
Abstract. Background: The aim of this study was to
correlate immunostaining expression profiles with
histological grade using a predictive model. Patients and
Methods: Samples were collected from 69 women with
endometrial cancer. Immunostaining for expression of
estrogen receptor (ER), progesteron receptor (PR), Ki67 and
p53 in grade 1 or 2 and grade 3 tumors were compared. After
determining optimal immunostaining cut-offs, we built a
model to predict the final histological grade. Results: Higher
immunostaining of ER and PR was found in grade 1 or 2
(p=0.01) compared with grade 3 tumors. Higher
immunostaining for Ki67 (p<0.0001) and p53 (p<0.001) was
found in grade 3 than in grade 1 or 2 tumors. The recursive
partitioning model predicted a grade 1 or 2 tumor in 98% of
cases when Ki67 and p53 were underexpressed. The mis-
classification rate was 13%. Conclusion: Our results show
that integrating immunohistochemical profiles in a simple
predictive model could help predict the final histological
grade of endometrial tumors,  especially for grade 1 or 2.

Endometrial cancer is the most common pelvic
gynecological cancer in France, with an estimated 6,560 new
cases in 2010, and causing approximately 1900 deaths per
year (1). Almost 80% of endometrial cancer cases are
diagnosed at an early stage (tumor restricted to the corpus
uteri) with an overall survival of 95% (1). Patients are
classified as being at low-, intermediate- or high-risk of
recurrence according to histological type, grade and depth of
myometrial invasion (2). 

Diagnosis of histological type and grade of endometrial
cancer is based on preoperative endometrial biopsy, determining
the surgical management (i.e. pelvic with/without para-aortic
lymphadenectomy) in association with imaging techniques.
However, previous studies have underlined discrepancies
between preoperative histological grade assessed by biopsy and
final histology (3-5). In a retrospective study including 153
patients, Frumovitz et al. showed that 56% of preoperative
grade 2 and 23% of preoperative grade 1 endometrial cancer
cases were discrepant with final histology (4). Similarly, a
retrospective study by Ballester et al. including 89 patients with
presumed low- or intermediate-risk endometrial cancer, found
that 21.4% of the patients at presumed low-risk and 21.2% of
those at presumed intermediate-risk were up-staged by final
histology (3). These important discrepancies are a major source
of inaccurate initial surgical staging leading to unnecessary
lymphadenectomy in the case of an overestimated grade or
imposing further surgery or the use of adjuvant therapies in the
case of an underestimated grade.

Routine histology, thus, needs to be supported by
additional tools to improve diagnosis of endometrial cancer.
Previous studies have shown that immunohistochemical
expression of estrogen receptor (ER) and progesteron
receptor (PR) (6-14), Ki67 (6, 7, 15, 16) and p53 (17-28) is
associated with clinicopathological characteristics of
endometrial cancer (7, 29-34). Moreover, Obeidat et al. (35)
recently found that the immunohistochemical expression of
ER, PR, p53, B-cell lymphoma-2 (BCL-2), Human Epithelial
Growth Factor-2 (HER2/neu) and Ki67 in curettage
specimens might be helpful in predicting the final
pathological findings in patients with endometrial cancer.
However, there are currently no validated detection
thresholds for such markers and no reliable expression
profiles associated with the final histological grade.

Hence, the aims of this prospective study were to assess the
immunohistochemical expression of ER, PR, Ki67 and p53 in
endometrial cancer and to correlate expression profiles with
final histological grade using a predictive model.
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Patients and Methods
Patients. This cohort study included 69 patients with primary
endometrial cancer who underwent surgical treatment with at least
total hysterectomy with bilateral salpingo-oophorectomy from June
2006 to December 2012 at the Department of Gynecology of Tenon
Hospital, Paris, France. All women had undergone a preoperative
endometrial biopsy and preoperative magnetic resonance imaging
(MRI) to assess the disease stage. Patients were staged on the basis
of final pathological findings according to the 2009 International
Federation of Gynecology and Obstetrics (FIGO) classification (36). 

