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Atypical lobular endocervical glandular hyperplasia (ALEGH) is a cervical precancerous lesion that develops independently
of high-risk human papillomavirus (HPV) infection. It is regarded as a key intermediate stage in the progression from lobular
endocervical glandular hyperplasia to gastric-type endocervical adenocarcinoma (G-EAC). Because these lesions are often located
in the upper endocervical canal or deep cervical stroma, and their cytological and histological atypia may be subtle, ALEGH is
prone to being missed or misdiagnosed in clinical practice. Accurate identification of ALEGH and assessment of its malignant
potential are central to improving clinical management. In recent years, advances in multimodal imaging, artificial intelligence
(AI)-assisted image analysis, preoperative targeted biopsy, and molecular pathology have provided new evidence for improving
preoperative detection and risk stratification. In this review, we summarize the current evidence regarding the imaging diagnosis,
preoperative pathological confirmation, molecular mechanisms, and stratified clinical management of ALEGH, with the aim of
providing practical reference for early recognition, malignant risk assessment, fertility-preserving decision-making, and surgical
management of high-risk ALEGH cases.
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Introduction

Atypical lobular endocervical glandular hyperplasia
(ALEGH) is a relatively newly recognized diagnostic en-
tity in gynecologic pathology and remains a considerable
clinical challenge. Within the spectrum of cervical glan-
dular lesions, ALEGH has been defined as a pivotal inter-
mediate stage and a key precancerous lesion in the pro-
gression from lobular endocervical glandular hyperplasia
(LEGH) to invasive gastric-type endocervical adenocarci-
noma (G-EAC) andminimal deviation adenocarcinoma [1].
Since this spectrum of lesions was first described by Nucci
et al. in 1999 [2], the understanding of cervical adeno-
carcinoma has undergone a fundamental transition from
a morphology-driven concept to an etiology-driven clas-
sification. Unlike the majority of usual-type endocervi-
cal adenocarcinomas (UEA), which are primarily associ-
ated with high-risk human papillomavirus (HPV) infection,
ALEGH and related gastric-type lesions follow a distinct
HPV-independent carcinogenic pathway and exhibit a char-
acteristic mucinous phenotype with gastric pyloric gland
differentiation [3,4].

However, the concealed nature of this HPV-
independent carcinogenic pathway poses a substantial
challenge for early clinical screening. Because ALEGH

is not associated with viral genome integration, currently
used HPV DNA-based primary screening strategies are
largely ineffective for detecting this type of lesion, and
most reported cases show negative HPV nucleic acid test
results [5]. In addition, conventional ThinPrep cytologic
testing (TCT) is prone to missed diagnosis. On the one
hand, ALEGH lesions are usually located deep within the
upper endocervical canal, making it difficult for routine
sampling brushes to reach the core lesion area [6]. On the
other hand, the epithelial cells of ALEGH often retain a
certain degree of differentiation, and their nuclear atypia
is frequently subtle [7]. As a result, these lesions are often
interpreted as negative findings or broadly classified as
atypical glandular cells (AGC) in cytological reports, lead-
ing to frequent misdiagnosis as physiological Nabothian
cysts or benign polyps in clinical practice [6].

This “dual blind spot” in clinical screening stands in
sharp contrast to the potentially aggressive outcome associ-
ated with ALEGH. With advances in multimodal imaging,
minimally invasive diagnostic techniques, and molecular
pathology, the clinical management of ALEGH is undergo-
ing substantial changes. Examples include the introduction
of the magnetic resonance imaging (MRI) cosmos pattern
and spatial geometric quantification methods, the devel-
opment of minimally invasive targeted biopsy approaches
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such as hysteroscopy- or endocervicoscopy-guided resec-
tion and fractional curettage, as well as the confirmation
of monoclonal evolution based on whole-exome sequenc-
ing (WES) analysis [8,9]. This review summarizes recent
advances in the molecular mechanisms of ALEGH progres-
sion, imaging-based quantitative diagnosis, optimization of
preoperative minimally invasive biopsy strategies, and risk-
stratified individualized management. By integrating cur-
rent evidence, this review aims to provide a reference for the
early identification and management of ALEGH, thereby
contributing to the prevention of progression to highly ag-
gressive G-EAC.

