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Misleading clinical and imaging
features in atypical aggressive
angiomyxoma of the female
vulvovaginal or perianal region:
report of three cases and review
of the literature
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1Department of Obstetrics and Gynecology, National Clinical Research Center for Obstetrics and
Gynecology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China, 2Key Laboratory of Cancer Invasion and Metastasis (Ministry of
Education), Hubei Key Laboratory of Tumor Invasion and Metastasis, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, China, 3Department of Radiology,
Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, China
Objectives: Aggressive (deep) angiomyxoma (AAM) is a rare mesenchymal tumor

that typically originates from the vulvovaginal region, perineum, and pelvis in

adult women. The objective of this case report and literature review is to

comprehensively analyze the clinical, imaging, and pathological characteristics

of atypical AAM in the female lower genital tract and pelvic floor in order to

minimize preoperative misdiagnosis or missed diagnosis and ultimately optimize

the clinical management strategy.

Methods: The data of three cases with atypical AAM, which demonstrate

similarities with other lesions observed in the female lower genital tract over

the past 1.5 years, were retrospectively described. This description included

clinical management, images and reports of ultrasonography (US) and

magnetic resonance imaging (MRI), clinicopathological features, follow-up,

and outcomes. In the Discussion section, a review of the literature on

MEDLINE (PubMed) and Web of Science from the past 50 years was conducted.

Results: The three cases all underwent preoperative ultrasonography, and two of

them also underwent preoperative MRI examination. Complete resection of the

lesions was performed in all three cases, followed by postoperative pathological

examination. The histopathology of these three cases revealed invasive

angiomyxoma, as confirmed by immunohistochemical staining, which

demonstrated positive expression of desmin, vimentin, estrogen, and

progesterone receptors. The patients experienced a smooth postoperative

recovery. Ultrasound had a diagnostic accuracy rate of 100% (3/3) for locating

and determining the extent of the lesions; however, its specific diagnostic

accuracy rate for identifying the pathological type was only 33% (1/3). In

contrast, MRI had a diagnostic accuracy rate of 100% (2/2) for locating and

determining the extent of lesions but did not show any specific diagnostic

accuracy for identifying the pathological types.
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Conclusions:Our findings indicate that even if a vulvovaginal lesion presents with

a superficial location, small size, limited scope, and regular shape, suspicion of

atypical AAM should arise when palpation reveals toughness, tensility, and

deformability under pressure. US reveals a well-defined hypoechoic to

anechoic mass with uniformly distributed coarse dot echoes, with or without

detectable intratumoral blood flow signal. MRI shows prolonged T1 and T2

signals with inhomogeneous enhancement and evident diffusion restriction on

diffusion-weighted imaging (DWI).
KEYWORDS

aggressive angiomyxoma, perineal soft tissue mass, vestibular gland cyst, vaginal wall
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1 Introduction

Aggressive (deep) angiomyxoma (AAM) is a rare, benign

mesenchymal tumor that almost exclusively occurs in the deep

soft tissues of the genital area. It is considered aggressive due to its

local infiltration and high rate of local recurrence after resection (1,

2). The latest edition of the World Health Organization

Classification of Tumors of Soft Tissue and Bone defines deep

angiomyxoma as a uniformly paucicellular myxoedematous tumor

with infiltrative margins and a prominent vascular component (3).

To our knowledge, since AAM was first described in 1983 by

Steeper and Rosai, approximately 400 cases have been reported in

the literature (1). The reported female-to-male ratio ranges from

6.6:1 to 9:1 (4, 5).

Due to its rare occurrence and non-specific clinical

manifestations, clinical misdiagnosis is common, and imaging is

helpful for the clinical management of AAM and follow-up. Based

on typical imaging features, the radiologist was able to suspect that

the lesion represented AAM initially. If there are no specific signs

indicating AAM presence, this lesion might be mistaken for an

AAMmimic like vestibular gland cysts, leiomyomas, inflammation,

or other soft tissue tumors. Surgical resection remains a primary

treatment option. Accurate evaluation of both the type and extent of

this lesion plays a vital role in determining an appropriate surgical

approach for tumor removal. Ultimately, pathological diagnosis

confirms whether it is indeed an instance of AAM.

We conducted a retrospective study of three patients with AAM

to assess the atypical clinical and imaging features that may lead to

misdiagnosis. To our knowledge, there is a lack of literature

regarding AAM, which often presents challenges for accurate

diagnosis. We thoroughly reviewed all available images, including

ultrasonography (US) and magnetic resonance imaging (MRI). Our

aim was to provide a comprehensive description of radiological

features in conjunction with clinical and histological findings,

ultimately reducing preoperative misdiagnosis or missed diagnoses.
02
2 Materials and methods

2.1 Study design

This study is a retrospective and descriptive analysis of the data

collected in routine medical records of three patients with AAM,

including the clinical management, US and MRI images and

reports, clinicopathological features, follow-up, and outcomes. In

the Discussion section, a review of the literature on MEDLINE

(PubMed) and Web of Science from the past 50 years

was conducted.
2.2 Study population

These three cases were all referred to the Department of

Obstetrics and Gynecology of Tongji Hospital, affiliated with

Tongji Medical College of Huazhong University of Science and

Technology, from other hospitals between February 2022 and

August 2023. In the hospital, all patients underwent detailed

preoperative imaging examination, surgical and pathological

diagnosis, and regular postoperative follow-up. Clinical

demographic information, gynecological examination, surgical

data, follow-up information, patient clinicopathological features,

and imaging features were retrieved from the original electronic

hospital medical records and image reporting system.
2.3 Statistical analyses

The statistical software package SPSS26.0 (IBM SPSS Statistics

for Windows, 26.0 version, Armonk, NY, USA) was used for data

analysis. The classified variables are represented as n (%).
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3 Results

3.1 Case 1

3.1.1 Clinical history
The patient, a 49-year-old woman, reported that she had been

diagnosed with vaginal prolapse approximately 1 year ago. She

experienced worsening symptoms when standing or being active,

accompanied by urinary incontinence that worsened when

sneezing. However, she did not have difficulty urinating and also

experienced pain during urination. Initially, the patient received

pelvic floor rehabilitation training for anterior vaginal wall prolapse

at a local hospital; however, her symptoms did not improve.

