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Abstract

Objective: To provide an updated synthesis of the current knowledge on the epidemiology, pathophysiology, genetic basis, diagnostic
strategies, and management of recurrent hydatidiform mole (RHM), incorporating recent molecular and clinical findings. Mechanism:
We conducted a narrative review of peer-reviewed literature, focusing on genetic, epigenetic, molecular, and clinical studies address-
ing the pathogenesis, diagnostic strategies, and clinical management of RHM. Findings in Brief: Mutations in maternal-effect genes,
primarily nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 7 (NLRP7) and KH domain-
containing 3-like (KHDC3L), account most familial cases, while other subcortical maternal complex (SCMC) genes, including peptidyl
arginine deiminase 6 (PADI6), nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 5 (NLRP5),
transducin-like enhancer of split 6 (TLE6), zygote arrest 1 (ZAR1), and oocyte-expressed protein (OOEP), have also been implicated.
Histological features, such as villous edema, circumferential trophoblastic hyperplasia, and the presence or absence of embryonic or
fetal tissue, remain crucial in diagnosis, complemented by p57 immunohistochemistry (IHC) and short tandem repeat (STR) genotyping.
Although many cases can be explained by genetic mutations, others may result from epimutations, mosaicism, or polygenic inheritance.
Reproductive counseling now incorporates molecular diagnostics. While in vitro fertilization with intracytoplasmic sperm injection (IVF-
ICSI) or preimplantation genetic testing (PGT) may reduce recurrence risk, donor oocytes remain the only definitive option for women
with confirmed mutations. Conclusions: RHM represents a unique model of imprinting disorders in which defective oocyte biology
leads to abnormal conceptions. Integration of molecular diagnostics with clinical management offers a precision medicine approach,
while future research may identify new avenues for prevention and targeted interventions.
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1. Introduction
Hydatidiform mole (HM) is a gestational trophoblas-

tic disease (GTD) characterized by abnormal proliferation
of trophoblastic tissue and hydropic degeneration of chori-
onic villi, occurring in the context of absent embryonic de-
velopment in complete hydatidiformmole (CHM) or defec-
tive embryonic development in partial hydatidiform mole
(PHM) [1]. While most cases resolve after appropriate
management, a small subset of women experience recur-
rence, which may occur in up to 1–2% after a single episode
and up to 15–20% in cases with prior recurrent hydatidi-
form moles (RHMs) [2]. RHM is a rare and challenging
condition with significant clinical, reproductive, and psy-
chological implications [3]. The etiology of RHM is com-
plex and remains incompletely understood. While sporadic
cases are often associated with chromosomal abnormalities,
familial cases have been linked to maternal-effect muta-
tions. Early diagnosis and careful monitoring are critical
to preventing malignant forms of gestational trophoblastic
neoplasia (GTN) [2].

In this narrative review, we aim to provide an up-
dated synthesis of current knowledge on RHM, including
its pathophysiology, management strategies, and future re-
productive considerations.

2. Epidemiology and Risks Factors

The reported incidence varies depending on geo-
graphic location, population characteristics, and the diag-
nostic criteria used. The baseline risk of molar pregnancy
in the general population is approximately 1 in 1000 preg-
nancies. HM represents the most benign end of the GTD
spectrum but carries the potential to progress to invasive
mole or GTN, particularly in complete forms, which occurs
in 15–20% of cases compared to 1–5% in PHM. After a sin-
gle CHM, the recurrence risk rises to approximately 1–2%,
and following two previous molar pregnancies, the risk in-
creases significantly, up to 15–20%.

Geographic variability exists, with higher baseline
rates of molar pregnancy, and consequently of RHM, re-
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Table 1. Summary of epidemiological and clinical risk factors for RHM.
Risk factor Description Association

Genetic mutations (NLRP7, KHDC3L, PADI6) Maternal effect gene mutations leading to abnormal embry-
onic development

Strong

History of prior molar pregnancy 1–2% recurrence risk after one event; 15–20% after two or
more events

Strong

Maternal age (<20, >40 years) Associated with higher incidence of initial molar preg-
nancy; nuclear impact on recurrence

Moderate

Ethnic/geographic background Higher incidence in Southeast Asia, Middle East, parts of
Latin America

Moderate

Nutritional deficiencies (low carotene, animal fat) Observed association with initial molar pregnancy; limited
recurrence-specific data

