary melanoma thickness 
and tumor ulceration continue to 
define T category strata (Tables 1a 
and 1b). Survival rates for patients 
with localized melanoma stratified 
by T category are shown in Figure 2.

2. Primary tumor mitotic rate (his-
tologically defined as the number 
of mitoses/mm2) is an important 
independent adverse predictor of 
survival. For T1 melanomas, a mi-
totic rate of at least 1 mitosis/mm2 
replaces Clark‘ s level of invasion 
as a primary criterion for defining 
the subcategory of T1b (Table 1a).  
Presence of primary tumor ulcer-
ation remains an adverse predictor 
of survival, and is included along 
with mitotic rate as a primary cri-
terion for defining T1b melanomas.

3. The presence of nodal micrometas-
tases can be defined using either 
hematoxylin & eosin (H&E) or 
immunohistochemical staining. 
(Previously, only the H&E could be 
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From the Editors 
Cancer staging systems continuously 
evolve, aiming to minimize prognostic 
overlap between stages and prognos-
tic heterogeneity within stages.  This 
provides more accurate and predictive 
survival statistics and may enhance treat-
ment planning for patients at any given 
stage of disease. 

The new AJCC melanoma staging sys-
tem, instituted this year, is no different; it 
too attempts to define more homogeneous 
“at risk” patient populations.  It goes with-
out saying that any staging system must 
rely on previously described prognostic 
factors proven to be statistically robust 
in multivariate analysis.  

In this issue of The Melanoma Letter, 
Drs. Balch, Mihm, Gershenwald, and 
Soong provide a detailed evaluation of the 
revised melanoma staging system.  The 
system remains largely unaltered, but a 
few important changes have occurred. 
Although tumor thickness remains the 
most vital prognostic factor in stage I and 
II patients, two other factors have proven 
important in defining more prognostically 
homogeneous patient populations with 
stage I or II disease; namely, ulceration 
and mitotic rate.  Ulceration remains from 
previous editions, as studies continue to 
show it is a key discriminating factor, 
while mitotic rate is newly added, es-
sentially replacing the long-established 
Clark’s level. The rationales for this quite 

revolutionary step were multivariate 
analyses revealing that, once mitotic rate 
was included in the statistical model, 
Clark’s level became an insignificant 
prognostic variable. 

While the presence or absence of ul-
ceration and mitotic rate helps minimize 
prognostic heterogeneity for stage I and II 
patients, sentinel lymph node status helps 
minimize overlap between stages.  For 
patients with stage III disease, the tumor 
burden in the regional nodes and the num-
ber of nodes involved remain important 
prognostic variables. However, based on 
improved prognosis for patients present-
ing with satellite or in-transit metastasis 
compared to other stage IV patients, the 
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used for formal staging purposes.)

4. There is no lower threshold of 
tumor burden used to define the 
presence of regional nodal metas-
tasis.  Specifically, based on the 
consensus that volumes of regional 
metastatic tumor even less than 
0.2mm in diameter (previously 
used as the threshold for defining 
nodal metastasis in the overall 6th 
edition AJCC Staging System) are 
clinically significant, nodal tu-
mor deposits of any size are to be 
included in staging nodal disease.  
An evidence-based lower threshold 
of clinically “insignificant” nodal 
metastases has not been defined. 

5. M-category strata continue to be 
defined by the site(s) of distant 
metastases: non-visceral (i.e., skin/
soft tissue/distant nodal) (M1a); 

lung (M1b); and all other visceral 
metastatic sites (M1c). An elevated 
serum lactic dehydrogenase (LDH) 
level also remains a powerful 
adverse predictor of survival; pa-
tients with an elevated LDH level 
are all categorized as M1c, regard-
less of site(s) of distant disease. 

6. Survival estimates for patients 
with intralymphatic regional 
metastases (i.e., satellite and in-
transit metastases) are somewhat 
better than for the remaining co-
hort of stage IIIB patients. Howev-
er, since stage IIIB represents the 
closest statistical fit for this group, 

the current staging definition for 
intralymphatic regional metastasis 
has been retained. 

