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Endometrial carcinoma: immunohistochemically
detected proliferation index is a prognosticator of
long term outcome

AM Gassel, J Backe, S Krebs, S Schon, H Caffier, H K Muller-Hermelink

Abstract
Aim-To test which immunohistochemi-
cally detected tumour parameters are
predictive of outcome in endometrial car-
cinoma.
Methods-A retrospective study of 300
patients diagnosed with endometrial car-
cinoma between 1980 and 1985, ensuring a
follow up of at least 10 years. Paraffin wax
embedded tissues from 236 patients with
endometrial carcinoma were evaluated in
terms of histological tumour type and
grade, stage ofdisease, and certain immu-
nohistochemical biological parameters.
These parameters included the expression
of oestrogen and progesterone receptors,
the expression of p53 protein, the expres-
sion of the c-erbB-2 oncoprotein, and the
expression of protease cathepsin D, to-
gether with the rate of cell proliferation.
Results-Using univariate analysis, the
following parameters correlated signifi-
cantly with adjusted survival: histological
type (p = 0.025), grade (p = 0.00003),
FIGO stage (p < 0.00001), proliferation
rate (p = 0.00002), oestrogen receptor ex-
pression (p = 0.007), progesterone recep-
tor expression (p = 0.0092), and p53
expression (p = 0.00028). These param-
eters also correlated significantly with
both disease free and overall survival.
There was a weak correlation of cathepsin
D expression with survival, but no corre-
lation of c-erbB-2 expression with sur-
vival. Using multivariate analysis, only
FIGO stage (p = 0.0021), histological
grade (p = 0.005), and proliferation rate
(p = 0.0007) remained statistically signifi-
cant prognosticators of adjusted survival
as well as of disease free and overall
survival.
Conclusions-In addition to conventional
histological parameters, the immunohis-
tochemical determination of proliferative
activity could contribute to the identifica-
tion of a high risk subgroup of endome-
trial carcinomas. The other parameters
tested were not of significant additional
predictive value.
(T Clin Pathol 1998;51:25-29)
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Endometrial carcinoma is one of the most fre-
quent and also one of the most curable of carn-
cers affecting women' with 10 year survival
rates of up to 97% in low risk groups.2

However, if recurrence occurs, the survival rate
drops significantly. To identify patients with a
high risk of recurrence, and to prevent
uneccessary treatment in patients with low risk
disease, prognostic factors need to be defined
clearly. These include stage,3 grade, histologi-
cal type, patient's age,4 tumour size,5 hormone
receptor status,6 and oncogene expression.78
When performing routine surgical pathology, it
is difficult to test for all of these factors. This
study aimed at identifying factors associated
independently with survival rates. Hopefully,
such factors will be useful both in the individu-
alisation of treatments and to help minimise
diagnostic expenses.

Methods
PATIENTS
Three hundred patients with a diagnosis of
endometrial carcinoma from 1980 to 1985
were studied retrospectively, ensuring a follow
up of at least 10 years. Data were collected
from the clinic of obstetrics and gynaecology,
University of Wurzburg and from office
records of the patients' community. The mean
age was 67 years (41-94 years). One hundred
and eighty three patients (61%) underwent
primary surgical therapy. One hundred and
seventeen patients (38%) received primary
pelvic irradiation owing to their reduced
health status. Additional postoperative radia-
tion was performed on 46% of the operated
patients. Indications were stage 1 tumours
infiltrating more than 3 mm of the myo-
metrium, as well as stage 2 and stage 3 disease.
Most of the patients had the following risk
factors known to be associated with endome-
trial carcinoma: overweight (up to 30%
overweight, 38%; up to 60% overweight, 24%;
up to 90% overweight, 5%), hypertonus
(58%), and diabetes (29%).

TYPING AND GRADING
All cases were reclassified and histological typ-
ing and grading was performed according to
the WHO classification of endometrial carci-
noma from 1994 and the FIGO criteria.9

STAGING
All cases were restaged. Patients who under-
went primary surgery were staged according to
the FIGO classification of 1988. The patients
receiving primary radiation therapy were
staged clinically, using the adopted FIGO
classification from 1971.
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IMMUNOHISTOCHEMISTRY

Slides from 236 cases were reviewed and
analysed by immunohistochemistry. All immu-
nohistochemical stainings were evaluated by
two independent observers blinded to the
clinical data.

Proliferation
The growth fraction was determined by immu-
nohistochemical detection of proliferating cells,
using the monoclonal antibody Ki-S 1. This
antibody is directed against topoisomerase
II-a"° and reacts with all phases of the cell cycle
except G, It can be applied to paraffin wax
embedded sections after microwave treatment
as described by Kreipe et al using a peroxidase
antiperoxidase technique and rabbit antimouse
antibody. The percentage of positively stained
tumour cell nuclei was counted in five areas of
the slide with maximum staining intensity and
the mean value was taken. According to the
percentage of proliferating cells the tumours
were classified as low (< 20% proliferation),
medium (21-50% proliferation), and high pro-
liferating (51-100% proliferation).

