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Abstract

Background—Histopathologic diagnosis of endometrial biopsies is used to estimate the risk of
progression to carcinoma and guide clinical management. Problems with the widely used World
Health Organization (WHO) system for classifying endometrial hyperplasia (EH) have prompted the
development of an alternative system based on Endometrial Intraepithelial Neoplasia (EIN). We
estimated progression risk associated with EIN among endometrial biopsies in a nested case-control
study of EH progression.

Methods—Index biopsies with original community pathology diagnoses of disordered proliferative
endometrium (DPEM) or EH that were independently confirmed by a panel of pathologists were
independently reviewed and assigned EIN classifications (inadequate, benign, EIN, or cancer) by a
second panel of pathologists. Cases (N=138) progressed to carcinoma at least 1 year (median, 6 years)
after their index biopsy. Controls (N=241) also had EH, did not progress to carcinoma, and were
individually matched to cases on age at EH, date of EH, and length of follow-up. Using conditional
logistic regression, we estimated relative risks (RRs, with 95% confidence intervals, Cls) for
progression to carcinoma for EIN vs. benign.

Results—In the EIN system, 71 cases (56.3%) and 159 controls (67.9%) were classified as benign;
42 cases (33.3%) and 65 controls (27.8%) were classified as EIN. The RR for EIN vs. benign was
7.76 (95% ClI, 3.36-17.91). In the WHO system, the RR for AH vs. DPEM-or-SH-or-CH was 9.19
(95% Cl, 3.87-21.83).

*Correspondence to: 6120 Executive Blvd. MSC 7234, Rockville, MD 20852-7234; jimlacey@nih.gov.
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Conclusions—Among women followed for at least one year after receiving a biopsy-based EH
diagnosis, EIN and AH both had similarly increased risks of progression to carcinoma.

Keywords

endometrial hyperplasia; atypical hyperplasia; uterine cancer; cancer precursor; volume percentage
stroma

INTRODUCTION

The term endometrial hyperplasia (EH) refers to endometrial abnormalities that range from
mild proliferation to incipient carcinoma (1;2). The World Health Organization (WHO)
classification scheme combines architectural (simple vs. complex) and cytologic (no atypia vs.
atypia) features to classify the severity of EH. Lesions with diffuse and variably sized glands
but a normal ratio of glands to stroma are called simple hyperplasia (SH), whereas lesions with
architecturally irregular glands and an increased gland-to-stroma ratio are called complex
hyperplasia (CH). When cytologic atypia is present in glandular cells, the former becomes
simple atypical hyperplasia (SAH) and the latter becomes complex atypical hyperplasia (CAH)
(3;4). Because SAH is exceptionally rare, the term atypical hyperplasia (AH) combines SAH
and CAH for practical reasons and is often use to describe any EH with atypia (5). Both in
definition and practice, precise boundaries for simple vs. complex or non-atypical vs. atypical
are lacking.

Nonetheless, these classifications guide clinical management of women with EH (6). Non-
atypical EH (i.e., SH or CH) has a low risk of progression to carcinoma (7), but AH often
coexists with invasive carcinoma and is considered a precursor (5;8). Recent population-based
data demonstrate that women diagnosed with AH are over ten times more likely than women
diagnosed with non-atypical EH to subsequently develop carcinoma (7). Yet the WHO system
has been criticized (8) because its imprecisely defined criteria can be inconsistently and
idiosyncratically applied by practicing pathologists, among whom inter-observer
reproducibility of EH is low (9;10). In addition, atypia, the critical determinant of EH behavior,
is difficult to reliably identify in endometrial biopsy specimens (11).