7. Based on the lack of sufficient 
data to substantiate revision of the 
definitions used in the 6th edition 
staging manual, microsatellites 
(i.e., discontinuous nests of meta-
static cells more than 0.05 mm in 
diameter that are clearly separated 
by normal dermis [not fibrosis 
or inflammation] from the main 
invasive component of melanoma 
by a distance of at least 0.3 mm) 
are retained in the N2c category.  
This feature is retained in the 

Table 1a: TNM Criteria for Cutaneous Melanoma (2010)
Adapted from Melanoma of the skin. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 
7th ed. New York, NY.: Springer, 2010.  (Used with permission)

Melanoma TNM Classification

T classification Thickness Ulceration Status/Mitoses
Tis N/A N/A

T1 ≤ 1.0 mm a:  w/o ulceration and mitosis <1/mm2

b:  with ulceration or mitoses ≥ 1/mm2

T2 1.01 - 2.0 mm a:  w/o ulceration 

b:  with ulceration

T3 2.01 - 4.0 mm a:  w/o ulceration 

b:  with ulceration

T4 > 4.0 mm a:  w/o ulceration 

b:  with ulceration

N classification # of Metastatic Nodes Nodal Metastatic Mass

N0 0 nodes N/A

N1 1 node a:  micrometastasis*

b:  macrometastasis**

N2 2-3 nodes a:  micrometastasis*

b:  macrometastasis**

c:  in-transit met(s)/satellite(s) without  
     metastatic nodes

N3 4 or more metastatic nodes, 
or matted nodes, or in-transit 
met(s)/satellite(s) with metastatic 
node(s)

M classification Site Serum LDH

M0 0 sites N/A

M1a Distant skin, subcutaneous, or 
nodal mets

Normal

M1b Lung metastases Normal 

M1c All other visceral metastases Normal 

Any distant metastasis Elevated

*Micrometastases are diagnosed after sentinel lymph node biopsy and completion lymphadenectomy  
(if performed).

**Macrometastases are defined as clinically detectable nodal metastases confirmed by therapeutic lymphadenec-
tomy or when nodal metastasis exhibits gross extracapsular extension.

former are now classified as having stage 
III disease.  

Finally, stage IV disease with a normal 
LDH has been regrouped, highlighting 
the observation that patients presenting 
with distant skin, subcutaneous, or nodal 
metastases have a better prognosis than 
those with lung or other visceral metas-
tases. However, once LDH is elevated, 
prognosis is poor regardless of metastatic 
site.    

Categorizing patients into groups 
with similar survival probabilities can 
help researchers evaluate the efficacy of 
melanoma treatments. More importantly, 
groupings provide valuable information 
to help guide management. One day, mo-
lecular and genetic variables will likely 
be included in cancer staging systems, 
creating even more homogeneous “at 
risk” populations.  However, no matter 
how versed we become at predicting out-
comes, it is important to remember that 
no individual patient is a statistic. Regard-
less of their ‘probability’ of survival, indi-
vidual patients experience dichotomous 
outcomes—either surviving or succumb-
ing to their disease.  Since the outcome for 
each melanoma patient, no matter what 
stage, remains unknown, each should be 
treated like one whose recovery will tip 
the survival statistics in a more favorable 
direction. 

Allan C. Halpern, MD
Editor-in-Chief 
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N2c category largely because the 
published literature is insufficient 
to substantiate revision of the 
definitions used in the 6th edition 
staging manual.

8. The staging definition for patients 
with metastatic melanoma from 
an unknown primary site was 
clarified; patients with metastatic 
melanoma arising in lymph nodes, 
skin or subcutaneous tissues with-
out a known associated primary 
melanoma are categorized as stage 
III, not stage IV.

