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Abstract

Purpose—While adenomyosis is one of the most common benign histologic findings in
hysterectomy specimens of endometrial cancer, demographics of endometrial cancer arising in
adenomyosis (EC-AIA) has not been well elucidated. The aim of this study is to evaluate
histopathological findings and disease-free survival (DFS) of EC-AIA in comparison to
endometrial cancer coexisting with adenomyosis (EC-A).

Methods—EC-AIA cases were identified via a systematic literature search (n7=46). EC-A cases
were identified from a historical cohort that underwent hysterectomy-based surgical staging in two
institutions (n7= 350). Statistical comparisons of the two groups were based on univariate and
multivariate analyses.

Results—The EC-AIA group was significantly older than the EC-A group (58.9 versus 53.8, p=
0.002). As to tumor characteristics, 63.6% of EC-AIA cases reported tumor within the
myometrium without endometrial extension. The EC-AIA group was significantly associated with
more non-endometrioid histology (23.9 versus 14.8%; p = 0.002) and deep myometrial tumor
invasion (51.6 versus 19.4%; p < 0.001) than EC-A. Tumor grade, stage, and nodal metastasis risk
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were similar (all, p> 0.05). In a univariate analysis, the EC-AIA group had a significantly
decreased DFS compared to EC-A (5-year rates, 72.2 versus 85.5%, o= 0.001). After controlling
for age, histology, tumor grade, and stage, EC-AIA remained an independent prognostic factor
associated with decreased DFS compared to EC-A (adjusted-hazard ratio 2.87, 95% confidence
interval 1.44-5.70, p=0.031).

Conclusion—Our study demonstrated that EC-AIA has distinct tumor characteristics and a
poorer survival outcome compared to EC-A. This suggests a benefit of recognition of this unique
entity as an aggressive variant of endometrial cancer.
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Introduction

Endometrial cancer is the most prevalent gynecologic malignancy in the United States, with
an estimated 61,380 new cases and 10,920 deaths projected for 2017 [1]. Approximately
2.8% of women are diagnosed with endometrial cancer at some point during their lifetime
[2]. Two-thirds (68%) of patients with endometrial cancer are initially diagnosed with the
disease confined to the uterus by hysterectomy-based surgical staging [2]. In contrast,
adenomyosis is one of the most common pathologic findings of benign gynecological
disease in hysterectomy specimens. Adenomyaosis is defined as ectopic endometriosis, which
invades the endometrium into the myometrium, into the uterus and endometrial glands [3].
The prevalence of adenomyosis is reported to range widely from 18 to 66% [4, 5].

Currently, a population-based study including 9842 people with endometriosis showed that
women diagnosed with endometriosis and/or adenomyosis had increased risk of endometrial
cancer [6]. Malignant transformation in endometriosis is a well described occurrence in
ovarian cancer. Sampson suggested that the ectopic location of endometriosis contributes to
the potential for malignant change. Indeed, endometrial cancer arising in adenomyosis (EC-
AIlA) is reported in approximately 1% of women with endometrial cancer [7]. EC-AIA is
characterized as follows: the absence of carcinoma in the normally situated endometrium or
elsewhere in the pelvis, the demonstration of cancer arising in the epithelium of the
adenomyosis and not invading it from another sources, and the presence of tissue resembling
endometrial stromal cells surrounding epithelial glands. However, the clinical features and
prognosis of EC-AIA remain controversial. Some studies have shown that EC-AIA was
associated with aggressive tumor behavior, which resulted in poor patient prognosis [8-11].
However, the majority of these studies were based on case series. Our previous studies
showed (1) that presence of adenomyosis in endometrial cancer is associated with improved
survival in endometrial cancer and (2) that EC-AIA was associated with decreased survival
compared to endometrial cancer irrespective to adenomyosis status (Fig. 1) [12] [13].
Because these studies did not clearly compare the characteristics and outcomes between EC-
AIlA and endometrial cancer coexisting with adenomyosis (EC-A), whether or not EC-AIA
had distinct differences to EC-A remains unknown. The aim of this study was to conduct a
sub-analysis to evaluate the histopathologic findings and prognosis of EC-AIA compared to
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EC-A within our previous study cohorts, and to investigate the role of adenomyaosis in
endometrial cancer progression.

