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Endometrial intraepithelial neoplasia (also known as ‘EIN’) is a precursor to endometrioid endometrial
adenocarcinoma characterized by monoclonal growth of mutated cells, a distinctive histopathologic
appearance, and 45-fold elevated cancer risk. We have applied diagnostic criteria for EIN to 97 successive
endometrial biopsies classified as hyperplastic according to World Health Organization criteria and correlated
results with computer-assisted morphometry (D-score) and clinical cancer outcomes. Three pathologists
separately reviewed all cases for presence or absence of EIN using published criteria (gland area4stromal area,
cytologic change in focus of altered architecture, lesion size 41 mm, and exclusion of cancer and mimics).
Discordant cases were resolved by a consensus review at a multiheaded scope. Clinical outcomes were
obtained in 84 patients from patient visit and pathology records. Diagnoses of presence or absence of EIN were
unanimous among all three pathologists in 75% of cases, and intraobserver-reproducibility was very good
(kappa 0.73–0.90). Cases rediagnosed as EIN encompassed hyperplasias previously diagnosed as atypical
(n¼ 18) or nonatypical (eight complex, two simple). Eight follow-up cancers were scattered between hyperplasia
types (5/21 atypical, 3/63 nonatypical), but all classified as EIN (8/25) and D-score r1 (8/38). Subjective
application of criteria for diagnosis of EIN correlates well with objective morphometry and successfully
segregates patients into high and low cancer risk subgroups with better reproducibility than atypical
hyperplasia diagnosis.
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Diagnosis and therapeutic ablation of premalignant
lesions of the endometrium is central to endometrial
cancer prevention. Accurate diagnosis of precursors
to endometrioid endometrial cancer (Type I),1,2

which may precede cancer by several years, presents
a major challenge to pathologists. The World Health
Organization (WHO) endometrial hyperplasia sche-
ma captures many precancers in the atypical
hyperplasia subgroup, but is a poorly reproducible
system. This report examines clinical performance
of the alternative EIN diagnostic schema as prac-
ticed subjectively at our institution (BWH) since
2002.

The endometrial intraepithelial neoplasia (EIN)
diagnostic schema3,4 is the end product of combined
molecular,5,6 objective histomorphometric,7 and
clinical outcome studies8–11 specifically intended
to redefine the histopathologic appearance of high-
risk endometrial lesions. Premalignant lesions arise
as clonal outgrowths of somatically mutated cells
that present histologically as an expanding discrete
focus of crowded glands with a distinctly different
cytology than the background endometrium. The
EIN schema more precisely defines ‘atypia’ and
gland crowding than previous criteria for hyperpla-
sia. The absolute cytology of EIN lesions varies
greatly between patients, and in a number of cases
lacks prominent nucleoli or nuclear rounding,
definitions of ‘atypia’ classically associated with
atypical hyperplasia. In contrast to a fixed image of
nuclear atypia that does not consider the back-
ground setting, EIN cytology always differs from the
background from which it has emerged.
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Architectural features of EIN have been extrapo-
lated from large follow-up studies of patients whose
endometrial biopsies have a D-score r1 on objective
histomorphometric evaluation. This morphometric
group of patients has a 45-fold elevated risk of future
endometrial carcinoma compared to those with a D-
score41.7–10,12 Key elements of the D-score that
correspond to heightened risk of cancer outcome
include a lesion size exceeding 1 mm in maximum
dimension and a surface area of glands that exceeds
that of stroma.

By examining training biopsies known to contain
EIN precursor lesions based on morphometry and
genetics, we have previously developed subjective
criteria for EIN diagnosis,4,13,14 which may be im-
plemented in routine practice of hematoxylin and
eosin (H&E) light microscopy without computer-
assisted formal morphometry or specialized equip-
ment. Here we evaluate its diagnostic and outcome
predictive performance. Subjective EIN diagnosis is
contrasted with classification of the same cases by
objective morphometry (D-score) and the WHO
hyperplasia schema. Our expectation was that sub-
jective EIN diagnosis would correlate positively with
the D-score from which it is derived, yet diverge
materially from the WHO hyperplasia schema that
fails to evaluate many of those features now known to
best predict clinical outcome. These include lesion
size, quantitative extent of gland crowding, and use of
internal reference points for cytology interpretation.

