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On the basis of pathogenesis, two types of endome-
trial cancer can be recognized. Type 1 endometrial
carcinomas are relatively indolent tumors that de-
velop after prolonged estrogen stimulation, on a
background of endometrial hyperplasia. Type 2 en-
dometrial carcinomas are aggressive tumors that
are not associated with hyperplasia or estrogen ex-
cess. The aim of this study is to evaluate the prog-
nostic significance of tumor proliferative activity in
early-stage endometrial cancer by using mitotic in-
dex and immunostaining, comparing Type 1 (endo-
metrioid) and Type 2 (papillary serous carcinoma)
tumors. The mitotic index, MIB-1, and p53 immu-
nostaining in 39 tumors from patients with low-
grade Stage Ia or Ib endometrioid adenocarcinoma;
as well as 23 tumors from patients with Stage I
papillary serous carcinoma. In low-grade endo-
metrioid adenocarcinoma, mitotic and MIB-1 indi-
ces were statistically significant independent prog-
nostic indicators (P � .004 and P � .018,
respectively), and both were strongly correlated
with p53 expression (P � .01 and P � .006, respec-
tively). The mean mitotic index was 5 mitoses/10
high-power fields, and mean MIB-1 index was
27.5%. There was no significant correlation between
mitotic or MIB-1 indices and patient outcome or
p53 expression in papillary serous carcinoma. The
mean mitotic index was 31 mitoses/10 high-power
fields, and mean MIB-1 index was 30.5% in these
tumors. p53 expression and proliferative indices are
strongly correlated in low-grade endometrioid ade-
nocarcinoma. MIB-1 and mitotic indices are inde-

pendent prognostic indicators in these tumors. Pap-
illary serous carcinoma of endometrium is rapidly
proliferative in tumors even at an early stage, and
quantification of proliferative activity in these tu-
mors does not allow prediction of patient outcome.
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Endometrial cancer is the fourth most common
malignancy in North American women. In the
United States, there are 33,000 newly diagnosed
cases and 4,000 deaths per year (1, 2). On the basis
of the proposed dualistic model of endometrial car-
cinogenesis, there are two types of endometrial car-
cinoma that differ with regard to epidemiologic risk
factors, histopathologic lesions, and molecular
events (3). Type 1 endometrial carcinomas are rel-
atively indolent tumors that develop after pro-
longed estrogenic stimulation. Low-grade endo-
metrioid adenocarcinoma is the prototype of Type
1 endometrial carcinoma. Although most of these
patients do well, recurrence and death due to dis-
ease can occur. Type 2 endometrial carcinomas are
more aggressive tumors that are not associated with
endometrial hyperplasia or estrogen excess. These
tumors develop de novo in the atrophic endome-
trium of older postmenopausal women (4–7).
Papillary serous carcinoma of endometrium

(PSCE) is the prototype of Type 2 endometrial car-
cinoma and is an uncommon aggressive variant of
endometrial cancer. It accounts for 1–10% of cases
of endometrial carcinoma and for a disproportion-
ately high percentage of patients who die of endo-
metrial cancer (8–12).
p53 mutation and its overexpression are more

common in PSCE than in endometrioid adenocarci-
noma. p53 overexpression as assessed by immuno-
staining is seen in �85% of PSCE tumors, compared
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with in 20% of endometrioid adenocarcinomas, and
correlates with mutation of the p53 gene (13–18). We
have previously reported that p53 overexpression is
associated with a poor outcome for patients with low-
risk endometrial carcinoma (defined at our center as
Stage Ia or Ib, Grade 1 or 2 endometrioid endometrial
adenocarcinoma, without vascular invasion; 19). p53
overexpression was previously shown to be correlated
with advanced PSCE stage (20).

Our aims were to (1) evaluate the prognostic
value of assessing proliferative activity by using mi-
totic and MIB-1 indices in early-stage endometrial
carcinoma, (2) study the correlation between these
indices and p53 overexpression, and (3) attempt to
identify a subset of low-grade endometrioid adeno-
carcinoma tumors with high proliferative indices
and p53 overexpression that behave similarly to
Type 2 endometrial carcinoma, or a subset of PSCE
tumors with low proliferative indices and p53 neg-
ative immunostaining, with a relatively favorable
outcome.