The endometrial intraepithelial neoplasia (EIN) classification attempts to better codify the
distorted cellular architecture and nuclear characteristics that underlie endometrial neoplasia.
EIN was developed by incorporating morphometric criteria derived from computerized image
analysis of endometrial biopsies, histopathologic findings with expected characteristics of
premalignant lesions (e.g., monoclonal growth and lineage continuity with cancer), and clinical
outcomes. A single premalignant category, called EIN, is present when the lesion has a
minimum diameter of 1 mm, the area of glands exceeds the area of stroma, the cytology is
changed relative to background, and both benign mimics (e.g., polyps, secretory endometrium,
and effects of exogenous estrogen) and cancer can be excluded. The EIN classification can be
assigned using computerized image analysis, which yields a D-score that quantifies
architectural [volume percentage stroma (VPS) and outer surface density of the glands] and
cytologic (the standard deviation of the shortest nuclear axis) features (12) or diagnostic criteria
that can be applied to standard H&E slides by practicing pathologists (13). Sufficiently large
cytologically distinct glandular lesions with gland area exceeding stromal area are called EIN
and considered carcinoma precursors that would progress to carcinoma if left untreated (12).
In contrast, lesions that do not meet the criteria for EIN are unlikely to clinically progress
(14;15).

One pooled analysis of convenience samples from patients at 8 clinical centers reported that
patients diagnosed with EIN were 45 times more likely than patients diagnosed with a benign
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endometrium to progress to carcinoma (16). When the investigators classified participants
under the WHO system, patients diagnosed with AH were only 7 times more likely than patients
with non-atypical EH to progress (16). Such convenience series typically suffer from selection
bias, losses-to-follow-up, suboptimal statistics, and incomplete statistical adjustment for other
potential progression factors. We therefore tested whether EIN assigned by microscopic
assessment was associated with subsequent risk of endometrial carcinoma in a rigorous
epidemiologic study with masked pathology reviews and statistical analyses that accounted for
treatment, clinical factors, and follow-up time.

We previously described our study design (Lacey et al., submitted) and methods (7).

Study participants

Controls

Participants were members of the Kaiser Permanente Northwest (KPNW) prepaid health plan
(17) who were originally diagnosed with incident EH at KPNW between 1970 and 2002 and
were then diagnosed with endometrial carcinoma at least one year later. Women who were
diagnosed with endometrial carcinoma less than one year after their EH diagnosis were
considered to have had prevalent carcinoma at presentation and were excluded.

We retrieved original pathology reports and diagnostic slides for all endometrial procedures,
including hysterectomy. In consultation with the KPNW Department of Pathology, we
translated EH terminology used before 1995 (5) into WHO nomenclature as needed (e.g.,
“mild” to SH, “moderate” or “adenomatous” to CH, and “severe” to AH). One pathologist
(MES) reviewed all slides, assigned a WHO diagnosis, and chose a single representative slide
from each accession. Two experienced pathologists (BMR and OBI) then independently
reviewed the selected slides and assigned a WHO diagnosis to each specimen. We combined
the three pathologists’ data to assign a single, pathology panel WHO diagnosis based on a
standard algorithm of an exact match between at least two of the three reviewers (7). When all
three reviewers’ classifications differed, the first reviewer’s (MES’s) classification became the
panel WHO diagnosis. For analysis, diagnostic categories were negative (i.e., normal),
disordered proliferative endometrium (DPEM; which represents equivocal EH (1;5;18)), SH,
CH, AH (almost all of which were CAH), and carcinoma.

For simplicity, we hereafter refer to the participants’ first diagnosis of EH as their index
biopsy; to the original KPNW diagnoses of the endometrial biopsy specimens as the community
WHO diagnoses; and to the pathology panel diagnoses of the selected slides as the panel
WHO diagnoses.

We originally identified 229 potential cases based on their community WHO diagnoses: 188
women who had EH and then carcinoma, plus another 41 women who had EH and then received
a community diagnosis of CAH at hysterectomy. After reviewing the original pathology
reports, we excluded 15 potential cases who were miscoded as EH or carcinoma. We then
excluded the 76 potential cases who had a panel WHO diagnosis of negative (N=55) or
carcinoma (N=13) or whose slides were unavailable for review (N=8). This left 138 eligible
cases who had a panel WHO diagnoses of DPEM (N=33), SH (N=42), CH (N=21), or AH
(N=42).

We selected controls by first individually matching controls to cases on age at EH, date of EH,
and length of follow-up, and then counter-matching controls to cases on the severity of the
community WHO diagnosis of EH (i.e., SH, CH, or AH). We identified all women at KPNW
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who had incident EH at the same age (+/— 1 year) and the same date (+/— 1 year) as the cases
but who did not progress to carcinoma and remained at-risk (i.e., remained alive with no
hysterectomy or diagnosis of uterine cancer) for an interval at least as long as the progression
interval of that case. We identified, on average, 43 potential controls for each case.