Materials and methods

Case Selection

A total of 102 sequential endometrial biopsies and
curettings accessioned between 20 February 1998 and
21 December 2000 at the Beth Israel Hospital
Department of Pathology were identified by pathology
report review that listed a diagnosis of endometrial
hyperplasia without carcinoma. The primary diagno-
sis was recorded according to the WHO hyperplasia
terminology4,15 as used in the original report, includ-
ing descriptions of both architecture (complex or
simple) and cytology (atypical or nonatypical). Rou-
tine H&E-stained file slides were reviewed to select
the most representative section. Specimens having
coexisting endometrial adenocarcinoma on review
(n¼ 5) were excluded. This left 97 cases for the study.

Follow-up was determined from medical record
review of clinical visits and results of subsequent
endometrial sampling. Clinical outcome was
recorded for 84 patients having any follow-up
endometrial pathology specimen, or those with
a minimum of 1 year of clinical follow-up visits.

Pathologist Review using EIN Criteria

Slides were diagnosed according to EIN terminology
by three gynecologic pathologists (JH, GM, TI) using

published criteria.4,16 Each pathologist indepen-
dently reviewed slides on two occasions, after
which a consensus adjudication review was per-
formed at a multiheaded microscope by all three
pathologists on those cases where the primary
diagnoses did not match in at least five of six
diagnostic ‘passes’.

Areas diagnosed as EIN were required to meet four
criteria: (1) area of glands exceeds area of stroma; (2)
when a localizing lesion is present, epithelial cells
within the architecturally crowded focus was cyto-
logically different compared to background; (3) area
meeting architectural and cytologic criteria must
have a minimum size of 1 mm; (4) exclusion of
mimics and carcinoma. When EIN does occupy the
entire endometrial compartment, or a discrete
localizing lesion is absent, internal comparisons of
cytology between lesion and background are not
possible. In our experience, this occurs in only
about 25% of EIN examples, leaving the majority
suited for use of a relative internal standard for
interpretation of cytology.

Endometria diagnosed as anovulatory had prolif-
erative glands with focal cystic dilatation or branch-
ing, with or without associated vascular thrombi and
stromal breakdown. Endometrial polyps are localiz-
ing lesions that met at least two of the following
three diagnostic criteria in an area confirmed to be
endometrial functionalis; (1) irregular gland archi-
tecture, (2) altered stroma; (3) thick-walled vessels.
Carcinoma was diagnosed when one of the following
features was present in neoplastic epithelium: (1)
‘rambling’ or mazelike glands; (2) solid areas of
epithelium; (3) significant cribriforming; or (4)
threadlike intervening fibrous tissue with polygonal
distortion of contiguous glands (‘mosaic pattern’).
Multiple diagnoses (primary and secondary) were
recorded when appropriate.

Computerized Morphometry

Computerized morphometric analysis of representa-
tive delineated regions on H&E-stained sections from
95 cases (two were unavailable due to return of
slides to the source institution) was performed with
the QProdit 6.1 system (Leica, Cambridge, UK) as
previously7,9 described. For each lesion the D-score
was calculated, incorporating volume percentage
stroma (VPS), standard deviation of shortest nuclear
axis (SDSNA), and gland outer surface density
(OUTSD), and then classified as probable precancer
(EIN) (Dr1, n¼ 42), or probable benign (D41,
n¼ 53) based on the previously developed out-
come-predictive formula D¼ 0.6229þ (0.0439VPS)�
(3.9934 Ln(SDSNA))�(0.1592OUTSD).

Results

In total, 97 endometrial biopsies were diagnosed
using EIN criteria. The first pass diagnoses of the
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three pathologists were concordant with respect to
EIN vs non-EIN in 75% (73/97) of cases. Interobser-
ver reproducibility among the three pathologists was
good, with pairwise (between pathologist) kappas of
0.62, 0.56, 0.54. Overall intraobserver reproducibil-
ity between the two diagnostic passes was 92.8%
with Cohen Kappa statistics of 0.904, 0.826 and 0.73
for the three reviewers. Adjudication was required
in 20 cases where there was agreement in fewer than
five of six diagnostic passes. These included seven
biopsies originally diagnosed as simple hyperplasia
without atypia, seven as complex hyperplasia with-
out atypia and six as complex hyperplasia with
atypia. In all, 65% (13/20) of these cases were
diagnosed as EIN at adjudication.

The majority (78%) of biopsies originally desig-
nated ‘complex hyperplasia with atypia’ were
reclassified as EIN (Table 1). A smaller proportion
of lesions designated ‘complex hyperplasia without
atypia’ (44%) and ‘Simple hyperplasia without
atypia’ (4%) were reclassified as EIN (Table 1). Of
all EIN lesions, 64% were reclassified from biopsies
with ‘complex hyperplasia with atypia’, 29% from
‘complex hyperplasia without atypia’, and 7% from
the simple hyperplasia categories (Figure 1).

