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Abstract We surveyed cervical intraepithelial neoplasia
(CIN) to quantify the proliferation rate and the presence
of normal and atypical mitotic figures. In the cervical tis-
sue specimens of 127 women with CIN, the area with the
highest cell proliferation was identified and, at that site,
the proliferation rate was assessed by calculating the mi-
totic index (MI). Lesions with an MI <2 were not consid-
ered further. In the area with the highest proliferation
rate, 228 mitoses were classified into one of the following
groups: normal mitotic figures (NMFs), lag-type mitoses
(L'TMs) comprising three group metaphases (3GMs), two
group metaphases (2GMs) and other lag-type mitoses
(OLTMs), multipolar mitoses (MPMs) comprising tripo-
lar mitoses (3PMs) and quadripolar mitoses (4PMs), and
other atypical mitotic figures (OAMFs). The median val-
ue of the MI increased significantly from 3 in CIN I
through 4 in CIN II to 9 in CIN III (P<0.001). The occur-
rence of the different LTMs was mutually correlated. The
frequency of LTMs increased significantly with increas-
ing CIN grade (P<0.001), whereas the frequency of
NMFs decreased significantly with increasing CIN grade
(P<0.001). The frequency of OAMFs was not related to
CIN grade (P=0.94). MPMs were present in low numbers
in a minority of the lesions. Spearman’s rank correlation
coefficient (with 95% confidence limits) between the MI
and the number of LTMs, OAMFs and NMFs was 0.66
(0.53; 0.75), -0.14 (-0.32; 0.05) and -0.51 (-0.63;
—0.35), respectively. Increasing CIN grade is associated
with increasing MI, increasing numbers of LTMs, and de-
creasing numbers of NMFs. MPMs are very rare events in
CIN. The abundant presence of OAMFs seems to be inde-
pendent of CIN grade and MI.
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Introduction

The presence of abnormal mitotic figures (AMFs) and an
increased proliferation rate support a diagnosis of cervi-
cal intraepithelial neoplasia (CIN) in equivocal cases {1,
5, 15]. Although AMFs are considered to be characteris-
tic features of CIN and are of diagnostic importance, lit-
tle is known of the prevalence and interrelationships of
specific AMFs in this histological entity. Therefore, we
surveyed the mitotic figures and the proliferation rate of
CIN lesions. More specifically, we investigated: the pro-
liferation rate of CIN lesions, the spectrum of mitotic
figures in CIN, and the relationship between the prolifer-
ation rate and the presence of particular atypical mitotic
figures in CIN. The study was performed as a cross-sec-
tional study on newly diagnosed patients with CIN.

Patients and methods

Patients were recruited from the colposcopy clinic of the Depart-
ment of Gynaecology, University Hospital, Groningen. They were
eligible for participation in the study if it was their first referral
with an abnormal cervical cytology report indicating intraepitheli-
al neoplasia; if they were subsequently diagnosed as having CIN
grade I, IT or III; if there were no abnormalities in the cylindrical
epithelium; and if they were not pregnant. From 1 September 1988
to 1 May 1991, 148 consecutive patients were eligible for the
study; 21 of these were excluded because of morphologically un-
satisfactory material (n=10) or an insufficient amount of material
(n=11), which left 127 patients.

Routine processing of the tissue specimens

If CIN was diagnosed in the biopsies, the whole transformation
zone was excised about 6-10 weeks later by either loop electro-
section or cold knife conization. With either treatment technique,
the entire lesion was removed for morphological examination. The
diathermy loop was used if the entire squamocolumnar junction
could be seen and it did not extend up into the canal for more than
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5 mm, measured from the anatomical os externum. Details of the
technique have been described previously [4]. The tissue was fixed
immediately in buffered formalin 8%, pH 7.42. After paraffin em-
bedding, at least four 4-um-thick sections were cut in an anterior-
posterior direction and processed routinely for HE staining. Cold
knife conization was performed when the neosquamocolumnar
Jjunction extended up into the endocervical canal for more than
5 mm, measured from the anatomical os externum. For histopatho-
logical analysis, the excised cone was incised at the 12 o’clock po-
sition, stretched, fixed in formalin and embedded in paraffin. A 4-
um section was cut at each hour position, and the 12 sections ob-
tained were processed routinely for HE staining.

