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Abstract
Purpose To review and analyze risk factors and the pathology of malignant transformation of adenomyosis.
Methods In this paper, the relevant research on current risks factors and the pathology of malignant transformation of 
adenomyosis was reviewed and analyzed by metaanalysis. All studies included were retrieved from the PUBMED.
Results Analysis of existing studies revealed that most malignant transformation of adenomyosis occurs in elderly or post-
menopausal patients. Adenomyosis with uterine leiomyoma or benign endometrial hyperplasia and other benign diseases 
appears to be more prone to malignancy, but there is currently no strong evidence to confirm this finding.
Conclusions At present, the malignant transformation of adenomyosis is thought to be due to its endometrial epithelium 
transition to monolayer tumor cells before malignant transformation, which eventually develops to varying degrees of can-
cer. However, the specific molecular mechanism of adenomyosis is not yet clear. Because of its low incidence of malignant 
transformation, lack of large-sample, multi-center clinical trials, and large heterogeneity of the existing research, the evidence 
based on the high-risk factors of malignant transformation of adenomyosis is weak.
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Introduction

Adenomyosis is a benign but refractory gynecological 
disease. It involves myometrial damage characterized by 
ectopic myometrium surrounding deep endometrial glands 
and the stroma accompanied by hyperplasia and hypertrophy 
of the adjacent myometrium. Most cases occur in women 
of childbearing age between 30 and 50 years. Common 
symptoms include menorrhagia, dysmenorrhea, pelvic pain, 
abnormal uterine bleeding and uterine enlargement-related 
symptoms [1–3]. Adenomyosis may exhibit malignant fea-
tures in some respects such as angiogenesis and invasive 
behavior. Adenomyosis is common in endometrial adeno-
carcinoma hysterectomy specimens [4], and its malignant 
results are mostly endometrial adenocarcinoma [4]. In this 
paper, the relevant research on current risk factors and the 

pathology of malignant transformation of adenomyosis was 
reviewed and analyzed by meta-analysis.

Incidence of malignant transformation 
of adenomyosis and clinical manifestation

Approximately 1% of endometriosis cases are malignant; 
by contrast, the malignant transformation of adenomyosis is 
quite rare, and the malignant rate has not yet been reported. 
In 1897, Rolly first reported a case of malignant transfor-
mation of adenomyosis into endometrial adenocarcinoma. 
Only 50 cases of malignant transformation of adenomyosis 
into endometrial adenocarcinoma have been reported in the 
Chinese and English literature to date [5]. The vast majority 
occur in post-menopausal women, and the malignant trans-
formation of pre-menopausal cases is rarer [6].

The malignant transformation of adenomyosis into 
endometrial adenocarcinoma lacks specific clinical mani-
festations. Its main symptoms include abnormal vaginal 
bleeding, menorrhea, anemia, and weight loss [1]. Com-
pared with non-malignant changes, malignant transforma-
tion is difficult to distinguish owing to the lack of specific 
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clinical manifestations. Primary endometrial adenocarci-
noma patients often present with hypertension, diabetes, 
and obesity, which are known as “triad syndrome”. There 
has been no relevant study to show the relationship between 
malignant transformation of adenomyosis and endometrial 
adenocarcinoma “triad syndrome”.

Pathological diagnostic criteria 
for the malignant transformation 
of adenomyosis

For endometrial adenocarcinoma from the malignant trans-
formation of adenomyosis, the internationally accepted 
pathology diagnostic criteria are the Sampson Standard and 
the Scott Supplemental Standard [1, 7, 20, 21]. The Samp-
son Standard includes the following: (1) cancerous tissue 
and ectopic endometrial tissue coexist in the same lesion; 
(2) glandular cells and/or endometrial stromal cells exist to 
support the diagnosis of adenomyosis; (3) transformation 
evidence between benign and malignant gland structures is 
present; (4) other sources of tumor invasion or metastasis 
are excluded [1]. The Scott Supplemental Standard includes 
morphological evidence of ectopic endometrial metastases 
under the microscope, e.g., normal endometrial epithelium, 
borderline, and invasive carcinoma coexist [7] (Fig. 1).