Weak

Environmental/socioeconomic factors Delayed access to prenatal care and diagnostis; role in re-
currence unclear

Weak

These data indicate that maternal-effect gene mutations are the strongest predictors of recurrence, while environmental and demo-
graphic factors also modulate risk, underscoring the multifactorial nature of RHM. RHM, recurrent hydatidiform mole; NLRP7,
nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 7; KHDC3L, KH domain-containing
3-like; PADI6, peptidyl arginine deiminase 6.

ported in Southeast Asia, the Middle East, and parts of
Latin America compared with Europe and North Amer-
ica [1]. These differences may reflect variations in genetic
background, maternal age, nutritional status, and access to
healthcare, as well as differences in reporting practices [2].
Extremes of maternal age (<20 years and >40 years) have
been consistently associated with an increased risk of an
initial molar pregnancy. History of prior molar pregnancy
represents the strongest non-genetic risk factor, with risk
increasing proportionally to the number of previous occur-
rences [3]. Low dietary intake of carotene and animal fat
has been associated with molar pregnancy in an epidemi-
ological study, although evidence for their contribution to
recurrence remains limited [4]. Limited access to early pre-
natal care and diagnostic ultrasound may contribute to de-
layed diagnosis.

Overall, the epidemiology of RHM reflects a complex
interplay between genetic susceptibility and environmental
factors. The rarity of the condition makes precise quantifi-
cation challenging, underscoring the need for large, multi-
center registries and genetic studies to refine risk estimates
and improve patient counseling. The major epidemiolog-
ical and clinical risk factors associated with RHM, along
with the current strength of these associations, are summa-
rized in Table 1.

3. Biological Basis and Diagnostic
Approaches

From a biological perspective, HM results from an im-
balance in parental genomic contributions to the conceptus.
HMs are subclassified as CHM or PHM based on clinical,
histological, cytogenetic, and molecular criteria.

CHM arises from fertilization of an anucleated oocyte
by either a single haploid sperm that duplicates, resulting
in a 46,XX of entirely paternal origin, or, more rarely, by
two sperm, producing a 46,XY diploid androgenetic con-

ceptus. Histologically, they are characterized by diffuse vil-
lous edema, absence of embryonic or fetal tissue, and cir-
cumferential trophoblastic hyperplasia. In contrast, PHM
results from fertilization of a normal oocyte by two sperm
(dispermy) in approximately 90% of cases, producing a
triploid genome (69,XXY; 69,XXX; or 69,XYY) with bi-
parental origin. These PHMs may contain fetal or embry-
onic remnants and display focal villous edema with irregu-
lar trophoblastic hyperplasia. While these mechanisms ex-
plain sporadic moles, they do not account for familial or
recurrent forms, in which a maternal genetic factor plays a
primary code.

Accurate classification of HM subtypes remains a di-
agnostic challenge, particularly in early gestational stages,
when morphological features are not fully developed. Ap-
proximately 50% of true PHMs cannot be reliably identi-
fied through conventional histopathological methods due
to the absence of definitive histological criteria and inter-
observer variability, even among experienced pathologists
[5,6]. Similarly, conventional cytogenetics, once consid-
ered the gold standard of genetic research, cannot distin-
guish a 46,XX or 46,XY CHM from a 46,XX or 46,XY
non-molar conceptus [7]. Precise subclassification of HMs
is crucial for guiding appropriate clinical management and
follow-up. Consequently, evaluation of p57 expression by
immunohistochemistry (IHC), combined with polymerase
chain reaction (PCR)-based genotyping via short tandem
repeat (STR) markers, has become an essential tool for the
accurate classification of HMs [8,9].

p57, a cyclin-dependent kinase inhibitor encoded by
the cyclin-dependent kinase inhibitor 1C (CDKN1C) gene
on chromosome 11p15.5, is a maternally expressed and
paternally imprinted gene, detectable in the nuclei of cy-
totrophoblasts and villous stromal cells during early gesta-
tion. Immunohistochemical assessment of p57 has become
a widely adopted tool in diagnostic pathology, providing a
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reliable method to differentiate triploid PHM from andro-
genetic CHM [10]. In practice, triploid PHMs, which retain
a maternal genomic contribution, show positive p57 stain-
ing, whereas androgenetic CHMs, lacking maternal genetic
material, consistently demonstrate absent expression.