9. Lymphatic mapping and senti-
nel lymph node biopsy (sentinel 
lymphadenectomy) remain im-
portant components of melanoma 
staging and should be used (or 
discussed with the patient) to 
identify occult stage III regional 
nodal disease among patients who 

present with clinical stage IB or II 
melanoma.

The Importance of Mitotic Rate 
Tumor thickness and ulceration have 
both been formally used since 2002 
for staging melanoma patients based 
on an evidence-based approach.  More 
recently, cellular proliferation within 
the primary tumor, as reflected by 
the tumor’s mitotic rate, has emerged 
as another important predictor of 
survival.5,6,7,8,9  

Primary tumor mitotic rate was in-
troduced this year as a major criterion 
for melanoma staging and prognosis. 
Detailed analysis of the AJCC Mela-
noma Staging Database demonstrated a 
significant inverse correlation between 
primary tumor mitotic rate (histo-
logically defined as mitoses/mm2) and 
survival1,2,9 (Table 2). Thus, primary 

tumor mitotic rate is now acknowl-
edged to be an important independent 
adverse predictor of survival; as the 
number of mitoses/mm2 increases, 
melanoma survival decreases. Indeed, 
in a multivariate analysis, mitotic rate 
was the second most powerful predic-
tor of survival outcome after tumor 
thickness in patients with localized 
melanoma (Table 3) and fourth after 
the number of metastatic lymph nodes, 
age, and tumor ulceration in patients 
with regional node micrometastases 
(Table 4). It is noteworthy that al-
though mitotic rate is a continuous 
variable (as is melanoma tumor thick-
ness), no discernible overall thresholds 
that delineate a particularly increased 
metastatic risk could be identified be-
yond 1 mitosis/mm2. In contrast, when 
no mitotic activity was identified — 
indicative of a more slowly growing 
primary melanoma — the prognosis 
was more favorable than for patients 
whose primary tumor had at least 1 
mitosis/mm2. This was particularly 
significant in the subgroup of  patients 
with T1 tumors.

Based on this analysis, primary 
melanoma mitotic rate was incorpo-
rated into the 7th edition of the AJCC 
Cancer Staging Manual as a required 
element for melanoma staging. These 
recommendations were made after 
reviewing the statistical informa-
tion involving 4,861 T1 melanomas 
from the updated AJCC Melanoma 
Staging Database demonstrating that 
mitotic rate was the most powerful 
predictor of survival outcome for T1 
melanoma patients, and conversely, 
that the Clark’s level of invasion was 
no longer statistically significant when 
mitotic rate and ulceration were in-
cluded.1 Ten-year survival rates were  
97 percent for T1 melanomas 0.1-0.50 
mm in thickness and <1 mitosis/mm2, 
95 percent for T1 melanomas 0.1-0.50 
mm in thickness and ≥1 mitosis/mm2, 
93 percent  for T1 melanomas  0.51-1.0 
mm and <1 mitosis/mm2, and 87 per-
cent for 0.51-1.00 mm melanomas and 
≥1 mitosis/mm2. In the latter group, the 
10-year survival rates dropped to 85 
percent if the T1 melanoma was also 
ulcerated.1 

The AJCC Melanoma Staging Com-
mittee concluded that histologic assess-
ment of all primary melanomas should 
now include a determination of mitotic 
rate, using a standardized approach. 
For staging purposes, mitotic rate has 
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Clinical Staging* Pathologic Staging+

