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MITOTIC INDEX IN CLEAR CELL ODONTOGENIC TUMORS
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Abstract. Clear cell (CC) variants of odontogenic tumors have bland morphology and may be difficult
to diagnose especially in small biopsies. We address our study to mitotic index in benign and malignant
odontogenic tumors as criterion for differential diagnosis. We reviewed 14 cases of odontogenic carcinomas
(“malignant group” including 6 CC odontogenic carcinomas (CCOC), 6 ameloblastic carcinomas (AC) and
2 primary intraosseous squamous cell carcinoma (PISCC)) and 30 cases of ameloblastoma with clear cell
component (“benign group”). We compared the mitotic index of the benign group versus the malignant
group; the mitoses were counted in consecutive high power fields (hpfs) without necrosis or stromal de-
position and the mitotic index was reported as number of mitoses per 10 hpfs. The statistical calculations
were performed using EXCEL and EPIINFO programs. The mitotic index was lower in benign tumors
(most benign cases had less than 20 mitoses / 10 hpfs) but almost half of the odontogenic carcinomas
had similar mitotic count. There is no statistical significance of higher mitotic index in malignant tumors
compared to benign ones (P = 0,057). There was also a tendency towards higher number of mitoses in
solid / multicystic ameloblastoma than in desmoplastic variant. Frank malignant tumors present strikingly
numerous mitoses; otherwise, ordinary ameloblastomas may reveal an impressive number of mitoses,
sometimes in such a proportion that the examiner could be induced to consider that certain tumor as
being malignant. Unfortunately, in daily practice, the main problem is not represented by high mitotic
index in ameloblastoma but by low mitotic index in CCOC. An odontogenic tumor with clear cells may
present a reduced number of mitoses but the overall behavior (destruction of the cortical bone, invasion
in the soft tissue or even metastases) may allow its classification as malignant. When dealing with an
individual case, mitotic index is not a reliable parameter for differentiating benign ameloblastomas from
odontogenic carcinomas since many ameloblastomas may have an increased number of mitoses while
CCOC may show a not very prominent mitotic activity.
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Introduction

In every field of pathology, clear cell (CC)
tumors represent a challenge for the pa-
thologist due to their intriguing biology. No matter
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how bland their morphology is, they might show
malignant behavior (classic examples being those
of the CC renal cell carcinoma [Grawitz tumor]
or CC sarcoma [malignant melanoma of the soft
tissues]). They are tumors with the most unre-
markable microscopic appearance — monomorphic
CCs with abundant clear cytoplasm, small round
centrally placed nuclei, nonidentifiable nucleoli, no
mitoses but with enormous propensity for hemato-
genic embolisation and subsequent blood-borne
metastases.
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CC variants of odontogenic tumors do not
represent an exception. Exceedingly rare, they may
be difficult to diagnose, especially when dealing
with small amounts of tissue (biopsies). In these
cases, since invasion in adjacent tissues cannot be
evaluated, the presence of cytonuclear atypia should
establish the malignant character of the lesion.
Unfortunately, tumors with CC are characterized
by mild pleomorfism; the presence of numerous
mitoses might be useful for differentiation. We
address this study to mitotic index in benign and
malignant odontogenic tumors as criterion for dif-
ferential diagnosis.

Material and methods

We reviewed 14 cases of odontogenic carci-
nomas and 30 cases of ameloblastoma with clear
cell component; the cases were retrieved from the
personal files of one of the authors (P]S), consisting
of consultation cases and cases from several hospi-
tals in the Netherlands. The selection of the cases
was done based on H&E microscopic appearance,
using the diagnostic criteria of the latest WHO
classification [5]. The tumors were included if the
CCs structures represented at least 5% of the solid
tumoral mass. 5% is an arbitrarily selected margin
offering the best compromise between the neces-
sity of including both a high number of cases and
a sufficient quantity of CC component for evalua-
tion (1% margin offers the possibility of inclusion
of more numerous cases but there is not enough
CC component to be analyzed; 10% offers cases
with more areas of CC but the overall number of
cases decreases).