Subsequently, she was transferred to our department for further

evaluation. Clinical gynecological examination revealed a

multiparous and gravid vulva with a smooth vaginal canal and

minimal secretions. During the Valsalva maneuver, there was an

evident protrusion of the anterior vaginal wall extending beyond

3.0–4.0 cm of the hymen along with urinary retention. Mild cervical

discharge was observed along with an anteverted uterus and no

apparent abnormalities in the bilateral adnexa. The preliminary

clinical diagnosis remained as anterior vaginal wall prolapse.

3.1.2 Imaging examinations
The transperineal pelvic floor ultrasound revealed a hypoechoic

mass measuring 3.9 × 3.6 × 4.6 cm, which was located in the space

between the urethra and the middle-lower segment of the vagina.

The mass had clear boundaries and showed obvious protrusion

toward the vagina (Figures 1A1–10). Blood flow signals were

observed surrounding it with a resistance index (RI) of 0.64.

Ultrasonographic diagnosis suggested that the solid mass in the

urethrovaginal space originated from the vaginal wall and was a

leiomyoma. The patient did not undergo an MRI examination.

3.1.3 Surgical findings
During the surgery, a palpable mass measuring approximately 4.0

× 5.0 cm in size was observed on the anterior vaginal wall under

anesthesia, indicating evident protrusion (Figure 1B1). Notably, there

was no discernible prolapse observed in the cervix or posterior

vaginal wall. A longitudinal incision of approximately 1.0 cm was

made in the mucosa and submucosal connective tissue of the anterior

vaginal wall, located approximately 0.5 cm below the transverse

sulcus of the urethra. A mass in the urethral space (Figure 1B2)

was carefully dissected and completely excised, followed by

transvaginal tension-free transobturator suburethral tape (TVT-O)

surgery to suspend the middle part of the urethra. The excised tissue,

measuring 4.0 × 5.0 cm and displaying an oval shape with a pink hue

(Figure 1B3), exhibited a gray color and medium soft tissue

consistency upon sectioning (Figure 1B4). Subsequently, it was sent

for pathological examination. The vulva returned to its normal

appearance after the surgical procedure (Figure 1B5).

3.1.4 Pathological examination results
Histopathological examination of the specimen revealed a

tumor composed of fibroblasts and maternal muscle fiber cells,
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exhibiting characteristics consistent with a benign-intermediate

type. Microscopically, mild cellular morphology was observed in

the spindle cell proliferation against a background of extensive

mucus degeneration; irregular hyperplasia of small vessels in the

stroma was also observed (Figures 1C1,2). Immunohistochemical

analysis of the specimen demonstrated strong positive staining for

desmin (Figures 1C3,4), estrogen receptor (ER) (Figures 1C5,6),

and progesterone receptor (PR) (Figures 1C7,8), as well as smooth

muscle actin (SMA), caldesmon, and CD10. Partial positivity was

observed for S-100, while negative staining was observed for CD34,

b-catenin, and myogenin. The Ki-67 immunohistochemical index

was estimated to be approximately 1%. No HMGA2 rearrangement,

CTNNB1 gene mutations, or APC gene mutations were detected by

molecular analysis. The final histopathological diagnosis indicated

AAM with positive surgical margins.

3.1.5 Follow−up and outcomes
The patient reported no postoperative discomfort, and a

postoperative ultrasound examination of the pelvic floor revealed

no lesions. Therefore, there was no evidence of recurrence during

the 1-month and 7-month follow-up visits.
3.2 Case 2

3.2.1 Clinical history
The patient was a 53-year-old woman who presented with a tumor

in the left perineum that had persisted for 6months without pain, fever,

or other discomfort. She experienced urine leakage when coughing and

had not received any related treatment. Clinical examination revealed a

married and delivered vulva, as well as a cystic solid mass that could be

observed and touched in the subcutaneous fossa of the left ischium.

The preliminary clinical diagnosis was a vulvar mass.
3.2.2 Imaging examinations
The transvaginal and transperineal pelvic floor ultrasound

showed an extremely irregular and uneven echo mass measuring

15.8 × 4.9 × 5.4 cm in the left ischiorectal fossa (Figures 2A1–4).

The boundary was unclear, with no obvious capsule present. It

extended upward below the plane of the hiatus of the levator ani

muscle, and the inner boundary was close to the left external anal

sphincter, left superficial perineal transverse muscle, and left anal

levator muscle. The inferior margin reached a depth of 0.5 cm

subcutaneously in the perineum. There were numerous corded high

echoes, striped blood flow signals, and an RI of 0.74. The

ultrasonographic diagnosis suggested the presence of a solid

heterogeneous soft tissue tumor in the left perineum, ischiorectal

fossa, and pelvic space, which could possibly be an AAM. The pelvic

MRI (including a pelvic plain scan, perfusion imaging, diffusion,

and multi-directional delay enhancement) revealed prolonged T1

and T2 signals in the left perineum, ischiorectal fossa, and pelvic

space. The maximum dimensions measured approximately 3.4 ×

10.0 × 9.6 cm (left–right diameter × anterior–posterior diameter ×

superior–inferior diameter). Inhomogeneous enhancement was

observed with evident diffusion restriction on diffusion-weighted
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imaging (DWI) (Figures 2B1–4). MRI revealed an abnormal signal

in the left perineum, ischiorectal fossa, and pelvic space,

differentiating the tumor from infection.

3.2.3 Surgical findings
During surgery, a 6.0 × 5.0 cm-sized cystic solid mass can be

observed and palpated in the subcutaneous fossa of the left ischium,

which was soft and non-tender and did not affect vaginal patency

(Figure 2C1). A longitudinal incision of 7.0 cm was made on the

lateral aspect of the left perineum, cutting through the perineal skin

and subcutaneous fat layer by layer. It was observed that the left
Frontiers in Oncology 04
ischiorectal fossa was significantly enlarged with a non-mobile mass

