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Background

Mitotic rate in melanoma is the second most powerful
independent predictor of survival outcome after tumor
thickness [1]. The mitotic rate plays a critical role in the
2008 American Joint Committee on Cancer (AJC) TMN
staging on melanoma [2]. Mitosis can be obscured by
mitotic mimickers such as apoptosis, karyorrhectic debris,
and mitosis in non-melanocytic cells make the definitive
determination of mitotic rate difficult. The immunohisto-
chemical stain phosphohistone H3 is expressed nearly ex-
clusively by cells during the metaphase component of the
cell cycle [3, 4]. The metaphase component of the cell cycle is
characterized chromosomal condensation and coiling. The
metaphase component of the cell cycle is recognizable in
H&E stained tissue through identification of mitotic figures.
The antigen expression during this exclusive period of cell
division creates an ideal nuclear target for immunohisto-
chemical detection of mitotic figures. PHH3 is expressed
in nearly all cells during metaphase so an additional marker
is necessary to properly identify the mitotically active cells
of interest. Melanoma-associated antigen recognized by T
cells (MART-1) provides another useful target as this antigen’s
target is expressed in the cytoplasm of melanocytes [5].
Combining the sensitivity and specificity of PHH3 for mitotic
figures and the sensitivity of MART-1 for melanosomes,

cells that are dual stained with both antigens can reliably
be quantified as mitotic figures in melanocytes. This dual
stain approach allows the user to ignore the cells only staining
with PHH3 during the mitotic count as they represent mitoti-
cally active cells that are not melanocytes.

Methods

Employing PHH3 and MART-1 we analyzed 20 melanomas
from our institution. The melanomas were subdivided into
two groups. Thin melanomas comprising tumors less than
1 mm thick (pTMN stage pT1a or pT1b) and thick melanomas
with tumors greater than 1 mm thick (pTMN stage pT2
or greater). These tumors were stained utilizing dual
immunohistochemical stain and compared to the original
H&E stained slides for statistical significance. The original
diagnosis of melanoma was determined by a board certified
dermatopathologist and confirmed by a second board certified
dermatopathologist. The mean patient age was 61.4 years
(57 and 69 for the thin and thick melanomas, respectively. The
mean tumor thickness was 1.73 mm, (0.51 and 3.47 mm thin
and thick melanomas, respectively)

The immunohistochemical slides were prepared with
the following method. Paraffin embedded tissue were
cut at 4 μm thickness and mounted on Path Supply
charged glass slides (Path Supply, Brentwood TN).
The Ventana Benchmark XT automated staining system
(Ventana Medical Systems, Tucson AZ) provided auto-
mating staining utilizing the Mart-1 pre-diluted antibody
(Ventana product 790–2990, A103 clone) with an incu-
bation time of 60 min and a retrieval time of 90 min.
The phosphohistone H3 rabbit polyclonal stain (Ventana
product number 760–4591) was used. The enhanced alkaline
phosphatase red detection kit (Ventana 760–031) was used to

* Thomas M. Soike
soiketm2@msha.com

1 Department of Pathology and Laboratory Medicine, Medical
University of South Carolina, 171 Ashley Avenue, MSC 908,
Charleston, SC 29425, USA

Pathol. Oncol. Res.
DOI 10.1007/s12253-017-0203-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s12253-017-0203-9&domain=pdf


highlight the MART-1 Antibodies and the ultraview universal
dab detection kit (Ventana 760–500) incubation time 17 min
highlighted the nuclear staining phosphohistone H3.

The dual immunohistochemical stained slides and hematox-
ylin and eosin stained slides were randomized and assessed by
five different individuals blinded to the original diagnosis and
mitotic count. The participants included a pathology resident,
two dermatopathology fellows, a junior dermatopathology
faculty member and a senior dermatopathology faculty
member. Participants were initially trained to identify mito-
ses using a matched pair of H&E slide and a dual immu-
nohistochemical stained slide from a dermal deposit of
metastatic melanoma and instructed to familiarize identifying
mitotic activity with the dual MART-1 and PHH3 stained
sections. Figure 1.