Clinical outcome was available in 87% (84/97) of
patients based upon hysterectomy results (n¼ 26,
median interval 68 days), subsequent endometrial
sampling with or without additional clinical follow-
up (n¼ 46, median interval 3.5 years) or clinical
follow-up alone for a minimum of 1 year (n¼ 12,
median interval 3.3 years). WHO biopsy diagnoses
in these women were distributed among all cate-
gories of hyperplasia (Table 2). All eight patients
with carcinoma had a prior biopsy classified as EIN.
Out of a total of eight cancer outcomes, only one of
these EIN cases required adjudication to arrive at an
EIN diagnosis (Figure 4, diagnosed according to
WHO criteria as nonatypical simple hyperplasia).

Subjective EIN diagnoses stratified well by mor-
phometric D-score across a threshold of D-score¼ 1
(Figure 2). Specifically, all 53 cases with D-score 41
were judged to be benign (non-EIN) using subjective
criteria. Cases with D-score r1 were more variably
interpreted by pathologists, with 27 diagnosed as
EIN, and 15 as benign. All future cancer occurrences
occurred in patients whose endometrial biopsies
were high risk by both objective morphometric
(D-score r1) and subjective (EIN) methods.

Differing interpretation of cytology according to
WHO hyperplasia and EIN systems is illustrated for
two nonatypical hyperplasias diagnosed as EIN
(Figures 3 and 4). Both of these cases were followed
by endometrial adenocarcinoma.

Table 1 Reclassification of WHO hyperplasias using EIN criteria

WHO hyperplasia diagnosis EIN diagnosis n (%) Total

Complex with atypia 18 (78) 23
Simple with atypia 0 (0) 0
Complex without atypia 8 (44) 18
Simple without atypia 2 (4) 56

Total 28 (29) 97

Table 2 Clinical cancer outcomes by WHO, EIN, and D-score

Diagnostic schema Diagnosis Cancer,
n (%)

Total,
n

WHO hyperplasia Complex with atypia 5 (24) 21
Complex without atypia 2 (13) 15
Simple without atypia 1 (2) 48

Total 8 (10) 84

EIN EIN 8 (32) 25
Non-EIN 0 (0) 59

Total 8 (10) 84

Morphometry
(D-score)

D-score r1 (high risk) 8 (21) 38
D-score 41 (low risk) 0 (0) 44

Total 8 (10) 82

Figure 1 Correlation of WHO and EIN diagnoses. Gray portions of
bar graphs show approximate percentages of each WHO hyper-
plasia class that will be diagnosed as EIN. Remaining WHO
hyperplasias not diagnostic of EIN (white) will be allocated to
unopposed estrogen (anovulatory), polyp, and other categories.
Pie chart shows relative contributions of each hyperplasia type to
the EIN diagnostic category in our series of 97 cases with 28 EIN
examples.
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Discussion

Identification of endometrial precancers by morpho-
metric D-score has proven to be both diagnostically
reproducible and predictive of clinical outcome. We
show that a subjective implementation of EIN
diagnostic criteria is also highly reproducible,
consistent with D-score predictions, and outper-
forms the WHO hyperplasia schema in predicting
cancer risk.

The reviewed series contained eight adenocarci-
noma outcomes. A preceding diagnosis of EIN was
100% sensitive in predicting all eight endometrial
cancers, with 32% (8/25) of EIN diagnoses asso-
ciated with concurrent or subsequent endometrial
adenocarcinoma. This outcome predictive value of a
consensus subjective diagnosis was similar to that
seen previously for morphometrically diagnosed
EIN using the D-score as measured by image
analysis.11 In contrast a biopsy diagnosis of atypical
hyperplasia was only 63% sensitive, predicting five
out of eight endometrial adenocarcinoma outcomes.
The remaining three cases were initially diagnosed
as simple nonatypical1 and complex nonatypical2

hyperplasias, resulting in all WHO hyperplasia
categories being associated with some frequency of
cancer, complex atypical (23%), complex nonatypi-
cal (10%) and simple nonatypical (2%) (Table 2).
Therefore, it is impossible to exclude the possibility
of future or concurrent cancer in most patients with
a WHO hyperplasia diagnosis of any category.

