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Identification of prognostically relevant and
reproducible subsets of endometrial
adenocarcinoma based on clustering
analysis of immunostaining data
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Panels of immunomarkers can provide greater information than single markers, but the problem of how to
optimally interpret data from multiple immunomarkers is unresolved. We examined the expression profile of 12
immunomarkers in 200 endometrial carcinomas using a tissue microarray. The outcomes of groups of patients
were analyzed by using the Kaplan—Meier method, using the log-rank statistic for comparison of survival
curves. Correlation between clustering results and traditional prognosticators of endometrial carcinoma was
examined by either Fisher’s exact test or y>test. Multivariate analysis was performed using a proportional
hazards method (Cox regression modeling). Seven of the 12 immunomarkers studied showed prognostic
significance in univariate analysis (P<0.05) and 1 marker showed a trend toward significance (P=0.06). These
eight markers were used in unsupervised hierarchical clustering of the cases, and resulted in identification of
three cluster groups. There was a statistically significant difference in patient survival between these cluster
groups (P=0.0001). The prognostic significance of the cluster groups was independent of tumor stage and
patient age on multivariate analysis (P=0.014), but was not of independent significance when either tumor
grade or cell type was added to the model. The cluster group designation was strongly correlated with tumor
grade, stage, and cell type (P<0.0001 for each). Interlaboratory reproducibility of subclassification of
endometrial adenocarcinoma by hierarchical clustering analysis was verified by showing highly reproducible
assignment of individual cases to specific cluster groups when the immunostaining was performed,
interpreted, and clustered in a second laboratory (x=0.79, concordance rate=289.6%). Unsupervised
hierarchical clustering of immunostaining data identifies prognostically relevant subsets of endometrial
adenocarcinoma. Such analysis is reproducible, showing less interobserver variability than histopathological
assessment of tumor cell type or grade.
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Endometrial carcinoma is the most common inva-
sive carcinoma of the female genital tract and the
fourth most frequently diagnosed cancer in North
American women." Endometrial carcinoma is not a
single disease process and a range of clinical
behaviors are encountered.” For example, low-grade
endometrioid carcinomas are indolent tumors
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arising in pre- and peri-menopausal women in the
setting of estrogen excess, while serous carcinomas
are aggressive, high-grade tumors, unrelated to
estrogenic stimulation. Current treatment recom-
mendations for patients with endometrial carcinoma
vary widely and are based on tumor stage, grade,
and cell type.**

Morphology alone has proven insufficient for
subclassification of some human tumors, such as
breast carcinoma and non-Hodgkin’s lymphoma,
where immunostaining or other molecular markers
are routinely used. The subclasses identified
through these adjuvant studies influence patient
management and outcomes. While adjuvant studies
are not routinely used for gynecological cancers,
they offer the only realistic hope of significant
progress in subclassification, given the limitations
of routine morphological examination. An impor-
tant limitation of routine histopathological exam-
ination of endometrial carcinoma is the suboptimal
reproducibility of both cell-type assignment and
tumor grade, both of which are used to guide patient
therapy type.>™* No single immunomarker has been
found to be sufficiently powerful to merit routine
use in the subclassification of endometrial carcino-
ma, so we have sought to use a panel of immuno-
markers in this study.

The use of multiple markers for subclassification
raises the question of how to optimally evaluate the
information provided by these markers. Clustering
analysis, which is widely used in marketing and the
social sciences, is one approach to the analysis of
complex data sets with multiple markers per case,
grouping cases based on the overall relatedness of
marker expression.’*"® The TNM classification is a
form of supervised clustering analysis combining
tumor size, lymph node status, and distant metas-
tasis. Unsupervised hierarchical clustering analysis
has been used to classify tumors based on mRNA
expression levels of thousands of genes; prognos-
tically relevant cluster groups have been identified
for breast cancer, large B-cell lymphoma, and lung
adenocarcinoma using this approach.’*™'? While
global gene expression profiling is a powerful tool,
significant problems related to cost and quality
assurance must be overcome before it is widely
used clinically. Tissue can be sent for RT-PCR of
multiple markers®® but this approach is very ex-
pensive and, as with global expression profiling, it is
not possible to be certain if the tissue submitted for
analysis reflects the tumor as a whole, as morpho-
logical correlation is not possible. Immunohisto-
chemical staining performed on formalin-fixed,
paraffin-embedded sections is an attractive alter-
native approach to generating molecular profiles of
tumors, with the advantage of being readily avail-
able technology that allows assessment of morphol-
ogy at the same time as biomarkers. We and others
have shown that it is possible to subclassify breast
carcinoma using hierarchical clustering analysis of a
limited panel of immunomarkers.">*'"** We also
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demonstrated that the cluster groups so identified
are highly prognostically significant, and that the
combination of multiple markers is more powerful
than any of the individual markers used."