To choose 3 controls for each case, we used counter-matching (19) to boost statistical power
and ensure that the control group included the full spectrum of EH (Lacey et al., submitted).
We selected two controls who had different community WHO diagnoses (i.e., SH, CH, or AH)
than the case (e.g., if the case had SH, then we chose 1 control with CH and 1 control with
AH). We then oversampled AH by always selecting a third control who had AH. This counter-
matching yielded a total of 413 potential controls: 129 with SH (31%), 153 with CH (37%),
and 131 with AH (32%) as their community WHO diagnoses.

Controls’ slide review

After retrieving and reviewing the controls’ slides, using the same procedures that were used
for the cases’ slides, we excluded 172 controls who had a panel WHO diagnosis of negative
(N=160) or carcinoma (N=3) or whose slides were unavailable (N=9). This left 241 eligible
controls who had a panel WHO diagnosis of DPEM (N=97), SH (N=67), CH (N=43), or AH
(N=34). As was done for the cases, each control was selected based on the community WHO
diagnosis but then deemed eligible or ineligible based on the panel WHO diagnosis.

Medical record review

We used a standardized abstract form to extract demographic characteristics, height and weight,
reproductive and pregnancy history, other health factors, use of exogenous hormones, and
treatment for EH. Risk factors were generally assessed at the time of index biopsy. We
supplemented medical record data with linked outpatient pharmacy data (available from 1986
onward).

EIN classification

Two pathologists (GLM and MRN) who did not participate in the WHO pathology review
independently reviewed the same original H&E slides that were included in the WHO review
from eligible cases and controls (i.e., panel WHO diagnosis of DPEM, SH, CH, or AH). Both
reviewers were masked to case-control status, community WHO diagnoses, and panel WHO
diagnoses. Each reviewer assigned an EIN main classification (benign, EIN, cancer, or
inadequate) and subclassification. When the reviewers did not agree on the main EIN
classification, they re-reviewed the slides at a multi-headed microscope to establish a consensus
EIN classification. Slides were unavailable for 3 cases and 3 controls and were considered
inadequate for diagnosis for 9 cases and 4 controls. An EIN classification (benign, EIN, or
cancer) was assigned for 126 cases and 234 controls.

Statistical analysis

To assess concordance between the EIN and WHO panels (e.g., AH vs. EIN and benign vs.
non-atypical EH), we calculated unweighted Kappa statistics (K) and standard errors (S.E.)
using Stata (StataCorp 2007, Release SE 9.2, College Station, TX) for different combinations
of WHO and EIN classifications. Agreement was characterized as slight (0.0-0.2), fair (0.21-
0.4), moderate (0.41-0.6), substantial (0.61-0.8), or almost perfect (0.81-1.0).

Conditional logistic regression generated rate ratios (RRs) and 95% confidence intervals (CIs)
to estimate the risk of developing endometrial carcinoma based on EIN using SAS software
(Cary, NC). “Benign” was the reference group. To assess potential confounding, we evaluated
whether EIN was associated with medical record data. The final regression models included
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sampling weights for both the batch-quota and counter-matched sampling, which were
included as an offset in standard conditional logistic regression models (20), and were adjusted
for age at index biopsy (1-year intervals), date of index biopsy (1-year intervals), and duration
of follow-up (in days).

The RRs measure associations between biopsy diagnoses and subsequent cancer, but strong
associations (i.e., high RRs) do not mean that biopsy diagnoses can effectively predict which
patients will progress to carcinoma (21). We therefore calculated sensitivity and specificity for
predicting progression status (i.e., case or control) based on the biopsy classifications.

To assess the degree to which WHO and EIN classifications complemented each other in their
association with outcome, we performed post hoc analyses of risk associated with joint
classification. This analysis focused on discordant risks (e.g., AH and benign, or SH and EIN)
to evaluate whether joint classification was associated with progression.

Human subjects

RESULTS

The KPCHR’s Research Subjects Protection Office and the National Cancer Institute’s Special
Studies IRB approved this study.