The 14 cases of odontogenic carcinomas with
CCs (“malignant group”) included 6 CC odontogenic
carcinomas (CCOC), 6 ameloblastic carcinomas
(AC) and 2 primary intraosseous squamous cell
carcinomas (PISCC); they were selected from a
total of 24 cases of odontogenic carcinomas. All
the odontogenic carcinoma cases had cortical
perforation and subsequent growth into adjacent
soft tissue as unequivocal signs of malignancy [26];
vascular emboli were noticed in one of the cases
and in one case distant bone metastases occurred
during follow-up.

The 30 cases of ameloblastomas with CCs -
“ameloblastomas with CC differentiation” (“benign
group”) were selected from a total of 240 cases.
Histopathologically, they presented tumoral struc-
tures composed of clear cells, either replacing the

stellate reticulum in solid/multicystic ameloblasto-
mas or forming tumoral structures in desmoplastic
ameloblastomas.

We compared the mitotic index of the benign
group versus the malignant group. The mitoses
were counted in consecutive high power fields
(hpfs) without necrosis or stromal deposition
(solid nonnecrotic areas of tumor were evaluated
whenever possible; in desmoplastic tumors, several
consecutive hpfs — up to 4 fields — were summed
to obtain a “solid” tumoral field, according to the
quantity of intervening collagen in each particular
case). Whenever possible, 50 consecutive hpfs were
evaluated and then the mitotic index was reported
as number of mitoses per 10 hpfs; only integer num-
bers were used (the integer part of the number or
the integer part of the number plus one, according
the value of the decimals, less or more than 5 — i.e.
3,4 = 3 and 3,6 = 4). When the number of hpfs to
evaluate was lower than 10, the extrapolation to
10hpfs was performed.

Whenever it was necessary Fisher distribution
was used to ensure an extrapolation to a more
homogeneous distribution of the cases. The statisti-
cal calculations were performed using EXCEL and
EPIINFO programs.

Results

The 30 cases of ameloblastomas with CC dif-
ferentiation (benign group) were represented only
by solid / multicystic and desmoplastic type amelo-
blastomas; there were no unicystic ameloblastomas
with CC differentiation and the proportion of the
desmoplastic ameloblastoma was quite high (9 cases
of 30 - 30%) (Table I).

Type of ameloblastoma  No. of cases %

Solid / multicystic 21 70,00%
Desmoplastic 9 30,00%
Total 30 100.00%

Table I. Type of ameloblastoma with clear cell differentiation

The most frequent histopathologic types of od-
ontogenic carcinomas with a CC component were
CCOC and AC (42,85% each) (Table II).

No significant difference was noticed in the
proportion of the CC component between benign
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Odontogenic carcinomas with CC component No. of cases %
CCoC 6 42,85%
AC 6 42,85%
PISCC 2 14,28%
Total 14 100,00%

Table II. Types of odontogenic carcinomas with clear cell component

and malignant tumors; the number of cases com-
posed predominantly of clear cells (over 75% clear
cell component in the tumoral mass) was higher
for malignant tumors but the difference is not sta-
tistically significant (P = 0,99) (Fig 1). Most of the
CCOC were composed predominantly of CC but

had similar mitotic count (Table IV). There is a
tendency to count more numerous mitoses in the
malignant group but no statistical significance of
higher mitotic index in malignant tumors compared
to benign ones (P = 0,057) (Fig 2). There was also a
tendency towards higher number of mitoses in solid

Proportion of clear cell component
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Figure 1. Proportion of clear cell component

% of CC component

Benign tumors

Malignant tumors
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10-24%
25-49%
50-74%
75-100%
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3,33% 0 0,00%
30,00% 3 21,42%
26,67% 2 14,28%
13,33% 2 14,28%
26,67% 7 50,00%

Table III. Proportion of CC component

there was one case with CC component of only 25%.
No AC contained more than 50% CC component;
one PISCC had 90% CC while the other PISCC
revealed onlyl0% CC component (Table III).

The mitotic index (number of mitoses per 10
hpfs) was lower in benign tumors (most benign
cases had less than 20 mitoses / 10 hpfs) but also,
more than half of the odontogenic carcinomas

/ multicystic ameloblastoma than in desmoplastic
variant (Table V).