However, p57 cannot distinguish dispermic from
monospermic androgenetic CHMs or triploid PHMs from
diploid arrested products of conception (POC), some of
which some may exhibit molar features. In such cases,
genotyping of the POC is required. Additionally, rare cases
show aberrant p57 expression occurs, such as in rare CHMs
retaining maternal chromosome 11, reinforcing the need for
molecular confirmation. The most commonly used geno-
typing method in clinical histopathology is multiplex anal-
ysis of STR in the POC. STRs are repetitive DNA se-
quences that are highly polymorphic in the population and
are analyzed using PCR amplification. In this technique,
alleles in villous tissue are identified as either paternal or
maternal. STR genotyping assesses highly polymorphic
microsatellite regions distributed across multiple chromo-
somes, allowing comparison of allelic patterns between
molar tissue and maternal, and in some cases paternal,
DNA. This methodology reliably differentiates the main
genotypic variants of HMs, including diploid androgenetic
monospermic, diploid androgenetic dispermic, triploid dis-
permic, triploid diandric, and diploid biparental complete
hydatidiform mole (BiCHM). Accurate classification holds
significant clinical relevance, as CHMs carry a markedly
higher risk of progression to GTN compared with PHMs.
Furthermore, among CHMs, the dispermic androgenetic
subtype demonstrates a greater propensity for malignant
transformation compared with the monospermic form.

A recent study [11] has reinforced the clinical utility
of STR genotyping in distinguishing HM subtypes. In a
cohort of 31 PHMs and 23 hydropic abortions, Meng et
al. (2023) [11] demonstrated that STR analysis consistently
identified one maternal and two paternal alleles across in-
formative loci, confirming the diandric triploid origin of
PHMs. Comparison with decidual tissue from the same pa-
tients further validated the biparental control pattern. Im-
portantly, STR-based classification showed excellent con-
cordance with histology and p57 immunostaining, under-
scoring its reliability. These findings highlight that STR
genotyping not only refines diagnostic accuracy in morpho-
logically ambiguous cases but also provides direct evidence
of parental contribution, thereby reducing the risk of mis-
classification between PHMs and hydropic abortions.

This combined approach facilitates precise differenti-
ation among various types of conceptuses (Table 2), includ-
ing [12,13]:

• Androgenetic diploid CHMs, characterized by the ab-
sence of maternal alleles, resulting in absent p57 expres-
sion in cytotrophoblasts and in villous stromal cells.

• Triploid partial HMswith diandric inheritance, which re-
tain maternal genetic contribution and consequently ex-
hibitp57 expression.

• Biparental diploid conceptuses, including those with im-
printing defects.

• Rare cases of mosaicism or chimerism.
It is essential to integrate results from multiple di-

agnostic methods while accounting for the limitations of
each. When discrepancies or unexpected findings arise,
they should be addressed by repeating the discordant test
or using alternative approaches. No single method should
be used to completely override another, as each had inher-
ent limitations.

The relationship between p57 expression and the mor-
phologic features of HM remains incompletely understood
and is not solely determined by the presence or absence of
the maternal genome. Indeed, p57 also acts as a negative
regulator of cell proliferation and as a marker of terminal
differentiation.

In conclusion, findings from morphology, p57 IHC,
and genotyping should be thoroughly described, with con-
clusions supported by clear reasoning and accompanied by
a discussion of the limitations of each method. It is also im-
portant to recognize that molar pregnancies are inherently
abnormal conceptions, in which unusual genotypic config-
urations such as chimerism and mosaicism, can occur and
have been reported.

4. RHM and Familial Forms
Although most cases of HM are sporadic and result

from errors during fertilization, a minority of women ex-
perience RHM, often caused by genetic and epigenetic de-
fects in the oocyte. The identification of maternal-effect
mutations in these cases has transformed our understanding
of HM, revealing it not merely as a cytogenetic aberration
but as a complex epigenetic disorder originating in oocyte
biology.

RHM is defined as two or more consecutive HMs, pre-
dominantly CHMs. The risk of a third HM is strongly as-
sociated with CHM. While most HMs are sporadic, a mi-
nority are attributed to familial recurrent complete mole
(FRCM), a rare autosomal recessive condition associated
with a markedly reduced likelihood of achieving a viable
pregnancy (~1.8%) [14]. A history of previous molar preg-
nancies suggests that a third mole is most likely androge-
netic in origin; however, the possibility of FRHM cannot
be excluded [15].