Multimodal Imaging Characteristics and
Evolution of Differential Diagnosis in ALEGH

Spatial Geometric Quantification and Evolution of
MRI-Based Classification Systems

Within the spectrum of gastric-type cervical lesions in-
dependent of high-risk HPV infection, MRI is a core imag-
ing modality for the preoperative identification of ALEGH
and its differential diagnosis from benign LEGH andmalig-
nant G-EAC. Traditional imaging descriptions have mainly
focused on multicystic lesions located in the upper endo-
cervical canal or the characteristic cosmos pattern, which
refers to a multilocular cystic appearance composed of cen-
trally clustered microcysts surrounded by larger peripheral
cysts. This imaging feature shows a specificity of up to
95.5% in distinguishing gastric mucin-positive lesions from
physiological Nabothian cysts [6]. However, as patholog-
ical progression advances from benign LEGH to atypical
ALEGH and ultimately invasive G-EAC, qualitative mor-
phological assessment alone is no longer sufficient for pre-
cise clinical stratification. Consequently, imaging evalua-
tion has gradually evolved toward spatial geometric quan-
tification and classification-based predictive systems. Ac-
cording to the 2020 WHO classification system and sub-
sequent imaging studies, the extent of anatomical involve-
ment, the distribution ratio of microcysts, the integrity of
the cervical stromal ring, and the presence of solid com-
ponents are important imaging indicators for assessing the
malignant potential of ALEGH [10]. In healthy individu-
als and patients with LEGH alone, the cervical stromal ring
usually appears as a continuous and intact low-signal band.
In contrast, local thinning or disruption of the cervical stro-
mal ring is frequently observed in ALEGH and G-EAC ow-
ing to stromal infiltration by tumor cells or atypical glands
[11].

Quantitative analyses demonstrated that an increased
transverse extent of the lesion, significant alterations in the
proportion of microcysts within the lesion, and a higher in-
cidence of endometrial involvement were all significantly
associated with progression to higher pathological grades.
More importantly, the presence of solid components and
disrupted cervical stromal rings represents a major distin-

guishing feature between benign LEGH and ALEGH/G-
EAC, as these findings are rarely observed in benign le-
sions. In addition, longitudinal quantitative MRI stud-
ies in follow-up cohorts have shown that the spatial geo-
metric characteristics of ALEGH-associated cystic struc-
tures, including maximum cyst diameter and morphologi-
cal patterns, may change dynamically with increasing age
ormenopausal transition. These findings suggest that imag-
ing interpretation should be adjusted according to patient
age and menopausal status. Representative MRI findings
from a patient with pathologically confirmed ALEGH are
shown in Fig. 1. The lesion presented as a multilocular
cystic structure involving the upper endocervical canal, il-
lustrating the characteristic imaging appearance described
above.

Abnormal Blood Flow Characteristics and
Three-Dimensional Reconstruction Features of
Multimodal Ultrasonography

Although MRI has unique advantages in soft-tissue
resolution and spatial stratification, transvaginal multi-
modal ultrasonography also plays an important role in the
preoperative evaluation of ALEGH because of its accessi-
bility and real-time dynamic imaging capability. Compared
with benign LEGH, ALEGH exhibits a higher degree of
pathological atypia and microvascular remodeling. There-
fore, conventional two-dimensional color Doppler ultra-
sonography often only provides vague evidence of cystic-
solid mixed echo patterns in the posterior cervical wall or
local regions and has limited ability to detect subtle hemo-
dynamic alterations [12]. Advances in multimodal ultra-
sonography have partially overcome these limitations. By
applying three-dimensional ultrasonographic reconstruc-
tion techniques, clinicians are able to reconstruct the inter-
nal microcystic architecture of the cervix, closely resem-
bling the MRI cosmos pattern, and clearly demonstrate the
spatial relationship between centrally clustered microcysts
and surrounding larger cysts. This provides an intuitive
morphological basis for the preliminary identification of
highly suspected ALEGH cases. Furthermore, the intro-
duction of contrast-enhanced ultrasound (CEUS) enables
quantitative evaluation of local microcirculation within the
lesion. In areas with malignant transformation or progres-
sion to G-EAC, the perfusion kinetics of CEUS microbub-
ble contrast agents often demonstrate a characteristic “rapid
enhancement and delayed washout” pattern, and perfusion
intensity within the solid or atypical stromal components
is significantly higher than that of the surrounding my-
ometrium. These microvascular perfusion characteristics
provide important quantitative evidence for preoperative
assessment of local invasion depth and selection of subse-
quent targeted biopsy sites [13].