In this study we examined the expression profile
of a panel of molecular markers in a large set of
endometrial carcinomas by using immunostaining
of tissue microarrays. These tumors were then
subclassified based on the relatedness of their
immunostaining profiles using unsupervised hier-
archical clustering analysis. The aims of this study
were (1) to test the ability of unsupervised hier-
archical clustering analysis to identify progno-
stically significant subsets of patients with endo-
metrial carcinoma (cluster groups) and (2) to
examine the correlation of the cluster groups with
patient outcome, and other clinical and pathological
features. To demonstrate the feasibility of this
approach in a clinical setting, we examined inter-
laboratory reproducibility of assigning individual
cases to cluster groups.

Material and methods
Tumors and Patients

Two hundred consecutive cases of endometrial
carcinoma, treated by hysterectomy, were retrieved
from the archives of the Department of Pathology,
Vancouver General Hospital, for the period 1983-
1998. None of the included cases received preo-
perative radiotherapy or chemotherapy. There were
156 cases of endometrioid, 13 papillary serous, 5
clear cell, 4 small cell, and 22 mixed subtypes.
Hematoxylin and eosin (H&E) stained slides and
follow up data were available for all cases. For each
case the slides were reviewed, diagnosis confirmed,
and cell type assessed. The patients were staged and
the tumors graded according to 1988 International
Federation of Gynecology and Obstetrics (FIGO)
criteria.** This series of cases has been the subject of a
previous study on grading of endometrial carcinoma.®

Tissue Microarray

While reviewing the H&E-stained slides, a slide with
representative tumor was selected from each case,
and an area of tumor on the selected H&E slide was
circled. The corresponding paraffin block was
retrieved from the hospital archives and the marked
slide was aligned with the surface of the correspond-
ing donor block to guide marking the selected area
on the paraffin block with a felt marker. Using a
tissue microarrayer (Beecher Instruments, Silver
Spring, MD, USA), the area of interest from the
donor block was cored twice with a 0.6-mm
diameter cylinder and transferred to a recipient
paraffin block. Sections from these arrays were then
stained with H&E, to assess adequacy. In mixed
tumors, the higher grade areas were selected for
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tissue microarray construction, as the prognosis in
these mixed tumors is related to this component.*

Immunohistochemistry and Hierarchal Clustering
Analysis

The avidin-biotin (ABC) method was used for
immunostaining and applied to formalin-fixed and
paraffin-embedded tissue. Serial sections of the
recipient paraffin blocks were cut at 3 um, depar-
affinized with xylene, and rehydrated through a
series of graded alcohols. Sections were stained with
the panel of antibodies listed in Table 1. An
automated stainer (Ventana, Tucson, AZ, USA) was
used, according to the manufacturer’s guidelines, for
bcl-2, ER, p53, HER2, B72.3, p63, and CK5/6.
Immunostaining with the remaining antibodies
(p21, p27, E2F-1, PTEN, Gfi-1) was performed
manually. The polyclonal anti-PTEN antibody was
a gift from Dr Heung-Chin Cheng, University of
Melbourne, Melbourne, Australia, and the mono-
clonal anti-Gfi-1 antibody was a gift from Dr H Leigh
Grimes, Cincinnati Children’s Hospital Medical
Center, Cincinnati, Ohio. Antigen retrieval was
carried out as indicated in Table 1. This panel of
antibodies was chosen based on previous reports of
their being of prognostic significance or their known
involvement in cell-cycle regulation or hormonal
signaling (reviewed in Prat®).