MATERIAL AND METHODS

Cases Selection
The British Columbia Cancer Agency–Vancouver

is a regionally based comprehensive cancer center
with a catchment population of approximately 2.2
million people. Cases were selected as follows:

For low-grade endometrioid adenocarcinoma:
between January 1992 and August 1996, 406 pa-
tients with endometrioid endometrial adenocarci-
noma limited to the uterine corpus with �50%
myometrial invasion, no vascular invasion, and no
Grade 3 disease were identified. Grading was done
according to the 1988 revision of the International
Federation of Gynecology and Obstetrics system
(FIGO-88). Tumors with any component of papil-
lary serous or clear-cell differentiation were ex-
cluded. Of these tumors, 315 were found to be
diploid by flow cytometry. These latter patients
were considered to have low-risk endometrial car-
cinoma and received no further treatment. The
5-year disease-specific survival for these patients
was 95%. Fourteen patients in the low-risk group
developed recurrent disease. Eleven of the recur-
rent tumors and 28 stage- and grade-matched con-
trols chosen from this cohort of patients were se-
lected for this study.

For papillary serous carcinoma: between 1985
and 1995, 64 patients with papillary serous carci-
noma of endometrium limited to the uterine corpus
(Stage I) were identified, and staging was done ac-
cording to the FIGO-88 system. The 5-year disease-
specific survival was 75%. Formalin-fixed paraffin-
blocks and slides were available for 23 cases.
Clinical follow-up information from 4–144 months

(mean, 58 mo) was available for these patients. Six
of these patients died of the disease, and 17 were
alive with no disease during the follow-up period.
Treatment of these patients was variable, although
we observed a significantly better outcome for pa-
tients receiving postoperative whole-abdominal ra-
diotherapy (21).

Pathological Features
and Immunohistochemistry

The hematoxylin and eosin (H&E) slides for all
cases selected were reviewed; the proliferative ac-
tivity of these tumors was evaluated using mitotic
and MIB-1 indices. The mitotic index was done on
H&E sections by counting the number of mitoses in
five sets of 10 randomly selected high-power fields
(10HPF; 400�) of the tumor, and the highest count/
10HPF was used. One paraffin block containing
representative portions of the tumor was selected
from each case for MIB-1 and p53 immunostaining.
The avidin-biotin (ABC) method was used for im-
munostaining and applied to formalin-fixed and
paraffin-embedded tissue. Serial sections were cut
at 3 �m, deparaffinized with xylene, and rehydrated
through a series of graded alcohols. The immuno-
staining procedure was performed using an auto-
mated stainer (Ventana, Tucson, AZ). The primary
antibodies were used against Ki-67 protein (MIB-1,
Immunotech, 1:200) and p53 (DO-7, DAKO, 1:400).
The anti-p53 antibody DO-7 recognizes both wild-
type and mutant p53. In contrast to wild-type p53,
which is relatively unstable and expressed in small
amounts, mutant p53 is overexpressed and there-
fore remains longer in the nucleus. Sections were
counterstained with light hematoxylin. p53 nuclear
staining of �5% of tumor nuclei was considered
negative, staining of �5–50% of tumor nuclei was
considered weak positive, and staining of �50% of
tumor nuclei was considered strong positive.

MIB-1 index was assessed by counting 500 tumor
cell nuclei in at least five fields under a grid at 400�
magnification (10� ocular and 40� objective) and
calculating the percentage of positive nuclei. All
degrees of nuclear staining intensity were consid-
ered positive.

Statistical Analysis
Mann-Whitney U test was used for comparison of

median mitotic and MIB-1 indices with patient out-
come for both low-risk endometrial carcinoma and
PSCE. Fisher’s exact test was used to analyze a 2 �
2 table comparing the subset of low-grade endo-
metrioid carcinoma patients with high proliferative
indices and p53 overexpression with the rest of the
patients with regard to recurrence rate. The same
test was also used to analyze a 2 � 2 table compar-
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ing the subset of PSCE patients with low prolifera-
tive indices and p53 negativity with the rest of the
patients with regard to patient outcome. Scatter-
plots were used to assess the linear association and
simple linear regression analysis between mitotic
and MIB-1 indices in both tumors. Spearman’s rank
correlation coefficient was used as an estimator of
the linear correlation. Calculations and production
of graphs were done using SPSS software, Version
9.0 (SPSS, Chicago, IL).