Hormone receptor status
Oestrogen and progesterone receptor expres-
sion was determined immunohistochemically
using both oestrogen and progesterone recep-
tor specific antibodies and staining kits from
Abbott (Wiesbaden, Germany). The scoring
system of Remmele and Stegner" was used: an
immunoreactive score was derived by multiply-
ing the staining intensity (negative = 0,
mild = 1, moderate = 2, strong = 3) with the
percentage of positive tumour cell nuclei
(0 = none, 1 = < 10%, 2 = 10-50%, 3 = 51-
80%, 4 = > 80%). In accordance with Segreti
et al," an immunoreactive score of 2 and higher
was considered to be positive.

p53 expression
Expression of the tumour suppressor gene
product was determined with the help of the
p53 antibody DO-1 (Immunotech, Hamburg,
Germany). This antibody reacts with wild-type
and mutant oncoprotein in formalin fixed, par-
affin wax embedded material. It was applied
undiluted to microwave pretreated slides as

described previously by Pezzella et al." The
positive tumour cells were identified using the
immunoreactive score described for hormone
receptors.

c-erbB-2 expression
Expression of the oncoprotein c-erbB-2 (HER-
2/neu) was determined by immunohistochem-
istry using the monoclonal antibody CB1 1

(BioGenex, San Ramon, California, USA).
This antibody was applied according to the
manufacturer's protocol. Percentage and inten-
sity of tumour cell membrane activity was
determined with the help of the abovemen-
tioned scoring system.

Cathepsin D expression
Expression of the lysosomal proteinase cathep-
sin D was determined immunohistochemically
by evaluating the number of reactive tumour

cells and the staining intensity ofthe monoclonal
antibody Ab-1 (Oncogene Science, Cambridge,
Massachusetts, USA). The antibody was ap-
plied as suggested by the manufacturer and
visualised with an immunoperoxidase tech-
nique, as described above. In accordance with
previously published data from breast cancers"4
we used the same scoring system as for hormone
receptors (see above). Immunoreactive stromal
cells were not evaluated.

STATISTICS
Statistical analyses were performed using the
software SPSS (Statistical Package for the
Social Sciences, Munich, Germany) for Win-
dows. The Spearman rank test was used to
correlate oestrogen and progesterone receptor
expression. Evaluation of follow up data was
based on the log rank test and was visualised by
Kaplan-Meier curves. For multivariate analy-
sis, the Cox proportional hazards model was
used to assess the relative strength of multiple
covariates. Differences of p < 0.05 were con-
sidered to be statistically significant.

Results
During the follow up period (0-15 years) 120
patients died because of malignancy and 84
patients died owing to intercurrent disease.
The outcome appeared to be treatment related,
with a longer survival in patients who had been
operated on compared to those who had not. A
correction was made for this difference in the
multivariate analysis.

TYPING
Two hundred and fourteen tumours (91%)
were adenocarcinomas with endometroid dif-
ferentiation, including 36 adenoacanthomas
and 12 adenosquamous carcinomas. Only 9%
of the tumours displayed non-endometroid
features with seven clear cell carcinomas, eight
serous carcinomas, and seven undifferentiated
carcinomas (3% each). Histological type had a
significant influence on adjusted survival
(p = 0.025) and a slight influence on overall
survival (p = 0.072) in univariate analysis. Dis-
ease free survival was not associated with
histological type (p = 0.6). Endometroid carci-
nomas including adenoacanthoma had the best
prognosis, followed by adenosquamous carci-
noma then serous, clear cell, and undifferenti-
ated carcinomas. Owing to the low frequency
of non-endometroid tumours, the latter three
were analysed together. However, this factor
was not an independent prognosticator when
multivariate analysis was used (p = 0. I 1).

GRADING
One hundred and seventy one tumours (72%)
were either well differentiated or moderately
differentiated (grade 1 and 2) and 65 tumours
(27.5%) were poorly differentiated (grade 3).
No significant difference for survival was found
between grade 1 and 2 tumours, but the
adjusted survival was significantly worse for
grade 3 tumours (p = 0.00003). This correla-
tion was also significant for overall survival
(p = 0.002) and disease free survival
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Figure 1 Kaplan-Meier curve for overall survival in patients with endometrial
carcinoma, classified according to the percentage ofKi-Sl positive proliferating tumour
cells.

(p = 0.022). It remained significant when mul-
tivariate analysis was used (p = 0.005).