Sections stained with the various antibodies were
then scored by two pathologists (AA and CBG),
using a two-headed microscope, using a 4 point
scale where 0=negative (<5% of cells staining),
1=weak staining (ie 5-50% of cells showing weak-
to-intermediate intensity staining in an appropriate
subcellular distribution), 2=strong staining (ie
>50% of cells showing weak-to-moderately intense
staining or >5% of cells showing strong staining, in
an appropriate subcellular distribution), and
3 =uninterpretable (eg because of loss of the tissue
or excessive background staining). Scores were
entered into a Microsoft Excel spreadsheet. Unsa-
tisfactory results were eliminated from further
consideration. Score results for duplicate cores were
consolidated into one score where a higher score for
positive immunostaining would always supercede a
weaker, negative, or uninterpretable result. Cases
that did not have interpretable staining results for
more than 80% of the antibodies used in our panel
were also excluded from the analysis.

For univariate survival analysis, scoring results
were simplified into either negative (score of 0) or
positive (score of 1 or 2); an exception was p53
staining, where we have previously shown that a
cutoff of 50% best served to discriminate between
favorable and unfavorable outcomes?®® so that a p53
score of 0 or 1 was considered negative and 2 was
considered positive, for survival analysis. For
clustering analysis the unsimplified data were used.

Hierarchal clustering analysis of our tissue micro-
array data was performed using software tools that
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Table 1 Antibodies used

Antigen Clone Supplier Dilution Antigen
retrieval
bcl-2 124 Dako 1:20 M
ER 6F11 Novocastra 1:50 M
p53 DO-7 Dako 1:400 M
p21 DCS-60.2 Neomarkers 1:100 M
p27 DCS-72.F6 Neomarkers 1:100 M
HER2 Polyclonal Dako 1:5000 N
E2F-1 KH95 Neomarkers 1:200 M
p63 4A4 Neomarkers 1:2000 M
PTEN Polyclonal H-C Cheng 1:500 H
Gfi-1 2.5D17 HL Grimes 1:20 M
B72.3 BRST-3 Signet 1:100 N
CK5/6 D5/16B4 Zymed 1:100 M

H, heat; M, microwave; N, no antigen retrieval.

were originally designed for analyzing cDNA micro-
array data. An Excel macro, TMA-Deconvoluter, was
designed and written specifically for processing of
raw tissue microarray staining data into a format
compatible for use with the previously developed
Cluster software."*?” The clustered data were then
graphically viewed using TreeView (Cluster and
TreeView software are freely available programs that
can be accessed at http://rana.lbl.gov/EisenSoftware.
htm).

Testing Interlaboratory Reproducibility

To test interlaboratory reproducibility, unstained
sections of this tissue microarray were stained in a
second laboratory (Foothills Hospital, Calgary, Alber-
ta) in the case of antibodies in routine diagnostic use
in that laboratory (ER, bcl-2, p53, HER2) using a
Ventana immunostainer. The anti-ER and anti-bcl-2
antibodies were purchased pre-diluted from Ventan-
na (clones 6F11 and bcl-2/100/D5, respectively), and
used after heat antigen retrieval. The anti-p53 and
anti-HER2 antibodies used were the same as those
listed in Table 1, at dilutions of 1:100 and 1:200,
respectively, after heat antigen retrieval. Fresh sec-
tions were stained with the antibodies not in routine
use in that laboratory (PTEN, p21, p27, E2F-1) by the
same manual method described previously (see
above). The slides were then interpreted using the
scoring system described previously, by two different
pathologists (MA and RP) using a two-headed
microscope, and the immunostaining results ana-
lyzed by hierarchical clustering analysis, as de-
scribed previously. There was no training of the
pathologists at the second laboratory before analysis
of the immunostaining results. Cluster group assign-
ment based on this analysis was compared to the
original cluster group designations.

Statistical Analysis

The Kaplan—Meier method was used to construct
disease-specific survival curves for patients based
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on expression results for each molecular marker
used and also for each of the cluster groups
identified by clustering analysis of the expanded
expression profile based on eight immunomarkers.
Comparison of curves was carried out using log-rank
statistic. Time to event was defined as disease-
specific survival from initial hysterectomy to date of
death due to endometrial carcinoma, with all others
considered censored. Correlation between clustering
result and traditional prognosticators of endometrial
carcinoma was examined by either Fisher’s exact or
y*-test. Multivariate analysis was performed using
Cox’s proportional hazards method. For all analyses,
two-sided tests of significance were used with o of
0.05. Interobserver variation was tested by calcula-
tion of k-statistics, as described previously.® All
analyses were performed using SPSS software
version 11.0 (Chicago, USA).