measuring approximately 12.0 × 10.0 × 3.0 cm. The edge of the

lesion appeared extremely irregular with multiple pseudopodia-like

extensions into the adipose space (Figure 2C2). The blunt and sharp

dissection proceeded outward along the left side of the mass, up to

the left anal levator muscle, outward to the left obturator muscle,

inward to the left pubic rectal muscle, and deep into the left

ischiorectal fossa. The mass was completely dissected, the perineal

deep transverse muscle and superficial transverse muscle were

partially ruptured during dissection, and the rectal mucosa was

smooth on digital rectal examination. The excised tissue, measuring
FIGURE 1

The ultrasound (A1–A10), surgical (B1–B5), and pathological images (C1–C8) of case 1. US: panels (A1–A3) respectively display the median sagittal
sections of the transperineal ultrasound in the resting state, maximum contraction state, and maximum Valsalva state of the patient in the lithotomy
position preoperatively. In panel (A1), an AAM lesion is observed within the urethrovaginal space; it ascends to the posterior aspect of the bladder in
panel (A2) and descends to the vaginal opening in panel (A3) (M represents the AAM lesion). All the lesions appeared as homogeneous hypoechoic
masses with well-defined margins. Panels (A4, A5) show the median sagittal sections of perineal ultrasound in the resting state and maximum
Valsalva state, respectively, of the patient 7 months post-surgery without any observed lesions. Panels (A6, A8) display the axial planes of HLAM
reconstructed by three-dimensional ultrasound in the resting state preoperatively and during the Valsalva maneuver. Panel (A7) displays the axial
plane of TUI during the maximum contraction state preoperatively. These axial planes provide information about the size, shape, and location of the
AAM lesions. In panel (A6), the lesion is observed protruding posteriorly from behind the urethra toward the vagina; in panel (A7), the lesion has
ascended completely above the HLAM; in panel (A8), during the Valsalva maneuver, the lesion descends through the HLAM (M represents an AAM
lesion). Panels (A9, A10) demonstrate the axial plane of the HLAM in the resting state and maximum Valsalva state, respectively, 7 months
postsurgery for patient without any observed lesions. Surgery: panels (B1, B2) depict the lesion as an oval-shaped mass protruding from the anterior
vaginal wall into the vaginal cavity. Panel (B3) displays the completely resected lesion, which is a soft tissue mass measuring 4.0 × 5.0 cm and
exhibiting an oval shape with a pink appearance. Panel (B4) displays the lesion upon sectioning, which appears as a gray color with medium soft
tissue consistency. Panel (B5) depicts the appearance of the vulva after the procedure has been completed. HE: Panel (C1), at low magnification,
shows that the tumor boundary appears indistinct, revealing a myxedema matrix interspersed with thin collagen fibers and blood vessels of varying
thickness within the tumor. The tumor exhibits areas of loose and dense cellularity, with spindle cells uniformly scattered in dense regions without
apparent organization (HE, ×100). As shown in panel (C2), at high magnification, the tumor cells exhibited a low density and assumed a stellate or
fusiform morphology without evident pleomorphism (HE, ×200). IHC: Tumor cells exhibited strong positive staining for desmin in panel (C3) (×100)
and panel (C4) (×200), estrogen receptors in panel (C5) (×100) and panel (C6) (×200), and progesterone receptors in panel (C7) (×100) and panel
(C8) (×200). US, ultrasonography; U, urethra; M, mass; V, vagina; A, anus; HLAM, hiatus of levator ani muscle; HE, histopathological examination;
IHC, immunohistochemistry; AAM, aggressive angiomyxoma; TUI, tomographic ultrasound imaging.
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12.0 × 10.0 × 3.0 cm and displaying an extremely irregular shape

with multiple pseudopodia-like projections and a pink appearance

(Figure 2C3), exhibited a small amount of mucus and no obvious

capsule upon sectioning (Figure 2C4) and was subsequently sent for

pathological examination. The vulva returned to its normal

appearance following the surgical procedure (Figure 2C5).

3.2.4 Pathological examination results
Histopathological examination of the specimen revealed a large

number of thick-walled and thin-walled blood vessels in the tumor
Frontiers in Oncology 05
tissue, which were surrounded by oval and short fusiform cells. Cell

atypia was not evident, and a small amount of collagen fibers and

mucus were observed between the cells (Figures 2D1,2).

Immunohistochemical analysis of the specimens showed strong

positive staining for desmin (Figures 2D3,4), vimentin, ER

(Figures 2D5,6), and PR (Figures 2D7,8); RB1 also exhibited

strong positive staining. CD34 was expressed in small amounts;

CD31 showed positive expression within blood vessels; CDK4 had

scattered positivity; P16 showed mild positivity; MDM2 displayed

partial positivity. SMA, S-100, and pan-cytokeratin exhibited
FIGURE 2

The ultrasound (A1–A4), MRI (B1–B4), surgical (C1–C5), and pathological images (D1–D8) of case 2. US: In panel (A1), a sagittal section of the left
vulva obtained by transvaginal ultrasound reveals an irregular and uneven echo in the subcutaneous vulvar soft tissue, indicating the presence of an
AAM lesion. The boundary is indistinct with no apparent capsule, extending upward below the HLAM plane and reaching 0.5 cm into the
subcutaneous perineum (M represents AAM lesion). Panels (A2) and (A4) depict axial planes of the anus, while TUI axial planes of the anus are
reconstructed by three-dimensional ultrasound. These images reveal that the lesion is located in the left ischiorectal fossa. The inner boundary was
close to the left external anal sphincter, the left superficial perineal transverse muscle, and the left anal levator muscle. The outer boundary reached
the pelvic wall (M represents the AAM lesion). Panel (A3) displays the TUI axial planes of HLAM reconstructed by three-dimensional ultrasound,
demonstrating that the lesion does not extend to the anal levator plane. Panels (A1) and (A2) display the blood flow signals within the lesion. MRI:
Panels (B1–B4) illustrate the pelvic coronal plane, the left sagittal plane of the pelvis, the axial plane of the high pelvic floor, and the axial plane of
the low pelvic floor, respectively. These images reveal a prolonged T2 signal in the left perineum, ischiorectal fossa, and pelvic space, which define
the boundaries of the lesions (M represents the AAM lesion), including their extent on both sides (left and right), upper and lower limits, and anterior
and posterior extents. Surgery: Panel (C1) illustrates the lesion as a cystic solid mass measuring 6.0 × 5.0 cm, which is palpable in the subcutaneous
fossa of the left ischium. Panel (C2) illustrates an irregular solid mass with multiple pseudopodia-like extensions infiltrating the adipose tissue in an
extreme manner. The lesion, completely resected and displayed in panel (C3), is a soft tissue mass measuring 12.0 × 10.0 × 3.0 cm. It exhibits an
extremely irregular solid mass with multiple pseudopodia-like projections and a pink appearance. Panel (C4) displays the lesion upon sectioning,
which appears as a gray color with medium soft tissue consistency. Panel (C5) illustrates the appearance of the vulva after the procedure is
completed. HE: Under low magnification, panel (D1) shows a homogeneous distribution of spindle cells, blood vessels, and adipose tissue with
varying diameters in the stroma of myxoid transformation (HE, ×100). Under high magnification in panel (D2), the tumor cells were irregularly
dispersed within the mucous stroma and infiltrated into the adipose tissue. These tumor cells exhibited a short fusiform and oval-shaped
morphology without evident nuclear division, displaying mild characteristics (HE, ×200). IHC: Tumor cells exhibited strong positive staining for
desmin in panel D3 (×100) and panel (D4) (×200), estrogen receptors in panel D5 (×100) and panel (D6) (×200), and progesterone receptors in panel
(D7) (×100) and panel (D8) (×200). US, ultrasonography; MRI, magnetic resonance imaging; M, mass; A, anus; HLAM, hiatus of the levator ani muscle;
HE, histopathological examination; IHC, immunohistochemistry; AAM, aggressive angiomyxoma; TUI, tomographic ultrasound imaging.
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negative staining. The Ki-67 immunohistochemical index was

approximately 2%. Molecular testing shows MDM2 negativity.