The histological diagnosis of CIN according to the WHO crite-
ria [12] was made independently by both pathologists (H.H. and
W.J.L.M.P.). If there was a discrepancy in the diagnosis, the speci-
mens were re-examined by both the pathologists together and a
consensus diagnosis was made. The pathologists were unaware of
the mitosis count results.

Examination of mitoses

The microscopical examinations were performed with a Leitz dia-
lux 20 EB microscope with a 40x npl fluotar Leitz objective (n.a.
0.70) and a 10x wide-field periplan ocular piece. The analysis of
the mitotic figures was done by one person (A.M.v.L.).

For the purpose of this study, new sections 4 um thick were
made from all the tissue blocks, in order to achieve uniform quali-
ty of the study material. These sections were used to identify the
area with the highest mitotic index (MI). This area could be local-
ized in one of the biopsies or in the electrosectioned slice or in the
cold knife cone. The MI was assessed by counting the number of
mitoses per 1000 nuclei from basal to proximal through the epi-
thelial layer by using a grid. We also assessed the MI on the basis
of extended counting, and this estimate of the MI will be referred
to as Mlext. The Mlext was assessed to analyse the correlation be-
tween an MI per 1000 nuclei and an MI per (approximately)
10,000 nuclei. For the assessment of Mlext, 18 additional step sec-
tions were cut from the tissue block which contained the area with
the highest MI. Every second section was taken for further analy-
sis to ensure that none of the mitoses was considered twice. In
nine step sections, the MI was assessed by counting the number of
mitoses in an area of equal size to the area that contained 1000 nu-
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clei in the first section. The Mlext was defined as the mean value
of the MI, as estimated in the first section and nine additional step
sections.

Mitotic figures were defined as figures without a nuclear mem-
brane, which indicated that the cell had passed the prophase, and
in which clear hairy extensions of nuclear material were present.
Pycnotic nuclei or nuclei with basophilic cytoplasm were not con-
sidered [16].

Mitoses were classified into normal and atypical mitoses. Nor-
mal mitotic figures (NMFs) were classified according to the defi-
nitions given by Rubio [13]. AMFs were defined as mitoses with-
out the typical aspect of normal mitoses. We classified the AMFs
into the following categories:

1. Lag-type mitoses (LTMs): figures with nonattached condensed
chromatin in the area of the mitotic figure. These were subdivided
into:
a) Two group metaphases (2GMs): metaphases with nonat-
tached condensed chromatin at one polar side;
b) Three group metaphases (3GMs): metaphases with nonat-
tached condensed chromatin at equidistant positions at the two
polar sides (Fig. 1);
¢) Other lag-type mitoses (OLTMs): lag-type mitoses without
the configuration of a 2GM or 3GM.
2. Multipolar mitoses (MPMs): metaphases with an abnormal con-
figuration of the equatorial plate; the chromosomes were located
along several radial axes. These figures were subdivided into:
a) Tripolar mitoses (3PMs): metaphases with three radial axes;
b) Quadripolar mitoses (4PMs): metaphases with four radial
axes.
3. Other atypical mitotic figures (OAMFs): atypical mitoses with
a morphological appearance which was not reconcilable with one
of the abovementioned classes. The OAMFs included ring mito-
ses, asymmetrical mitoses, dispersed mitoses, etc.

The analysis of mitotic figures was performed on the first section
from the area with the highest visual number of mitoses. On arbi-
trary grounds, we wanted to be 99% sure that any specific AMF
was detected if its frequency among the mitoses in a lesion was
actually 2% or more. Statistically, the number, n, of mitoses had to
be so large that the chance P(n) of not observing any specific
AMF among n mitoses selected at random from a tissue specimen
with a fraction p of that particular AMF was less than o. From the
formula:
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P(n)=(1-p)<a
it followed that
n2In(o)/In(1-p).

