
Abstract. Gene alterations and overexpression of various
oncogenes and cell-cycle regulators are important in tumor
development. In a population based series of 316 endo-
metrial carcinomas with long and complete follow-up we
investigated the distribution of HER-2/neu and EGFR
expression and copy number alteration in endometrial
cancers. HER-2/ neu, EGFR and Ki-67 expression in curettage
and hysterectomy specimens were studied immunohisto-
chemically for expression in relation to molecular markers and
clinical phenotype. Fresh tumor samples (n=76) were studied
by global characterization of genetic alterations by single
nucleotide polymorphism (SNP) array for detection of high
level amplification for HER-2/neu and EGFR. Pathological
expression of HER-2/neu in curettage was detected in 23%
which significantly correlated to high FIGO stage, non-
endometrioid subtype, high grade and aneuploidy. In
hysterectomy specimens, pathological HER-2/neu staining
was seen in 13% which correlated significantly with high
FIGO stage, non-endometrioid subtype, high proliferation
and poor survival (p=0.009). Expression of EGFR was
examined with three different antibodies, but none showed
significant correlation with molecular markers or clinical
phenotype. High level amplification of HER-2/neu or EGFR
was seen in only one out of 76 samples, respectively. High
proliferation estimated in tumors from hysterectomy
specimens showed independent prognostic impact and was
superior to estimation in curettage specimens as a prognostic

marker. In conclusion, high level amplification of HER-2/neu
or EGFR is infrequent in endometrial cancer. Pathological
HER-2/neu staining identifies endometrial carcinomas with
an aggressive phenotype, high proliferation and patients with
poor survival in a population based setting. These results
motivate further clinical trials with trastuzumab based on
HER-2/neu status in endometrial carcinomas.

Introduction

Endometrial carcinoma is presently the most common
gynecologic malignancy in industrialized countries and the
incidence is increasing. Risk factors predisposing for endo-
metrial cancer are germline mutations in DNA repair genes,
Hereditary Non-Polyposis Colorectal Cancer syndrome
(HNPCC), nulliparity, obesity, diabetes mellitus and tamoxifen
use (1). Despite high curability of endometrial cancer, tumors
with adverse histopathological features and advanced stage
are characterized by aggressive behaviour and poor prognosis
(1). 

Over the years, several reports on endometrial cancer
and prognostic factors have been published and the impact
of age, histologic type and grade, FIGO stage, ploidy and
hormone receptor status is well established (1). The molecular
pathogenesis of endometrial carcinoma remains poorly
understood, but studies have shown that malignant tumors
arise by alterations in genes controlling proliferation, apoptosis,
angiogenesis, invasion, and metastases (2). A better under-
standing of these events may facilitate improved diagnosis
and development of new drugs aimed at specific molecular
targets (3).

Endometrial tumors are easily accessible for evaluation
prior to primary surgery through curettage material and
some of these prognostic markers can potentially be used
to facilitate early diagnosis. Thus, improved markers for
prognostication may make extensive and potentially harmful
surgical staging unnecessary in low-risk patients and improve
staging of the disease and planning of individualized treatment
among high-risk patients (4).
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New and effective treatments for patients with metastatic
endometrial carcinoma are needed while there is no therapy
with documented effect on survival in randomized controlled
trials (3). Treatment with targeted therapies shows promising
results in cancer types such as breast (trastuzumab), colon
(cetuximab) and lung (erlotinob) (5,6). The proto-oncogenes,
HER-2/neu and EGFR, both members of the epidermal
growth factor receptor tyrosine kinase family, have an
important role in regulating cell growth and differentiation,
although it is not clear how a specific signalling pathway
corresponds to biological and clinical response (7). HER-2/
neu overexpression has been associated with a metastatic
phenotype and poor survival in different cancer types (8).
Trastuzumab (Herceptin, Roche, Basel, Switzerland) is a
monoclonal antibody that binds to HER-2/neu receptors and
suppresses tumor growth. Santin et al, showed that HER-2/neu
was highly expressed in uterine serous papillary carcinoma
(USPC) and that the USPC cells were sensitive to trastuzumab
therapy (9). The effect of EGFR inhibition in endometrial
cancer cell lines seems to be more limited (10). 