The participants determined the mitotic rates for the thin
and think melanomas in the 20 randomized cases analyzing
both the H&E slides and the dual stained slides. The mitotic
counts for the thin and thick melanomas are displayed seen in
Tables 1 and 2, respectively.

Data Analysis

The data was analyzed using Graph Pad Prism 6.0 statistical
software. A Wilcoxon matched paired test was used to com-
pare the mitotic counts using the H&E and Dual IHC stained
slides using a p value of <0.05 as significant.

The mitotic rates for the thin and thick melanoma groups
between all participants utilizing both methods were averaged
and results are displayed Figs. 2 and 3, respectively.

The overall mitotic rate average from each reviewer
for the thin and thick melanoma groups is displayed in
Tables 3 and 4, respectively.

Results

The average mitotic rate detected by all individuals for the
group of thin melanomas was 0.5 mitosis per mm2 utilizing
hematoxylin and eosin and 0.74 mitosis per mm2 utilizing the
dual immunohistochemical stain. This is a statistically non-
significant (p = 0.176) 48% increase in mitotic rate detection.
There is one notable case in which the mitotic rate changed
utilizing the dual immunohistochemical stain method. The
original H&E stained slides failed to reveal any mitoses. The
dual immunohistochemical stain highlighted a mitotic figure
that was appreciated by three of the five reviewers. This case
initially was diagnosed as pT1a lesion with a mitotic rate of 0
mitoses/mm2.

The mitotic rates determined by the reviewers from the
thick melanomas yielded an average mitotic rate of 7.12 mi-
tosis / mm2 for the H&E stained sections and 11.84mitosis per
mm2 for the dual immunohistochemical stained sections. This
correlates to a statistically significant (p = 0.008) 60.1% in-
crease in mitotic rate.

Discussion

Mitotic rate in melanoma is the second most powerful inde-
pendent predictor of survival outcome after tumor thickness
[3, 6]. Mitotic rate is a critical component of the 2008

Fig. 1 Dermal deposit of
melanoma stained with H&E (A
40×, C 200×) and a dual
immunohistochemical stain with
PHH3 (brown chromogen) and
Mart-1 (Red chromogen) (B 40×,
D 200×)
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American Joint Committee on Cancer (AJCC) of the TMN
staging of melanoma [2]. A mitotic rate of one mitosis per
square millimeter is significant in thin melanomas as defined
by tumor thickness less than 1 mm. In thin melanomas, the
presence of a single mitosis alters the stage from a pT1a lesion
to a pT1b thus meriting more aggressive treatment and surveil-
lance [6, 7]. Accurate mitotic rates in melanoma are challeng-
ing due to various mitotic mimickers such as karyorrhectic
debris, apoptosis, and mitosis in non-melanocytic cells. Inter
observer reproducibility is variable in counting mitosis and an
additional tool to assist in identifying mitosis in melanoma
may be helpful.

Multiple cellular proliferation markers are commercially
available. The Ki-67 antigen is commonly used in surgical
pathology as a marker for cellular proliferation but due to
the low specificity for mitosis, Ki-67 is a poor marker for
mitotic rate [3]. A reliable correlation between mitotic rate
and Ki-67 staining does not exist. Phosphohistone H3 is a
more specific marker for mitosis as the histone H3 is phos-
phorylated during the last portion of telophase and entirely
through metaphase correlating well with the visualization of
mitotic spindles [8].