Materials and methods

Study design and eligibility

Approval for Institutional Review Board (IRB) was obtained at the University of Southern
California, and an exploratory investigation was performed. This study defined the case
group as EC-AIA, and the control group as historically confirmed endometrial cancer co-
existing with adenomyosis. For the case group, a systematic literature search was conducted
by using public search engines PubMED and MEDLINE with entry keywords “endometrial
cancer” AND “adenomyosis” in English literature on August 7, 2015. Eligible cases were
EC-AIA with adequate description for clinical information and pathological results. These
cases of EC-AIA were reported within the context of our prior study [12].

For the control group, patients with a diagnosis of endometrial cancer co-existing with
adenomyosis (EC-A) underwent surgical staging including hysterectomy, and specimens
were examined at Los Angeles County Medical Center and Keck Medical Center of
University of Southern California between January 1, 2000 and August 31, 2015. All the
pathology reports were examined for the presence of EC-AIA, and no cases of EC-AIA were
found in the control group. Patients were excluded from this study if diagnosed with
endometrial cancer without adenomyosis, or with other histologic diagnoses including
uterine sarcoma, carcinosarcoma, and endometrial hyperplasia. The Strengthening the
Reporting of Observational studies in Epidemiology (STROBE) guideline was consulted
when reporting a case-control study [14]. Some of the patients in this study were within the
context of our previous studies [12, 13, 15, 16].

Clinical information

Definition

For eligible cases, the following information was abstracted: (1) patient demographics (2)
tumor characteristics, and (3) survival outcomes. Patient demographics included age and
ethnicity. In addition, the year and country of publication, menopausal status, and presenting
symptoms were collected for the case group. Tumor characteristics included histologic
subtype, grade, stage, depth of myometrial tumor invasion, lymph node metastasis, and
estrogen receptor (ER) expression. Tumor expansion to the endometrial layer was also
abstracted. The survival outcomes included disease-free survival (DFS) and overall survival
(0S).

EC-AIA was defined by the previously described diagnostic criteria; (1) cancer must not be
located in the endometrium or other place in pelvis, (2) cancer arises from the epithelium of
adenomyosis and not to be invading from another source, and (3) endometrial stromal cells
surround the aberrant glands to support the diagnosis of adenomyaosis [17]. EC-AIA
involved endometrium defined as a continuous transition from the adenomyotic epithelium
in the myometrium to adenocarcinoma, which extended to the endometrium. It were
contradictory to the first criteria, however, we accepted the modified criteria supported by
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the immunostaining results base on prior reports. [10, 18]. EC-A was defined as
adenomyosis accompanied with endometrial cancer concurrently, presenting with
endometrial glands and stroma in the myometrium, away from the endometrial junction.
Cancer stage was evaluated based on the 2009 FIGO system [19]. Histologic subtypes were
grouped as endometrioid, serous, clear cell, or other adenocarcinoma. Tumor grade was
grouped into low-grade versus high-grade. Grade 1 and 2 endometrioid tumors were
categorized as low-grade. Grade 3 endometrioid, serous, and clear cell tumors were
categorized as high-grade. Deep myometrial tumor invasion was defined as the presence of
tumor in the outer half of the myometrial layer (=50%). The extent of myometrial invasion
in EC-AIA was based on descriptions. If their was deep invasion without detail, it was
allocated to the deep invasion group. Nodal metastasis was evaluated for pelvic and/or para-
aortic lymph nodes. DFS was defined as the time interval between the date of hysterectomy
and the date of the first recurrence of endometrial cancer, or the last follow-up date. OS was
defined as the time interval between the date of hysterectomy and the date of death due to
endometrial cancer, or the last follow-up date if the patient was alive. The co-investigators
entered the data into the de-identified database, and the principal investigator of the study
examined the database for accuracy, consistency, and quality.