Table 1 presents the EIN panel, community WHO, and panel WHO diagnoses among the cases
and controls with a panel WHO diagnosis of DPEM or EH. Thirteen (9%) of the 138 cases and
10 (4%) of the 241 controls had an index biopsy that was classified as cancer by the EIN panel.
Among the remaining 113 cases and 221 controls, 42 cases (37%) and 65 controls (29%) were
classified as EIN.

There was moderate agreement (K=0.47, SE=0.05) between EIN (benign vs. EIN) and
collapsed WHO (DPEM, SH, or CH vs. AH) classifications. Of the 41 cases and 34 controls
with a panel WHO diagnosis of AH, 21 (51.2%) and 29 (85.3%), respectively, were classified
as EIN. Using either community WHO or panel WHO diagnosis, almost all of the patients
called DPEM or SH were called benign by the EIN panel. The correlation between EIN and
panel WHO was better than the correlation between EIN and community WHO.

Our matched design generated similar ages and dates at index biopsy and progression intervals
for cases and controls. There were no statistically significant case-control differences in
number of follow-up biopsies or treatment (data not shown).

EIN status was statistically significantly associated with irregular menses, gravidity, BMI,
diabetes, and hormone therapy use at index biopsy and diagnosis or censor date (Table 2). For
all of those factors except diabetes, the associations remained statistically significant after
excluding the 23 patients (13 cases and 10 controls) whose index biopsies were called cancer
by the EIN panel (data not shown). Similar associations were observed for AH vs. DPEM

().

Table 3 shows the progression risks associated with the panel WHO and EIN classifications.
As described in our previous publication (7), using a panel diagnosis of DPEM as the reference,
non-atypical EH (SH or CH) only slightly increased the risk of subsequent carcinoma
(RR=2.24, 95% Cl, 1.08-4.46), whereas AH strongly increased the risk of subsequent
carcinoma (RR=14.21, 95% ClI, 5.32-37.96).

The RR for EIN, compared with benign, was 7.76 (95% Cl, 3.36-17.91). The RR for an index
biopsy that was called cancer by the EIN panel was 17.11 (95% ClI, 4.18-70.10), based on 13
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cases and 10 controls. Combining these patients with the EIN group produced an RR of 8.95
(95% Cl, 4.06-19.74) for EIN-or-cancer (55 cases, 75 controls), compared with benign. Figure
1 shows the overlap between those combinations and their respective RRs. Excluding these 13
cases and 10 controls from the progression risks based on the panel WHO produced RRs for
non-atypical EH (2.25, 95% Cl, 1.07-4.73) or AH (10.66, 95% Cl, 3.73-30.47) that were
similar to the RRs based on 138 cases and 241 controls. Note that the slides from another 13
cases (6.1% of all potential cases) and 3 controls (0.7% of all potential controls) whose index
biopsies were called cancer by the WHO panel (7) were not included in the EIN diagnostic
review and are not included in any of the analyses presented here.

Combining diagnoses from both systems did not produce associations that notably differed
from the individual associations with EIN or AH. Compared with a reference group of DPEM,
the progression risks for index biopsies called AH, EIN, or cancer (64 cases and 71 controls;
RR=9.88, 95% CIl, 4.65-21.01) or AH and EIN (21 cases and 29 controls; RR=8.29, 95% ClI,
53-27.21) were similar to the progression risks for AH or EIN shown intable 3. The progression
risk for AH did not differ after further stratification by EIN status, but only 9 cases and 3
controls with a panel WHO diagnosis of AH had an EIN classification of benign (data not
shown).

The sensitivity and specificity for AH (vs. DPEM, SH, or CH) were 31% (95% ClI, 21%-40%)
and 86% (95% CI, 81%-90%), respectively. For EIN vs. benign, sensitivity was 37% (95%
Cl, 28%—-47%) and specificity was 71% (95% CI, 64%-77%). When the 23 cases whose index
biopsies were called cancer were included (i.e., EIN-or-cancer vs. benign), sensitivity (44%,
95% ClI, 35%-53%) increased but specificity (68%, 95% CI, 62%-74%) declined.