The final histopathological diagnosis was AAM with positive

surgical margins.

3.2.5 Follow−up and outcomes
The patient reported the absence of postoperative discomfort,

and no recurrence was observed during the 3-month and 8-month

telephone follow-up assessments.
3.3 Case 3

3.3.1 Clinical history
The patient, a 47-year-old woman, reported no specific

discomfort and incidentally discovered a vulvar mass 6 months

ago. She did not experience fever, abdominal pain, or vulvar pain.

Regular evaluations were conducted at other medical facilities,

which revealed a gradual increase in size over the past week. This

led to the patient seeking treatment at our hospital. During the

gynecological examination, a 4.0 × 3.0 cm mass was found in

the right vulva with no tenderness and normal vaginal patency. The

preliminary clinical diagnosis was a vulvar mass.

3.3.2 Imaging examinations
The transperineal pelvic floor ultrasound showed a well-

defined, thick-walled mass measuring 3.7 × 1.1 × 2.9 cm located

between 0.3 cm and 1.4 cm beneath the skin of the upper two-thirds

of the right labia majora. The mass exhibited echogenicity ranging

from echo-poor to hypoechoic with internal dense dot echoes and

enhanced far-field echoes (Figures 3A1–4). No peripheral or

internal blood flow signals were detected. Based on the

ultrasound findings, it was suggested that the abnormal

subcutaneous echo observed in the right labia majora could

indicate either a lipoma or a mucinous cyst. The MRI revealed a

well-defined, round lesion with prolonged T1 and T2 signals in the

right vulva, which was diagnosed as a vestibular gland cyst

(Figures 3B1–3).

3.3.3 Surgical findings
During the operation, a mass measuring 4.0 × 3.0 cm was

identified in the right labia majora (Figure 3C1). A precise

longitudinal incision measuring 2.5 cm was made on the surface of

the mass, followed by careful blunt dissection to separate it

(Figure 3C2). A cavity was formed by subcutaneous expansion and

lesion growth (Figure 3C3). The resected lesion, measuring 4.0 ×

3.0 cm and displaying an oval shape with a pink appearance

(Figure 3C4), exhibited pink mucous soft tissue upon sectioning

(Figure 3C5) and was subsequently sent for pathological examination.

3.3.4 Pathological examination results
Histopathological examination of the specimen revealed that

the tumor was located in the dermis with unclear boundaries and

consisted of fusiform cells, blood vessels of different sizes, and a

myxoid matrix (Figures 3D1–3). Immunohistochemical analysis
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demonstrated strong positive staining for desmin (Figures 3D4,5),

ER (Figures 3D6,7), and PR (Figures 3D8,9), as well as caldesmon

and vimentin expression. CD34 showed mild positivity, caldesmon

showed weak positivity, S-100 showed scattered positivity, and b-
catenin staining was positive in the plasma membrane. SMA,

SOX10, STAT6, and ALK-IA4 expression were negative. The Ki-

67 immunohistochemical index was estimated to be approximately

2%. The final histopathological diagnosis was AAM with positive

surgical margins.

3.3.5 Follow−up and outcomes
The patient reported no postoperative discomfort, and a

postoperative ultrasound examination of the pelvic floor revealed

no lesions. Therefore, there was no evidence of recurrence during

the 1-month and 3-month follow-up visits.
3.4 Diagnostic accuracy of imaging

The overall diagnostic accuracy of ultrasound in locating and

determining the extent of the lesion was 100% (3/3), but its specific

diagnostic accuracy for identifying the pathological type of the

lesion was 33% (1/3). However, MRI had a diagnostic accuracy of

100% (2/2) in locating and determining the extent of lesions, but its

specific diagnostic accuracy for identifying pathological types of

lesions was 0% (0/2).
4 Discussion

4.1 Clinical characteristics

AAM is a rare mesenchymal tumor that typically presents as a

slow-growing soft tissue mass, occurring almost exclusively in the

deep soft tissues of the vulvovaginal region, perineum, buttock, or

pelvis of adult women. The reported age at presentation ranges

from 9 months to 89 years, with the highest incidence observed

during the fourth and fifth decades of life (6, 7). All three patients in

this study were premenopausal women.

AAM lesions in women were primarily located in the vagina,

vulva, perineal region, and extraperitoneal spaces of the pelvis

(including the prevesical or retropubic, paravesical, paravaginal,

pararectal, presacral, urethrovaginal, and rectovaginal spaces and

the ischioanal fossa), with a wide range of involvement (8). Patients

often visit the hospital due to a palpable, slow-growing, painless soft

tissue mass in the vulvovaginal or perianal region or incidental

findings of pelvic imaging without other discomfort. Some patients

may experience symptoms related to local mass effects, such as

dysuria, vaginal discomfort, or dyspareunia (9–15). Two out of the

three cases included in this study presented with a gradually

expanding and painless vulvar mass, while one exhibited

significant anterior vaginal wall prolapse accompanied by urinary

incontinence and dysuria. The initial clinical impressions may

resemble other benign conditions like vestibular gland cysts,

prolapse of the vaginal wall, obturator hernias, pelvic
frontiersin.org

https://doi.org/10.3389/fonc.2024.1373607
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2024.1373607
inflammatory masses, and other perineal tumors. The initial clinical

diagnosis of the three cases in this study was identified as anterior

vaginal wall prolapse, vulvar mass, and vulvar mass.
4.2 Imaging diagnosis

An accurate preoperative diagnosis should alert the surgeon to

the necessity of wide excision, which is crucial for preventing local

recurrence (5). The preoperative clinical manifestations are non-

specific, and imaging examinations play an important role in the

preoperative diagnosis, including determining the nature and extent

of the suspected lesion. Imaging techniques including

ultrasonography, computed tomography (CT), and MRI can
Frontiers in Oncology 07
reveal characteristic features of typical AAM, such as a

multilocular or polypoid mass extending across the pelvic

diaphragm with a pelvic and perineal component, along with

finger-like projections infiltrating the surrounding soft tissues

without invasion. These imaging modalities also showed

laminated or swirling patterns (16–20).