On this background, we examined the occurrence of
genetic alteration as well as the expression patterns and
prognostic significance of HER-2/neu and EGFR in a popu-
lation based patient series with extensive follow-up data. In
particular, we investigated the relationship to proliferative
activity in the tumors and the prognostic value of these markers
in curettage specimens for potential use as preoperative
indicators for an aggressive phenotype. 

Materials and methods

All 316 patients with endometrial carcinoma in Hordaland
County, Norway, occurring from 1981 to 1990 were studied
retrospectively (11). Several clinico-pathological variables
were recorded including International Federation of
Gynecology and Obstetrics (FIGO) stage (1), histologic
subtype and grade, treatment and disease specific survival (11).
A panel of tumor markers investigated in the hysterectomy
specimens was available for comparison; such as the
presence of necrosis, mitotic count, vascular invasion, DNA-
index, estrogen receptor (ER), progesterone receptor (PR),
p53 and p16 expression. Data have been presented elsewhere
previously (11-13). 

Of the 316 patients diagnosed with endometrial carcinoma
in the study period, 12 were excluded due to changed diagnosis
at reclassification and five due to a diagnosis based on cyto-
logical examination only (12). Of the remaining 299 cases,
paraffin blocks from primary tumor were available in 286
cases (96%) and from curettage specimens in 236 cases
(79%). The number of cases with evaluable results varied for
the different markers studied. In order to preserve statistical
power we have chosen to present all the data available for each
marker. The research was approved by the Norwegian Data
Inspectorate (961478-2) and the Local Ethics Committee
(REK III nr.052.01). 

Tissue micro-array (TMA). The TMA technique has previously
been described and validated in several studies. Briefly,
TMA construction was made by identifying the area of
highest tumor grade on hematoxylin and eosin stained

slides, followed by punching out three tissue cylinders with a
diameter of 0.6 mm from the selected areas of the donor
block and mounted into a recipient paraffin block using a
custom-made precision instrument (Beecher Instruments,
Silver Spring, MD). Sections of the resulting TMA blocks
(5-μm) were made by standard technique. A parallel series of
TMA blocks were made from tumor tissue from curettage-
and hysterectomy specimens in the series. Curettage (n=200)
and hysterectomy (n=230) samples had representative tissue
in the TMA sections used for analyses. Ki-67 and HER-2/neu
expression were investigated in curettage and hysterectomy
specimens, while EGFR expression was studied in curettage
material only. 

We investigated the potential selection bias in the patient
series with representative tumor tissue in TMA blocks from
curettage or hysterectomy specimens. The distribution of
FIGO stage and survival among these patients was similar to
the rest of the patients from Hordaland County treated for
endometrial carcinoma during the same period from whom
representative curettage or hysterectomy specimens were not
available in the TMA blocks (n=99 and n=69 respectively). 

SNP array. A separate population based series of 76 endo-
metrial cancers prospectively collected was used for global
characterization of genetic alterations (amplifications and
deletions) by SNP (single nucleotide polymorphism) array.
This method detects copy number alterations and loss of
heterozygosity (14). Samples with high level amplification
were stained immunohistochemically and served as positive
controls for membranous staining for HER-2/neu and EGFR
overexpression. 

Immunohistochemistry. For Ki-67 and HER-2/neu microwave
epitope retrieval was used (10 min, 750 W; 15 min, 350 W in
Tris-(hydroxymethyl) aminomethane-EDTA buffer; pH 9.0).
EGFR had pretreatment with protein kinase (10 min). The
staining was performed on the Dako Cytomatation Auto-
stainer for Ki-67 and HER-2/neu and manually for EGFR.
All slides were blocked with peroxidase (S-2023) for 5 min
followed by incubation with the different antibodies at
room temperature for 1 h when not otherwise specified. We
used monoclonal mouse Ki-67 antibody (M 7240, Dako,
Copenhagen, Denmark), diluted 1:250 with 30-min incubation
and polyclonal rabbit HER-2/neu antibody (A-0485, Dako),
diluted 1:500. For EGFR we used three different antibodies,
the monoclonal mouse EGFR antibody (A-431, clone 31G7,
Zymed), diluted 1:30 with 30-min incubation, the polyclonal
rabbit antibody (A-3105, sc-03, Santa Cruz), diluted 1:400
and finally the EGFR pharm DX kit (K1494-Dako) in the
Dako autostainer. The antibodies were localized by the
EnVision chain-polymer method (K 5007, DakoCytomation,
Copenhagen, Denmark) with diaminobezidine peroxidase
(DAB) as a substrate prior to counterstaining with Harris
hematoxylin. 