Over the past decade, understanding of RHM has
expanded significantly, particularly regarding the role of
maternal-effect genes and genomic imprinting. While most
HMs are sporadic, a small but clinically relevant subset rep-
resents familial forms, often associated with biallelic mu-
tations in key maternal genes involved in oocyte epige-
netic regulation [16]. The underlying molecular mecha-
nism involves epigenetic imprinting errors, specifically hy-
pomethylation of maternal imprints during oocyte matura-
tion [3,17]. These errors result in biallelic expression or
silencing of critical imprinted genes, leading to failed em-
bryogenesis and abnormal trophoblastic development [18],
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Table 2. Pathophysiology and molecular bases in HMs.
CHM PHM Recurrent mole

Genetic origin Androgenetic diploidy (90%: 46,XX/10%: 46,XY); Diandric triploidy (69,XXX/XXY/XYY); Biparental diploidy but with maternal-effect gene defects
Loss of maternal DNA. Two paternal sets and one maternal set. (NLRP7, KHDC3L, PADI6, NRLP5).

Mechanism Absence of maternal imprinting. Extra paternal genoma; Imprinting failure;
Imbalance of parental contribution. Epimutations;

Mosaicism;
Polygenic inheritance.

Histology Villous edema; Hydropic villa; Variable, often mimic CHM.
Circumferential trophoblastichyperplasia; Focal trophoblastic proliferation;
No fetal tissue. Presence of fetal tissue.

Diagnostic markers p57: negative; p57: positive; STR: biparental contribution.
STR: androgenetic. STR: diandric triplody.

Incidence ~1:1000 pregnancies; Higher in Southeast Asia, Middle East. Less common than CHM~1:2000–3000 pregnancies. After 1 mole: 1–2%;
After 2 moles: 15–20%; Familial forms: rare (autosomal
recessive).

Progression to GTN 15–20% of cases; Dispermic subtype: higher risk than
monospermic.

1–5% of cases; Significantly lower than CHM. Variable, depends on molecular subtype BiCHM: similar
risk to CHM.

Recurrence risk After 1 CHM: 1–2%; After 2 CHM: 15–20%. Lower recurrence than CHM. With confirmed mutations (NLRP7, KHDC3L): virtually
100%;
Mutation-negative: variable.

BiCHM, biparental complete hydatidiformmole; CHM, complete hydatidiformmole; PHM, partial hydatidiformmole; GTN, gestational trophoblastic neoplasia; STR, short tandem repeat; NLRP5, nucleotide-
binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 5.
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often resembling an androgenetic CHM even when the con-
ceptus is biparental.

Several key genes implicated in RHM have been de-
scribed [19]. The subcortical maternal complex (SCMC) is
a group of proteins localized in the oocyte cortex that regu-
lates essential processes during the oocyte-to-embryo tran-
sition. By regulating spindle positioning, chromosome seg-
regation, and early cleavage divisions, the complex ensures
genomic stability and developmental competence. Disrup-
tion of these processes leads to embryonic arrest, abnormal
imprinting, and reproductive loss.

Maternal recessive mutations in nucleotide-binding
oligomerization domain, leucine-rich repeat and pyrin
domain-containing 7 (NLRP7) and KH domain-containing
3-like (KHDC3L), both encoding SCMC components, are
the primary cause of BiCHM [20].

• NLRP7: Pathogenic variants in NLRP7 are identified in
approximately 55% of FRCM cases [21]. Located at
19q13.42, NLRP7 is involved in the regulation of oocyte
cytoplasmic architecture, inflammasome activity, and
the maintenance of genomic imprinting. These muta-
tions disrupt the establishment of maternal imprinting
during oogenesis, leading to abnormal embryonic devel-
opment [22] and CHM despite a biparental genomic ori-
gin.

• KHDC3L: Mutations in KHDC3L account for 5% of
RHM cases [6]. The gene is located on 6q13 and is
essential for imprinting regulation. Although less com-
mon, thesemutations have also been implicated in RHM.
Recent methylation studies have shown widespread loss
of imprinting in oocytes from affected individuals, con-
firming their role in epigenetic dysregulation.