0 Tis N0 M0 0 Tis N0 M0

IA T1a N0 M0 IA T1a N0 M0

IB T1b N0 M0 IB T1b N0 M0

T2a N0 M0 T2a N0 M0

IIA T2b N0 M0 IIA T2b N0 M0

T3a N0 M0 T3a N0 M0

IIB T3b N0 M0 IIB T3b N0 M0

T4a N0 M0 T4a N0 M0

IIC T4b N0 M0 IIC T4b N0 M0

III Any T N>N0 M0 IIIA T1 – 4a N1a M0

T1 – 4a N2a M0

IIIB T1 – 4b N1a M0

T1 – 4b N2a M0

T1 – 4a N1b M0

T1 – 4a N2b M0

T1 – 4a N2c M0

IIIC T1 – 4b N1b M0

T1 – 4b N2b M0

T1 – 4b N2c M0

Any T N3 M0

IV Any T Any N M1 IV Any T Any N M1

* Clinical staging includes microstaging of the primary melanoma and clinical/radiologic evaluation for metastases. By 
convention, it should be used after complete excision of the primary melanoma with clinical assessment for regional and 
distant metastases.

+ Pathologic staging includes microstaging of the primary melanoma and pathologic information about the regional lymph 
nodes after partial or complete lymphadenectomy. Pathologic Stage 0 or Stage IA patients are the exception; they do not 
require pathologic evaluation of their lymph nodes.

Table 1b: Anatomic Stage Groupings for Cutaneous Melanoma
Adapted from Melanoma of the skin. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 
7th ed. New York, NY.: Springer, 2010.  (Used with permission)
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been added as a secondary criterion for 
defining T1b melanoma and replaces the 
Clark level of invasion, which had been 
used in melanoma staging for 40 years. 
Specifically, for T1 melanomas,the pres-
ence of ulceration overlying an invasive 
melanoma and/or at least 1 mitosis/mm2 
define the subcategory of T1b among 
patients with T1 primary tumors (i.e., 
≤1.0 mm thickness).

The Hot Spot Method
As detailed in the 7th edition of the 
AJCC Cancer Staging Manual,1 the 
recommended approach, employing 
the so-called “hot spot,” is to enumer-
ate mitoses in the tumoral areas in the 
dermis containing the most mitotic fig-
ures, if any.  After counting the mitoses 

in the hot spot, with the 40x lens or at 
400x magnification, the count is then 
extended to adjacent contiguous fields 
until an area corresponding to 1 mm2 
is assessed. If no hot spot can be found 
and mitoses are sparse and randomly 
scattered throughout the lesion, any mi-
tosis is chosen, and the field containing 
it becomes the first field, then additional 
contiguous fields are counted to achieve 
the equivalent of 1 mm2 of tissue. The 
count is expressed as the number of 
mitoses/mm2. Calibration of individual 
microscopes is recommended to record 
mitoses accurately; as a guide, 1 mm2 
corresponds to approximately four 400x 
fields in most, but not all, microscopes. 

When the invasive component of the 
melanoma is <1/mm2, the number of 

mitoses in 1 mm2 of dermal tissue that 
includes the tumor should be enumer-
ated and recorded as a number of mito-
ses per mm2. In tumors whose invasive 
component comprises an area <1 mm2, 
it is recommended to designate the pres-
ence or absence of a mitosis as “at least 
1/mm2“ (i.e., “mitogenic”) or as 0/mm2 

(i.e., “nonmitogenic”), respectively. At 
some institutions, when mitotic figures 
are not found after examining numer-
ous fields, the mitotic count has been 
described as “<1/mm2.” For most tumor 
registries, the designation “<1/mm2” 
is synonymous with zero, as has been 
customarily used in the past. While this 
practice may be continued for histori-
cal data, the AJCC Melanoma Staging 
Committee strongly recommends that 
pathologists use the approach outlined 
above, “0/mm2,“ beginning in 2010.1   In 
the Azzola article,5 the only persistent 
significant survival was in patients 
without mitoses after long-term 
follow-up.