Evaluation of staining. Blinded to patient characteristics and
outcome, the slides were evaluated for immunohistochemical
staining and scored by two of the authors (I.B. Engelsen and
H.B. Salvesen). Membranous staining for HER-2/neu was
scored according to the Dako Hercep test criteria (15). The
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membrane staining intensity and pattern was recorded for
HER-2/neu in line with previous studies of breast cancer
giving a score from 0 to 3; no staining or membrane staining
<10% (0), faint partial staining of the membrane in >10%
(1), weak (2) or strong (3) staining of the entire membrane in
>10% of the tumor cells. For evaluation of EGFR
membranous and cytoplasmic staining (Zymed and Dako) we
used a staining-index (SI) including both staining intensity
and area for two different antibodies (Zymed and Dako).
Staining intensity was graded from 0 (no staining) to 3
(strong staining). The percentage of staining area was graded
as 0 (no staining), 1 (staining in <10%), 2 (staining in 10-
50%) or 3 (staining in >50%). The SI was calculated as the
product of staining intensity and staining area. For the third
EGFR antibody explored (Santa Cruz) we registered nuclear
staining using SI. No membranous staining was seen for this
antibody. Two observers recorded HER-2/neu and EGFR
staining (I.B. Engelsen and H.B. Salvesen). 

Ki-67 staining was assessed according to the ‘hot-spot’
approach of Weidner et al as previously reported (12). The
most intense staining area was identified and the percentage
of positive nuclei was calculated by counting 500 tumor cells
at magnification x1000. The Ki-67 estimations were done by
one author (I.B. Engelsen) after a pilot study validating the
reproducibility of the method (interobserver kappa co-
efficient 0.72). 

Statistical analyses. Analyses were performed by SPSS 11.0.
Associations were assessed by Pearson's χ2, Mann-Whitney
and Kruskall-Wallis tests. Univariate analyses of time to
death due to endometrial carcinoma were performed using
the Kaplan-Meier method. Differences in survival were
estimated by the log-rank (Mantel-Cox) test. The variables
with significant impact on survival in univariate analyses
(p≤0.05) were further examined by log-minus-log plot to
decide how these variables could be incorporated in the
Cox proportional hazards regression model. Unadjusted and
adjusted hazard ratios were estimated as a measure of effect.
In the statistical analyses, cut-off values for categorisation
were based on median and quartiles, also considering the
frequency distribution for each marker, the size of subgroups
and number of events in each category. Groups with similar
survival were merged. 

For HER-2/neu expression the data were divided into two
groups, negative staining (score 0-1) and positive staining
(score 2-3) according to the Hercep test criterias. For EGFR
expression (Zymed, Dako and Santa Cruz) we saw no
difference in survival according to staining index and staining
intensity analyzed separately. We decided to present the data
from the Dako antibody using Dako criteria as they have
been used in other studies (16). Briefly, Dako criteria divide
the data into two groups, positive (score >0) and negative
(score 0).

For Ki-67 counts in curettage material, the two lower
quartiles showed similar survival compared to the upper
quartiles, and the median value was used to categorize into
two groups, low (<34%) versus high proliferation (≥34%),
(Table III and Fig. 3A). 

For the hysterectomy specimens (12), the upper quartile
(≥35%) was used as cutpoint, in line with previous studies

and with similar survival for the groups merged (Table III
and Fig. 3B). 