For a=0.01 and p=0.02, we calculated n=228. If the selected area
in the first section was too small to count 228 mitoses, we used ad-
ditional odd-numbered step sections (which were made for the as-
sessment of Mlext). If the MI was 1 or less, the mitotic figures
were not analysed in the particular lesion, because it was practical-
ly impossible to count 228 mitoses.

Statistical analysis

The Kruskal-Wallis one-way analysis of variance was used to ex-
amine whether there was a significant difference in the distribution
of current age or the MI between the three groups of patients with
CIN grade I, I and I1I. The Spearman’s rank correlation coeffi-
cient was used to express the relationships between the MI and
Miext, between the frequency of various mitotic figures, or be-
tween the frequency of mitotic figures and the MI. The statistical
and graphical procedures were performed with the SYSTAT soft-
ware package [18]. The 95% confidence interval of Spearman’s
rank correlation coefficient was obtained with the CIA (Confi-
dence Interval Analysis) software package [9]. P values of less
than or equal to 0.05 were considered significant.

Results
Patients

In the group of 127 patients, the histological diagnoses
were CIN I (n=15), CIN II (n=28) and CIN III (n=84).
The ages of the patients ranged from 20 to 66 years, with
a mean age of 34.9 (SD 7.4) years. The mean ages of the
patients with CIN I, CIN IT and CIN III were 32.2 (SD
7.0) years, 35.0 (SD 7.5) years and 35.4 (SD 7.4) years,
respectively. There was no difference in the age distribu-
tion between the three CIN grades (P=0.30; Kruskal-
Wallis one-way analysis of variance).
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Fig. 2 Distribution of the mitotic index (MI) in relation to the
grade of cervical intraepithelial neoplasia (CIN) (n=127)

141
The distribution of the MI and the Mlext in CIN

The MI in the 127 lesions ranged from 0 to 51, with a
median value of 8. The median values (and the range of
the values) of the MI among the CIN 1, CIN 1I and CIN
IIT lesions were 3 (0-8), 4 (1-29) and 9 (1-51), respec-
tively. The distribution of the MI per CIN grade is pre-
sented graphically in Fig. 2. There was a statistically sig-
nificant difference in the MI between the three CIN
grades (P<0.001, Kruskal-Wallis one-way analysis of
variance).

The Mlext ranged from 0.1 to 43.1 with a median val-
ue of 6.5. Spearman’s rank correlation coefficient be-
tween the MI and the Mlext was 0.92 (95% confidence
limits 0.88 and 0.94). Of the 108 cases with an MI >2,
the value of the Mlext was <2 in | patient. However, of
the 19 cases that had a MI <2, the Mlext was 22 (i.e. 2.0,
2.3 and 2.7) in 3 patients. We conclude that the estimates
of the MI and the Mlext are very similar. We will use the
Ml in the further statistical analysis.

Table 1 Distribution of atypical and normal mitotic figures in the
three CIN grades. Mitotic figures were counted among 228 mito-
ses in lesions which showed a mitotic index >2

CINI CIN 11 CIN III

Total number 11 19 78
3GM

n 0 7 64

median 3 6

range -7 1-17
2GM

n 10 14 77

median 3 12 22

range 1-4 1-34 2-61
OLTM

n 10 19 78

median 3 10 21

range 1-7 2-42 2-69
3IPM

n 2 6 14

median 1.5 1 1

range 1-2 1-2 1-3
4PM

n 0 1 7

median 1

range 1 1-2
OAMF

n 11 19 78

median 112 109 104

range 73-163 61-160 41-196
NMF

n 11 19 78

median 111 94 70

range 59-151 21-150 12-136

n=number of positive cases; median and range refer to the number
of figures within the group of lesions which showed that particular
figure
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The AMF types in CIN

From the total group of 127 patients, 19 (15%) showed a
MI <2. In this group of 19 patients, the histological diag-
noses were CIN I (n=4), CIN II (n=9) and CIN III (n=6).
These 19 patients were not included in the further analy-
sis. We performed a quantitative analysis on the occur-
rence of 3GM, 2GM, OLTM, 3PM, 4PM, OAMF and
NMF in all three CIN grades. The results are shown in
Table 1.