Medical records were reviewed to determine age, surgical
procedure, histological type and tumor grade, lymphovascular space
invasion (LVSI) and myometrial invasion on final histology. All the
tissue samples were obtained with full and informed patient consent.
The research protocol was approved by the Consultative Committee
for Protection of Persons in Biomedical Research of Paris 6 (France).

Histological type and grade. As previously reported, histological
type I corresponds to endometrioid tumor, whatever the histological
grade; histological type 2 includes clear cell carcinomas, papillary/
serous carcinomas and carcinosarcomas (CSC) (37).

Grade 1 was defined by 5% or less non-squamous, non-morular
growth pattern; grade 2 by 6% to 50% non-squamous, non-morular
growth pattern; and grade 3 by more than 50% non-squamous, non-
morular growth pattern (1).

Immunohistochemistry. Tissues were immediately fixed in formalin
(10%) and then processed as paraffin blocks. Three micrometer-
thick sections of formalin-fixed tissues were de-paraffinated in a
xylene substitute (EZ Prepw 1× ref 950102; Ventana Medical
Systems, Tucson, Arizona, USA) and rehydrated through a graded
series of ethanol solutions. Immunohistochemical staining was
performed on paraffin sections with rabbit monoclonal antibodies
directed against ER (prediluted, SP1; Ventana Medical Systems,
Tucson, Arizona, USA) and PR (prediluted, 1E2; Ventana Medical
Systems, Tucson, Arizona, USA), mouse monoclonal antibody
against Ki67 (1/150, MIB1; DAKO, Les Ulis, France) and mouse
monoclonal antibody against p53 (1/75, DO7; DAKO, Les Ulis,
France). The sections were immunostained using a Ventana
Benchmark XTw automated immunohistochemistry system (Ultra-
ViewTM, Universal DAB-Ventana; Ventana Medical Systems,
Tucson, Arizona, USA). An antigen retrieval procedure was run
(Dako Target Retrieval Solution; 98˚C, 20 min; DAKO, Les Ulis,
France) prior to ER, PR, Ki67 and p53 staining. This automated
procedure is based on an indirect biotin-avidin system. A universal
biotinylated immunoglobulin was used as the secondary antibody,
diaminobenzidine as the substrate and hematoxylin as the
counterstain. Positive controls were sections of human breast tissue
for ER and PR (2), colonic adenocarcinoma for Ki67 (according to
the manufacturer’s instructions), and serous ovarian carcinoma for
p53 (according to the manufacturer’s instructions). The primary
antibody was replaced by an irrelevant antibody of the same IgG
subtype for negative controls. The negative control was run without
either the primary antibody or the secondary antibody. These
procedures resulted in negative staining.

Statistical analysis. For purposes of comparison, we separated the
histological grades into two groups, grade 1 or 2 vs. grade 3
endometrial cancer. 

For semi quantitative analysis, the percentage of stained
epithelial cells was calculated by two independent observers.
Each observer examined the slides at least twice. Differences in
opinion between the observers were resolved by discussion.

For qualitative analysis, we calculated optimal cut-offs for each
marker to correlate semi-quantitative expression and final
histological grade. The optimal cut-off for immunostaining level
was determined by a minimal p-value approach. This involved
dichotomizing the immunostaining level into dummy variables with
a cut-off every five units of its range of values. Chi-square tests
comparing the rate of grade 1 or 2 and grade 3 endometrial cancer
for every dummy variable were then calculated. The cut-off with
the minimal p-value was chosen as the optimal cut-off for this
variable. Only samples with semi-quantitative expression
(percentage of stained epithelial cells) equivalent to or greater than
optimal cut-off were considered positive.