Other SCMC-related genes, such as peptidyl argi-
nine deiminase 6 (PADI6), nucleotide-binding oligomer-
ization domain, leucine-rich repeat and pyrin domain-
containing 5 (NLRP5), transducin-like enhancer of split 6
(TLE6), zygote arrest 1 (ZAR1), and oocyte-expressed pro-
tein (OOEP), have also been implicated in atypical RHM
and other forms of reproductive failure, including recurrent
implantation failure and early embryonic arrest. These ob-
servations support the concept that RHM is part of a con-
tinuum of disorders caused by disruption of the SCMC.

Although biallelic mutations in maternal-effect genes
explain many familial RHMs, a substantial proportion of
cases show no detectable pathogenic variants, suggesting
that additional mechanisms contribute to the phenotype.
This observation has prompted researchers to explore epi-
genetic and non-Mendelian mechanisms that could disrupt
normal embryogenesis and trophoblastic development [19]:

• Epigenetic defects (epimutations) involve heritable or
somatically acquired changes in DNAmethylation or hi-
stone modifications without changes in DNA sequence.
Errors at maternal imprinting control regions (ICRs)
[23], such as those regulating CDKN1C/p57, paternally
expressed gene 3 (PEG3), and KCNQ1 overlapping

transcript 1 (KCNQ1OT1), can disrupt trophoblast dif-
ferentiation and embryonic development, resulting in
molar phenotypes despite a normal genomic sequence
[24].

• Mosaicism [25] refers to the presence of two or more ge-
netically distinct cell populations within an individual.
Somatic mosaicism, in which certain tissues carry a mu-
tation or epigenetic defect while others are normal, may
lead to partial imprinting defects in the oocyte or early
embryo [26]. Germline mosaicism refers to mutations or
epigenetic errors occurring in a subset of oocytes, lead-
ing to RHM despite normal parental genotyping. Mo-
saicism can complicate diagnosis and recurrence risk as-
sessment, as standard DNA sequencing may fail to de-
tect low-frequency variants.
Finally, a polygenic model has been proposed. Some

RHMs may result from the additive or synergistic effects of
multiple mild genetic variants that individually are insuffi-
cient to cause disease but collectively disrupt oocyte matu-
ration or imprinting. This polygenic model may explain fa-
milial clusters of RHMs where no single pathogenic muta-
tion is identified. PADI6, NLRP5, TLE6, ZAR1, andOOEP,
which are involved in SCMC integrity, DNA methylation,
or chromatin remodeling, have been reported in patients
with atypical RHMs, recurrent implantation failure, and
early embryonic arrest [27]. These findings support the hy-
pothesis that RHM may fall within a broader spectrum of
SCMC-related reproductive disorders [28,29].

Overall, current evidence indicates that RHM is not
solely a consequence of cytogenetic abnormalities but
rather a complex reproductive disorder arising from the in-
terplay between single-gene defects, epigenetic deregula-
tion, mosaicism, and polygenic contributions.

5. Reproductive Counseling and
Management

The occurrence of a third HM is rare and may indi-
cate possible FRCM. In patients with two molar pregnan-
cies, genotyping of the conceptus is recommended follow-
ing histological and immunohistochemical review to de-
termine whether it is androgenetic or biparental in origin,
thereby guiding reproductive counseling. Because BiCHM
are rare, most women with recurrent complete moles are
likely to have androgenetic CHMs [30].

In cases of BiCHM, mutational screening ofNLRP7 is
the first-line approach. If the results are negative, KHDC3L
sequencing should follow. If no pathogenic variants are
identified, analysis can be extended to other SCMC genes
or methylation profiling [31].

In recurrent androgenetic CHMs, in vitro fertilization
with intracytoplasmic sperm injection (IVF-ICSI) can en-
sure monospermic fertilization and prevent dispermic fer-
tilization. Preimplantation genetic testing (PGT) may be
considered [32] to prevent the transfer of 46,XX embryos,
thereby avoiding CHMs resulting from the fertilization of
an inactive oocyte by a haploid X-bearing sperm, which
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Fig. 1. Initial approach in patient with ≥2 HM. HM, hydatidiform mole; IVF-ICSI, in vitro fertilization with intracytoplasmic sperm
injection; PGT-A, preimplantation genetic testing-aneuploidy; SCMC, subcortical maternal complex.

subsequently undergoes duplication [33]. PGT may reduce
the risk but does not eliminate it. Similarly, although ICSI
can reduce the risk of fertilization anomalies, it does not
fully prevent risk, as it does not address underlying epige-
netic anomalies [32].

An overview of the management approach for patients
with two or more HMs is shown in Fig. 1.