On ultrasonography, a typical AAM presents as an ill-defined

hypoechoic or isoechoic solid mass that extends down the lateral

pelvis. It is separated from the pelvic organs and has an irregular

and multi-lobed morphology, with finger-like or lingual-like

extensions to the surrounding soft tissue or vulvar surface. The

mass pushes against adjacent structures or protrudes from the

vulvar surface, showing a laminated or swirled appearance of

inner echogenicity due to alternating high and low echo
FIGURE 3

The ultrasound (A1–A4), MRI (B1–B3), surgical (C1–C5), and pathological images (D1–D9) of case 3. US: The ultrasonic images in panels (A1–A3)
depict the two-dimensional sagittal section of the right labia majora, the two-dimensional axial section, and the three-dimensional coronal section
of both labia majora. These images clearly demonstrate a well-defined, thick-walled mass measuring 3.7 × 1.1 × 2.9 cm located between 0.3 cm and
1.4 cm beneath the skin of the upper two-thirds of the right labia majora (M represents an AAM lesion). The echogenicity of this mass varies from
echo-poor to hypoechoic, with dense internal dot echoes and enhanced far-field echoes. Panel (A4) shows the sagittal section of the left and right
labia majora 3 months after the operation, and no lesions were found. MRI: Panels (B1–B3) illustrate the pelvic coronal plane, the right sagittal plane
of the pelvis, and the axial plane of the low pelvic floor, respectively. These images reveal a well-defined, round lesion with prolonged T1 and T2
signals in the right vulva (yellow arrow indicates the AAM lesion). Surgery: Panel (C1) illustrates a 4.0 × 3.0 cm mass located in the right labia majora
(M represents the AAM lesion). Panel (C2) depicts an oval soft tissue mass, which is a lesion located on the skin of the right labia majora. Panel (C3)
illustrates the cavity formed by the subcutaneous expansion and growth of the lesion. The lesion, completely resected and displayed in Panel (C4), is
an oval soft tissue mass measuring 4.0 × 3.0 cm with a pink appearance. Panel (C5) displays the lesion as pink, soft mucous tissue upon sectioning.
HE: At low magnification, panel (D1) shows a tumor located within the dermis. The tumor has indistinct boundaries and is composed of spindle cells,
blood vessels of varying sizes, and a myxoid matrix (HE, ×40). At low magnification in panel (D2), an abundance of blood vessels can be observed
within the backdrop of myxedema, ranging from noticeably slender-walled vessels to substantially thick-walled ones (HE, ×100). Upon high
magnification, panel (D3) reveals neoplastic cells residing in the stroma of myxedema with reduced cellular density. These cells are characterized by
abbreviated fusiform shape and occasional presence of atypical nuclei (HE, ×200). IHC: Tumor cells exhibited strong positive staining for desmin in
panel (D4) (×100) and panel (D5) (×200), estrogen receptors in panel (D6) (×100) and panel (D7) (×200), and progesterone receptors in panel (D8)
(×100) and panel (D9) (×200). US, ultrasonography; MRI, magnetic resonance imaging; M, mass; A, anus; HE, histopathological examination; IHC,
immunohistochemistry; AAM, aggressive angiomyxoma.
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intensities. Color Doppler imaging reveals abundant blood flow

signals within and surrounding the tumor, while pulse Doppler

imaging can detect arterial bloodstream spectrum. The obvious

deformation of the lesion can be observed through probe pressure

in real-time ultrasonography (21–24). In our study, one case

occurred in the left rectal fossa and vulva with the typical

ultrasound features described above, and AAM was accurately

diagnosed by the sonographer. However, in the remaining two

cases, the lesions were located in the urethrovaginal space and

beneath the skin of the upper two-thirds of the right labia majora.

Ultrasonographically, these lesions presented as oval hypoechoic to

anechoic masses with well-defined margins, homogeneous

distribution of coarse blip echoes, and no detectable intratumoral

blood flow signal. The ultrasonic misdiagnosis was either a vaginal

leiomyoma or a vulvar subcutaneous myxoma.

A typical AAM lesion is characterized by a well-defined mass

that displaces adjacent structures on both CT and MRI. It exhibits

hypoattenuation relative to the muscle on CT, hyperintense signal

on T2-weighted MRI sequences, and hypointensity or isointensity

on T1-weighted MRI sequences. Furthermore, both CT and MRI

images exhibit avid and heterogeneous enhancement following

intravenous contrast administration, potentially revealing a

laminated or swirled appearance due to alternating high and low

intensities (8, 17, 20, 24, 25). Two studies have documented the rare

imaging characteristics of AAM, which include the presence of

internal cystic degeneration, restricted diffusion, hemorrhage, and

infiltration into adjacent organs (19, 24). However, due to its highly

diverse morphological spectrum, AAM exhibits various imaging

features, posing challenges for preoperative imaging diagnosis.

Among our three cases, two patients underwent pelvic MRI. One

patient exhibited prolonged T1 and T2 signals with inhomogeneous

enhancement and evident diffusion restriction on DWI, suggesting

a tumor or infection. The other patient presented a well-defined,

round lesion with prolonged T1 and T2 signals in the right vulva,

suggestive of a vestibular gland cyst.
4.3 Pathological characteristics

4.3.1 Gross pathology
During the operation, on gross examination, typical AAM is

usually unencapsulated and poorly or vaguely circumscribed. It may

blend imperceptibly with the surrounding soft tissue, extending like

fingers or tongues into the adjacent soft tissue or vulvar surface. Most

of the completely resected specimens were found to be anomalous

and multilobed (14, 26, 27). In our study, the lesion in one case was

located in the ischiorectal fossa and vulva, showing the typical growth

pattern and shape described above. The lesions of the other two cases

were oval with a clear envelope; they expanded into hemispherical

protrusions within the vaginal cavity and on the surface of the labia

majora. The tumor size varied, ranging from 1.5 to 60 cm in the

greatest dimension (28). The maximum diameters of the three lesions

in this study were 5 cm, 12 cm, and 4 cm. During sectioning, a typical

AAM exhibits a tan-pink to tan-gray coloration. It presents as a

voluminous mass with a resilient texture and displays a rubbery,

lustrous, gelatinous appearance that is exclusively myxoid, fibro-
Frontiers in Oncology 08
myxoid, or predominantly fibrosclerotic (1, 26, 27, 29). Areas of

congested blood vessels of various sizes, hemorrhage, small-to-large

cystic foci, and fibrous tissue in the cord may be present (24, 26, 29).