This latter point highlights a useful aspect of EIN
diagnostic scheme that is clinically important in
patient management. The very robust negative
predictive value of a non-EIN diagnosis (in this
study 100%) essentially removes most patients from
a high-risk category given none of the 59 patients in
the non-EIN category were found to have cancer. In
contrast, many of these same patients would have

been needlessly considered to be at increased cancer
risk based on WHO classification, for example, 29 of
these 59 (16 complex atypical and 13 complex
nonatypical hyperplasias) patients would be con-
sidered to have at least a 10% cancer risk. One of the
arguments for implementation of the EIN system
would be to decrease the frequency of false positive
diagnoses, which have significant consequence for
the patient.

Interobserver reproducibility of EIN vs non-EIN
was good, with all three pathologists agreeing in the
first pass in 75% of cases, and pairwise interobser-
ver kappas of 0.54–0.62. This is better than a recent
Gynecologic Oncology Group study where a panel of
three gynecologic pathologists agreed on WHO
hyperplasia class assignment in only 39% of cases,

Figure 2 Correlation of subjective EIN diagnosis with objective D-
score. A D-score threshold of 1, previously established to stratify
endometria by cancer risk,7,9–11 correlated well with subjective
diagnoses of EIN (black, n¼ 27) compared to benign non-EIN
(white, n¼68). All cancer occurrences (triangles) seen during
follow-up were captured in the high-risk groups as determined
both by subjective (EIN, black) and objective morphometric (D-
score r1) methods.

Figure 3 WHO complex nonatypical endometrial hyperplasias
reclassified as EIN. A localized area of EIN is seen under low
power (panel a) as a jumble of glands whose area exceeds that of
intervening stroma, in contrast to loosely packed background
proliferative glands (arrowhead). Lesion architecture is a more
obvious feature of this EIN that demonstrates subtle cytologic
change. Cells of the EIN lesion have larger and more pseudos-
tratified nuclear cytology (panel b) than those of the adjacent
proliferative glands (panel c). This 49-year-old patient developed
endometrial adenocarcinoma 2 years later as confirmed at
hysterectomy.
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with interobserver kappas of 0.34–0.43,17 and a
recent reproducibility study that showed atypical
hyperplasia diagnosis interobserver kappa of 0.47.18

Improved reproducibility is an expected benefit of
contraction of the number of classes to be distin-
guished. This has been cited by a European group as
one justification to contract biopsy diagnosis of
premalignant and well-differentiated carcinoma into
a single category.19 The EIN schema continues to
maintain adenocarcinoma as an entity separate from
premalignant disease (EIN) because these may be
treated differently in the United States, especially
when EIN presents in women wishing to maintain
fertility. Management of EIN is quite similar to that
previously offered to women with an atypical
hyperplasia diagnosis, and this may include an
option in some cases for hormonal therapy with
progestins and careful follow-up surveillance.

While morphometrically low-risk (D-score 41)
endometria were consistently recognized as non-
EIN in our series, morphometrically high-risk
endometria (D-score r1), comprised an admixture
of subjectively benign and EIN endometria (Figure
2). In this study, we performed morphometry on all
intact tissues, irrespective of the presence of
endometrial polyps or secretory endometrium that
are known to be benign processes that yield ‘high
risk’ D-scores. All cases that went on to adenocarci-
noma were high risk by both D-score (r1) and
subjective (EIN) classification, emphasizing the
need for the human element in diagnosis.

The most difficult part of EIN diagnosis is
exclusion of the many benign mimics that overlap
with EIN. Some can be instantly recognized as
mimics using features that do not appear in the
concise bullet lists of diagnostic criteria. For
example, normal secretory endometrium is nonuni-
form throughout the endometrial thickness. Basal
areas without significant stromal predecidual
change have much more gland crowding than near
the surface where expanding stromal cells push the
glands apart. Combined with cytologic differences
in secretory activity between the basal and super-
ficial gland elements, it is very easy to misinterpret
an isolated fragment of basal secretory endometrium
as a localizing EIN lesion. Polyps present another
problem, as about 15% of EIN lesions present within
the context of the irregularly distributed glands of a
polyp. EIN diagnostic criteria are maintained in a
polyp, with the caveat that the polyp itself should be
considered the background for comparison of cyto-
logy. The polyp context of EIN should always be
mentioned in the report, as the entire lesion may be
removed in some cases by simple polypectomy.