Results

The median follow-up was 77 months (range, 10
days to 224 months). Forty-six patients died of
endometrial carcinoma (23%), and 36 (18%) died of
unrelated causes. The median patient age was 66
years (range, 28-95 years). There were 152 FIGO
stage I, 22 stage II, 25 stage III, and 1 stage IV tumors.
Ninety nine tumors were FIGO grade 1, 27 grade 2,
and 74 grade 3, reflecting a referral bias, with higher
grade and stage tumors more likely to be referred to
our center for subspecialist care.
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markers were completely sensitive or specific for
either cell type or grade.

The clustering analysis of study cases was
performed based on the expression profile of eight
molecular markers (p53, ER, bcl-2, HER2, p27, E2F-
1, PTEN, p21). In the graphical display of the
clustering results using the Treeview program
(Figure 1) the rows represent individual cases and
the columns are the results of immunostaining with
individual antibodies. The green color indicates
negative staining, red indicates positive staining
(with light red for weak positivity and dark red for
strong positivity), while gray represents missing
data (absent tumor core or uninterpretable staining
result). The clustering analysis divided the tumors
into three groups based on the relatedness of their
immunostaining profiles, which we have designated
as cluster groups I, II, and III. As can be seen from
the Treeview output (Figure 1), the first cluster
group was characterized by ER expression (114 out
of 114 cases), with only 20% showing bcl-2 expres-
sion, and with most tumors being negative for the
remaining markers. All cases in cluster group III
were ER negative; they were positive for PTEN and
p53 in most cases, and showed variable expression
of p27, p21, and E2F-1. All cases in cluster group II
showed ER positivity (33 out of 33 cases) and most

Table 2 Expression of immunomarkers in endometrial carcinoma
and their prognostic significance

Table 2 shows the expression profile and prog- Marker % of cases positive Prognostic value (P-value)?
nostic value, in univariate analysis, of all antibodies
used in tissue microarray sections. Only seven of  ps3 19.7% (35/178) <0.0001
these markers were found to be of prognostic = ER 84.3% (150/178) 0.0002
significance in endometrial carcinoma (p53, ER, bel-2 27'40/" (4/6/168) 0.035
bol-2, HER2, p27, E2F-1, PTEN). p21 approached b o ) 00001
Cl-2, » pas, » DLRIN). pal approact p21 30% (52/174) 0.06
significance as a prognostic indicator in univariate p27 38.2% (65/170) 0.0125
analysis (P=0.06). Expression of these eight mar- E2F-1 26% (46/176) 0.0245
. . . o,
kers in tumors of different cell type and grade is ~ PTEN 40% (67/168) 0.0042
. o ; . p63 16% (27/170) 0.24
shown in Table 3. Staining of the mixed tumors is 5, 36.6% (60/164) 0.4
not .p'resente(_i in this t_able. Althpugh there were  Byz.3 39% (66/169) 0.89
significant differences in expression of these im-  CKs/6 60% (102/170) 0.83
munomarkers between the groups of tumor, strati-
fied based on cell type and grade, none of the "By univariate analysis.
Table 3 Expression of immunomarkers based on tumor cell type and grade
Marker % of expression P-value
Total Grades 1 and 2 endometrioid  Grade 3 endometrioid  Serous and clear cell carcinoma
p53 16% (25/155) 2.8% (3/107) 38% (13/34) 64% (9/14) <0.0001
ER 89% (139/156) 97% (106/109) 79% (27/34) 46% (6/13) <0.0001
Her2 4.5% (7/155) 0% (0/107) 3% (1/34) 43% (6/14) <0.0001
E2F-1 24% (37/153) 18% (19/106) 32% (11/34) 54% (7/13) 0.008
p21 28% (42/151) 18% (19/104) 47% (16/34) 54% (7/13) <0.0001
p27 33% (49/148) 20% (21/103) 68% (21/32) 54% (7/13) <0.0001
bel-2 29% (42/144) 35% (34/98) 25% (8/32) 0% (0/14) 0.024
PTEN 34% (49/144) 19% (19/98) 52% (16/31) 93% (14/15) <0.0001
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tumors in this group were also positive for p53, p21,
and/or p27. Three tumors were outliers and failed to
cluster into any of these groups.