In addition, both MRI-based geometric quantification
and ultrasonographic blood flow assessment still face sub-
stantial challenges in clinical practice. Because LEGH,
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Fig. 1. Representative pelvic MRI findings of ALEGH. (A–C) Sagittal T2-weighted MRI images showing a multilocular cystic lesion
involving the upper endocervical canal, with clustered small cysts and a characteristic multicystic architecture suggestive of ALEGH. The
images were obtained from a patient treated at Tongxiang First People’s Hospital. Written informed consent for publication of the clinical
images was obtained from the patient. MRI, magnetic resonance imaging; ALEGH, atypical lobular endocervical glandular hyperplasia.

ALEGH, and invasive minimal deviation adenocarcinoma
show considerable morphological overlap across multi-
modal imaging sequences, visual interpretation is highly
susceptible to observer-dependent bias when differentiating
benign from malignant lesions. To address this challenge,
the integration of artificial intelligence (AI) and deep learn-
ing has emerged as an important technological advance
in recent years. Recent studies have developed convolu-
tional neural network (CNN)-based AI models for auto-
mated lesion segmentation and integrated diagnostic analy-
sis. These models enable fully automated pixel-level lesion
segmentation of T2-weighted imaging (T2WI), contrast-
enhanced MRI, and ultrasonographic images, exceeding
the resolution limits of visual assessment. From a diag-
nostic perspective, CNN models extract large-scale non-
linear radiomic texture features to quantify subtle spatial
heterogeneity within glandular structures, mucin invasion
depth, and stromal microvascular distribution. Preliminary
studies have suggested that AI-integrated diagnostic ap-
proaches may combine macroscopic geometric indicators
derived from MRI, such as displacement ratio and longitu-
dinal localization, with CEUS-based microvascular perfu-
sion characteristics, thereby providing additional informa-
tion for the preoperative assessment of benign and malig-
nant lesions. However, large-scale prospective validation
studies are still needed before routine clinical implementa-
tion.

Diagnostic Performance and Optimization of
Preoperative Minimally Invasive Biopsy

Techniques
Limitations of Conventional Cytology and Surface
Biopsy and Advances in Multispectral Image
Unmixing

Within the spectrum of gastric-type cervical lesions
independent of high-risk HPV infection, establishing an
accurate preoperative pathological diagnostic pathway re-

mains a major clinical challenge. Conventional screen-
ing and biopsy strategies for gynecological malignancies
have primarily been developed based on the pathological
characteristics of usual-type endocervical adenocarcinoma
(UEA). However, when conventional TCT combined with
colposcopy-guided multipoint cervical biopsy is applied to
ALEGH, a high risk of missed diagnosis has been reported
[14]. ALEGH lesions are usually located deep within the
upper endocervical canal or cervical stroma, whereas the
external cervical os and superficial mucosa often retain a
relatively normal appearance. More importantly, atypical
glandular epithelial cells in ALEGH frequently maintain a
certain degree of differentiation, and their nuclear atypia is
often subtle and localized. Consequently, Papanicolaou-
stained specimens are easily interpreted as negative find-
ings under routine light microscopy or are broadly classi-
fied as atypical glandular cells (AGC) [15].

To overcome the limitations of conventional
morphology-based screening, recent advances in digi-
tal pathology have introduced multispectral imaging and
spectral unmixing technologies, providing a new strategy
for improving the sensitivity of preoperative cytological
screening [16]. This technique is based on a physical trans-
mission model and employs a 14-channel multispectral
system to perform high-dimensional spectral unmixing
of cytoplasmic components in Papanicolaou-stained TCT
samples. Because ALEGH-specific gastric-type mucin,
including pyloric gland-type mucin, exhibits distinct
absorbance and chemometric characteristics at specific
wavelengths compared with normal endocervical mucus,
multispectral quantitative image analysis can directly
detect physical alterations in atypical mucin staining within
the cytoplasm. This approach enables precise identification
of ALEGH-associated signals at the single-cell level and
significantly reduces the risk of missed diagnosis caused
by the relatively well-differentiated glandular epithelium.
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Diagnostic Value of Hysteroscopy- and
Endocervicoscopy-Guided Targeted Biopsy

Alongside advances in cytological diagnostic tech-
niques, optimization of histological biopsy pathways is
also critical for improving the preoperative diagnosis of
ALEGH and preventing malignant progression. Conven-
tional colposcopy-guided superficial biopsy and routine en-
docervical curettage often fail to obtain representative tis-
sue from lesions located deep within the endocervical canal,
resulting in an overall detection rate or pathological con-
cordance rate of less than 10.0% for ALEGH-associated
gastric-type glandular lesions [4]. Therefore, hysteroscopy-
and endocervicoscopy-guided targeted biopsy under direct
visualization has emerged as aminimally invasive sampling
approach with high diagnostic value [8]. The application of
direct-visualization techniques has transformed the preop-
erative histological diagnosis of ALEGH from conventional
blind sampling toward precise lesion localization and tar-
geted tissue acquisition.