DISCUSSION

By enlisting two panels of gynecologic pathologists to independently review the same original
diagnostic slides from women with who clinically progressed to carcinoma and matched
controls who did not progress, our analysis provides useful evidence on the association between
diagnosis of EIN at endometrial biopsy and subsequent cancer risk. The EIN and WHO systems
use different criteria and numbers of categories to classify endometrial lesions, but the
progression risk for dichotomous EIN (RR=7.76 for EIN vs. benign) was quantitatively similar
to the progression risk for a dichotomous WHO scheme (RR=9.19 for AH vs. DPEM, SH, or
CH). Thus, both systems identified women whose endometrial biopsies reflect an almost ten-
fold higher risk of progressing to carcinoma. Both review panels generally agreed on what
constituted a low-risk lesion; index biopsies called DPEM or SH by our WHO panel were
almost always called benign by our EIN panel. This suggests that both systems identify key
features (i.e., normal-appearing architecture and nuclei) that characterize low-risk lesions.

AH was more strongly associated with carcinoma when compared with DPEM only
(RR=14.21) than with DPEM, SH, and CH together (RR=9.19) because the latter used a broader
reference (i.e., comparison) group that included everything from the equivocal DPEM to CH
lesions with severe architectural complexity. We previously concluded (7) that the strong
association between progression and AH (but not SH or CH) could justify treatment decisions
based on a non-atypical EH vs. AH dichotomy. The similar association between EIN and
carcinoma (RR=7.76 for EIN vs. benign) could provide support for a similar approach to
clinical management for EIN (12). Although the relative risks were nearly identical, the two
systems had different strengths when predicting subsequent progression to carcinoma. EIN had
a higher sensitivity than AH (37% vs. 31%, respectively) but a lower specificity (71% vs. 86%,
respectively). As applied by our pathology panels in this dataset, both systems better predicted
which lesions did not progress (i.e., high specificity) than which lesions did progress (i.e., low
sensitivity). However, given the sampling errors inherent in endometrial biopsy specimens and
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the unpredictable natural history of endometrial precursors, it might be unrealistic to expect
any classification system to possess both high sensitivity and specificity.

Secretory endometrium, basalis, polyps, or other benign lesions that mimic glandular
proliferative lesions can be misclassified under both WHO (i.e., as EH) and EIN (i.e., as EIN)
classification systems (12). Because all EIN lesions are also considered EH (12), we excluded
patients who had an index biopsy that our WHO panel classified as being less severe than
DPEM. This removed many of the benign lesions from the EIN diagnostic review. The overall
severity of our benign group is therefore higher than the severity of benign groups in other EIN
studies that include patients whose endometrial biopsies would have been classified as less-
than-EH. Our results on progression risk associated with EIN should therefore be generalized
only to women whose community WHO diagnoses are likely to be considered DPEM or EH
and who remain at-risk for at least one year after their index biopsy. Our results are not
necessarily generalizable to all women who undergo endometrial biopsy, particularly women
whose community WHO diagnoses overestimate their true lesion severity (5) or who have
occult carcinoma at the time of their EH is diagnosed (22).

At the other end of the spectrum, EIN is a premalignant lesion distinct from carcinoma.
Distinguishing a severe premalignant lesion from carcinoma is especially difficult with biopsy
specimens (13), but the EIN panel felt that 13 cases and 10 controls had cancer at their index
biopsies. Nine of these 13 cases (69%) had a panel WHO diagnosis of AH; on average, they
were diagnosed with carcinoma 4.2 years (range, 1.2-11.1 years) after their index biopsy. For
7 of these 13 cases, at least one of the WHO panelists interpreted the biopsy as mucinous
carcinoma, which can be difficult to recognize (23). Two of these 10 controls had a panel WHO
diagnosis of AH and 7 had CH. The average disease-free interval after EH for these 10 controls
was 10.6 years (range, 2.4-17.1 years). Thresholds for distinguishing precursors (e.g., AH or
EIN) from carcinoma in biopsies vary among pathologists and by classification system, but all
of these lesions warrant close follow-up. A bigger challenge may be how to evaluate and
manage the larger group of women with less severe abnormalities. Variable thresholds across
schema will affect how patients are clinically managed, precursors are studied, and
performance of classification systems is evaluated.