The distribution of tumor cell type and FIGO
grade in the three cluster groups is illustrated in
Figure 2. Eighty-three percentage of tumors in
cluster group III were of FIGO grade 3, and only
31% of tumors in this cluster were of endometrioid
type. On the other hand, 90% of tumors in cluster
group I were of endometrioid type and 80% were
grade 1 or 2. Cluster group II was made up of
predominantly grade 2 and grade 3 endometrioid
carcinomas and grade 3 mixed tumors. The cluster
group designation was strongly significantly corre-
lated with tumor grade, stage, and cell type
(P<0.0001 for each).

Kaplan—Meier survival curves were constructed
based on the cluster group designation as deter-
mined by clustering analysis (Figure 3). There was a
statistically significant difference in the patient
survival based on cluster group assignment
(P=0.0001). The difference in outcome between
patients in cluster groups I and II was not significant
(P=0.25).

In multivariate analysis, using the variables of
patient age (<55 years vs >55 years old), cluster
group designation (cluster groups I and II vs cluster
group III), and tumor stage (stages I and II vs stages
III and IV) in regression modeling, the cluster group
designation was prognostically significantly inde-
pendent of patient stage and age (P=0.014; data not
shown). When the analysis was expanded to include
cluster group designation, tumor stage, patient age,
FIGO grade, and tumor cell type as variables, only
FIGO grade, patient age, and FIGO stage were of
independent significance, while tumor cell type
and cluster group designation approached but
did not reach independent prognostic significance
(0.05<P<0.10; Table 4).

After re-staining and re-analysis of the cases by an
independent team of pathologists, the clustering
was repeated and again identified three cluster
groups, with significantly different patient out-
comes for patients in the three different cluster
groups (data not shown). Interlaboratory reproduci-
bility in assignment of individual cases to cluster
groups was compared and there was very good
reproducibility (x=0.79, concordance in case as-
signment in 174/194 (89.6%) of cases).

Figure 1 Results of hierarchical clustering analysis, with identi-
fication of three cluster groups (designated I, II, and III). Each row
represents a single case and each column a single immunomarker.
Green indicates negative immunostaining, light red indicates
weak immunostaining, and dark red strong immunoreactivity. The
dendrogram on the left indicates the relatedness of the immuno-
profiles of individual cases, while the dendrogram at the top
indicates the relatedness of cases stained by each of the markers;
the longer the dendrogram arm, the greater the differences.
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Figure 2 Distribution of tumor cell type and FIGO grade within each cluster group. PSCE, papillary serous carcinoma of the
endometrium; Other, clear cell carcinoma or small cell carcinoma.
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Figure 3 Disease-specific survival for patients with endometrial carcinoma based on cluster group designation. The proportion of
patients dead of disease is indicated on the y-axis, while survival time, in days, is indicated on the x axis.

Discussion noma, the pathologist’s role is pivotal in prognosti-

cation and in guiding the use of postoperative
Endometrial carcinoma is the most common female  adjuvant therapy. In early-stage endometrial carci-

genital tract cancer and has the fourth highest  noma (stages I and II), depth of myometrial invasion
overall incidence in women, following breast, lung, = (substage), histological grade, and tumor cell type
and colorectal carcinoma.’ In endometrial carci- are important predictors of patient outcome and
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Table 4 Results of multivariate analysis when cluster group designation, FIGO stage, FIGO grade, tumor cell type, and patient age

included in the model

Variable Proportional hazard P-value Relative 95% CI for relative hazard
analysis coefficient hazard

Lower Upper
Cluster analysis (III vs I and II) —0.813 0.087 0.444 0.175 1.13
FIGO stage (I and II vs III and IV) 0.923 0.05 2.52 0.987 6.42
FIGO grade (1 and 2 vs 3) 1.32 0.007 3.74 1.44 9.74
Cell type (endometrioid vs others) 0.789 0.091 2.20 0.882 5.50
Patient age (<55 years vs >55 years) 1.894 0.01 6.65 1.56 28.3

FIGO, Federation of Gynecology and Obstetrics.