Under the magnified field provided by high-definition
cold-light hysteroscopy or endocervicoscopy, operators are
able to bypass superficial anatomical barriers and directly
access the upper and deeper regions of the endocervical
canal. Endoscopically, ALEGH often presents as local-
ized multiple polypoid proliferations of the endocervical
mucosa, microcystic protrusions, or a characteristic hy-
persecretory mucinous phenotype [7]. Direct visualiza-
tion of the upper and deep endocervical canal facilitates
the identification of suspicious lesions that may be dif-
ficult to adequately assess using conventional examina-
tion methods and enables accurate localization for subse-
quent targeted biopsy. Under direct visualization, opera-
tors can perform targeted biopsy of the most representa-
tive areas using miniature biopsy forceps or electrosurgi-
cal loops, or undertake local excision of cervical lesions
when appropriate, thereby obtaining tissue specimens of
sufficient depth that contain stromal components for patho-
logical assessment of architectural disorganization [12]. A
previous study has shown that pathological findings ob-
tained through hysteroscopy- or endocervicoscopy-guided
targeted biopsy demonstrate good concordance with final
diagnoses established from cervical conization or surgical
excision specimens, supporting the clinical value of this ap-
proach in the preoperative diagnosis of LEGH and ALEGH
[8]. Compared with conventional blind sampling, this ap-
proach facilitates the acquisition of more representative tis-
sue specimens and may help reduce the risk of missed diag-
noses or underestimation caused by inadequate sampling.

Despite these advantages, the diagnostic performance
of targeted biopsy may still be influenced by lesion dis-
tribution, lesion depth, and sampling adequacy. In mul-
tifocal lesions or lesions located predominantly in the
deep endocervical canal, inadequate sampling or under-
estimation of disease extent may still occur. In addi-
tion, because ALEGH shares some morphological features

with LEGH and gastric-type endocervical lesions, localized
biopsy findings may not always fully reflect the overall ex-
tent of disease. Therefore, biopsy results should be inter-
preted in conjunction with imaging findings, pathological
assessment, and clinical presentation.

Molecular Pathological Mechanisms and
Biomarker Studies in the Malignant Progression

of ALEGH

Genomic Mutation Profiles and Monoclonal
Evolution Patterns

The progression of cervical glandular lesions from
LEGH to ALEGH and eventually to invasive G-EAC or
minimal deviation adenocarcinoma is considered a stepwise
monoclonal evolutionary process accompanied by the ac-
cumulation of specific genetic alterations. Unlike conven-
tional HPV-associated cervical adenocarcinomas, gastric-
type lesions are generally considered independent of the
oncogenic E6/E7 pathway of high-riskHPV and exhibit dis-
tinct molecular genetic features [3]. Recent genomic stud-
ies have applied whole-exome sequencing (WES) to spa-
tially distinct LEGH, ALEGH, and G-EAC lesions coex-
isting in the same patient, allowing reconstruction of the
molecular evolutionary trajectory of gastric-type lesions
[9]. Inactivation of the STK11 gene, including somatic
alterations and germline mutations associated with Peutz–
Jeghers syndrome, has been suggested as an early driver
event in this progression pathway. Such alterations have
been identified not only in advanced malignant lesions but
also in a subset of LEGH cases [17]. During the progression
from LEGH to atypical LEGH, monoclonal evolution ap-
pears to be accompanied by enhanced clonal selection and
accumulation of molecular alterations. Mutations in GNAS
and KRAS, together with copy number loss or somatic al-
terations involving tumor suppressor-related genes such as
MAP2K4, have been reported more frequently in ALEGH
than in LEGH. These findings suggest that ALEGH may
represent an important intermediate stage in the transition
from benign gastric-type lesions to malignant disease. Fur-
ther accumulation of molecular alterations at this stage may
contribute to subsequent malignant progression. Therefore,
early identification and intervention at the ALEGH stage
may provide an opportunity for preventing the development
of G-EAC.