Results

HER-2/neu expression. Positive membranous staining for
HER-2/neu in curettage material (45/198; 23%) was signi-
ficantly associated with high FIGO stage, serous papillary
and clear cell tumors, high histological grade, presence of
vascular invasion and aneuploidy as listed in Table I. Among
the 185 endometrioid tumors, positive HER-2/neu expression
was seen in 36 (20%). Positive HER-2/neu staining in this
histological subgroup was associated with high FIGO stage
(p=0.03), aneuploidy (p=0.05) and loss of PR expression
(p=0.06, borderline significance). 

For HER-2/neu in 217 hysterectomy specimens we found
positive HER-2/neu membranous expression in 28 cases
(13%). Membranous staining was significantly associated
with high FIGO stage (p=0.05) and serous papillary and
clear cell histological subtype (p<0.0001) as listed in Table I.
Among the endometrioid tumors, positive membranous
expression was seen in 10% (19/195), with no significant
associations to any of the listed variables. 

One of 76 (1.3%) samples characterized for genetic
alterations by SNP array showed high level amplification for
HER-2/neu (case 185T; Fig. 1). This sample showed positive
membranous staining for HER-2/neu and was used as a
positive control for the immunohistochemical studies.

EGRF expression. The EGFR expression pattern was analyzed
in curettage material only using three different EGFR anti-
bodies and the results were correlated to clinico-pathological
variables, different tumor markers and survival. For all three
antibodies, we did not find any significant correlations,
when examining the membrane pattern only (Dako) or when
examining the cytoplasmic (Dako and Zymed) or nuclear
(Santa Cruz) expression patterns separately (data not shown).
The Dako and Zymed antibodies showed positive correlation
for membranous staining (r=0.47; p=0.0001) and cytoplasmic
staining (r=0.21; p=0.003). One of 76 (1.3%) samples
characterized for genetic alterations by SNP array showed
high level amplification for EGFR (case 51T; Fig. 1). We
observed strong membranous staining for EGFR in the case
with high level EGFR amplification detected by SNP array
(case 51T, Fig. 1). This sample showed positive membranous
staining for EGFR for all antibodies as well as nuclear staining
using the Santa Cruz antibody and it was used as positive
control for further immunohistochemical studies. As positive
EGFR expression for three different antibodies did not give
any significant associations to clinico-pathological variables
or biomarkers in curettage material, we decided not to further
examine hysterectomy specimens for EGFR expression. 

Tumor cell proliferation (Ki-67). The median nuclear expres-
sion of Ki-67 in curettage material was 34% (n=190) within
the hot-spot areas. Ki-67 expression was significantly higher
among tumors with high mitotic count, presence of necrosis
and vascular invasion as listed in Table II. There were no
significant associations with histological subtype, histo-
logical grade, FIGO stage or ploidy. In comparison, the
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median expression for Ki-67 in hysterectomy specimens for
the same patients was 17% (n=230). High Ki-67 expression
in hysterectomy specimens showed a significant correlation
with high FIGO stage, serous papillary/clear cell histological
subtype, poor histological grade and high mitotic count
(Table II). The expression of Ki-67 in curettage material

was highly significantly correlated to Ki-67 expression in the
corresponding hysterectomy specimens (Pearson's correlation
coefficient, 0.39; p=0.007). The estimated linear regression
line and observed values are shown in Fig. 2. 

We recorded fixation time in days for 99 cases of curettage
and hysterectomy specimens and found a median of 3 and
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Table I. HER-2/neu expression in preoperative curettage and hysterectomy specimens related to clinico-pathological variables
and selected biomarkers in a population-based study of endometrial carcinoma patients. 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Expression in curettage specimens Expression in hysterectomy specimens
(n=198)a (n=217)b

–––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––– 
Variables Categories Negative (0-1) Positive (2-3) p-valuec Negative (0-1) Positive (2-3) p-valuec

n (%) n (%) n (%) n (%)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
FIGO stage I/II 130 (80) 32 (20) 0.03 162 (89) 20 (11) 0.05

III/IV 22 (63) 13 (37) 27 (77) 8 (23)