Do the New T1b Criteria Using 
Mitotic Rate Change the Staging 
Indications for SLNB?  
For staging purposes, survival end-
points are used de facto to evaluate 
potential prognostic factors. While the 
multifactorial analysis based on the 
AJCC Melanoma Staging Database of-
fered compelling reasons to incorporate 
mitotic rate into the T1 staging criteria 
based on survival outcome data, it is not 
yet definitively established how to uti-
lize this prognostic factor in  predicting 

Figure 1. Survival Rates for Patients with Stages I-IV 
Melanoma

Figure 2. AJCC Collaborative Melanoma Database: 
Stage I/II Survival Curves by T-classification

Number of Mitoses/mm2 n
Survival Rate ± SE

5-year 10-year

0 3,031 0.978 ± 0.004 0.932 ± 0.008

0.01 - 0.99 281 0.945 ± 0.014 0.892 ± 0.021

1.00 - 1.99 2,117 0.920 ± 0.007 0.842 ± 0.012

2.00 - 4.99 3,254 0.869 ± 0.007 0.754 ± 0.012

5.00 - 10.99 2,049 0.781 ± 0.011 0.680 ± 0.018

11.00 - 19.99 673 0.695 ± 0.022 0.576 ± 0.027

≥ 20.0 259 0.594 ± 0.039 0.476 ± 0.050

Total 11,664

Table 2: AJCC 2008 Collaborative Database — Survival Rate by Number of 
Mitoses/mm2 for Stage I/II Melanoma Patients  
Adapted from Melanoma of the skin. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 
7th ed. New York, NY.: Springer, 2010.  (Used with permission)

Adapted from Melanoma of the skin. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY.: Springer, 2010.  (Used with permission)



metastatic risk in a regional sentinel 
lymph node.  Until such data become 
available, it is recommended that the 
considerable information on predicting 
sentinel node metastases — employing 
measured tumor thickness, level of 
invasion, presence or absence of ul-
ceration, and other criteria currently 
in use — be employed. Nonetheless, it 
is worthwhile to note that preliminary 
data from a large cohort of patients 
have recently been presented, demon-
strating a correlation between mitotic 
rate and sentinel lymph node status 
among patients with T1 melanoma.10  

Conclusions
Since the histologic features of the 
primary melanoma — tumor thick-
ness, mitotic rate and ulceration — are 
hallmarks of melanoma prognosis and 
staging, the initial biopsy is a criti-

cal component of both diagnosis and 
staging. An excisional biopsy of the 
entire clinically apparent lesion, with 
a narrow 1 to 2 mm margin of adjacent 
normal-appearing skin, is the biopsy 
technique of choice when melanoma 
is suspected. An incisional biopsy may 
be acceptable for larger lesions. A deep 
saucerization (shave) biopsy may be 
satisfactory when the lesion is flat and 
suspicion of melanoma is not high.1,2,11 

The AJCC Melanoma Staging System 
recommends that the sentinel lymph 
node biopsy be performed as a staging 
procedure in patients for whom the 
information will be useful in planning 
subsequent treatments and follow-up 
regimens. Specifically, the procedure 
should be recommended for (and dis-
cussed with) patients who have T2, T3 
or T4 melanomas and clinically unin-
volved regional lymph nodes (clinical 

stages IB and II), as well as for patients 
with T1 melanomas and secondary 
features associated with increased risk 
for nodal micrometastases: ulceration, 
mitotic rate ≥1/mm2, or Clark's level IV, 
especially when the primary melanoma 
exceeds 0.7 mm in thickness.10 

Increasingly, as new prognostic fac-
tors are identified, particularly when 
multiple and continuous prognostic 
variables are included in predictive 
models, melanoma staging will re-
quire the use of electronic predictive 
tools. The AJCC has initiated this 
step by launching a website, www.
melanomaprognosis.org, that provides 
actuarial survival rates based on com-
binations of prognostic features.12 Mi-
totic rate has not yet been incorporated 
into this predictive model, but will be 
included in the future.  