Gastric-Type Mucin Markers, Latex Agglutination
Testing, and Cell-Cycle Regulatory Proteins

In clinical pathology, molecular phenotyping and
immunomarker-based assessment are increasingly used to
identify the malignant potential of ALEGH at an early
stage. This approach has expanded from conventional his-
tochemical staining to body-fluid-based screening and sys-
tematic immunohistochemical profiling. Histologically,
ALEGH usually shows clear features of gastric pyloric
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gland differentiation, with abundant gastric-type mucin in
the cytoplasm of glandular epithelial cells. Representa-
tive histopathological and immunohistochemical findings
are shown in Fig. 2. The lesion demonstrated gastric-
type glandular differentiation with positive MUC6 stain-
ing, low Ki67 proliferative activity, focal p16 expression,
and negative ER/CEA expression, supporting the diag-
nosis of ALEGH. Immunohistochemical studies by other
scholars have shown that the gastric pyloric gland mucin
marker MUC6 and its related epitope HIK1083 are of-
ten strongly or diffusely expressed in the glandular cyto-
plasm of ALEGH. In contrast, expression of estrogen re-
ceptor (ER) and progesterone receptor (PR) is usually re-
duced or absent. This immunophenotype helps distinguish
ALEGH fromHPV-associated usual-type endocervical ade-
nocarcinoma and common benign cystic lesions. However,
it should not be described as a single “gold standard”; diag-
nosis should still be based on morphological findings, clin-
ical features, and additional ancillary tests [3].

Recent clinicopathological follow-up studies have
further shown that as lesions progress from LEGH to
ALEGH and G-EAC, expression of gastric-type differen-
tiation markers may be accompanied by a change in the
staining pattern of CEA, from luminal or apical polarized
staining to more extensive cytoplasmic staining. In con-
trast, common physiological cystic lesions are usually neg-
ative for MUC6, HIK1083, and CEA. These immunophe-
notypic differences may help further characterize atypical
glandular lesions that show overlapping or borderline mor-
phological features [18]. To translate these histological and
immunophenotypic features into a more clinically accessi-
ble screening method, HIK1083-based latex agglutination
testing has attracted increasing attention. This assay uses
latex particles sensitized with the HIK1083 monoclonal an-
tibody to detect specific carbohydrate structures associated
with gastric-type mucin, through an in vitro agglutination
reaction using cervical mucus or discharge collected from
patients. The test is relatively simple to perform, can be
completed within a short period, and may therefore have
potential value as a clinical screening tool. A previous
study has suggested that HIK1083-labeled latex agglutina-
tion testing of cervical secretions may help detect gastric-
type glandular lesions of the cervix, including LEGH and
minimal deviation adenocarcinoma before surgery [19].

In addition, immunohistochemical assessment of cell-
cycle-related markers and tumor suppressor proteins may
provide useful ancillary information when evaluating pro-
liferative activity and the potential for malignant transfor-
mation in ALEGH. As lesions progress from ALEGH to G-
EAC, the Ki-67 proliferation index may increase, and the
p53 staining pattern may shift from a wild-type pattern to
an abnormal pattern. In immunohistochemical interpreta-
tion, wild-type p53 expression is usually characterized by
heterogeneous and patchy nuclear staining, whereas abnor-
mal p53 expression may present as either diffuse strong nu-

clear overexpression or complete absence of staining. Com-
plete loss of p53 staining may be associated with alterations
leading to truncated or absent protein, while diffuse overex-
pression is often related to abnormal protein accumulation
caused by missense mutations. However, p53 immunohis-
tochemistry should not be regarded as a direct substitute
for genetic testing. A previous study has suggested that
ALEGH may exhibit a higher Ki-67 labeling index than
conventional LEGH and may show abnormal p53 expres-
sion, supporting its neoplastic or premalignant nature [20].

However, the Ki-67 index in ALEGH should not be
rigidly defined within a fixed range, nor should a sin-
gle cutoff value be used as the sole criterion for identify-
ing early malignant transformation. In HPV-independent
gastric-type lesions, p16 expression typically does not ex-
hibit the diffuse block-type strong positivity observed in
HPV-associated adenocarcinoma. Instead, it may exhibit
negative, weakly positive, or show focal and patchy stain-
ing patterns. Therefore, p16 findings should be interpreted
in conjunction with HPV status, morphological features,
and other gastric-type markers. Taken together, the ex-
pression patterns of Ki-67, p53, and p16 may provide addi-
tional information for understanding the biological contin-
uum from ALEGH to G-EAC and may assist in evaluating
lesion extent, surgical margin status, and the presence of
invasive components in conization or excision specimens.