Histological Endometroid 149 (81) 36 (19) 0.0001 176 (90) 19 (10) <0.0001

subtype Serous papillary/ 4 (31) 9 (69) 13 (59) 9 (41)

clear cell

Histological grade I 39 (89) 5 (11) 0.007 46 (90) 5 (10) 0.18

(FIGO) II 92 (79) 25 (21) 110 (89) 14 (11)

III 22 (60) 15 (40) 33 (79) 9 (21)

Necrosis Not present 72 (83) 15 (17) 0.10 76 (84) 14 (16) 0.33

Present 81 (73) 30 (27) 113 (89) 14 (11)

Mitotic count < Mediand 86 (78) 24 (22) 0.70 115 889) 15 (11) 0.44

≥ Median 66 (76) 21 (24) 73 (85) 13 (15)

Vascular 0 or 1 vessel 101 (82) 22 (18) 0.04 114 (88) 16 (12) 0.75

invasion >1 vessels 52 (69) 23 (31) 75 (86) 12 (14)

DNA ploidy Diploid 50 (89) 6 (11) 0.02 55 (90) 6 (10) 0.14

Aneuploid 9 (64) 5 (36) 13 (77) 4 (23)

p53 Normale 78 (80) 19 (20) 0.15 109 (91) 11   (9) 0.85

Pathologic 17 (94) 1   (6) 26 (90) 3 (10)

p16 Normalf 115 (78) 32 (22) 0.65 163 (87) 24 (13) 0.94

Pathologic 14 (74) 5 (26) 26 (87) 4 (13)

ER expression Normal 102 (80) 25 (20) 0.30 140 (88) 19 (12) 0.40  

Pathologic 26 (72) 10 (28) 46 (84) 9 (16)

PR expression Normal 96 (82) 21 (18) 0.13 133 (89) 17 (11) 0.39

Pathologic 32 (71) 13 (29) 54 (84) 10 (16)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMissing data in 1 case for FIGO stage and mitotic count, 128 cases for DNA ploidy, 83 cases for p53, 32 cases for p16, 35 cases for ER-
and 36 cases for PR expression. bMissing data in 1 case for mitotic count, 139 cases for DNA ploidy, 68 cases for p53, - , 3 cases for p16-
and 3 cases for ER expression. cχ2 test. dLow mitotic count is less than the median value and high mitotic count is more or equal to the
median. eNormal p53 expression index was ≤4 and pathologic p53 expression index was >4. fNormal p16 expression index was ≥4 and
pathologic p16 expression index was <4.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
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4 days respectively, although no significant difference in
Ki-67 expression according to fixation time.

Associations with other biomarkers. Data on selected bio-
markers were included from previous studies for comparisons
with our staining data for HER-2/neu, EGFR and Ki-67
expression (11,13,17). Briefly, positive HER-2/neu expres-
sion in curettage showed a significant association with low
expression of ß-catenin (p=0.002), high expression of P-
cadherin (p=0.001), presence of glomeruloid microvascular
proliferation (p=0.05) and vessel infiltration (p=0.04). Positive

HER-2/neu staining in hysterectomy specimens was associated
with high membranous expression of P-cadherin (p=0.01)
and high Ki-67 expression in tumors (0.04). 

High Ki-67 expression in curettage was associated to
loss of estrogen receptors (ER) (p=0.002) and progesterone
receptors (PR) (p<0.0001) as well as pathologic p53 (p=0.05)
and p16 (p<0.0001) expression, whilst high Ki-67 expression
in tumors from hysterectomy specimens was associated with
loss of PR staining (p=0.005). For EGFR, there was no
association to any of the markers.

Survival analysis. In the univariate analysis, Ki-67 expression
in both curettage and hysterectomy specimens was significantly
associated with patient survival (Table III and Fig. 3A and B).
Positive staining for HER-2/neu in tumors from hysterectomy
specimens was significantly associated with poor survival
(p=0.009; Fig. 3D), while HER-2/neu staining in curettage
specimens did not influence survival significantly (p=0.18,
Fig. 3C). The EGFR expression did not influence survival
significantly for any of the antibodies used on curettage
samples.