We developed a recursive partitioning (RP) model to determine
optimal ER, PR, Ki67 and p53 thresholds in predicting final
histological grade. RP is a technique that can be applied to mine
large datasets in order to uncover hidden patterns within the data
and to reveal statistically significant sub-groupings. In our case, at
each step, the RP program optimally separated women into
homogeneous groups corresponding, in this case, to biological
marker profiles. We internally validated our RP model using a
bootstrap method which is based on a re-sampling obtained by
drawing randomly with replacement from the original dataset (1,000
re-samplings were performed). To build the RP model, we analyzed
grade 1 or 2 vs. grade 3 endometrial carcinomas.

Statistical analysis was based on Student’s t-test and the Mann–
Whitney test for parametric and non-parametric continuous
variables, respectively, and the Chi-square test or Fisher’s exact test,
as appropriate, for categorical variables. Values of p<0.05 were
considered to denote significant differences. 

Data were managed with an Excel database (Microsoft,
Redmond, WA, USA) and analyzed using R 2.15 software, available
online at http://cran.r-project.org/.

Results
Epidemiological characteristics of the population. A total of 69
patients were included in the study. Their median age was 68
years (range: 58 to 77). Final histology found type 1 endometrial
cancer in 56 patients (81 %) and type 2 in 13 (19 %). Final
histological grade was 1 or 2 in 52 cases (75%) and 3 in 17 cases
(25%). Final International Federation of Gynecology and
Obstetrics (FIGO) stage was IA in 29 cases (42%), IB in 14
cases (29%), II in six cases (9%), III in 17 cases (25%) and IV
in three cases (4%). Depth of myometrial invasion was <50% in
41 cases (59%) and ≥ 50% in 28 (41%). Lymphovascular space
involvement (LVSI) was present in 21 cases (30%), absent from
38 cases (55%) and not available in 10 cases. A pelvic
lymphadenectomy was performed in 47 patients. Among them,
15 (32%) had disease-positive lymph nodes.

Semi quantitative immunostaining of ER, PR, Ki67 and p53.
The results for semi-quantitative immunostaining of ER, PR,
Ki67 and p53 are summarized in Figure 1. The semi-
quantitative expression of each marker was significantly
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correlated with the final histological grade. Higher
immunostaining of ER and PR was found in grade 1 or 2
(p=0.01) compared with grade 3 endometrial cancer. Higher
immunostaining of Ki67 (p<0.0001) and p53 (p<0.001) was
found in grade 3, compared with grade 1 or 2 endometrial
cancer. Figure 2 illustrates the immunostaining expression
profiles of grade 1 or 2 and grade 3 endometrial cancer.
Optimal cut-offs denoting the strongest correlation between
semi quantitative expression of each marker and final
histological grade are summarized in Figure 3. The positivity
cut-offs defined were 20%, 50%, 40% and 50% for ER, PR,
Ki67 and p53, respectively.

Using the determined cut-offs, we compared qualitative ER,
PR, Ki67 and p53 expression between grade 1 or 2 and grade
3 tumors: ER≥20% immunostaining was more common in
grade 1 or 2 (87%, p=0.03) compared with grade 3
endometrial cancer (53%); PR≥50% immunostaining was
more common in grade 1 or 2 (61%, p=0.01) compared with

grade 3 (24%); Ki67≥40% immunostaining was more
common in grade 3 (75%, p<0.0001) compared with grade 1
or 2 (14%); and p53≥50% immunostaining was more common
in grade 3 (44%, p=0.004) compared with grade 1 or 2 (7%). 

Recursive partitioning model. The RP model based on the
previously-determined cut-offs is reported in Figure 4. We
found that grade 1 or 2 and grade 3 tumors had different ER,
PR, Ki67 and p53 immunohistochemical expression profiles.
Indeed, the RP model predicted a grade 1 or 2 tumor in 98%
of cases when Ki67 and p53 were underexpressed (i.e. below
40% and 50%, respectively). In contrast, the RP model found
that the probability of grade 3 tumor was 80% when ER was
underexpressed (i.e. below 20%).