Education and training are a critical element in
achieving diagnostic reproducibility for community
deployment of any new diagnostic procedure. To
this end, we have developed an online interactive
tutorial and deposited online a training series of 50
outcome-annotated endometrial biopsies (the ‘EIN
Diagnosis Library’) at www.endometrium.org. It was
this material, coming from patients independent of
those studied in the current report, which was used
to prepare the least experienced pathologist (JH) to
participate in this study. Once learned, EIN diag-
noses are robustly applied by pathologists, as
indicated by our very good intraobserver reproduci-
bility (kappa 0.73–0.90). Online teaching resources
are increasingly popular in many disciplines, but
limitations in image resolution and field selection
are significant barriers in mimicking the real-time
experience of viewing glass slides under the micro-
scope. An example of hardware-induced diagnostic
compromise emerged during training for this pro-
ject. One pathologist had a steady habit of under-
diagnosing EIN lesions. Further inquiry revealed
that the microscope he was using did not have a � 2
objective, necessary for low-magnification intercom-
parison of architectural patterns among the many

Figure 4 (a) WHO simple nonatypical hyperplasia reclassified as
EIN. Monotonous closely packed glands are present throughout
the endometrial compartment. The extent of the lesion leaves no
broad fields of background for comparison, but isolated ‘overrun’
normal glands (panel b, arrowhead) demonstrate that in this
patient the EIN glands have nuclei that are taller and more
polarized than background normal. This 47-year-old patient
subsequently developed endometrial adenocarcinoma 8 months
later, confirmed at hysterectomy.
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tissue fragments scattered throughout the slide.
Without this low-power perspective, subtle localiz-
ing architectural clues were lost, and the relevant
fragments overlooked. When supplied with a � 2
objective, that individual suddenly could quickly
recognize the fragment of interest and became
concordant with the rest of the group.

The EIN vs benign distinction has been better
characterized than that between EIN and cancer.
Resolution of EIN from well-differentiated carcino-
ma relies on histopathologic criteria of solid epithe-
lium, cribriform architecture, mazelike lumens, or
myoinvasion. Previous morphometric analysis of
endometrial biopsy material from patients with and
without myoinvasive cancer on hysterectomy have
identified variables such as volume percentage
lumen, volume percentage epithelium, and epithe-
lial thickness as features of carcinoma that may
predict myoinvasion.20,21 These have not yet been
extensively tested on new patient series, nor have
they been extrapolated to readily applicable sub-
jective criteria. This is a subject that requires more
attention, both in terms of developing new mole-
cular markers or criteria for improved diagnostic
segregation, and in defining relevant therapeutic
thresholds. In particular, there is renewed clinical
interest in managing subsets of well-differentiated
adenocarcinoma with locally22 or systemically
delivered hormonal agents. It may become necessary
in the near future to critically evaluate new
strategies for stratification suited to triage into
therapies that are not currently part of our clinical
repertoire.

The relationship between EIN and that group of
lesions previously diagnosed as endometrial hyper-
plasia is relevant to practicing pathologists contem-
plating transition to the EIN diagnosis schema. The
canon of ‘endometrial hyperplasia,’ as defined by
the WHO encompasses a biologically diverse assem-
blage of lesions inconsistently assigned to one of
four groups based upon the presence or absence of
cytologic atypia and simple or complex architecture.
This approach largely derived from a 1985 clinical
outcome study of 170 patients in which lesions with
cytologic atypia conferred an approximately 14-fold
elevated risk for endometrial carcinoma.23 Although
the WHO 4-class endometrial hyperplasia schema is
currently the most widely used classification system
for premalignant endometrial lesions, reproducibil-
ity of the key assessment of presence or absence of
cytologic atypia is poor, with interobserver kappa
values of 0.3–0.47.17,18 Fixed translation of a specific
hyperplasia subtype to EIN category is not possible,
because of the poorly defined nature of hyperplasia
subgroups, and absence of key EIN criteria such as
lesion size and relative standard for cytologic
change in the hyperplasia system. Rather than
seeking a translation between the systems, EIN
criteria must be applied to each case individually
in order to achieve the reproducibility and outcome
predictive benefits seen in this study.

The EIN diagnostic schema was introduced at
Brigham and Women’s Hospital in 2002, to replace a
local version of the older hyperplasia-based nomen-
clature. EIN implementation has been very well
received by our clinical colleagues, who were
primed by a series of explanatory conferences and
memos in advance of a go-live date. The ease of
pairing each diagnostic entity with clinical manage-
ment facilitates clear communication. It has, how-
ever, raised new questions. Now that we are
increasingly conscious of lesion size and extent
while making the diagnosis, there is interest in
exploration of whether further subdivision by any of
these variables (other than the simple 1 mm size
threshold) has any clinical meaning. Further studies
are needed to resolve these issues.
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