The 3GM did not occur in CIN I lesions. Comparison
with the group of CIN II lesions showed that the group
of CIN IIT lesions had a higher percentage of 3GM-posi-
tive lesions, as well as a higher number of 3GMs per 228
mitotic figures in a lesion. The 3GM remains an infre-
quent finding, however: a total of 31 (44%) of the 71
3GM-positive lesions showed <4 3GMs per 228 mitoses,
which means a frequency of less than 2%. The 2GM was
found in nearly all of the lesions, including the CIN I le-
sions. Tts frequency among the mitotic figures increased
with increasing severity of the CIN lesion, from a medi-
an value of 3 2GMs per 228 mitoses in CIN I to 22
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Fig. 3 Frequency of lag-type mitoses (LTM), other atypical mitot-
ic figures (OAMF) and normal mitotic figures (NMF) among 228
mitoses in relation to the CIN grade (n=108; cases with MI<2 ex-
cluded)

2GMs per 228 mitoses in CIN III. OLTMs were found in
all of the lesions with the exception of one CIN I lesion,
and the frequency also increased with increasing severity
of the CIN lesion. The frequencies of OLTM and 2GM
in CIN lesions were very similar.

We subsequently analysed the relationships between
the specific LTMs. Spearman’s rank correlation coeffi-
cient between the occurrence of 3GM and 2GM was
0.83, with a2 95% confidence interval from 0.76 to 0.88.
All the lesions that showed 3GM also showed 2GM. In
30 cases, 2GM was present without the simultancous
presence of 3GM. Spearman’s rank correlation coeffi-
cient between the occurrence of 3GM and OLTM was
0.70, with a 95% confidence interval from 0.59 to 0.79.
We conclude that the specific LTMs are strongly corre-
lated with each other.

Only 24 (22%) of the 108 lesions displayed MPMs,
i.e. 3PMs and/or 4PMs. In all these 24 cases, the total
number of MPMs did not exceed 3 per 228 mitoses.

The group of OAMFs comprised the AMFs that could
not clearly be delineated as a LTM or MPM. The median
number of OAMFs per 228 mitoses ranged from 112 in
CIN I lesions to 104 in CIN IIT lesions.

The median number of NMFs per 228 mitoses ranged
from 111 in CIN I to 70 in CIN IIi.

Figure 3 shows the distribution of LTMs, OAMFs and
NMFs per CIN grade graphically. The frequency of
LTMs increased significantly with increasing CIN grade
(P<0.001; Kruskal-Wallis one-way analysis of variance).
The frequency of OAMFs was not related to CIN grade
(P=0.94; Kruskal-Wallis one-way analysis of variance).
The frequency of the NMFs decreased significantly with
increasing CIN grade (P<0.001; Kruskal-Wallis one-way
analysis of variance). Because of the small numbers, the
frequency distribution of MPMs per CIN grade is not in-
cluded in Fig. 3.

The relationship between the MI and AMF types in CIN

The 3GM type was found at MI values of 4 or higher. At
MI values of 10 or higher, 3GM were absent in only 3
(7%) of the 43 cases. The presence of 3GM in relation to
the MI is depicted in Fig. 4. The 2GM was found in a
proportion of the lesions with MI values from 2 through
5, and this figure was always present at MI values of 6 or
higher. As stated above, 2GM was present without the si-
multaneous occurrence of 3GM in 30 lesions, all of
which had a comparatively low ML

When we considered the LTMs as a group, Spear-
man'’s rank correlation coefficient between the number of
LTMs and the MI was 0.66 (95% confidence limits 0.53
and 0.75). We conclude that the frequency of LTMs in-
creases significantly with increasing CIN grade.