Discussion

The presence of CCs is not uncommon in odon-
togenic lesions. CCs may be found in the epithelium
of several cystic lesions (as dentigerous cyst) and
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Figure 2. Mitotic index in benign and malignant group

mitotic index benign malignant
<10 14 46,67% 3 21,42%
10-19. 12 40,00% 5 35,71%
20-29. 3 10,00% 3 21,42%
30-39. 1 3,33% 1 7,14%
>40 0 0 2 14,28%
P (x test) 0,057

Table IV. Mitotic index in benign and malignant group

Type of ameloblastoma Mitotic index per case median average
Desmoplastic 2,2,3,5,7,8,11, 15,20 7 8
Solid / multicystic 256,67,8,8,9,10, 10, 10, 10, 10 12

11,13, 13, 15, 15, 16, 20, 23, 37

Table V. Mitotic index according to the type of ameloblastoma

represent a prerequisite for the microscopic diagno-
sis of the lateral periondontal cyst. CC components
were described in benign odontogenic tumors such
as ameloblastomas [18, 20-21], calcifying epithelial
odontogenic tumor (Pindborg tumor both in in-
traosseous or peripheral variants) [2, 17, 22] and
also, but rarely, in calcifying cystic odontogenic
tumor [8,19], ghost cell odontogenic tumor [29] or
in peripheral odontogenic fibroma [10, 24]; in some
cases of benign tumors, a more aggressive biologic
behavior was recorded compared to that of the
conventional counterpart [23]. CCOC is the main
representative of the malignant odontogenic tumors

with CCs; CCs may be present in other malignant
odontogenic tumors as ameloblastic carcinoma [5]
or ghost cell odontogenic carcinomal3].

The presence of CCs in such a wide variety
of odontogenic lesions may represent a source of
problems in differential diagnosis, even when dif-
ferentiating between benign and malignant. In fact,
when CCOC was first described by Hansen (3 cases
reported as CC odontogenic tumor in 1985 [14]),
the lesion was considered benign based on overall
unremarkable histopathologic appearance. Since
then, 58 similar cases of tumors were reported (a
total of 61 cases — based on MEDLINE search)
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Figure 3. Solid ameloblastoma with follicular pattern; clear
cells with oval nuclei with bland morphology (no nuclear
pleomorphism, fine granular chromatin, no visible nucleoli, no
mitoses). HE, original magnification x 400, scale bar 100 p

Flgure 4. Solid ameloblastoma with follicular pattern; clear
cells with oval nuclei with mild pleomorphism, occasional
small nucleoli, occasional mitoses. HE, original magnification
x 400, scale bar 100 p

Figure 5. Solid ameloblastoma with follicular pattern; clear
cells with oval nuclei with bland morphology (no nuclear
pleomorphism, fine granular chromatin, no visible nucleoli)
but relatively frequent mitoses. HE, original magnification x
400, scale bar 100 p

Figure 6. Ameloblastic carcinoma with clear cells in the center
of the tumoral islands; clear cells with round to oval nuclei
with mild nuclear pleomorphism; fine granular chromatin with
occasional small nucleoli, mitoses are present. HE, original
magnification x 400, scale bar 100 p

[1, 4, 6-7, 9, 16, 25, 27-28]. Accumulating data
changed the former perception of this entity from a
benign locally invasive neoplasm (“CC odontogenic
tumor” with an expected biological behavior closer
to an ameloblastoma — 1992 WHO classification
of odontogenic tumors [15]) to a more aggressive
neoplasm, denominated as CCOC - 2005 WHO
classification of head and neck tumors [5], as
follow-up of the patients revealed a more aggressive
biological behavior with frequent recurrences and
occasional metastases. However, when analyzing the
pictures of the CCOC reported in field literature,
none of the lesions have prominent cytological or
nuclear pleomorphism, features usually associated
with malignancy. Since CCOC may present an
ameloblastomatous pattern (clear cells nests with
ameloblastoma-like peripheral palisading) [9, 11-12],
differentiating between ameloblastoma with CC
and CCOC or even AC with CC may occur more
frequently than predicted in daily practice.