The prognostic impact of HER-2/neu and Ki-67 expression
was tested in the multivariate Cox regression analysis
including patient age at diagnosis, FIGO stage, histologic
subtype and histologic grade. Ki-67 expression in curettage
specimens showed no independent prognostic influence. Ki-67
expression estimated in primary tumors from hysterectomy
specimens when available, had independent prognostic
impact in a forward stepwise regression analysis with an HR
of 1.9 (95% CI 1.1-3.1, p=0.02). For HER-2/neu however,
there was no independent prognostic impact.
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Figure 1. High level amplification of HER-2/neu by SNP array was seen in 1 of 76 investigated samples (185T). Immunohistochemical staining for HER-2/neu
confirmed positive membranous staining for the same tumor. High level amplification of EGFR by SNP array was seen in 1 of 76 samples (51T).
Immunohistochemical staining for EGFR (Dako-Ab) confirmed positive membranous staining for the same tumor sample.

Figure 2. Scatter plot of tumor cell proliferation by Ki-67 staining in
curettage material and Ki-67 staining in hysterectomy specimens. A regression
line is drawn to illustrate the relationship.
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Discussion

Gene alterations and overexpression of various oncogenes and
cell-cycle regulators have in earlier reports shown prognostic
importance in endometrial cancer (11,12,18,19). 

High-level amplification of the HER-2/neu gene seems to
be infrequent in endometrial carcinomas. In the prospective
series of 76 cases examined for amplification by SNP array,
only one case (1.3%) was found to show a clear high-level
amplification of HER-2/neu. Even though this sample showed
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Table II. Ki-67 expression in preoperative curettage and subsequent hysterectomy specimens related to clinico-pathological
variables and selected biomarkers in a population-based study of endometrial carcinoma patients. 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Nuclear Ki-67 expression Nuclear Ki-67 expression 
in curettage in hysterectomy

specimens (n=190)a specimens (n=230)b

–––––––––––––––––––––– –––––––––––––––––––––– 
Variables Categories Median (n) p-valuec Median (n) p-valuec

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
FIGO stage I/II 33 (158) 0.13 15 (193) 0.02

III/IV 41   (31) 31   (37)

Histologic subtype Endometrioid 34 (176) 0.40 16 (210) 0.01

Serous papillary/clear cell 36   (14) 34   (20)

Histologic grade (FIGO) I 31   (44) 0.12d 15   (53) 0.002d

II 34 (109) 15 (133)

III 39   (37) 27   (44)

Necrosis Not present 30   (82) 0.004 13   (91) 0.10

Present 39 (108) 19 (139)

Mitotic count Lowe 27 (105) 0.0001 13 (139) 0.0001

High 39   (84) 29   (90)

Vascular invasion 0 or 1 vessel 31 (118) 0.02 17 (136) 0.40

>1 vessels 40   (72) 18   (94)

DNA ploidy Diploid 31   (50) 0.38 15   (65) 0.21

Aneuploid 32   (14) 30   (17)

p53 expression Normalf 33 (113) 0.05 16 (126) 0.06

Pathologic 43   (27) 31   (33)

p16 expression Normalg 31 (167) <0.0001 17 (200) 0.19

Pathologic 50   (23) 28   (30)

ER expression Normal 33 (122) 0.002 16 (168) 0.12

Pathologic 43   (34) 25   (58)

PR expression Normal 30 (113) <0.0001 15 (158) 0.01

Pathologic 47   (42) 30   (68)

HER-2/neu Negative (0-1) 13 (160) 0.013 16 (185) 0.03

Positive (2-3) 33   (20) 35   (27)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
aMissing data in 1 case for FIGO stage and mitotic count, 2 cases for p16, 34 cases for ER, 35 cases for PR and 50 cases for p53 expression,
10 cases for HER-2/neu and 126 cases for DNA ploidy. bMissing data in 1 case for mitotic count, 71 cases for p53, 4 cases for ER and PR
expression, 18 cases for HER-2/neu and 148 cases in DNA ploidy. cMann-Whitney test. dKruskall-Wallis test. eLow mitotic count is less
than the median value and high mitotic count is more or equal to the median. fNormal expression index was ≤4 and pathologic expression
index was >4 (1). gPathologic expression index was <4 and normal expression index was ≥4 (1).
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