In our analysis, EIN diagnoses were more common (29% of all index biopsies) than AH
diagnoses (20% of all index biopsies), especially among controls (i.e., N=65 EIN vs. N=34
AH). These factors tended to reduce the progression risk and specificity associated with EIN
relative to those for AH. The RR of 7.76 for EIN in our study was much lower than the relative
risk of 45 for EIN in a study of 477 women who originally received a community diagnosis of
EH and were followed for at least one year by Baak et al (16). In contrast to previous studies,
our report included a matched control group with equivalent progression risk who received
similar treatment and had complete clinical follow-up data available. Our two pathology panels
included experienced gynecologic pathologists who independently reviewed the original slides
and were masked to case-control status and clinical outcomes. The higher prevalence of EIN
than AH among our study’s controls indicates that the true progression risk for EIN relative to
benign lesions is much closer to the RR of 10 that we observed, because EIN would need to
have nearly perfect predictive power among women who progressed in order to generate the
45-fold increased RR of 45 that has been previously reported (16). Other strengths of our study,
such as the ability to control for treatment, repeat biopsies, and other confounders, lend further
validity to our findings.

Our study possesses some limitations. Few women with severe EH were followed for long
intervals, so statistical power for some regression models was low. The wide confidence
intervals for the risk estimates are a result of the conditional logistic regression and careful
individual matching on age, length of follow-up, and calendar period. Some of the older slides
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were in suboptimal condition, and all endometrial biopsies suffer from tissue sampling
variability. All of these issues would equally affect both the WHO and EIN classifications. We
did not incorporate an intra-observer reproducibility analysis for the EIN classifications.
Reported reproducibility is high, however (16). Although we had both community and panel
WHO classifications, our study did not include EIN classifications that were assigned by
community pathologists.

We designed this analysis to test the association between EIN classification at index biopsy
and subsequent risk of carcinoma. For practical reasons, we selected patients using a modified
WHO classification system; we combined SAH and CAH because too few women at KPNW
had index biopsies that were classified as SAH by the community pathologists or our pathology
review panel to consider SAH and CAH as separate entities for analysis or when selecting
counter-matched controls. Such modifications commonly occur in clinical practice and are not
surprising because assigning a WHO classification requires pathologists to subjectively weight
the relative importance of multiple histologic criteria (8). Those challenges might contribute
to better correlation between our WHO and EIN panel diagnoses than between either panel
and the community WHO diagnoses, although the changing WHO nomenclature used over the
34-year period of our data collection also contributed to those differences (Sherman ME, et
al., In press). Our results show that, despite different formal classification criteria and
application of those criteria, high-risk lesions within dichotomous WHO (AH vs. non-atypical
EH or DPEM) and EIN (EIN vs. benign) classification systems had similar associations with
subsequent carcinoma. Dichotomous systems would simplify classification of endometrial
biopsies and subsequent clinical management, but simply giving pathologists fewer choices
would not eliminate the difficult task of assigning a single classification to lesions that are
neither entirely benign nor obviously severe.

Problems with the WHO classification system persist, in part, because of the low
reproducibility of EH in both community and research settings (8). Comparable evaluations of
EIN reproducibility among community pathologists, plus additional population-based studies
of EIN in diverse clinical settings, are needed in order to continue to evaluate the performance
of EIN compared with existing application of WHO-based critera. We observed that the
progression risk associated with EIN is lower than what has previously been reported and
quantitatively similar to the progression risk associated with AH when both systems are applied
by experienced pathologists as we have done here. Continued efforts to improve
histopathologic diagnosis of endometrial biopsies could potentially lead to improved clinical
management.
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Figure 1. Schematic comparison of progression risks for EIN and WHO
RR, relative risk; see table 3. The area of the categories is proportional to the total number of
cases and controls in each category, relative to the 138 eligible cases and 241 eligible controls.

Cancer. Author manuscript; available in PMC 2009 October 15.




Page 11

Lacey et al.