RESULTS

Thirty-nine low-grade endometrioid adenocarci-
nomas were studied, 11 from patients who experi-
enced recurrence on follow-up and 28 stage- and
grade-matched controls who did not have a docu-
mented recurrence in the same follow-up period.
The mean mitotic index of these tumors was 5
mitoses/10HPF (median was 3 mitoses/10HPF),
and �65% of the tumors had �6 mitoses/10HPF
(Fig. 1). The mean MIB-1 index of these tumors was
27.5% (median was 27%). These markers of prolif-
erative activity were found to be independent pre-
dictors of the patient outcome in low-grade endo-
metrioid adenocarcinomas, with P � .004 in the
case of mitotic index and P � .018 in the case of
MIB-1 index (Figs. 2–4). There is strong positive
correlation between mitotic and MIB-1 indices with
a Spearman’s rank correlation coefficient (rs) of
0.85 (Fig. 5). These proliferative indices were signif-
icantly correlated with p53 overexpression status in
low-risk endometrial carcinomas with P � .01 in
case of mitotic index versus p53 and P � .006 in the
case of MIB-1 index versus p53 (Fig. 6).

We analyzed 23 Stage I papillary serous carcino-
mas of endometrium. Six of these patients died of
disease during the follow-up period, and 17 were

alive with no disease. The mean mitotic index of
these tumors was 31 mitoses/10HPF (median was
28 mitoses/10HPF), and �55% of the tumors had
�25 mitoses/10HPF (Fig. 1). The mean MIB-1 index
of these tumors was 30.5% (median was 31.0%). We
did not find these proliferative indices of prognostic
significance in Stage I PSCE (Figs. 2–3). The rela-
tionship between mitotic and MIB-1 indices in
these tumors showed a weak positive correlation
with a Spearman’s rank correlation coefficient (rs)
of 0.62 (Fig. 5). These proliferative indices were also
not significantly correlated with p53 overexpression
status in PSCE tumors (Fig. 6).

Low-grade endometrioid adenocarcinoma with
high proliferative indices (defined as �5 mitoses/
10HPF) and p53 overexpression were compared
with the rest of the group of low-grade endometri-
oid carcinoma (Table 1). There were relatively few
patients with high proliferative index and p53-
positive tumors. The outcome for patients whose
tumors showed both increased mitotic activity and
p53 overexpression was worse than that of patients
whose tumors lacked these features, but this differ-
ence was not statistically significant (P � .083). No
difference in outcome was observed when papillary
serous carcinomas with low proliferative indices
and p53 negativity were compared with those pap-
illary serous carcinomas lacking these features
(data not shown).

DISCUSSION

Endometrial adenocarcinoma has been subdi-
vided into two distinct clinicopathological groups
that differ not only with respect to their histology
but also with respect to risk factors, natural history,
outcome, and molecular events during tumorigen-
esis. In this study, we looked at these two groups of

FIGURE 1. Mitotic index in low-risk endometrial carcinoma and
papillary serous carcinoma of endometrium (PSCE) tumors. More than
65% of low-risk tumors have a mitotic index of �6 mitoses/10HPF,
compared with �55% of PSCE tumors that have a mitotic index of �25
mitoses/10HPF.

FIGURE 2. Scatterplots showing the relationship between patient
outcome and mitotic index of the tumor (A) in low-risk endometrial
carcinoma; P � .004, (B) papillary serous carcinoma; P value is not
significant. DOD, dead of disease; AND, alive—no disease.
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patients with endometrial carcinoma to evaluate
proliferative activity in their tumors.

The proliferative activity of a tumor has long been
considered to bear a relationship to its clinical
course, and recent reports indicate that measure-
ment of tumor cell proliferation yields useful prog-
nostic information. There are several methods to
measure cell proliferation. These include counting
mitotic figures, S-phase fraction assessed by 3H-
thymidine uptake or by DNA flow cytometry, or
immunostaining for the proliferating cell nuclear
antigen or MIB-1/Ki-67 index. MIB-1 is a monoclo-
nal antibody that recognizes a nuclear antigen that
is expressed in all cell cycle phases except G0. MIB-1
monoclonal antibody is a reliable means of assess-
ing the growth fraction of normal tissues and has
been used to study the cell proliferation in various
cancers (22–34).