In our study, the incisions of two regular lesions showed small cystic

foci in exclusively myxoid tissue ranging from tan-pink to grayish-

brown, while the incision of the highly irregular lesion exhibited small

cystic foci and cord-like fibrous tissue within the grayish-brown

fibro-myxoid tissue.

4.3.2 Histopathological and
immunohistochemical pathology

The combination of histopathological examination and

immunohistochemical analysis can effectively establish a definitive

diagnosis for AAM. The typical histological features of AAM include

non-encapsulated lesions composed of small fusiform to stellate cells

embedded in a loose mucoid matrix. This matrix contains a

substantial number of small and medium blood vessels with

varying wall thicknesses (1, 2, 4, 13, 15, 26, 27, 30, 31). On

microscopic examination, all specimens from our three cases

exhibited the typical features of AAM described above.

Immunohistochemically, the tumor cells tested positive for desmin,

vimentin, SMA, and CD34 and negative for S-100 and CK. The Ki-67

index was approximately 1%–3%. In most female patients, these

characteristics were accompanied by strongly positive expression of

ER and PR (15, 31–34). Immunohistochemically, the tumor cells in

our three cases exhibited strong positive staining for desmin,

vimentin, ER, and PR. SMA showed strong positivity in case 1 but

was negative in cases 2 and 3. CD34 was negative in case 1, displayed

a small amount of positive staining in case 2, and exhibited mild

positivity in case 3. S-100 demonstrated partial positivity in case 1,

was negative in case 2, and showed scattered positivity in case 3. The

Ki-67 immunohistochemical indices for our three cases were

approximately 1%, 2%, and 2%. During molecular testing, the

rearrangement of the HMGA2 gene is commonly observed in

vulvovaginal AAM, and it serves as a valuable diagnostic tool. This

is because most mesenchymal lesions that closely resemble this

condition exhibit negative results for this gene rearrangement,

although some other mesenchymal lesions such as leiomyomas at

this site may show positive results (35, 36). Two out of our three cases

underwent molecular testing, one of which exhibited rearrangement

in the HMGA2 gene. Additionally, our study identified other

molecular markers such as CTNNB1, APC gene mutation, and

MDM2 for differential diagnosis.
4.4 Follow-up and outcomes

AAM is characterized by a high recurrence rate of 36%–72%

after surgery. Wide surgical excision is considered the gold standard

treatment for AAM, and there is no universal consensus regarding

hormonal therapy. Most studies (85%) describe successful surgical

excision followed by either clinical or radiological (ultrasound or

MRI) follow-up (37). The lesions in all three cases included in our

study were completely resected, and there was no evidence of

recurrence based on clinical and ultrasonographic follow-up for
frontiersin.org

https://doi.org/10.3389/fonc.2024.1373607
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2024.1373607
cases 1 and 3 at the 7-month and 3-month visits, respectively. For

case 2, no recurrence was observed during the telephone follow-ups

at both the 3-month and 8-month marks, with the patient

instructed to self-assess.
5 Conclusions

In conclusion, our findings indicate that due to the atypical

clinical manifestations, imaging features, and gross appearance of

some AAM, the presence of lesions in various extraperitoneal

spaces of the pelvis (including the vagina, vulva, perineal region,

prevesical or retropubic space, paravesical space, paravaginal space,

pararectal space, presacral space, urethrovaginal space rectovaginal

spaces, and ischioanal fossa), particularly when exhibiting extensive

abdominal/perineal extension in reproductive-age female patients

during the fourth to fifth decade, should raise suspicion for AAM.

Even if a vulvovaginal lesion presents with a superficial location,

small size, limited scope, and regular shape, suspicion of atypical

AAM should arise when palpation reveals toughness, tensility, and

deformability under pressure. US reveals a well-defined hypoechoic

to anechoic mass with uniformly distributed coarse dot echoes, with

or without detectable intratumoral blood flow signal. MRI shows

prolonged T1 and T2 signals with inhomogeneous enhancement

and evident diffusion restriction on DWI.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Medical Ethics

Committee of Tongji Hospital Affiliated to Tongji Medical College

of Huazhong University of Science and Technology (approval No.

TJ-IRB20230834). The studies were conducted in accordance with

the local legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.

Written informed consent was obtained from the individual(s) for

the publication of any potentially identifiable images or data

included in this article.
Frontiers in Oncology 09
Author contributions

LZ: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Project administration, Resources,

Software, Supervision, Writing – original draft, Writing – review

& editing, Validation, Visualization. RL: Conceptualization, Data

curation, Investigation, Methodology, Project administration,

Resources, Supervision, Validation, Visualization, Writing –

review & editing. JP: Investigation, Resources, Validation,

Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

We would like to express our gratitude to all those who helped

during the case collection and writing of this manuscript, to the peer

reviewers for their opinions and suggestions, and to the editors for

their comments and guidance. We especially thank Professor Xi

Wang (Department of Pathology of Tongji Hospital, Affiliated with

Tongji Medical College of Huazhong University of Science and

Technology) for providing pathological pictures and notes for

our research.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Steeper TA, Rosai J. Aggressive angiomyxoma of the female pelvis and perineum.
Report of nine cases of a distinctive type of gynecologic soft-tissue neoplasm. Am J Surg
Pathol. (1983) 7:463–75. doi: 10.1097/00000478-198307000-00009

2. Begin LR, Clement PB, Kirk ME, Jothy S, McCaughey WT, Ferenczy A.
Aggressive angiomyxoma of pelvic soft parts: a clinicopathologic study of nine cases.
Hum Pathol. (1985) 16:621–8. doi: 10.1016/S0046-8177(85)80112-X
3. Kallen ME, Hornick JL. The 2020 WHO classification: what’s new in soft tissue
tumor pathology? Am. J Surg Pathol . (2021) 45:e1–23. doi: 10.1097/
PAS.0000000000001552