Spearman’s rank correlation coefficient between the
MI and the number of OAMFs was —0.14 (95% confi-
dence limits —0.32 and 0.05), which means that these
variables are not significantly associated. However, we
did find a significant negative relationship between the
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Fig. 4 Distribution of the MI in relation to the presence of three
group metaphases (3GM) among 228 mitoses in CIN lesions
(n=108; cases with MI<2 excluded)

MI and the presence of NMFs (Spearman’s rank correla-
tion coefficient between these variables was —0.51, with
—0.63 and —0.35 as the 95% confidence limits). It can be
argued that CIN grade confounds the association be-
tween the MI and the presence of AMFs, because the MI
is also associated with CIN grade. We therefore per-
formed the analysis within the group of CIN III lesions
only. The correlation coefficients are somewhat lower,
but the conclusions are essentially unchanged: Spear-
man’s rank correlation coefficients (with 95% confidence
limits) between the MI and the number of LTMs,
OAMFs and NMFs in CIN III lesions were 0.44 (0.24;
0.60), -0.17 (-0.37; 0.06) and —0.24 (-0.44; —0.02), re-
spectively. Because of the small numbers, the MPMs
were not considered in this part of the analysis.

Discussion

In the literature, the proliferation rate of a lesion is com-
monly expressed as the number of mitoses per 10 high-
power fields. This method has the disadvantage that the
outcome depends on the cell size and the square area of
the high-power field [7]. We preferred to assess the cell
proliferation rate by counting the number of mitoses per
1000 nuclei (the MI) in the area with the highest number
of mitoses visually. We demonstrated that this estimate
did not differ substantially from the result obtained by
counting the number of mitoses per 10000 nuclei in step
sections from this area.

In this study, a standard number of mitoses was
counted in the lesions from a large group of consecutive-

143

Iy enrolled women. In each lesion, 228 mitoses were
counted in sections cut and stained at one laboratory
(Laboratory of Pathology, Winschoten); this condition
produced slides of constant quality. To minimize intra-
individual variation in the examination of mitoses, only
the well-defined and clearly recognizable mitotic figures
were considered. We adhered to the rules for mitosis
counting, and any technically unsatisfactory specimens
were excluded from the analysis [2].

We found two reports on mitosis counting in CIN [5,
15]. Both these reports refer to an increased proliferation
with increasing CIN grade, which is in agreement with
our findings. Very few reports have appeared on the
quantitative analysis of different types of mitotic figures
in cervical lesions. No meaningful comparison is possi-
ble between our results and those of others, because the
selection of patients and counting procedures used were
completely different. We demonstrated a strong associa-
tion between the occurrence of LTMs and CIN grade. We
found 3GM only in CIN II and CIN III lesions, which
confirms the data of other investigators [6]. The 3GM is
the best studied mitotic figure of the lag type and its
presence seems to be characteristic of neoplasia. In
chemically induced lesions of the uterine cervix in mice,
3GM was found in carcinoma in situ and invasive carci-
noma, but was absent in dysplastic and inflammatory le-
sions [14]. In micro-invasive cervical carcinomas of hu-
mans, the intraepithelial part contained 3GM in 83-93%
of the cases [6, 10]. In an image cytometry study, 3GM
proved to be a better indicator of the presence of a large
number of nonpolyploid high-ploidy cells in CIN than
the traditional histological CIN classification [11]. As
large numbers of these cells are related to aneuploidy
[17], 3GM can be regarded as an indicator of aneuploidy,
which is an established determinant of progressive CIN
lesions [3, 8]. In a series of koilocytotic lesions, the pres-
ence of 3GM was also confined to the lesions that were
aneuploid [19].

We demonstrated that MPMs are seldom found in
CIN lesions. The OAMFs were present in large numbers
in all of the CIN lesions, but their frequency was not as-
sociated with the CIN grade. The increase in the number
of LTMs with increasing CIN grade seems to occur at
the cost of the NMFs.

In the present study, we have described quantitatively
the proliferation rate and the spectrum of AMFs in CIN.
To study their possible diagnostic importance, particular-
ly regarding the LTMs, we are planning a survey of the
intraepithelial part of micro-invasive carcinomas and
non-neoplastic cervical epithelial changes for the MI and
the mitotic figures.
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