The molecular evolution of ALEGH and the proposed
transition pathway from benign LEGH to G-EAC are sum-
marized in Fig. 3.

Clinical Management Stratification and Fertility
Preservation Strategies

The Dual Diagnostic and Therapeutic Value of
Cervical Conization and Predictive Models for
Residual Disease

For patients with a high preoperative suspicion of
ALEGH or those with biopsy findings suggestive of
ALEGH, cervical conization plays an important role in both
diagnosis and management. Because ALEGH is regarded
as a precursor lesion in the development of G-EAC, its dis-
tribution within the endocervical canal is often multifocal
and difficult to identify completely by limited biopsy sam-
pling. Therefore, preoperative biopsy may underestimate
the extent of disease. Conization specimens provide a more
comprehensive histological assessment of lesion distribu-
tion and may help identify occult malignant transformation
[5]. However, residual lesions and postoperative recurrence
remain important clinical concerns in patients with ALEGH
undergoing conization. Previous follow-up studies have
suggested that gastric-type mucin-positive lesions may ex-
tend into the upper endocervical canal and deeper stromal
regions. Therefore, residual lesions may still be identified
in subsequent hysterectomy specimens even after loop ex-
cision or cold-knife conization.
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Fig. 2. Histopathological and immunophenotypic characteristics of ALEGH. (A) HE staining demonstrating lobular proliferation of
irregular gastric-type glands with mild architectural atypia. (B) Immunohistochemical staining showing MUC6 positivity, low Ki67 pro-
liferative activity, focal p16 expression, and negative ER/CEA expression. The images were obtained from a patient treated at Tongxiang
First People’s Hospital. Written informed consent for publication of the clinical images was obtained from the patient.

To reduce unnecessary secondary surgerywhile avoid-
ing missed residual disease, recent studies have focused
on identifying factors associated with postoperative persis-
tence or recurrence. In patients with Peutz–Jeghers syn-
drome, diffuse lesion extent and endometrial involvement
on MRI have been associated with more advanced patho-
logical categories and increased malignant potential of cer-
vical glandular lesions [11]. Integration of these clinico-
pathological and imaging findings may facilitate the de-
velopment of risk stratification models for postoperative
assessment. Such models could support individualized
follow-up strategies and assist decision-making regarding
additional surgical intervention after conization. The major
predictors associated with residual disease risk are summa-
rized in Table 1 (Ref. [5,11]).

Stratified Decision-Making in Reproductive-Age
Patients and Advances in Robot-Assisted Precision
Surgery for Anatomically Complex Cases

When establishing a long-term management plan for
ALEGH, clinical decisions should take into account the pa-
tient’s age, menopausal status, risk profile, and reproduc-
tive wishes. For patients who have completed childbear-
ing, are of advanced age, or have high-risk features such as
STK11mutations associated with Peutz–Jeghers syndrome,
total hysterectomy is often considered a definitive option,
given the potential for occult progression from ALEGH to
G-EAC [17]. For younger reproductive-age patients who
strongly wish to preserve fertility, conservative manage-
ment after cervical conization may be considered under
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Fig. 3. Proposed clonal evolution model and molecular progression pathway from LEGH to ALEGH and gastric-type endocer-
vical adenocarcinoma. LEGH, lobular endocervical glandular hyperplasia; G-EAC, gastric-type endocervical adenocarcinoma. The
conceptual design, scientific content, and original materials were developed by the authors. GPT 5.0 was used as an AI-assisted tool for
graphical refinement and visualization during figure preparation.

Table 1. Potential predictors associated with residual disease or higher-risk clinical features after conization in ALEGH.
Predictor Clinical implication Supporting evidence

Positive surgical
margins

May indicate incomplete excision and
increased residual disease risk

ALEGH lesions are often located high in
the endocervical canal, making positive
margins common after conization [5].

Lesion depth / deep
endocervical loca-
tion

May increase the risk of inadequate
sampling or incomplete removal

ALEGH is often difficult to completely as-
sess or remove because of its high/deep
cervical location [5].