Statistical analysis

Results

The primary interest of analysis was to examine DFS and OS between the case and control
groups. The secondary aim of the analysis was to identify the characteristics of EC-AIA.
The continuous variable for age was examined for normality by the Kolmogorov-Smirnov
test, and was expressed with mean (xstandard deviation) as appropriate. Statistical
significance of continuous variables was assessed with student ¢test or Mann-Whitney U'test
as appropriate. Categorical or ordinal variables were expressed with number (%), and
statistical significance was examined by Chi-square test or the Fisher’s exact test as
appropriate. For survival analysis, Kaplan—Meier method and a log-rank test was used for
univariate analysis. A Cox proportional hazard regression model was used for multivariate
analysis. Covariates with p < 0.10 in the univariate analysis were initially entered into the
multivariate model. The final model in the multivariate analysis were EC-AIA (no or yes),
age (<50, 50-59, and =60 years), ethnicity (Caucasian, African, Hispanic, or Asia),
histology (endometrioid, serous, clear cell, and other), grade (low versus high-grade), and
stage (1, I1, 111, and 1V). Subsequently, it was expressed with hazard ratio (HR) and 95% CI.
The Kaplan—Meier method was used to construct survival curves. All statistical tests were
two-tailed, and p value less than 0.05 was considered to be statistically significant. Statistical
Package for the Social Sciences (SPSS, version 22.0, Chicago, IL, USA) was used for the
analysis.

The selection of the EC-AIA group was performed using internet search engines with entry
keywords. 588 articles initially matched in this study. Of those, 544 articles were not
relevant to study, and were excluded. The remaining 34 articles were reviewed entirely. Six
articles were further excluded due to separate foci of adenomyosis and cancer. Twenty-four
articles which described a total of 46 cases of EC-AIA represent the study population for
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statistical analysis [8, 10, 11, 18, 20-42] (Supplemental Figure S1). In the control group, 350
cases of endometrial cancer that had surgical staging during the study period were examined
for statistical analysis (Los Angeles County Medical Center n=296 and Keck Medical
Center of University of Southern California 7= 54). These did not comprise any EC-AIA
cases.

Clinical and pathological variables were compared between the EC-AIA groups and EC-A
groups in Table 1. Patients in the EC-AIA group were significantly older (58.9 versus 53.8
years; p=0.002) and more often Asian (56.8 versus 14.0%: p < 0.001) compared to patients
in the EC-A group. More than three quarter of the patients in the EC-AIA group were
postmenopausal (81.4%). Tumor characteristics of the EC-AIA group were significantly
associated with more non-endometrioid histology (23.9 versus 14.8%; p= 0.002) and deep
myometrial tumor invasion (51.6 versus 19.4%; p < 0.001) than EC-A. The tumors in the
EC-AIA group were more often high-grade (31.7 versus 19.3%), stage I11-1V in stage (24.4
versus 17.7%), and positive of nodal metastasis (27.3 versus 17.9%) than EC-A, although
this did not reach statistical significance (all; p> 0.05). Tumors with EC-AIA were also less
likely to be positive for ER expression than tumors with EC-A (14.3 versus 93.4%; p <
0.001). Endometrial biopsy was performed preoperatively in 25 cases, and 9 out of the 25
cases were diagnosed with endometrial cancer. 30 (65.2%) cases of EC-AIA were
incidentally discovered in the hysterectomy specimens.

In addition, demographics and tumor characteristics were compared between EC-AIA
tumors confined to the myometrium and EC-AIA with tumors extending into the
endometrium (Table 2). Twenty-eight patients in the EC-AIA group were found to have
tumor confined within the myometrial layer of the uterus without invasion to the
endometrium. Age, symptoms, grade, histology, and stage were similar between the two
groups (all, p> 0.05). There was no difference for 5-year DFS rates between the two groups
(72.3 versus 70.8%; p=0.84).