We found a mis-classification rate of 13% in the training
cohort; among the 45 grade 1 or 2 tumors that were predicted
by the RP model, one (2.2%) case in fact had a grade 3
tumor. Among the 24 grade 3 tumors predicted by the RP
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Figue 1. Comparison of semi quantitative estrogen receptor (ER), progesterone receptor (PR), Ki67 and p53 immunostaining between grade 1 or 2
and grade 3 endometrial cancer.



model, eight (33%) had a grade 1 or 2 tumor corresponding
to type 1 endometrial cancer in all cases.

To internally validate the RP model, we used the bootstrap
method with 1,000 re-samplings. The mis-classification rate
was 19.2% (95% confidence interval=18.8 to 20.3%).

Discussion

Our results show that grade 1 or 2 endometrial carcinomas
have different ER, PR, Ki67 and p53 immunostaining
profiles compared with grade 3. Moreover, we found that
final histological grade 1 or 2 can be accurately predicted
using a combination of these routine immunohistochemical
markers. 

We chose to analyze histological grade, as it currently
represents one of the major limitations to preoperative tumor
staging along with depth of myometrial invasion. Histological
grade, coupled with depth of myometrial invasion and
histological subtype, is an independent prognostic factor for
disease recurrence (3) and determines  the surgical strategy
(1). According to the current international guidelines, a
patient with preoperative FIGO stage IB endometrioid grade
2 tumor should undergo total hysterectomy with bilateral

salpingo-oophorectomy, while in the case of a grade 3 tumor,
concomitant pelvic and para-aortic lymphadenectomy is
recommended (1). However, many studies have demonstrated
that considerable discrepancies exist between the preoperative
and final histological grade (3, 4) which can lead to over- or
undertreatment (37). Moreover, Werner et al. recently found
that patients with discordant preoperative biopsy with final
histology were at higher risk for disease spread and poorer
prognosis (40). 

We showed that grade 1 or 2 tumors can be predicted in
almost 98% of cases by an RP model. This is a crucial point
as the impact on surgical management is strongly relevant.
Patients with predicted grade 1 or 2 tumors and presumed
early-stage endometrial cancer at preoperative MRI might
undergo total hysterectomy and bilateral salpingo-
oophorectomy without lymphadenectomy, with a low risk of
surgical downstaging (i.e. 2%). In contrast, we found that
among the 24 grade 3 tumors predicted by the RP model,
33% had a grade 1 or 2 tumor. However, this result has to be
interpreted with caution as we did not distinguish type 2 from
type 1 grade 3 endometrial carcinomas. Indeed, Alkushi et al.
previously demonstrated that type 1 grade 3 tumors have a
different immunohistochemical profile from type 2 (30).
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Figure 2. Representative examples of immunostaining profiles of grade 1-3 endometrial cancer. Hematoxylin eosin staining in type 2 endometrial
cancer (A). Estrogen receptor (ER) underexpression (B) and Ki67 overexpression (C) in type 2 endometrial cancer. Hematoxylin eosin staining in
type 1 grade 1 or 2 endometrial cancer (D). Ki67 (E) and p53 (F) underexpression in type 1 grade 1 or 2 endometrial cancer.
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Figure 3. Optimal cut-offs denoting a correlation between semi-quantitative immunostaining for estrogen receptor (ER), progesterone receptor (PR),
Ki67 and p53 and histological grade.

Figure 4. Recursive partitioning model illustrating immunostaining profiles to predict final histological grade.



However, all the patients with type 2 endometrial cancer,
requiring systematic pelvic and paraaortic lymphadenectomy,
were correctly classified by the RP model. 