Salvesen et al. (35) found MIB-1 immunostain
performed on paraffin-embedded tumor tissue to
be an independent prognostic indicator of survival
in 142 patients with endometrial carcinoma. In an-
other study series by Geisler et al. (36), 147 consec-
utive patients with endometrial carcinoma who had
no systemic therapy were followed for �60 months,
and the authors showed that MIB-1 index was an
independent prognostic indicator of 5-year sur-
vival, particularly in patients with Stage I disease.
Geisler et al. (37), in an earlier study on a series of
39 patients, had shown MIB-1 to be indicator of
increased risk of recurrence. Nordstrom et al. (38)
found MIB-1/Ki-67 expression and S-phase fraction
were significantly related to disease-specific sur-
vival in patients with endometrial carcinoma. De-
spite the methodological differences between these
studies, all found MIB-1 to be an independent prog-
nostic indicator of survival. Our study differs from
these earlier studies in separately considering low-
grade, low-risk tumors and high-grade papillary se-
rous tumors. As expected, the latter group had a

much higher proliferative rate in our study. We
found that the mitotic index, which is relatively
simple and applicable in routine pathology prac-
tice, is also an independent prognostic factor and is
strongly correlated with MIB-1 index in low-grade
endometrioid carcinoma.

In PSCE, MIB-1 or mitotic index did not correlate
with outcome, and the correlation between mitotic
and MIB-1 indices in these tumors was weak. Al-
though expression of Ki-67 is consistently seen in
normal proliferating cells, it may be lost in high-
grade tumor cells. Mitotic index is simpler than
immunostaining, and on the basis of these results,
it is a better measure of cell proliferation than is
MIB-1 staining in these tumors.

FIGURE 3. Scatterplots showing the relationship between patient
outcome and MIB-1 index of the tumor (A) in low-risk endometrial
carcinoma; P � .018, (B) papillary serous carcinoma; P value is not
significant. DOD, dead of disease; AND, alive—no disease.

FIGURE 4. Simple linear regression plots of mitotic and MIB-1
indices in (A) low-risk endometrial carcinoma; rs � 0.85, (B) papillary
serous carcinoma of endometrium; rs � 0.62.

FIGURE 5. Scatterplots showing the relationship between
proliferative indices and p53 overexpression in both tumors. A, mitotic
index and p53 overexpression in low-risk endometrial carcinoma; P �
.01. B, mitotic index and p53 overexpression in papillary serous
carcinoma of endometrium (PSCE); P value is not significant. C, MIB-1
index and p53 overexpression in low-risk endometrial carcinoma; P �
.006. D, MIB-1 index and p53 overexpression in PSCE; P value is not
significant.
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Mitotic index is used routinely in the grading of
breast carcinoma and increasingly is applied to the
grading of ovarian carcinoma (39, 40). Pirog and
Czerwinski (41) have shown that a significantly
higher 5-year mortality rate was associated with a
mitotic index of �5 mitoses/10HPF in endometrial
adenocarcinoma. Tornos et al. (42) identified �8
mitoses/10HPF as a statistically significant adverse
prognostic factor in Stage I, Grade I endometrioid
endometrial adenocarcinoma. FIGO grading of
uterine endometrial endometrioid carcinoma re-
quires evaluation of histologic features, including
recognition of the amounts of solid growth, distinc-
tion of squamous from nonsquamous solid growth,
and assessment of degree of nuclear atypia (43). It
does not include mitotic index. Assessment of mi-
totic index could easily be incorporated into the
grading of endometrial carcinoma, as is done for
breast and ovarian carcinoma, and this potentially
could improve our prognostication for patients
with these tumors.