Other studies analyzed the utility of immunohistochemical
aids in determining mitotic rate [9, 10]. Ikenberg et al.
assessed the speed mitotic figures were identified using a dual
immunohistochemical stain approach in 15 thin melanoma
cases. Shimming et al. found that mitotic rates were more
consistent amongst reviews in thin melanomas when utilizing
PHH3 immunohistochemical stains. Our study is unique in
that we analyzed thin melanomas (tumor thickness < 1 mm
as well as thick melanomas tumor thickness ≥ 1 mm). The
significance of detecting mitotic rate in thick melanomas is
not as distinct as in thin melanomas but these tumors were
included to test the consistency and reliability of a dual immu-
nohistochemical stain in determining mitotic rate in larger
more mitotic active tumors. The more mitosis detected on
H&E the larger the mitotic rate determined by dual IHC de-
tection. This increase in mitotic rate in the thick melanomas
detected by IHC is statistically significant. This finding should
be considered if assessing mitotic rate utilizing IHC in highly
mitotically active tumors.

The clinical significance of utilizing immunohistochemical
stains to aid in the detection of mitosis is not fully proven. The
AJCC staging manual makes no mention of using immuno-
histochemistry when determining mitotic rate. Increasingly,
recent studies are showing the utility of immunohistochemical
detection of mitosis and outcomes [11–13]. Although the data
from this study shows no statistically significant increase
in mitotic rate utilizing the dual IHC approach there was one
case that three of the five reviewers would have increased the
mitotic rate from 0 to 1 thus increasing the stage from a pT1a

Fig. 2 Average mitotic rate per square millimeter of melanomas less than
1 mm thick utilizing H&E and dual IHC stains

Fig. 3 Average mitotic rate per square millimeter of melanomas greater
than 1 mm thick utilizing H&E and dual IHC stains

Table 3 Average mitotic rate per reviewer utilizing H&E and dual IHC
stains on melanomas less than 1 mm thick

H&E Mitotic Rate Dual IHC Mitotic Rate

Reviewer 1 0.8 0.7

Reviewer2 0.4 0.4

Reviewer 3 0.4 0.7

Reviewer 4 0.4 1.2

Reviewer 5 1.5 1.7

Average 0.5 0.74

Table 4 Average mitotic rate per reviewer utilizing H&E and dual IHC
stains on melanomas greater than 1 mm thick

H&E Mitotic Rate Dual IHC Mitotic Rate

Reviewer 1 8.1 12

Reviewer2 7.8 13.2

Reviewer 3 6.5 9

Reviewer 4 4.3 9.1

Reviewer 5 8.9 15.9

Average 7.1 11.8

Soike T. et al.



lesion to a pT1b. The exact reasoning for this increase is likely
multifactorial. A more mitotically active area of the tumor
may have been sampled when making the slides for the dual
IHC staining. Sampling likely played a role in a separate thin
melanoma case where the average mitotic rate was 1 mitotic
figure per square millimeter utilizing the H&E but dropped to
0 mitotic figures per square millimeter when analyzed by all
reviewers utilizing the dual IHC.

The thick melanomas showed a statistically significant in-
crease in mitotic rate when the dual IHC approach was used to
determine mitotic rate compared to the original H&E. This
result may have limited clinical application but it provides
useful information that the mitotic rates tend to increase when
the dual stain is used. The thick melanomas are more mitoti-
cally active compared to the thin melanomas. The larger the
mitotic rate detected utilizing H&E stained sections the greater
the increase in mitotic rate detected utilizing the dual IHC
sections.

Our institution routinely reviews new diagnosis of melano-
ma among three board certified dermatopathologists. The time
spent quantifying mitotic figures in tumors can be significant.
All reviews agreed the dual IHC stained sections provided a
more rapid assessment of mitotic figures. We hope that our
experience with dual IHC stained slides can be implemented
in other dermatopathology settings to provide a helpful tool
for the solo practitioner or large academic practice.

This dual immunohistochemical method provides another
tool for determining mitotic rate in melanoma. The current
ambiguity surrounding mitotic figures only detected after
immunohistochemical staining is problematic. Future staging
manuals will hopefully provide guidance regarding the utili-
zation of immunohistochemical stains for determining mitotic
rate.
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