307-316  9/1/08  11:02  Page 312



distinct immunohistochemical overexpression of HER-2/neu,
an alteration in gene copy numbers estimated by SNP array
does not seem to explain the mechanism for immuno-
histochemical overexpression observed in a much larger
proportion of tumors in the independent and larger series
studied by immunohistochemistry. This seems to be in line with
previous reports showing discordance between amplification
and immunohistochemical expression (22,24), indicating that
other mechanisms may be involved. The reported prevalence
of HER-2/neu overexpression by immunohistochemistry

varies from 9 to 30% in previous endometrial carcinoma
studies. Overexpression has been reported to be more frequent
among non-endometrioid tumors (18-80% positivity) and
has also been linked to poor survival (20). The variable
prevalence of HER-2/neu expression in the literature could
be explained by differences in patient populations, criteria for
case selection, technical methods, other antibodies and in the
interpretation of staining results. 

Our study is the first to address this in population based
patient series. We found that 23% of these tumors over-
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Table III. Cause specific survival for 286 patients with endometrial carcinoma (Kaplan-Meier method) according to clinico-
pathologic variables and expression of Ki-67, HER-2/neu and EGFR.a

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
No. of Estimated 5-year 

Variables n deaths survival (%) p-valueb

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
FIGO stage <0.0001

I 211 24 90

II 19 8 62

III 42 24 37

IV 13 13 0

Histological subtype <0.0001

Endometrioidc 257 53 80

Clear cell/serous papillary 29 17 38

Histological grade (FIGO) <0.0001

Grade 1 64 5 92

Grade 2 163 41 76

Grade 3 59 24 59

HER-2/neu expression in curettage 0.18

Negative (0-1) 153 33 80

Positive (2-3) 45 13 70

HER-2/neu expression in hysterectomy specimens 0.009

Negative (0-1) 189 38 81

Positive (2-3) 28 11 61

Ki-67 expression in curettage 0.03

Low 93 15 84

High 97 30 71

Ki-67 expression in hysterectomy specimens 0.01

Low 176 33 82

High 54 18 66

EGFR expression in curettage 0.67

Negative (0) 135 32 77

Positive (>1) 65 14 79
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
aMissing data for 1 case in FIGO stage, 88 cases for HER-2/neu in curettage, 69 cases for HER-2/neu in hysterectomy specimens, 96 cases
for Ki-67 expression in curettage, 56 cases for Ki-67 expression in hysterectomy specimens and 86 cases for EGFR expression in curettage.
bLog-rank (Mantel Cox) test for difference in survival between groups. cAdenosquamous/adenoacantomas are included.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
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expressed HER-2/neu in curettage material which appears to
be in the upper range of what has been reported previously
(21). In a large hospital based study, Morrison et al recently
found a 14% prevalence of positive immunohistochemical
HER-2/neu expression in tumor specimens (22) and is
more in line with our 13% overexpression in hysterectomy
specimens. 

For curettage and hysterectomy material we found a strong
association with several clinico-pathological and molecular
markers such as FIGO stage and histological subtype, and
for curettage, also with histological grade and DNA ploidy.
This confirms that HER-2/neu may be an important tumor
biological factor in a substantial proportion of endometrial
carcinomas. Our finding that 69% of the serous papillary/clear
cell tumors showed overexpression of HER-2/neu in
curettage specimens indicate that this marker can be used to
facilitate individualized treatment with preoperative referral to
specialized cancer units for more extensive treatment of
aggressive histologic subtypes. Endometrial carcinoma is
known to be a hormone-responsive neoplasm. An inverse
correlation between HER-2/ neu expression and the receptors
for estrogen and progesterone was not seen in our study as has
been shown in previous reports (21).

In line with other reports, HER-2/neu overexpression in
hysterectomy specimens showed prognostic impact (22),
but in contrast to the report of Mariani et al, the prognostic
impact of HER-2/neu overexpression in curettage material
did not reach statistical significance in our patient series.

This difference can be explained by the number of cases and
the differences in populations studied (22,23). The lack of
independent prognostic impact of HER-2/neu overexpression
previously reported, appear to be in line with our study though
(23).