4. Fetsch JF, Laskin WB, Lefkowitz M, Kindblom LG, Meis-Kindblom JM.
Aggressive angiomyxoma: A clinicopathologic study of 29 female patients. Cancer.
(1996) 78:79–90. doi: 10.1002/(ISSN)1097-0142
frontiersin.org

https://doi.org/10.1097/00000478-198307000-00009
https://doi.org/10.1016/S0046-8177(85)80112-X
https://doi.org/10.1097/PAS.0000000000001552
https://doi.org/10.1097/PAS.0000000000001552
https://doi.org/10.1002/(ISSN)1097-0142
https://doi.org/10.3389/fonc.2024.1373607
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2024.1373607
5. Wiser A, Korach J, Gotlieb WH, Fridman E, Apter S, Ben-Baruch G. Importance
of accurate preoperative diagnosis in the management of aggressive angiomyxoma:
report of three cases and review of the literature. Abdominal Imaging. (2006) 31:383–6.
doi: 10.1007/s00261-005-0378-5

6. Ahmed MAM, Uehelie MA, Rage AMA, Mohey A, Noureldin YA. Aggressive
angiomyxoma of the penis: the first case report in a 9-month-old infant. Urology.
(2017) 104:187–90. doi: 10.1016/j.urology.2016.12.045

7. Amin A, El Badawy S, Bull A. Aggressive angiomyxoma of the vulva. J Obstetrics
Gynaecology. (2013) 33:325–6. doi: 10.3109/01443615.2012.731456

8. Figueiredo G, O'Shea A, Neville GM, Lee SI. Rare mesenchymal tumors of the
pelvis: imaging and pathologic correlation. Radiographics. (2022) 42:143–58.
doi: 10.1148/rg.210049

9. Tseng Y-A, Lawrence WD, Slater SE. Nodular hyperplasia of the bartholin gland,
A benign mimicker of aggressive angiomyxoma: A case series and literature review. Int
J Gynecological Pathol. (2018) 37:554–8. doi: 10.1097/PGP.0000000000000456

10. Larouche M, Hague CJ, Masoudi H, Geoffrion R. Aggressive angiomyxoma
presenting as massive irreducible vaginal prolapse. Int Urogynecology J. (2016)
27:1933–4. doi: 10.1007/s00192-016-3112-7

11. Boyd SS, Easwar A, Steinberg AC. Aggressive angiomyxoma presenting as
posterior vaginal prolapse. Int Urogynecology J. (2019) 30:665–7. doi: 10.1007/
s00192-018-3799-8

12. Yalav O, Topal U, Unal AG, Erdogan KE. Aggressive angiomyxoma of the pelvis
presenting as an obturator hernia. Ann Ital Chir. (2019) 8.

13. Granter SRN. Aggressive angiomyxoma: reappraisal of its relationship to
angiomyofibroblastoma in a series of 16 cases. Histopathology. (1997) 30:3–10.
doi: 10.1046/j.1365-2559.1997.d01-556.x

14. Concepcion Cabanilla-Manuntag MC, Jose Lopez MP, Martin Tampo M, Louie
Gaston C. Aggressive angiomyxoma presenting as an ischiorectal fossa tumour. BMJ
Case Rep. (2020) 28:e234093. doi: 10.1136/bcr-2019-234093

15. Zhang J, Zhu C. Clinical experiences on aggressive angiomyxoma in China
(Report of 93 cases). Int J Gynecological Cancer. (2010) 20:303–7. doi: 10.1111/
IGC.0b013e3181cc339c

16. Davani M, Chablani VN, Saba PR. Aggressive angiomyxoma of pelvic soft
tissues: MR imaging appearance. Am J Roentgenology. (1998) 170:1113–4. doi: 10.2214/
ajr.170.4.9530081

17. Outwater BEM EK, Wagner BJ, Siegelman ES. Aggressive angiomyxoma:
findings on CT and MR imaging. Am J Roentgenology. (1999) 172:435–8.
doi: 10.2214/ajr.172.2.9930798

18. Sinha R, Verma R. Perineal angiomyxomas: Can a differential diagnosis be made
with imaging studies? Response. Radiology. (2007) 245:612. doi: 10.1148/
radiol.2452070211

19. Surabhi VR, Garg N, Frumovitz M, Bhosale P, Prasad SR, Meis JM. Aggressive
angiomyxomas: A comprehensive imaging review with clinical and histopathologic
correlation. Am J Roentgenology. (2014) 202:1171–8. doi: 10.2214/AJR.13.11668

20. Miguez Gonzalez J, Dominguez Oronoz R, Lozano Arranz P, Calaf Forn F,
Barrios Sanchez P, Garcia Jimenez A. Aggressive angiomyxoma: imaging findings in 3
cases with clinicopathological correlation and review of the literature. J Comput
Assisted Tomography. (2015) 39:914–21. doi: 10.1097/RCT.0000000000000305

21. Chien AJ, Freeby JA, Win TT, Gadwood KA. Aggressive angiomyxoma of the
female pelvis: Sonographic, CT, and MR findings. Am J Roentgenology. (1998) 171:530–
1. doi: 10.2214/ajr.171.2.9694499
Frontiers in Oncology 10
22. Tariq R, Hasnain S, Siddiqui MT, Ahmed R. Aggressive angiomyxoma: swirled
configuration on ultrasound and MR imaging. J Pakistan Med Assoc. (2014) 64:345–8.

23. Zhao CY, Su N, Jiang YX, Yang M. Application of ultrasound in aggressive
angiomyxoma: Eight case reports and review of literature. World J Clin cases. (2018)
6:811–9. doi: 10.12998/wjcc.v6.i14.811

24. Kumar N, Goyal A, Manchanda S, Sharma R, Kumar A, Bansal VK. Aggressive
pelvic angiomyxoma and its mimics: can imaging be the guiding light? Br J Radiol.
(2020), 93. doi: 10.1259/bjr.20200255

25. Jeyadevan NN, Sohaib SAA, Thomas JM, Jeyarajah A, Shepherd JH, Fisher C.
Imaging features of aggressive angiomyxoma. Clin Radiol. (2003) 58:157–62.
doi: 10.1053/crad.2002.1127

26. Sutton BJ, Laudadio J. Aggressive angiomyxoma. Arch Pathol Lab Med. (2012)
136:217–21. doi: 10.5858/arpa.2011-0056-RS

27. Magro G, Angelico G, Michal M, Broggi G, Zannoni GF, Covello R, et al. The
wide morphological spectrum of deep (Aggressive) angiomyxoma of the vulvo-vaginal
region: A clinicopathologic study of 36 cases, including recurrent tumors. Diagnostics
(Basel). (2021) 11. doi: 10.3390/diagnostics11081360

28. Chan IM, Hon E, Ngai SW, Ng TY, Wong LC. Aggressive angiomyxoma in
females: is radical resection the only option? Acta Obstetricia Et Gynecologica
Scandinavica. (2000) 79:216–20. doi: 10.1080/j.1600-0412.2000.079003216.x

29. McCluggage WG. A review and update of morphologically bland vulvovaginal
mesenchymal lesions. Int J Gynecological Pathol. (2005) 24:26–38.