Finally, the prognostic factors 
included in the Melanoma Staging  
System should be the primary strati-
fication criteria and end-results re-
porting criteria of melanoma clinical 
trials. The use of a consistent set of 
criteria will facilitate the reporting of 
melanoma treatment outcomes and 
the comparability of melanoma clinical 
trials. Potentially, it will also acceler-
ate the progress of multidisciplinary 
melanoma treatment approaches.
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of the AJCC Melanoma Committee that developed the 
new staging guidelines: 
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MD, David Geffen School of Medicine at UCLA, Los 
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of Texas MD Anderson Cancer Center, Houston, TX; 
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MIHM, Jr., MD, Dana Farber Brigham and Women’s 
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Variable
Chi-square 

values  
(1 d.f.)

P  
Value

Hazard 
Rate

 95%  
Confidence 

Interval

Tumor thickness 84.6 <0.0001 1.25 1.91 – 1.31

Ulceration 47.2 <0.0001 1.56 1.38 – 1.78

Clark’s Level 8.2 0.0041 1.15 1.04 – 1.26

Mitotic Rate 79.1 <0.0001 1.26 1.20 – 1.32

Site 29.1 <0.0001 1.38 1.23 – 1.54

Gender 32.4 <0.0001 0.70 0.62 – 0.79

Age 40.8 <0.0001 1.16 1.11 – 1.22

Table 3: Cox Regression Analysis for 10,233 Melanoma Patients with Localized 
Melanoma Including Mitotic Rate 
Adapted from Balch CM, Gershenwald JE, Soong S-j, et al. Melanoma of the skin. In: Edge SB, Byrd DR, Comp-
ton CC, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY.: Springer, 2010. (Used with permission)

Chi-square values (1 degree of freedom)

Variable All patients with  
Stage III

(n=1,338)

Patients with  
Micrometastasis

(n=1,070)

Patients with  
Macrometastasis

(n=268)

# of positive nodes 27.4 27.8 5.0

Tumor Burden  
(Micro vs. Macro)

4.7 — —

Tumor thickness 9.1 9.4 1.1

Ulceration 17.5 13.5 2.1

Clark’s Level 0.1 0.0 0.2

Mitotic Rate 4.4 12.7 0.2

Age 24.8 15.8 7.1

Site 4.3 4.7 0.4

Gender 0.5 0.4 0.2

Table 4: AJCC 2008 Collaborative Melanoma Database — Multivariate Cox 
Regression Analysis (Survival) for Stage III Melanoma (with Mitotic Rate)  
(1,338 patients) 
Adapted from Melanoma of the skin. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 
7th ed. New York, NY.: Springer, 2010.  (Used with permission)
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The Skin Cancer Foundation invites you to join us for

The International  Dermatology  
Exchange Program 

February 25 – 28, 2011

REGISTER NOW! 
Deadline January 3, 2011

Dr. Perry Robins invites 
you to join him for an 
informative and enjoyable 
get-together of The 
International Dermatology 
Exchange Program of The 
Skin Cancer Foundation in 

Cartagena, Colombia February 25 – 28, 2011.

Dermatologists from the U.S. and Colombia 
will meet in informal half-day meetings in 
a collaborative educational environment. 
We’ll cover the latest advances in skin 
cancer management, including diagnosis 
and treatment, surgical techniques, and 
discussion of difficult cases. The program 
will feature presentations on current 
dermatological topics as well as panel 
discussions.

The luxury Hotel Charleston Santa Teresa (www.hotelescharleston.com) stands inside the 
walled city, surrounded by the world heritage site that is Cartagena. With a privileged loca-
tion just minutes away from the contemporary city, the history, flavor and mystique of Carta-
gena are all found here along with the amenities of a world-class spa and dining.

We have negotiated a special room rate of $306.00 per night (including taxes and fees).  
If available, you may upgrade to a Junior Suite for an additional $46.00 per night.

Hotel Charleston Santa Teresa 
Cartagena, Colombia

Visit www.SkinCancer.org/idep2011 today!
Space is limited! Registration closes January 3, 2011. Call today! 

Please call Jo Ann Perrino (212) 725–5176 or email IDEP@skincancer.org. 
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