Larger MRI extent May suggest broader lesion distribu-
tion and higher malignant potential

MRI findings such as enlarged cystic le-
sion areas, solid components, or invasive
boundaries may suggest malignant trans-
formation [5].

Solid component or
invasive boundary
on MRI

May indicate progression toward ma-
lignant disease

MRI grading studies assess cervical lesion
pathology using imaging features and po-
tential malignancy [11].

MRI, magnetic resonance imaging.

carefully selected conditions. These may include negative
surgical margins and no abnormal p53 expression. Such an
approach should only be adopted after thorough counsel-
ing and informed consent, with close postoperative surveil-
lance. Follow-up may include serial assessment of cervical

mucus using the HIK1083 latex agglutination test, together
with regular high-resolution MRI to monitor residual or re-
current lesions. This combined approach may help balance
the need to detect malignant progression early with the goal
of fertility preservation.

https://www.discovmed.com/


2382

In patients undergoing definitive radical surgery or to-
tal hysterectomy, advances in minimally invasive surgical
techniques may provide additional safety in anatomically
complex cases. This is particularly relevant for patients
with rare pelvic anomalies, such as uterus didelphys with
unilateral ALEGH, or for those with severe adhesions af-
ter repeated cervical procedures. In such settings, conven-
tional laparoscopymay be limited by distorted anatomy and
restricted visualization. Recent clinical reports have de-
scribed the use of robot-assisted total hysterectomy in se-
lected complex cases [21]. The robotic platform provides a
three-dimensional magnified surgical view and highly con-
trolled instrument movement, allowing more precise dis-
section around the cervix, parametrial tissues, ureters, and
bladder. Preoperative MRI findings can also be reviewed
intraoperatively to facilitate correlation between imaging
characteristics and the operative field, particularly when le-
sion distribution or pelvic anatomy is unusual. This image-
informed surgical approach may improve intraoperative
orientation and support more complete removal of ALEGH
lesions while reducing the risk of injury to adjacent pelvic
structures.

Conclusion

In recent years, research on ALEGH has gradually
expanded beyond conventional histopathological assess-
ment to encompass quantitative imaging analysis, molec-
ular pathological mechanisms, and precision surgical man-
agement. Current evidence generally supports that ALEGH
represents a distinct gastric-type precursor lesion with lim-
ited association with high-risk HPV infection and serves
as an important intermediate stage in the progression from
LEGH to G-EAC. From a clinical perspective, advances
in multimodal imaging have substantially improved the
detection and characterization of ALEGH. MRI provides
valuable information regarding lesion distribution, cystic–
solid architecture, and the extent of deep tissue involve-
ment, while contrast-enhanced ultrasonography (CEUS) of-
fers additional assessment of hemodynamic features. To-
gether, these approaches provide objective information for
differentiating benign frommalignant lesions. Looking for-
ward, continued development of radiomics, deep learning,
and multimodal artificial intelligence algorithms may fur-
ther enhance preoperative risk stratification and diagnostic
performance.

In the field of minimally invasive diagnosis and pre-
cision surgery, the management of ALEGH is gradu-
ally shifting from conventional blind sampling toward tar-
geted tissue acquisition under direct visualization. Tech-
niques including hysteroscopy- and endocervicoscopy-
guided biopsy, multispectral cytological analysis, and
molecular marker detection have provided new opportuni-
ties to improve lesion identification. In the future, integra-
tion of molecular imaging technologies with robot-assisted

surgical platforms may further improve lesion localization
and resection accuracy in anatomically complex cases while
supporting fertility-preserving management. At the molec-
ular level, whole-exome sequencing (WES)-based studies
have begun to clarify the clonal evolutionary continuum
linking LEGH, ALEGH, and G-EAC. Future investigations
incorporating single-cell sequencing and spatial transcrip-
tomics may provide deeper insights into STK11-associated
signaling abnormalities, tumor microenvironment remodel-
ing, and mechanisms of immune escape, thereby contribut-
ing to earlier intervention strategies and more precise ther-
apeutic approaches for preventing malignant progression.

Overall, advances in imaging, cytology, targeted
biopsy, and molecular pathology are gradually refining the
diagnostic and management framework for ALEGH. The
integration of these complementary approaches may facil-
itate earlier detection, more accurate risk assessment, and
more individualized clinical decision-making. As under-
standing of the biological behavior of ALEGH continues to
evolve, risk-adapted management strategies may help opti-
mize patient outcomes and reduce the risk of progression to
gastric-type endocervical adenocarcinoma.
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