Risk factors of the malignant transformation 
of adenomyosis

Based on the low malignancy rate of adenomyosis, there 
is a lack of large sample, multi-center RCT studies, and 
seven cohort studies have examined the leading factors of 
the malignant transformation of adenomyosis [4, 8–12, 22]. 
It has been suggested that adenomyosis can be malignant, 
transforming into endometrial adenocarcinoma, with the 
vast majority of cases occurring in post-menopausal women 
and rarely occurring in pre-menopausal women [6]. It has 
been suggested that adenomyosis associated with uterine 
leiomyoma and/or benign endometrial polyp appears to be 
more prone to malignancy [4, 8–12, 22]. A meta-analysis 
has been conducted for existing studies, and the main results 
are as follows (Figs. 2, 3, 4, 5). Malignant transformation of 
adenomyosis mostly occurs in elderly or post-menopausal 
patients and is rare in young or pre-menopausal patients 
(Fig. 2). Based on this finding, being elderly or post-meno-
pausal may be included as high-risk factors for the malignant 
transformation of adenomyosis. As for endocrine therapy, 
based on existing studies, it may be correlated with malig-
nant transformation of adenomyosis (Fig. 3). Adenomyosis 
with uterine leiomyoma and/or benign endometrial polyp 
appears to be more prone to malignancy, but there is insuf-
ficient evidence for it to be included as a major risk factor 
for the malignant transformation of adenomyosis (Figs. 4, 5).   

Fig. 1  Transformation of adenomyosis
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Pathological findings of malignant 
transformation of adenomyosis

Endometrioid adenocarcinoma is most common for the 
malignant transformation of adenomyosis into endome-
trial adenocarcinoma followed by serous carcinoma, clear 
cell carcinoma and poorly differentiated adenocarcinoma 

[13]. Serous endometrial intraepithelial carcinoma due to 
malignant transformation of adenomyosis (serous EIC) is 
rare [14, 15].

Three studies have investigated the relationship between 
lymphovascular invasion and malignant transformation of 
adenomyosis [4, 9, 16]. However, regardless of the cause 
of endometrial adenocarcinoma, its lymphovascular inva-
sion had no significant differences (Fig. 6). Several studies 

Fig. 2  Relationship between menopause and malignant transformation of adenomyosis

Fig. 3  Relationship between endocrine therapy and malignant transformation of adenomyosis

Fig. 4  Relationship between leiomyoma(s) and malignant transformation of adenomyosis

Fig. 5  Relationship between benign endometrial polyp and malignant transformation of adenomyosis
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have investigated the FIGO staging and histological grade 
of endometrial adenocarcinoma due to malignant transfor-
mation of adenomyosis [8, 10, 11, 16]. Existing studies 
have shown that, regardless of the cause of endometrial 
adenocarcinoma, its FIGO staging was not significant 
(Fig. 7). However, for the histological grade, the endome-
trial adenocarcinoma caused by the malignant transforma-
tion of adenomyosis tends to be low (Fig. 8). Based on 

subgroup analysis, FIGO I staging was more common in 
endometrial adenocarcinoma due to non-malignant trans-
formation of adenomyosis, while FIGO II staging was 
more common in endometrial adenocarcinoma caused 
by malignant transformation of adenomyosis (Fig.  7). 
As for histological grade, grade 3 was more common in 
malignant transformation of adenomyosis and grade 1 was 
more common in endometrial adenocarcinoma due to non-
malignant transformation of adenomyosis (Fig. 8).  

Fig. 6  Relationship between lymphovascular invasion and malignant transformation of adenomyosis

Fig. 7  FIGO staging of malignant transformation of adenomyosis
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Pathological mechanism of the malignant 
transformation of adenomyosis

Possible mechanism for the malignant 
transformation of adenomyosis

Adenomyosis shows malignant features in some areas such 
as rapid growth, angiogenesis and invasion. Malignant dis-
ease progress rarely occurs [1]. It is now believed that aden-
omyosis endometrial epithelium transitions to monolayer 
tumor cells before malignant transformation and eventually 
develops to varying degrees of cancer [1]. However, the spe-
cific molecules that cause myometrial cell transformation 
and its subsequent regulation are not yet clear. There is still 
a lack of strong confirmation in the pathology and rationality 
of the molecular mechanism.