‘Buipunod Jo asneaaq QT 01 Wns jou ybiw sabeiuaslad moy

‘MBIABI 10} B]Ce|IeAR 10U 819M S|0JIUOD € pUR S3SED € WOY SapIS

"HV 40 ‘HD 'HS 40 sisoufelp OHM AHUNWIWOD B PRy S|0JIU09 [[e INg ‘UoIsn|oul 10} 31q1B11e a1em NTdd JO sasoubelp OHA ANUNWWOD YIM S3seD

‘sis1Bojoyred 2160]028uAb Jo sjaued aieledas Aq paubisse Ajjuspusdapul aiem OHM |aued pue NI3 "(€002—026T) MNJ 1e sasoubeip HJ JeulbLio ay) 0] Siael OHM Allunwwo)

‘eisejdoau Jeljayyidaenul [erawopus ‘N3 "eisejdiadAy jeaidAre ‘Hy “eisejdiadAy xajdwod ‘HD -eisejdiadAy ajdwis ‘HS "winiBWOopUa aAlresalljoid pataplosip ‘INIdAd

8€2 (%) 0T (%L2) 59 (%99) 65T (%2) ¥ GET (%6) €T (%0¢g) 2 (%19) TL (%2) 6 [e10l
e (%9) 2 (9658) 62 (%6) € (%0) 0 1% (%12) 6 (%6t) T2 (%12) 6 (%9) 2 HY
A% (%91) £ (96g9) €2 (%82) 21 (%0) 0 0z (%01) ¢ (9%12) ST (%9) T (%01) ¢ HO
19 (%0) 0 (%01) £ (%06) 09 (%0) 0 1174 (%s) ¢ (%z1) S (%82) z¢ (%) ¢ HS
G6 (%T) T (%9) 9 (%.8) ¥8 (%¥) v €€ (%0) 0 (%¢g) T (%688) 62 (%6) € W3da
OHM |3ued
|elol 1aoue)d NI3 cm_cwm_ mE:UoUmc_ |elol J1aoued NI3 cm_cmm_ E.mscm_owc_
S|oJjuod Sase)
e (%) 0T (9622) 59 (%699) 65T (%2) v 8ET (%6) €T (%0€) ¢v (%19) TL (9%2) 6 [e0]
08 (%S ¥ (06€) TE (%S9) v (%0) 0 LT (%81) € (%3€) 9 (%TY) L (%%9) T HY
00T (%9) 5 (%62) 62 (%¢g9) €9 (1) T 44 (%3) 2 (969€) 91 (%08) 2z (%9) 2 HO
19 (%ez T (%8) 5 (%58) ¢S (%S) € S (%01) § (%1€) 9T (%08) 92 (%01) § HS
- - - - - 514 (%zT) € (%97) v (%9) 91 (%p) T N3dd
OHM Alunwwio)d
UOIBINISSE[D
H3
1eoL J190ue) NI3 ubluag arenbapeu| |elol J190ue)d NI3 ubiluag arenbapeu|
§|0Jlu0D sase)

uoneanIsse|d NI

NIH-PA Author Manuscript

OHM [3ued pue N3 'SA OHM Alunwiwo? :saisdolq Xapul JO UOIRIILISSE|D

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer. Author manuscript; available in PMC 2009 October 15.



Page 12

Lacey et al.