The survival analysis was performed and the independent risk factors for disease-free
survival in all cases were evaluated (Table 3). The median follow-up time between the date
of EC-AIA diagnosis and the last follow-up was 28.6 months. There were 10 cases (21.7%)
of recurrence of disease and 6 deaths (13%) due to cancer progression reported in the study.
A significantly decreased DFS was observed in the EC-AIA group in the univariate analysis
when compared with patients of the EC-A group (5-year rates 72.2 versus 85.5%, o= 0.001,
Fig. 2a). Furthermore, older age, Asian ethnicity, non-endometrioid histology, high-grade
tumor, and advanced stage were also associated with decreased DFS in all cases (all, p <
0.05). Even in cases with earlier disease stage, the decreased DFS was significantly
associated with stage | EC-AIA compared with stage | EC-A (5-year rates 77.0 versus
92.5%, p< 0.001, Fig. 2b). In the multivariate analysis, EC-AIA remained a statistically
independent risk factor for DFS in all cases (HR 2.87; 95% CI 1.44-5.70; p= 0.031). Other
independent risk factors associated with decreased DFS included age 50-59 (HR 4.57; 95%
Cl 1.49-14.0; p=0.008), age =60 (HR 5.11; 95% CI 1.52-17.1; p=0.008), stage I1l (HR
3.68; 95% CI 1.59-8.49; p=0.002), and stage IV disease (HR 18.4; 95% CI 6.45-52.7; p<
0.001). Survival analysis was performed for all cases (Supplement Table 1). Decreased OS
was significantly associated with EC-AIA (5-year rates: 86.0 versus 90.8%, p= 0.031)
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compared to the EC-A group in the univariate analysis. However, EC-AIA did not remain as
a statistically independent risk factor for OS in multivariate analysis (o= 0.13).
Discussion

The two key findings of our study are: (1) endometrial cancer arising in adenomyosis was
associated with poor survival outcome compared to endometrial cancer co-existing with
adenomyosis; (2) cancer arising from adenomyosis has occurred, and this endometrial
cancer is likely to have aggressive tumor features.

The relation between endometrial cancer and adenomyosis has been documented; however,
the role of adenomyosis in endometrial cancer progression remains unclear [8-13]. Our data
suggests that adenomyosis may have a protective effect against cancer progression. The
overall survival in endometrial cancer coexisting with adenomyosis was relatively higher
compared to general reports of survival in endometrial cancer [2]. This positive prognostic
result may be explained mechanically with the contribution of adenomyosis blocking cancer
invasion with its surrounding hypertrophic and hyperplastic myometrial stroma (Fig. 1).
Meanwhile, adenomyaosis has a unique molecular cytokine environment [43]. Increased
secretion of cytokines, including interferon (INF)-a.,-y, tumor necrosis factor (TNF)-a, and
interleukin (IL)-10, is observed. IFNa/y regulates and activates immune responses, and
leads to increase in tumor immunity [44]. In addition, both TNFa and IL-6 stimulates the
growth of endometrial and endometriosis stroma [45]. IL10 acts as an anti-inflammatory
cytokine and controls tumor growth [46]. TNF-a induces apoptotic cell death, resulting in
anti-tumor effect [47]. Consequently, increased INF- a.,-y, IL-10, and TNF-a leads to anti-
tumor effect, and may result in protective effects against cancer progression.

Conversely, our study also shows that endometrial cancer arising in adenomyaosis is also
associated with an extremely poor prognosis and is more likely to have characteristics of
deep myometrial tumor invasion as well as high-grade, advanced stage, and to have positive
nodal metastasis. This finding may be explained by mechanisms behind cancer progression
in EC-AIA (Fig. 1). Cancer initially occurs within the myometrial layer and easily reaches
the myometrial stroma due to the lack of an anatomical barrier in the basal layer of
endometrium [48]. The direct invasion of cancer in the myometrial stroma easily spreads to
the lymphatic and vascular systems. Consequently, once cancer was arising in the
myometrium in the adenomyosis, there was no significance in the prognosis of EC-AIA
expanding into the endometrium. This mechanism can partially explain the poor prognosis
of EC-AIA. However, malignant transformation of adenomyosis is still unclear in many
molecular aspects. Few studies have described the association of adenomyosis and the loss
of heterozygosity in the DNA mismatch repair gene (nMSH2, hMLH1, p16 and GALT) [49,
50]. Both genetic and epigenetic alterations in this multistep processes need to be considered
in order to further evaluate whether these genes are related to malignant transformation of
endometriosis.