used to guide therapy.?* A dualistic model of
endometrial carcinogenesis is widely accepted.®**%*
Most endometrial carcinomas are of type I, arising
from precursor hyperplasia driven by estrogen
excess. These tumors express ER and PR, may have
microsatellite instability (20%), and may have PTEN
mutation (40%). Typically these are low-grade
carcinomas and are endometrioid in type, with a
low proliferative index. Type II tumors arise in-
dependent of estrogen excess and the most com-
monly described genetic abnormality is mutation of
p53. p53 mutation is almost always associated with
aneuploidy and does not appear to coexist with
PTEN mutations. Type II tumors are high-grade
carcinomas, typically serous in type, and have a
high proliferative index. Not all endometrial carci-
noma fit into this dualistic model, and the type I and
type II designations describe ‘two loose clinico-
pathological clusters’ rather than firm diagnostic
categories.?® They do not, for example, account for
mixed serous/endometrioid tumors of the endome-
trium. While the type I and type II designations are
helpful in understanding the pathogenesis of en-
dometrial carcinoma, a more clinically applicable
subclassification system is desirable.

We stained a series of cases of endometrial
carcinoma seen consecutively at our center with a
panel of antibodies. This panel was chosen primar-
ily based on their known role in endometrial
carcinogenesis or previously demonstrated signifi-
cance as prognostic markers in endometrial carci-
noma (p53,2%%¢ PTEN,?*”*® ER and PR,***° bcl-2,*'*3
HER2*'#*%%) or their role in cell-cycle regulation
(p21, p27, E2F-1) (reviewed in Israels and Israels*®).
We did not use MIB-1 (Ki67) immunostaining as we
have previously shown that it shows only a weak
correlation with mitotic activity in uterine serous
carcinomas.?*® Additional markers included proteins
implicated in regulation of hormone response (Gfi-
1*7), markers of squamous differentiation (and thus
possible markers of endometrioid cell type; CK5/6
and p63+**°), and a protein associated with serous
differentiation (B72.3°°). Not surprisingly, given the
criteria for selection of the immunopanel, most
markers studied were prognostically significant in
univariate analysis.
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We next applied unsupervised (ie independent of
all clinical and pathological parameters, apart from
the immunostaining) hierarchical clustering analy-
sis to the immunostaining data for the markers that
approached or reached approached significance in
univariate analysis. We were the first to apply
hierarchical clustering analysis to immunostaining
data™ and have previously used this approach (ie
univariate survival analysis of individual markers
followed by unsupervised hierarchical clustering
analysis) to demonstrate that, for breast cancer, the
use of multiple markers is superior to single markers
for prognostication, and that different clustering
algorithms tested yielded equivalent results in
assignment of individual cases to specific cluster
groups.” Bair and Tibshirani®* independently de-
scribed using this same analytical approach (select-
ing markers based on prognostic significance,
followed by unsupervised clustering analysis) for
analysis of gene expression data. They described
this approach as ‘semi-supervised’ and were able to
show the superiority of semi-supervised approaches
over purely supervised or purely unsupervised
analyses, using multiple sets of gene expression
data from breast carcinoma and large-cell lympho-
ma. In endometrial carcinoma we identified three
prognostically significant cluster groups by cluster-
ing analysis. Although hierarchical clustering was
carried out based solely on immunostaining, inde-
pendent of any clinical or pathological parameters,
the cluster groups show a very strong correlation
with these parameters, in particular tumor cell type
and grade. Cluster group I consists predominantly
of low-grade endometrioid carcinomas and corre-
sponds to type I endometrial carcinoma. These
tumors are ER positive and negative for proliferation
markers or p53, and had the most favorable prog-
nosis. Cluster group III consists predominantly of
high-grade serous, clear cell, and mixed (serous and
endometrioid) carcinomas, with a smaller number of
high-grade endometrioid carcinomas, and has mo-
lecular features of type II endometrial carcinoma.
These tumors were all ER negative, and expressed
p53 and/or PTEN, consistent with known molecular
events during carcinogenesis of type II tumors. This
group had the least favorable outcome. Cluster