STAGING
One hundred and fifty one patients had stage 1
disease, 88 patients had stage 2 disease, and 29
patients had advanced tumour stages 3 a and b.
Six cases consisted of carcinomas in situ. Stage
of disease and adjusted survival were signifi-
cantly correlated (p < 0.00001). The same
holds true for overall survival (p < 0.0000 1)
and disease free survival (p = 0.022). In stage 1
tumours, there was a significantly longer
survival for patients with infiltration of less
than one half of the myometrium compared
with patients who had greater than one half
infiltration (p = 0.03). The borderline for
postoperative radiation was 3 mm of infiltra-
tion. There was a slight tendency towards
worse survival and earlier disease recurrence in
patients with more than 3 mm infiltration,
although this was not significant.

PROLIFERATION
The rate of tumour cell proliferation was
determined in 224 specimens. One hundred
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cases (45%) had a proliferation rate of 20%, 80
cases (35%) displayed a proliferation rate
ranging between 21% and 50%, and 44 cases
(20%) had a proliferation rate of between 51%
and 100%. The proliferation rate correlated
significantly with overall survival (p = 0.00002;
fig 1). A significant correlation with recurrence
free survival (p = 0.018) and adjusted survival
(p = 0.0012) was also found. This proliferation
rate remained an independent prognostic
factor when multivariate analysis was used
(p = 0.0007). Proliferation correlated signifi-
cantly with histological grade, but only in the
combination of grade 1 and 2 (p < 0.00001).
There was a strong correlation between p53
overexpression and highly proliferating tu-
mours (p = 0.00024; fig 2).

HORMONE RECEPTORS
One hundred and forty seven specimens were
eligible for oestrogen receptor analysis and 227
cases for progesterone receptor analysis. This
disparity is due to the high number of cases
that were negative for oestrogen receptor stain-
ing of their myometrial cell nuclei, which
served as an internal control. These cases were
older than 10 years, suggesting that the
negative staining results were probably due to
breakdown of the antigen. Sixty of 147 cases
(41 %) were oestrogen receptor negative and 87
cases (59%) were positive. In progesterone
receptor immunohistochemistry, 120 of 227
cases (53%) were negative, 107 of 227 cases
(47%) displayed positive reactivity. Using uni-
variate analysis, both oestrogen and progester-
one receptor expression correlated significantly
with adjusted survival (p = 0.007 and 0.0092
for oestrogen and progesterone receptors,
respectively). Moreover, we found a significant
association with overall survival (p = 0.0099
and 0.05 for oestrogen and progesterone re-
ceptors, respectively). Using multivariate
analysis, however, this effect was no longer sig-
nificant (p = 0.32 and 0.46 for oestrogen and
progesterone receptors, respectively) and we
could not find a significant association with
recurrence free survival.
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Figure 2 (A) Highly proliferating endometrial carcinoma containing up to 80% Ki-Sl positive tumour cell nuclei.
(B) The same tumour exhibits a strong overexpression of the p53 protein, with > 70% of tumour cells strongly positive for
the monoclonal antibody DO-I. (Immunoperoxidase stained; original magnification x450.)
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Table 1 Multivariate analysis for adjusted survival in
patients with endometrial carcinomas

Adjusted survival

Variable Number p value

Proliferation rate (Ki-SI) 224 0.0007
FIGO stage 236 0.0021
Grade 236 0.005
Type 236 0.11
c-erbB-2 expression 222 0.12
Cathepsin D expression 225 0.26
p53 expression 202 0.27
Oestrogen receptor concentration 147 0.32
Progesterone receptor

concentration 227 0.46

P53 EXPRESSION
Most ofthe tumours eligible for p53 expression
studies showed no overexpression of the onco-
protein. One hundred and thirty nine of 202
cases (69%) displayed no positive reaction,
whereas 63 tumours (31%) overexpressed p53
(with an immunoreactive score ¢ 2). The level
of protein expression was significantly corre-
lated with adjusted survival (p = 0.00028), as
well as with overall survival (p = 0.003) and
recurrence free survival (p = 0.04). Using
multivariate analysis, however, this effect did
not remain significant (p = 0.27) and was
replaced by other parameters (table 1). Corre-
lation of p53 with the proliferative status of the
tumour was highly significant (see above). p53
overexpression was increased in tumours with
low differentiation (p = 0.0001) and in tu-
mours with non-endometroid histology
(p = 0.0069).

c-erbB-2 EXPRESSION
Two hundred and twenty two tumours were
eligible for c-erbB-2 expression. One hundred
and nine of 222 (49%) displayed no immuno-
histochemical reactivity and 113 of 222 (51%)
were reactive for this oncoprotein. We found a
slight tendency towards longer adjusted sur-
vival in low expressing tumours (p = 0.18).
Correlations with overall survival or recurrence
free survival could not be detected.