Our study demonstrates a significant correlation between
ER, PR, Ki67 and p53 immunostaining and histological
grade in endometrial cancer. We chose to assess these four
markers as they are frequently used in routine practice to
evaluate the aggressiveness of cancer. Our results are in
agreement with those reported in the literature. Several
studies have previously focused on the interest of additional
ER, PR, Ki67 and p53 immunostaining to better-characterize
histological endometrial cancer phenotypes. Indeed, a
correlation has been found between ER and PR
immunostaining and good differentiation with better
prognosis (7, 8, 13, 14, 29, 32). In the same way, some
authors have suggested that PR immunostaining is an
independent prognostic factor for survival (11, 41).
Moreover, positive p53 or Ki67 immunostaining is
associated with more malignant phenotypes (29). Stefansson
et al. reported that tumor cell proliferation measured by Ki67
was an independent prognostic factor, and that it could be of
value in identifying tumors of the endometrioid subtype with
poor prognosis (42). Finally, previous studies have shown
that p53 is overexpressed in 70-90% of uterine serous
carcinomas and in 10-35% of endometrioid carcinomas (43).
Among patients with the endometrioid subtype, p53
overexpression was associated with histological grade 3 (8,
18, 33, 34). Many other markers correlating with histological
type and grade of endometrial cancer have been reported.
Cherchi et al. found that the overexpression of Human
epithelial growth factor-2 (HER2/Neu) is correlated with a
more malignant phenotype (18). More recently, Alkushi et
al. reported that Phosphatase and tensin homolog (PTEN)
and p16, which can help to distinguish between grade 3
endometrioid and serous carcinoma, are correlated with
poorer disease-specific survival (30). 

Two important points need to be underlined concerning the
correlation between immunostaining profiles and histological
grade. Firstly, in previous studies on ER and PR expression,
cut-offs determining positive immunostaining were chosen
arbitrarily or according to previously published data and
varied from 1% to 50% according to the series (8, 29, 30, 34).
In contrast, in our study, optimal cut-offs were calculated for
each biological marker based on the strongest correlation
between semi quantitative expression and final histological
grade. This is of major importance as it allows for greater
strength and better reproducibility. In addition, although we
used a statistical approach to establish the optimal cut-offs, it
appears that these cut-offs (especially for Ki67 and p53) are
consistent with those reported in previous series (7, 30).
Secondly, in most of the studies, immunohistochemical
markers were reported as being independent factors. However,
as it has been previously suggested, a panel of markers is

required as no single marker is completely sensitive or specific
for a given cell type (43). To our knowledge, only Alkushi et
al. used two-marker combinations (p16 and PTEN) to
distinguish grade 3 endometrioid carcinomas and serous
adenocarcinomas and assessed the performance of the test by
the area under the receiving operating characteristic (ROC)
curve (30). This, therefore, justifies the use of a predictive
model to establish immunostaining profiles with greater
sensitivity and specificity.  

Several limits of the current study should be underlined.
Firstly, we cannot exclude any bias linked to the sample size
and the high incidence of type-2 endometrial cancer.
Secondly, immunostaining profiles and histological grade
were assessed on final histology. To our knowledge, to date
only Obeidat et al. have assessed immunohistochemical
markers on biopsy specimens with encouraging results (35).
However, we believe our study to be the first to predict
histological grade by determining immunostaining profiles.
Hence, we believe that this is a crucial step that cannot be
omitted before applying the predictive model to biopsy
specimens in order to assess its accuracy and reproducibility.
Finally, although tumor cell type and histological grade can
be diagnosed based on routine histology in most cases, we
show that additional immunohistochemical markers can help
improve the diagnosis of histological grade, especially for
type 1 grade-1 or 2 endometrial cancer, and thus can
contribute to the selection of the most appropriate surgical
strategy. 

Conclusion
Because of discrepancies between preoperative and final
histology and the impact on the management of endometrial
cancer, our results demonstrate that the additional
immunohistochemical profile of ER, PR, p53 and Ki67
integrated into a simple predictive model, could help predict
the final histological grade. Further studies are needed to
validate these data on biopsy specimens used in routine
practice.
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