Cell line studies of endometrial carcinoma have shown
that efficacy of trastuzumab therapy is correlated to HER-2/neu
overexpression in serous papillary cancer (9). This could
represent a novel and effective therapy for metastatic endo-
metrial carcinomas overexpressing HER-2/neu (9), and a
phase II evaluation of trastuzumab in recurrent and advanced
endometrial carcinomas is now underway (GOG trial 181B).
In the future, a molecularly based therapy regimen might be
used for treatment of HER-2/neu overexpressing metastatic
endometrial carcinomas (25, Fleming et al, Proc ASCO, 2003).
Our data indicate that the proportion of HER-2/neu positive
cases also amongst the endometrioid cancers, are sufficient
for potential clinical relevance and seems to justify further
clinical trials of trastuzumab efficacy in endometrial cancer.

For EGFR, a relationship between the number of receptors
and carcinogenesis has been proposed, but the value as an
independent prognostic indicator for endometrial carcinoma
is not clear (19). The present series has been carefully charac-
terized immunohistochemically with three different EGFR
antibodies. The proportion of samples with moderate to
strong staining for EGFR was high (33%), but membranous
staining showed no significant associations with clinical
phenotype nor survival and is in line with other studies (26).
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Figure 3. Estimated survival among patients with endometrial carcinoma according to (A) Ki-67 expression (Kaplan-Meier method) in tumor from curettage
specimens, (B) Ki-67 expression in tumor from hysterectomy specimens, (C) HER-2/neu expression in curettage specimens, (D) HER-2/neu expression in
tumor from hysterectomy specimens. For each category the number of cases is given followed by the number of cancer deaths. 
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High-level amplification of the EGFR gene as estimated by
SNP array was also infrequent occurring only in 1.3% of
the samples investigated. Even though this sample showed
clear immunohistochemical overexpression of EGFR, the
alteration in gene copy numbers estimated by SNP array can
not explain the mechanism for overexpression observed in
the independent and larger series studied, indicating that
other mechanisms may be involved. EGFR staining did not
show any prognostic effect in our series, but the relation to
response is still an open question. 

Our finding that high proliferative activity in tumors is
associated with aggressive disease and poor survival is in
line with previous studies demonstrating the importance of
proliferative activity in endometrial tumors (27). To our
knowledge, this is the first study comparing the proliferative
activity in tumor cells from curettage and hysterectomy
specimens in a population based setting. We found that the
estimated proliferative activity in the curettage and hysterec-
tomy specimens was significantly correlated and both were
associated with an aggressive phenotype, although a stronger
prognostic influence was seen for the estimated proliferation
in the hysterectomy specimens. This appears to be in line
with one small previous report (28). Estimation of Ki-67
expression in curettage specimens did not add independent
prognostic information beyond the traditional prognostic
markers in our study, and is insufficient to be used for
individualised treatment.

Tumor heterogeneity may explain the differences in
estimates for curettage and hysterectomy specimens for both
HER-2/neu and Ki-67 expression. Tumor necrosis, which
is more likely to be present in an exfoliating part of the
exophytic tumor in curettage material, may also affect the
estimation of proliferation. Our finding that Ki-67 expression
in curettage specimens was significantly correlated to presence
of necrosis may support this explanation. Fixation method
was the same for both specimen types and fixation time was
not significantly different. 

In conclusion, high level amplification of HER-2/neu or
EGFR is infrequent in endometrial cancer. High expression
of HER-2/neu in curettage and hysterectomy specimens from
endometrial carcinomas detected immunohistochemically
is relatively common and identifies tumors with serous
papillary/clear cell histology and high proliferation. Also,
high HER/neu expression in tumors from hysterectomy
specimens is associated with poor survival. These results
motivate clinical trials with trastuzumab based on molecular
HER-2/neu status in the tumors. We found in this population-
based endometrial carcinoma study that estimation of
proliferative activity (Ki-67 expression) in the hysterectomy
specimens is superior to estimation in curettage specimens
and add significant independent prognostic information to the
established clinico-pathological variables.
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