Low-grade tumors tend to have a mitotic index of
�10 mitoses/10HPF, and high-grade tumors, �10
mitoses/10HPF. Our results suggest that endome-
trial carcinoma can be divided into three groups
based on the mitotic index, with low, intermediate,
and high risk of recurrence, using the cutoffs of �5,
6–10, and �10/10HPF, respectively. It is possible
that a grading system combining architecture, nu-
clear grade, and mitotic index could replace the
current practice of subclassifying endometrial can-
cer based on cell type and, in the case of endometri-
oid carcinoma, tumor architecture. This possibility
would have to be tested in a large series of patients
with endometrial adenocarcinoma.

p53 overexpression is more frequently seen in
papillary serous carcinoma than in endometrioid
adenocarcinoma (13). We have shown in previous
studies that p53 overexpression can be of prognos-
tic significance in low-risk endometrial carcinoma
but not in papillary serous carcinoma1 (9, 21). p53
overexpression in endometrial carcinoma was cor-
related with higher cell proliferative indices, such as
MIB-1 index, as shown by Ioffe et al. (44). In this
study, we looked at the correlation between p53 over-
expression and proliferative activity markers. We
found significant correlation between both markers of
proliferative activity (mitotic and MIB-1 indices) and
p53 in low-risk endometrial carcinoma (P � .001 and
P � .006, respectively) but not in PSCE.

FIGURE 6. The disease-free probability for the low-grade endometrioid adenocarcinoma patients, comparing tumors with �6 mitoses/10HPF
(upper curve) and tumors with �6 mitoses/10HPF (lower curve). P � .004.

TABLE 1. p53 Overexpression and Mitotic Index in Low-

Grade Endometrioid Endometrial Adenocarcinoma

Group No Recurrence Recurrence Total

Rest of patients 25 7 32
P53 positive and MI � 6/ 3 4 7
Total 28 11 39

MI, mitotic index (mitotic figures/10 high-power fields).
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We hypothesized that a subset of tumors classi-
fied as low-grade/low-risk by conventional his-
topathological assessment would show immuno-
phenotypic and cell proliferation features of high-
grade tumors. Accordingly, we compared low-grade
endometrioid carcinoma with increased mitotic in-
dex and p53 overexpression to tumors lacking these
features. The difference in outcome for these pa-
tients approached but did not reach statistical sig-
nificance (P � .08) when we used the combination
of mitotic index of �5/10HPF and p53 overexpres-
sion to define this subset of patients. A similar
approach was also used for the patients with PSCE.
In this group of patients, we tried to recognize a
subset with low proliferative markers and lacking
p53 overexpression whose tumors behave less ag-
gressively than those of other PSCE patients. Sepa-
ration of such a subset from the rest of PSCE pa-
tients did not prove possible.

In summary, markers of proliferative activity,
particularly mitotic index, are good predictors of
patient outcome in low-grade endometrioid adeno-
carcinoma. Routine inclusion of mitotic index in
assessment of tumor grade could improve prognos-
tication of these tumors.
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Book Review

Wiernik P: Adult Leukemias, 300 pp, Hamilton,
Ontario, Canada, 2001 ($149.00).

The short text Adult Leukemias, by Peter Wiernik,
M.D., is a well-written, comprehensive review of
the clinicopathologic, immunophenotypic, cyto-
genetic, and therapeutic aspects of the leuke-
mias. The book is written for clinicians, including
hematologic/oncologists and pathologists, and
students and residents of all levels of training.
Dr. Wiernik and his distinguished list of contrib-
utors have made a complex topic quite
understandable.

The authors have referenced important, re-
cent papers from the literature. Many tables and
charts are incorporated effectively throughout
the book, particularly in the morphology and
immunophenotyping chapters. In describing the
leukemias, the authors reinforce the principles
by using morphologic criteria, immunopheno-

typic data, and cytogenetics together in several
tables. The microscopic photographs are of ex-
cellent quality. Furthermore, the clinical photog-
raphy and data covered in the chapter regarding
extramedullary manifestations is very well done
and diagnostically useful. There is some repeti-
tion of morphology and diagnostic classifications
of the acute myeloid leukemias, as they are de-
scribed in the text and various tables both in the
diagnosis and the morphology chapters.

In summary, Dr. Wiernik has effectively
achieved his goal of reviewing the advances in
leukemia biology. The book is a good supple-
ment and a nice addition to the hematologic
literature.

John M. Oscherwitz
University of Kansas School of Medicine
Kansas City, Kansas
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