30. Amezcua CA, Begley SJ, Mata N, Felix JC, Ballard CA. Aggressive angiomyxoma
of the female genital tract: a clinicopathologic and immunohistochemical study of 12
cases. Int J Gynecological Cancer . (2005) 15:140–5. doi: 10.1111/j.1048-
891x.2005.15015.x

31. Sun Y, Zhu L, Chang X, Chen J, Lang J. Clinicopathological features and
treatment analysis of rare aggressive angiomyxoma of the female pelvis and
perineum - a retrospective study. Pathol Oncol Res. (2017) 23:131–7. doi: 10.1007/
s12253-016-0109-y

32. Zou R, Xu H, Shi Y, Wang J, Wang S, Zhu L. Retrospective analysis of
clinicopathological features and prognosis for aggressive angiomyxoma of 27 cases in
a tertiary center: a 14-year survey and related literature review. Arch Gynecology
Obstetrics. (2020) 302:219–29. doi: 10.1007/s00404-020-05592-5

33. McCluggage WG, Patterson A, Maxwell P. Aggressive angiomyxoma of pelvic
parts exhibits oestrogen and progesterone receptor positivity. J Clin Pathol. (2000)
53:603–5. doi: 10.1136/jcp.53.8.603

34. Bigby SM, Symmans PJ, Miller MV, Dray MS, Jones RW. Aggressive
angiomyoma of the female genital tract and pelvis-clinicopathologic features with
immunohistochemical analysis. Int J Gynecological Pathol. (2011) 30:505–13.
doi: 10.1097/PGP.0b013e318211d56c

35. McCluggage WG, Connolly L, McBride HA. HMGA2 is a sensitive but not
specific immunohistochemical marker of vulvovaginal aggressive angiomyxoma. Am J
Surg Pathol. (2010) 34:1037–42. doi: 10.1097/PAS.0b013e3181e32a11

36. Harkness R, McCluggage WG. HMGA2 Is a Useful Marker of Vulvovaginal
Aggressive Angiomyxoma but May Be Positive in Other Mesenchymal Lesions at This
Site. Int J Gynecological Pathol. (2021) 40:185–9. doi: 10.1097/PGP.0000000000000689

37. Gulino FA, Gulisano M, Ettore C, Giorlandino A, Russo E, Ettore G. Aggressive
angiomyxoma of the vulva: which is the best management strategy? Description of a
case report and review of literature of the last ten years. J Clin Med. (2023) 12:1726.
doi: 10.3390/jcm12051726
frontiersin.org

https://doi.org/10.1007/s00261-005-0378-5
https://doi.org/10.1016/j.urology.2016.12.045
https://doi.org/10.3109/01443615.2012.731456
https://doi.org/10.1148/rg.210049
https://doi.org/10.1097/PGP.0000000000000456
https://doi.org/10.1007/s00192-016-3112-7
https://doi.org/10.1007/s00192-018-3799-8
https://doi.org/10.1007/s00192-018-3799-8
https://doi.org/10.1046/j.1365-2559.1997.d01-556.x
https://doi.org/10.1136/bcr-2019-234093
https://doi.org/10.1111/IGC.0b013e3181cc339c
https://doi.org/10.1111/IGC.0b013e3181cc339c
https://doi.org/10.2214/ajr.170.4.9530081
https://doi.org/10.2214/ajr.170.4.9530081
https://doi.org/10.2214/ajr.172.2.9930798
https://doi.org/10.1148/radiol.2452070211
https://doi.org/10.1148/radiol.2452070211
https://doi.org/10.2214/AJR.13.11668
https://doi.org/10.1097/RCT.0000000000000305
https://doi.org/10.2214/ajr.171.2.9694499
https://doi.org/10.12998/wjcc.v6.i14.811
https://doi.org/10.1259/bjr.20200255
https://doi.org/10.1053/crad.2002.1127
https://doi.org/10.5858/arpa.2011-0056-RS
https://doi.org/10.3390/diagnostics11081360
https://doi.org/10.1080/j.1600-0412.2000.079003216.x
https://doi.org/10.1111/j.1048-891x.2005.15015.x
https://doi.org/10.1111/j.1048-891x.2005.15015.x
https://doi.org/10.1007/s12253-016-0109-y
https://doi.org/10.1007/s12253-016-0109-y
https://doi.org/10.1007/s00404-020-05592-5
https://doi.org/10.1136/jcp.53.8.603
https://doi.org/10.1097/PGP.0b013e318211d56c
https://doi.org/10.1097/PAS.0b013e3181e32a11
https://doi.org/10.1097/PGP.0000000000000689
https://doi.org/10.3390/jcm12051726
https://doi.org/10.3389/fonc.2024.1373607
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Misleading clinical and imaging features in atypical aggressive angiomyxoma of the female vulvovaginal or perianal region: report of three cases and review of the literature
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Study population
	2.3 Statistical analyses

	3 Results
	3.1 Case 1
	3.1.1 Clinical history
	3.1.2 Imaging examinations
	3.1.3 Surgical findings
	3.1.4 Pathological examination results
	3.1.5 Follow&minus;up and outcomes

	3.2 Case 2
	3.2.1 Clinical history
	3.2.2 Imaging examinations
	3.2.3 Surgical findings
	3.2.4 Pathological examination results
	3.2.5 Follow&minus;up and outcomes

	3.3 Case 3
	3.3.1 Clinical history
	3.3.2 Imaging examinations
	3.3.3 Surgical findings
	3.3.4 Pathological examination results
	3.3.5 Follow&minus;up and outcomes

	3.4 Diagnostic accuracy of imaging

	4 Discussion
	4.1 Clinical characteristics
	4.2 Imaging diagnosis
	4.3 Pathological characteristics
	4.3.1 Gross pathology
	4.3.2 Histopathological and immunohistochemical pathology

	4.4 Follow-up and outcomes

	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