As previously described, even in the absence of iden-
tifiable mutations, FRCM cannot be excluded, warrant-
ing histopathological review and consideration of addi-
tional gene testing. In women with confirmed mutations
in NLRP7, KHDC3L, or related genes, recurrence is vir-
tually inevitable [34]. Consequently, genetic counseling
must clearly communicate that natural conception is un-
likely to result in a viable pregnancy and IVF with donor
oocytes remains the only effective reproductive strategy, as
the epigenetic abnormality resides in the maternal DNA of
the oocyte, and ovum replacement entirely prevents the dis-
ease [35,36]. However, in mutation-negative cases, repro-
ductive outcomes can vary, supporting the need for individ-
ualized, risk-based counseling.

Future directions in this field likely include the de-
velopment of non-invasive biomarkers for early detection
of abnormal imprinting. Notably, advances in cell-free
DNA (cfDNA) and cfRNA technologies [37] may enable
the identification of epigenetic signatures of defective tro-
phoblast development before clinical manifestations arise,
a principle already being explored in placental disorders
such as preeclampsia [38]. Applying these methodologies
to RHM could significantly improve early detection and
monitoring in high-risk pregnancies.

Standard genotyping and methylation arrays may fail
to detect subtle, transient, or cell-type-specific methy-
lation errors. To address undiagnosed familial cases,
there is increasing interest in using expanded genetic pan-
els combined with comprehensive epigenomic profiling.
This approach includes whole-genome bisulfite sequencing
(WGBS) and single-oocytemethylome analysis [19], which
enables single-base resolution mapping of DNA methyla-
tion across the entire genome. Long-read single-oocyte
epigenomic profiling provides information on both methy-
lation and chromatin state in individual oocytes, capturing
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heterogeneous or mosaic epigenetic patterns. These tech-
nologiesmay identify cryptic imprinting defects or dynamic
methylation changes in oocytes that predispose to RHM,
expanding our understanding of non-classical pathogenic
mechanisms.

The establishment of international RHM registries
could significantly improve our understanding of long-term
reproductive outcomes and potential oncologic risks [39].
While comprehensive registries for GTD, and molar preg-
nancy in particular, exist in regions such as the UnitedKing-
dom, globally coordinated databases could facilitate large-
scale epidemiologic and genotype–phenotype studies.

Finally, clustered regularly interspaced short palin-
dromic repeats (CRISPR)-based genome and epigenome
editing tools offer a transformative platform for modeling
maternal imprinting disorders in vitro [40]. In particular,
the CRISPR/Cas9 system has opened new opportunities to
dissect the genetic and epigenetic mechanisms underlying
HM. CRISPR has been successfully applied to generate cel-
lular and animal models that replicate defects in maternal-
effect genes and imprinting regulation, providing insights
into trophoblastic development and disease progression.
However, it is important to emphasize that CRISPR has not
yet been translated into therapeutic interventions for molar
pregnancy. Its current role remains primarily in the field of
mechanistic research and disease modeling, where it serves
as a powerful tool to test hypotheses and explore potential
molecular targets for future applications.

These strategies reflect a shift toward a precision
medicine framework in RHM. This integrated approach
may enable earlier diagnosis, improved risk stratification,
and the development of targeted interventions tailored to
the molecular basis of each case.

6. Conclusion
HM and its recurrent forms represent a unique model

of human disease in which defective genomic imprint-
ing and maternal-effect gene mutations converge to dis-
rupt embryonic development and trophoblastic differenti-
ation. While most cases are sporadic and clinically man-
ageable, RHM highlights the critical role of maternal ge-
netic and epigenetic factors, particularly involving NLRP7,
KHDC3L, and other components of the SCMC. The integra-
tion of histopathology, p57 IHC, and DNA genotyping has
markedly improved diagnostic accuracy; however, a sig-
nificant proportion of cases remain unexplained, suggesting
contributions from epimutations, mosaicism, and polygenic
inheritance.

Future progress will likely stem from high-resolution
epigenomic profiling, development of non-invasive
biomarkers using cfDNA and cfRNA, and functional
CRISPR-based models, which together may transform
early detection and mechanistic understanding. At the
clinical level, comprehensive genetic counseling and
long-term reproductive follow-up are essential, and the
establishment of international registries will be pivotal

to defining recurrence risk, guiding patient care, and
informing fertility planning.
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