Recently, based on molecular genetic studies, ovarian carcinogenesis was explained by
categorizing them in two groups: Type |, which is clinically indolent and usually presents
with low-grade cancer, showing KRAS, phosphatase and tensin homologue (PTEN), and
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phosphatidylinositol-4 5-bisphosphate 3-kinase catalytic subunit alpha (PIK3-CA) mutations
[51]. These mutations exhibit slow cancer progression from a defined benign precursor
lesion: the corresponding endometrioid, clear cell, and low-grade serous cancers. Type II,
which is aggressive, high-grade and usually present in advanced-stage disease, shows TP53
and HER2 mutations [52, 53]. Some studies showed that the high frequency of genetic
mutations in PTEN, KRAS and AT-rich interactive domain 1A gene (ARID1A) is related
with the onset of endometriosis-associated ovarian cancer of endometrioid and clear cell
histologies [54]. Indeed, endometrioid and clear cell were the most common histologies of
EC-AIA in our study. ARID1A is found in approximately 30-48% of the endometrioid and
in 41-57% of the clear cell subtypes of endometriosis-associated ovarian cancer, and in
approximately 40% of contiguous endometriosis cases, adjacent to cancerous tissue [54-56].
Genetic mutations in ARID1A have been described as an early event in carcinogenesis of
endometrial cancer and may be a particular feature of cancer arising from endometrial
glandular epithelium [57]. Unfortunately, the gene mutations have not been explored nor
described in our reviewed literature on EC-AIA.

Meta-analyses showed epidemiologic evidence that endometriosis-associated ovarian cancer
has favorable characteristics, such as type | ovarian cancer [58]. On the other hand, this
study suggested that EC-AIA had quite a different prognosis and resulted in a dismal
survival outcome. Additionally, previous studies assessed the prognosis between EC-AIA
and high-grade EMCA, with a similar prognosis between the two groups [13]. Our findings
proposed that EC-AIA may behave like a type Il ovarian cancer, which is aggressive and
presents with high-grade, deep myometrial invasion and advanced-stage disease. Decreased
ER expression in EC-AIA seems to be less amenable hormone therapy. Further molecular
genetics based study of EC-AIA to elucidate this entity is warranted. Currently, a
prospective study is underway to identify prognostic biomarkers including ARID1A for
endometrial cancer [59]. These results will contribute to explaining the pathogenesis of the
EC-AIA endometrial cancer subtype.

The strength of this study was that its case-control design was relatively large in size
compared to previous literature describing EC-AIA, and adenomyosis pathology was well
described in both the control group and the EC-AIA group. However, a limitation of this
study was that the sample size of the EC-AIA group was relatively small and due to its
rarity, only 46 cases were detected during the 50 years covered in this study. There may be
the possibility that this is a type Il error, and that this influenced OS in multivariate analysis.
Another limitation is that this is a retrospective study. A case-control study is not a typical
approach, which means it may be missing potential confounding factors such as area, time,
and treatments that patients received. Selection bias may also exist because only published
cases were used for the systematic literature review. Additionally, lack of central pathology
review is a weakness of the study as the diagnosis of such rare disease may differ across
pathologists and it is not entirely clear how one can be certain that the carcinoma “arises”
within one particular area of the endometrial epithelium (eutopic versus ectopic/
adenomyosis). Therefore, the optimal study to elucidate EC-AIA entity would be a
prospective study with a larger sample size to support our results.
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conclusion, the survival outcome of endometrial cancer coexisting with adenomyosis

differs from that of EC-AIA. The mechanism based on its pathogenesis remains unclear in
our study and needs further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Sc?wema for study design. Prior studies examined (/) endometrial cancer coexisting with
adenomyosis (EC-A) compared to endometrial cancer without adenomyosis (EC w/o A), (/)
endometrial cancer arising in adenomyosis (EC-AIA) compared to endometrial cancer
regardless of adenomyosis status. However, the relation between EC-AIA and EC-A is still
unknown. EC-AIA defined as follows: (1) the carcinoma must not be situated in the
endometrium or elsewhere in the pelvis, (2) the carcinoma must be seen to arise from the
epithelium of adenomyosis and not to have invaded from another source, (3) endometrial
stromal cells should be surrounding the aberrant glands to support the diagnosis of
adenomyosis
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Fig. 2.
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Patient demographics