This is the first study addressed to the issue of
mitotic index in ameloblastomatous tumors, at least
to our knowledge. Presence of mitotic activity is
rarely noted in ameloblastoma [5] and it is tempt-
ing to use this criterion to differentiate between
ameloblastoma and odontogenic carcinomas.

In our study the mitotic index was, as expected,
higher in the malignant group but we have to un-
derline that almost one half of the benign group
cases presented a mitotic index higher than 20
mitoses/10HPE.

We question our method of quantification of
the mitotic index as a possible cause of obtaining
high mitotic indexes in benign tumors. Two biases
might occur:
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o “compressing” several consecutive hpfs in
order to obtain “solid” tumoral fields might
artificially increase the number of mitoses,
especially in desmoplastic ameloblastomas

+ extrapolating the mitotic count obtained in
few hpfs to 10 hpfs might also artificially aug-
ment the mitotic index by a sort of sampling
error effect, especially in small biopsies.

Analyzing the number of mitoses according to

the type of ameloblastoma (table V) we discovered
that, despite our method, only one case of desmo-
plastic ameloblastoma presented a mitotic index
of 20 and in this particular case the whole CC
component was 15% of the total tumoral mass in
a small biopsy — by “compressing” only 3 fields of
tumoral CC we obtained a total of 6 mitoses; the
other case of desmoplastic ameloblastoma with a
mitotic index of 15 presented 9 mitoses in a total
of 6 “compressed” hpfs of CC (the CC component
in this case was also small, only 10% of the total
tumoral mass). The other 3 cases with high mitotic
indexes (over 20) were solid / multicystic ameloblas-
tomas (mitotic indexes of 20, 23 and 37); in these
cases no “compression” was necessary; however, the
case with mitotic index of 37 presented 11 mitoses
from a total of 3 hpfs of CC (the CC component
in this case was very small, only 5% of the total
tumoral mass), so that an artificial rise of mitotic
index could be due to extrapolation of a particular
area of the tumor which might not be representa-
tive for the whole lesion (it is not uncommon to
discover occasional hpfs with even 3 or 4 mitoses
in an otherwise ordinary ameloblastoma). In total
we had 5 cases with small CC component in which
an extrapolation was performed in order to obtain a
mitotic index reported to 10 hpfs (the mitoses were
counted in 3, 3, 5, 5 and respectively 6 hpfs with
number of mitoses of 6/3hpfs, 11/3hpfs, 1/5hpfs,
4/5hpfs, 9/6hpfs), all but one being desmoplastic
ameloblastomas. Six other cases presented less than
50 high power fields of CC for analysis, in those
cases the mitotic counts being 11/11hpfs, 6/13hpfs,
6/20hpfs, 14/25hpfs, 28/26hpfs and 18/35hpfs.
However, even accepting that maybe the mitotic
index is not as high in ameloblastomas, we still
have 2 cases of solid / multicystic ameloblastomas
with mitotic indexes of 20 and 23 (those cases were
resection specimens for ameloblastomas with CC
component representing 50%, respectively 100% of
the tumoral mass, allowing the count of mitoses in
50 hpfs with consecutive conversion of the result
into mitotic index per 10 hpfs).

Our study reveals that mitotic index is not a
reliable factor for differentiating between benign
and malignant odontogenic tumors. Frank malig-
nant tumors present strikingly numerous mitoses;
otherwise, ordinary ameloblastomas may reveal an
impressive number of mitoses, sometimes in such
a proportion that the examiner could be induced
to consider that certain tumor as being malignant.
Unfortunately, in daily practice, the main problem
is not represented by high mitotic index in amelo-
blastoma but by low mitotic index in CCOC. An
odontogenic tumor with clear cells may present a
reduced number of mitoses but the overall behavior
(destruction of the cortical bone, invasion in the soft
tissue or even metastases) may allow its classifica-
tion as malignant. When dealing with an individual
case, mitotic index is not a reliable parameter for
differentiating benign ameloblastomas from odonto-
genic carcinomas since many ameloblastomas may
have an increased number of mitoses while CCOC
may show a not very prominent mitotic activity.
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