group II includes tumors that were ER positive and
showed p53, p21, and p27 expression. This group
consists mainly of grades 2 and 3 endometrioid
carcinomas, with a lesser number of mixed tumors
and occasional serous and grade 1 endometrioid
carcinomas. This group had an intermediate prog-
nosis, and based on their immunoprofile these may
represent examples of progression of type I tumors
to more aggressive tumors. In at least some cases this
occurs through mutation of p53 but, unlike type II
tumors, these tumors are ER positive. The tumors in
cluster group II are also more likely to express
proliferation markers. It has previously been pro-
posed that high-grade endometrial carcinoma may
arise from two pathways, either de novo through p53
mutations (classic type Il endometrial carcinoma) or
through a pre-existing low-grade (type I) endome-
trioid carcinoma, arising in an environment of
estrogen excess with accumulation of additional
mutations and progression to a higher grade tumor.**
Our observations support this view, with the tumors
in cluster groups II and III, respectively, probably
representing examples of these two pathways.

This is the first study to assess the reproducibility
of tumor classification based on an extended panel
of immunomarkers. Immunostains for individual
proteins can show a very high degree of variability,
depending on the specific antibody chosen, antigen
retrieval, detection method, etc. This is well demon-
strated in a recent study by Pallares et al’® in which
they found no significant correlation in immunos-
taining results obtained using four different com-
mercially available anti-PTEN antibodies, and no
correlation with PTEN mutational status. This is
an all too common experience with experimental
antibodies. In contrast, there can be a very high
degree of interlaboratory agreement for antibodies
routinely used in diagnostic laboratories. For exam-
ple, in a comparison of ER staining between six
laboratories, where the same cases were stained and
interpreted according to each laboratories existing
protocols, we found there to be excellent interla-
boratory agreement (x =0.84).°* In the current study
we attempted to recapitulate clinical practice by
having the slides stained in an independent labora-
tory, and interpreted by a different team of pathol-
ogists. These pathologists used the same guidelines
for interpretation described in Material and meth-
ods, without a training session (ie their scoring was
based on the application of written cutoffs, inde-
pendent of the first set of pathologists, and without a
teaching session to reduce interobserver variation in
interpretation). Furthermore, the immunostaining
protocols were those in current use in their
laboratory, without an attempt to replicate the
staining protocols used in the first round of
immunostaining. We performed this only with those
antibodies in routine clinical use (ER, bcl-2, p53,
HER?2); for antibodies not in routine use diagnosti-
cally this strategy could not be employed and
staining was repeated in the originating laboratory
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and then interpreted by the second set of patholo-
gists. The overall reproducibility of assignment of
individual cases to specific cluster groups was very
good (x=0.79). This compares very favorably with
interobserver reproducibility in assessment of either
cell type or grade. The reported k-value for inter-
observer variation in assessment of cell type (serous
or clear cell vs endometrioid) is 0.70, and for
interobserver variation of tumor grade by the FIGO
system, the range of reported x-values is 0.41-0.65.""

There are strong correlations between tumor cell
type, grade, and cluster group designation, which
are the most important prognostic variables based on
the characteristics of the tumor cells (as opposed to
assessment of the extent of tumor spread, or stage).
These three variables are, in theory, assessed
independently but in practice cell type and grade
are dependent, as serous and clear cell tumors are all
considered to be high grade. In multivariate analy-
sis, only tumor grade was of prognostic significance
independent of tumor stage and patient age. Both
tumor cell type and cluster designation approached
significance as independent markers. Assignment of
cases to cluster groups offers significant advantages
over assessment of cell type or grade. It is performed
without consideration of clinical information or
routinely assessed histopathological variables, and
shows better reproducibility than conventional assess-
ment of cell type and grade. As well, the prognostic
significance will improve with the use of better
markers. Development of new markers to reflect the
different pathways during carcinogenesis is particu-
larly desirable. In contrast, it is likely that neither
assessment of tumor cell type nor grade, as currently
performed, has potential for significant improvement
in either prognostication or reproducibility.

Important characteristics of a clinically relevant
subclassification system for cancer are that it is
reproducible, reflects genetic changes during onco-
genesis (ie is biologically relevant), and is predictive
of response to treatment and outcome. There has
been substantial progress in achieving these goals in
the case of breast carcinoma, through the use of
panels of immunomarkers.’>?*?® We provide evi-
dence that, in the future, the use of a panel of
biologically relevant and technically well-validated
immunomarkers could similarly allow reproducible
subclassification of endometrial carcinoma and be
used to guide therapeutic decision making.
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