Table 1

EC-AIA EC-A pvalue

No. n=46 n=350

Age 58.9 (+9.9) 53.8(+0.55)  0.002
<50 7(15.6%) 109 (31.1%)

50-59 16 (35.5%) 137 (39.2%)
260 22 (48.9%) 104 (29.7%)

Ethnicity <0.001

Caucasian 14 (31.8%) 72 (20.6%)
African American 3 (6.8%) 13 (3.7%)
Hispanic 2 (4.6%) 216 (61.7%)

Asian 25 (56.8%) 49 (14.0%)

Histology 0.002

Endometrioid 35(76.1%) 298 (85.2%)
Serous 7 (15.2%) 19 (5.4%)
Clear cell 3 (6.5%) 4 (1.1%)

Other 1(22%) 29 (8.3%)

Grade 0.06
low-grade 28 (68.3%) 281 (80.7%)
high-grade 13 (31.7%) 67 (19.3%)

Deep myometrial invasion <0.001
No 15 (48.4%) 272 (77.7%)

Yes 16 (51.6%) 68 (19.4%)

Stage 0.43

1 30 (73.2%) 268 (76.6%)
1l 1 (2.4%) 20 (5.7%)
1l 6 (14.6%) 46 (13.1%)

v 4(9.8%) 16 (4.6%)

Nodal metastasis 0.22
Negative 24 (72.7%) 128 (82.1%)

Positive 9(27.3%) 28 (17.9%)
Not performed 13 194

ER expression <0.001
Negative 12 (85.7%) 7 (6.5%)

Positive 2(14.3%) 100 (93.4%)
Not evaluated 33 243

Student ¢test or Chi square for pvalues. Mean (+SD) or number (%) is shown

Page 13

1 missing data for age, 2 missing data for ethnicity, 7 missing data for grade, 25 missing data for deep myometrial invasion, and 5 missing data for

stage. £C-AIA endometrial cancer arising in adenomyosis, £R estrogen receptor

*
Nodal metastasis for pelvic and/or para-aortic lymph nodes

Significant P-values are shown in bold
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Table 2

Significance of EC-AIA expanding into the endometrium

Endometrium extension  pvalue

No Yes

No. n=28 n=16

Age 59.3+10.2 582+10.0 0091
<50 4(14.8%)  3(18.8%)

50-59 10 (37.0%) 5 (31.2%)
=60 13 (48.2%) 8 (50.0%)

Symptom 0.24
Abnormal uterine bleeding 9 (32.1%) 9 (56.3%)
Abdominal-pelvic pain 8 (28.6%) 5 (31.3%)

Other symptoms 3 (10.7%) 1(6.2%)
Asymptomatic 8 (28.6%) 1(6.2%)

Grade 0.99
low-grade 18 (69.2%) 9 (64.3%)
high-grade 8 (30.8%) 5 (35.7%)

Histology 0.40
Endometrioid 21 (75.0%) 12 (80.0%)

Serous 4 (14.3%) 3 (20.0%)
Clear cell 3(10.7%) 0

Stage 0.16

1 20 (80.0%) 8 (57.2%)
Il 0 1 (7.1%)
1 2 (8.0%) 4(28.6%)

Y 3(12.0%) 1(7.1%)

Student ¢test, Chi-square, and Fisher’s exact test for p value
Mean (+SD) or number (%) is shown
1 missing data for age and histology, 4 missing data for grade, and 5 missing data for stage

EC-AIA and endometrial cancer arising in adenomyosis
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