CATHEPSIN D EXPRESSION
Two hundred and twenty five cases were evalu-
ated for cathepsin D expression. There was lit-
tle intratumoural variation of staining intensity.
We could not find more intensive staining in
the infiltrating borderline of the tumour. In
cases with additional endometrial hyperplasia,
the hyperplastic glands showed a weak positiv-
ity, whereas normal endometrium was non-
reactive. One hundred and twenty of 225
tumours (53%) showed low level expression of
cathepsin D and 105 (47%) were strongly
positive. There was a significant correlation
between overall survival and expression of this
protein in the univariate analysis (p = 0.048).
However, neither tumour stage, depth of infil-
tration, adjusted survival, nor recurrence free
survival were associated with cathepsin D
expression.
Using multivariate analysis (table 1), the fol-

lowing independent factors remained signifi-
cantly correlated with survival: FIGO stage
(p = 0.0021), histological grade (p = 0.005),
and proliferation rate (p = 0.0007).

Discussion
Tumour type, grade, and stage are established
parameters for use in the prognostication of the
outcome of endometrial carcinoma. The distri-
bution and prognosis of histological subtypes
in this study are comparable to those of other
investigators."5 16 It is likely that the increasing
frequency of tumours with non-endometroid
histology in the last decade"7 reflects an altered
postmenopausal hormone substitution; this
does not seem to have had any effect on the
cases examined in this study. In addition to
conventional histological criteria, several tu-
mour biological parameters were studied for
their prognostic value; using univariate analy-
sis, the immunohistochemically detected con-
tent of steroid hormone receptors was found to
correlate significantly with survival and tumour
grade. These results agree with those of Segreti
et al. 2 Nonetheless, unlike the results for
biochemical investigations of steroid hormone
receptors, this effect was not significant when
multivariate analysis was applied.6 However,
Maentausta et al found a good correlation
between biochemical and immunohistochemi-
cal results,'8 suggesting that differences could
be a result of discrepancies in the follow up
periods and the different scoring systems used.
The generation of monoclonal antibodies
directed towards proliferation associated anti-
gens, such as Ki-67,'9 has enabled pro-
spective2021 and retrospective studies22 to be
carried out. Investigating 224 cases, we found a
highly significant correlation between the
percentage of proliferating tumour cells and
survival. This correlation is independent from
the other factors associated with high prolifera-
tion rate, such as high grade and tumour stage,
and it remains significant when multivariate
Cox regression analysis is applied. This is in
keeping with studies by Garzetti et aP' and
Geisler et al,24 who found a significant correla-
tion of expression of proliferation associated
antigens (proliferating cell nuclear antigen
(PCNA) and MIB-1) with recurrence free sur-
vival. Contrasting results were found by Hamel
et al using computerised image analysis of
PCNA immunostained cells.25 No correlation
of stained nuclear area with recurrence was
found. This result is surprising and might be a
result of technical differences in the evaluation
of positive cancer cells. In the last five years, a
number of studies on the prognostic value of
the tumour suppressor gene product p53 have
been performed.26 27 p53 overexpression has
been described in 10-15% of early cancers and
up to 50% of advanced cancers28; in addition, it
is frequently associated with point mutations
and loss of heterozygosity.29 Correlation of
overexpression with both the spread of
disease30 and survival has been found.3' Our
data are consistent with those of previous
studies32 that found a correlation of p53
overexpression with tumour grade and stage. In
addition, we found p53 expression to be a
prognosticator of long term survival, with a
strong correlation of low expression and better
outcome. However, this correlation does not
remain significant in a multivariate analysis.
Production of cathepsin D has been found to
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be correlated both with tumour invasiveness
and stage of endometrial carcinomas," as well
as with histological subtype." We could
confirm the predictive value of cathepsin D
only with regard to overall but not adjusted
survival, which is comparable to the situation
in breast cancer.'4 c-erbB-2 protein expression
is a matter of conflicting data: whereas some
authors describe a significant correlation with
disease stage28 and worse prognosis," other
authors do not.36 37 In our group of tumours,
there was no significant relation between
c-erbB-2 overexpression and tumour stage or
survival. Glandular cells in endometrial hyper-
plasia also displayed expression of the c-erbB-2
protein.38 This early expression is maintained
throughout the course of the disease, making
its prognostic value questionable. In conclu-
sion, our results confirm the prognostic value
of conventional histopathological parameters,
such as histological grade and stage, and in
addition they support the value of immunohis-
tochemically determined proliferative activity
in the identification of high risk patients with
endometrial carcinoma.
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