%9 114 %6¢ €01 %99 c0e paseq-vdIN
%T 14 %T 14 %8 8¢ SUON
8y'0 H3 104 Juawyealy Jo adA L
%E 1T %2T A% %.2 26 JusLND
%T ¥ %cT 47 %6¢ 66 JawiioA
%C 9 %9 6T %8 8¢ JanaN
T000°0> JosusgysisouBelp 1e asn | H
%C L %6 X4 %0¢ 29 juaung
%T € %L 174 %ET 187 JawLoH
%V T %VT 144 %TE 96 J3N8N
T000°0> Asdoiq xapui 1e asn | H
%T ¥ %TT ve %TC 69 Jang
%9 8T %6T 19 %y LET JENEIN
800 asn aAndadenuod [ei0
%T ¥ %9 0¢ %8 9 sy
%2 9 %L (44 %ST 18 JawioH
%€ 0T %8T 19 %0% veT JanaN
180 Asdoiqg xapul 1e snieis Bupjows
%T ¥ %6 144 %€ET 6¢ SOA
%S ST %¢CC 99 %¢S 89T ON
€00 Sa1agelp pey JaAg
%2 9 %2 8 %L €¢ +2S
%C 8 %S 91 %TT JAS 259
%0 0 %2 L %€ 1T Sp=>
180 (s4A ur) asnedouawi Je aby
%P ST %0T 9¢ %TC S. [esnedousunsod
%C 8 %6T 99 %EY 15T 1adsaud
180 Asdoiqg xapul Je sness [esnedousiy
%T ¥ %0T ve %8 9¢ +0v
%T 14 %Y €T %6 0¢ 6€-G¢
%T ¥ %€ 0T %PT sl ¥€-0¢€
%T ¥ %S LT %ST €9 6¢-5¢
%C 8 %8 9 %.LT 89 S¢>
200 (;u/B> *xaput ssew Apog) 1IN
%C 8 %6 €e %TC S. +
%€ 1T %ST €9 %¢E STT £
%T 14 %9 Y4 %TT (014 -0
0€0 SULIIQ 8Al] JO "ON
%S 8T %EC 8 %65 T1¢ SIA
%T S %9 14 %8S 6T ON
1000 jueubaid Jang
%0 0 %2 9 %0T 6T ON
%€ 8 %LC ¥S %99 0TT SOA
200 sasuaw Jejnbauil pey Jang
%T ¥ %9 LT %9T I°17 +1
%€ 8 %6T €5 %EE 56 €1-¢l
%T 14 %Y [4) %.LT 8y cT>
0£'0 (s1eak ur) ayoeusiy
anfeA-d % N % N % N

190ue)

NI3

ubluag

uoieolyIsse|d NI

Asdoiq xapul 1e sne1s N3 pue sioloe} 8A119NPOIdal J0 [22IU]D PaI03[as UBMIS] SUOIBII0SSY

NIH-PA Author Manuscript

NIH-PA Author Manuscript

¢ dlqel

NIH-PA Author Manuscript

Cancer. Author manuscript; available in PMC 2009 October 15.



Page 13

Lacey et al.

NIH-PA Author Manuscript

*130UBD 10 ‘N3 ‘uBIuaq JO UOILIIHISSEID NI YHM S|[0JIU0D $EZ PUB S3SED 92T SaUIquIod a|qe L.
“UOITRDIYISSEIO N|T PUR J010B) 8A1IONPOIdaL 10 [201UID Jey) USSMIS] UOIIRID0SS. JURdIIUBIS A][2o1SITeIS € S81edlpul G0°0> anfeA-d

"81e190® auoJaisaboldAxoipaw ‘dIN “Adelay) suowloy esnedousw ‘| H

NIH-PA Author Manuscript NIH-PA Author Manuscript

Cancer. Author manuscript; available in PMC 2009 October 15.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Lacey et al.

Table 3

Page 14

Cancer risks by EIN status and pathology-panel-based WHO classifications

Cases N Controls N RR 95% ClI

Panel WHO classification

DPEM 33 97 1.00 Ref.

Non-atypical EH (SH or CH) 62 110 2.24 1.08-4.66

AH 43 34 14.21 5.32-37.96

Collapsed categories:

DPEM or non-atypical EH 95 207 1.00 Ref.

AH 43 34 9.19 3.87-21.83
EIN classification

Benign 71 159 1.00 Ref.

EIN 42 65 7.76 3.36-17.91

Cancer 13 10 17.11 4.18-70.10

Collapsed categories:

Benign 71 159 1.00 Ref.

EIN or cancer 55 75 8.95 4.06-19.74

RRs are based on conditional logistic regression analysis, weighted based on the sampling methods used to select controls. The RRs represent the increased
probability of developing carcinoma associated with that EH or EIN classification compared with the probability of develop carcinoma associated with

the reference category (i.e., WHO=DPEM, WHO=SH, EIN=benign, or some combination thereof).

Non-atypical EH = SH or CH.

RRs are adjusted for age at index biopsy, date of index biopsy, interval between EH and carcinoma (for cases) or matched censoring date (for controls),
BMI at the time of EH diagnosis, MPA-based treatment for EH, and follow-up biopsies.

For EIN classification, 9 cases and 4 controls were judged to be inadequate for EIN classification (RR=2.19, 95% CI, 0.44-10.82). Another 3 case and 3
control slides were not available for review.
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