Some data indicate that there are genetic alterations, 
mutation analysis, and inactivation of specific tumor sup-
pressor genes in adenomyosis, which may be associated 
with its malignant transformation [17–19]. Goumenou et al. 
reported for the first time that there was a loss of heterozy-
gosity (LOH) in adenomyosis, which may be involved in the 
initiation of adenomyosis and the early onset of the disor-
der [17]. DNA mismatch repair genes (hMSH2, hMLH1), 
p16Ink4 (CDKN2A, cyclin-dependent kinase inhibitor 
2A) and the GALT (galactose-1-phosphate uridyltrans-
ferase) gene are associated with the occurrence and devel-
opment of adenomyosis [17]. DNA mismatch repair genes 
(hMSH2, hMLH1) have been found at 2p22.3-pl6.1 and 

3p24.2-p22. LOH on these sites may associate with cancer 
pre-disposition of adenomyosis [17]. Adenomyosis stroma 
Bcl-2 expression is maintained at a low level and may have 
a negative effect on ectopic endometrial growth and sur-
vival [18]. Jones et al. found that, compared with the eutopic 
endometrium, stromal bcl-2 expression in endometriotic foci 
was significantly increased, and did not vary with menstrual 
cycle [18]. In contrast, stromal bcl-2 expression in adeno-
myosis was at low levels and did not show significant cycli-
cal variation [18]. Adenomyosis shows epigenetic variation 
related to the methylation of the progesterone receptor gene 
promoter region [19]. Progesterone receptor isoform B (PR-
B) promoter is hypermethylated in adenomyosis, with con-
comitant reduced expression. In addition [19], the biologi-
cal function of other genes in the occurrence and malignant 
transformation of adenomyosis remains to be determined. 
At present, the molecular continuity between benign and 
malignant lesions of adenomyosis requires strong evidence 
to confirm [1].

Relationship between adenomyosis and myometrial 
invasion

At present, five cohort studies have explored the relationship 
between adenomyosis and myometrial invasion in endome-
trial adenocarcinoma [4, 8, 9, 11, 16]. This review incor-
porates these five studies and provides a meta-analysis of 
their research data. Analysis of the available data suggests 
that adenomyosis may not contribute to the development 

Fig. 8  Histological grade of malignant transformation of adenomyosis
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of myometrial invasion in endometrial adenocarcinoma 
(Fig. 9). However, there is still a lack of data from a large 
sample of multi-center randomized controlled clinical tri-
als; thus, existing evidence is insufficient. In terms of the 
depth of myometrial invasion, the available data suggest that 
adenomyosis may not be associated with deep myometrial 
invasion (depth of invasion ≥ 1/2) (Fig. 10). Overall, the rela-
tionship between adenomyosis and endometrial myometrial 
invasion endometrial adenocarcinoma is not clear. 

Conclusion

Adenomyosis is a benign but refractory gynecological dis-
ease. Adenomyosis shows malignant features in some areas 
such as rapid growth, angiogenesis and invasion. Adeno-
myosis may be associated with certain malignant tumors. 
At present, the malignant transformation of adenomyosis 
is thought to be due to its endometrial epithelium transition 
to monolayer tumor cells before malignant transformation, 
which eventually develops to varying degrees of cancer. 
However, the specific molecular mechanism of adenomyosis 

is not yet clear. Because of its low incidence of malignant 
transformation, lack of large- sample, multi-center clinical 
trials, and large heterogeneity of the existing research, the 
high-risk factors of malignant transformation of adenomyo-
sis is still unclear. Analysis of existing studies revealed that 
most malignant transformation of adenomyosis occurs in 
elderly or post-menopausal patients. Adenomyosis with uter-
ine leiomyoma or benign endometrial hyperplasia and other 
benign diseases appears to be more prone to malignancy, but 
there is currently no strong evidence to confirm this finding.

Author contributions HY Data Collection, Manuscript writing. SZ 
Data Collection, Manuscript writing

Compliance with ethical standards 

Conflict of interest Hang Yuan declares that she has no conflict of in-
terest. Shiqian Zhang declares that he has no conflict of interest.

Ethical approval This article does not contain any studies with human 
participants or animals performed by any of the authors.

Fig. 9  Relationship between myometrial invasion and malignant transformation of adenomyosis

Fig. 10  Relationship between deep myometrial invasion and malignant transformation of adenomyosis
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