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Abstract

Endometriosis manifests as ectopic endometrial tissue outside the uterine cavity. This common
disease can sometimes appear at unusual anatomical sites or within the intestinal tract, growing as a
lesion and mimicking cancer. Such tumor-like endometriosis lesions are relatively uncommon and
biologically intriguing. This study is a retrospective case series of 14 patients presenting with tumor-
like endometriosis at a single institution between 2011 and 2022. Unlike conventional endometriosis,
these tumor-like lesions were generally sizable and clinically presented as a groin mass, aorta wall,
omentum, bowel wall, and lymph nodes, all of which raised suspicion for malignancy, despite eleven
(78.6%) of the 14 cases having a history or clinical signs of endometriosis. Laser capture
microdissection was used to isolate epithelial cells from endometriotic glands in tissue sections
prepared from formalin-fixed paraffin-embedded blocks, and the microdissected epithelium was
analyzed for cancer-driver mutations. A total of 11 cancer-driver mutations were identified in 6 (43%)
of the 14 patients, with four patients harboring multiple mutations. Recurrent mutations included
KRAS-activating mutations in four cases and ARIDI1A-inactivating mutations in two cases.
Additional mutations involved PIK3CA, CTNNB1, CHD4, MYD88, and STAGI. The mutation
frequency in cancer driver genes within this cohort was comparable to that observed in conventional
endometriosis located in pelvic tissues, ovaries, and fallopian tubes, suggesting that these mutations
may have roles beyond their canonical tumor-promoting functions in tumor-like endometriosis.

Keywords: endometriosis; cancer-dirver mutations; pelvic pain

1. Introduction

Endometriosis is a reproductive disorder characterized by the growth of endometrial tissue
outside the uterus, affecting about 10% of women of reproductive age worldwide. Chronic pelvic
pain and infertility are two primary clinical symptoms[1,2] that pose a significant economic burden
globally. [3]Endometriosis is traditionally classified into three subtypes based on location: superficial
endometriosis, deep infiltrating endometriosis (DIE), and ovarian endometriotic cysts or
endometriomas[2]. Ovarian endometriosis has also been identified as a precursor to ovarian clear cell
and endometrioid carcinomas [4,5].

Unlike superficial endometriosis and ovarian endometrioma, which most likely arise from
retrograde menstruation, the pathogenesis of DIE remains unclear. Recent molecular genetic studies
suggest a modified paradigm for how DIE forms, where circulating epithelial progenitor or stem cells
that are intended to rebuild the uterine endometrium after menstruation become excessively reactive
and then malopositioned outside the uterus [2]. These entrapped epithelium-committed progenitor
cells produce new glands through clonal proliferation and recruit oligoclonal stromal cells, resulting
in the formation of DIE. Once formed, the ectopic tissue is exposed to immune surveillance and
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reaction, leading to inflammation and fibrosis, causing chronic pain, infertility, and other
gastrointestinal symptoms.

While most cases of endometriosis involve the ovaries, fallopian tubes, peritoneal surface,
bladder, and bowel serosa, some cases are more widely spread throughout the body. These rare
instances can appear in unusual locations and grow as nodules that may be mistaken for a neoplastic
process on imaging studies. Such cases have been reported in various sites, including the groin,
diaphragm, umbilicus, brain, nasal cavity, skeletal muscle, liver, pancreas, lung, kidney, and biliary
tract [6-9]. Here, we use the term "tumor-like" endometriosis to describe those.

To begin characterizing the biological and pathological features of these tumor-like
endometriosis cases, we aimed to identify somatic sequence mutations in cancer-driver genes within
the laser-captured microdissected glandular epithelium from 14 lesions. This approach was based on
evidence that mutations in KRAS, ARID1A, PIK3CA, PPP2R1A, FGFR2, and PTEN have been found
in superficial endometriosis, deeply invasive endometriosis, and endometriomas [10-14]. It is
uncertain whether the frequency of cancer-driver mutations differs in quantity and quality between
tumor-like endometriotic lesions and conventional ones. Our results showed that the frequency of
cancer-driver mutations in this cohort of tumor-like cases was comparable to those reported in the
literature for conventional endometriosis. This suggests that cancer-driver mutations alone are
insufficient to develop tumor-like clinical features, and that they may have other physiological
functions in endometriosis beyond their canonical tumor-promoting roles.

2. Materials and Methods

2.1. Sample Selection

This retrospective case series of tumor-like endometriosis included women treated at the Johns
Hopkins Medical Institution from 2007 to 2023. The institutional review board approved this study
under the IRB00188126. Cases included in this report were endometriotic lesions outside the pelvis
or involving lymph nodes, infiltration into the muscularis or submucosa of the gastrointestinal tracts,
and cases that were clinically suspicious for neoplastic diseases. These cases were originally
suspicious for neoplasms based either on clinical impression or imaging studies. H&E slides were
reviewed, and the diagnosis of endometriosis was confirmed by two authors (LC and IS) following
the criteria in diagnostic pathology. Cases were excluded if they had inadequate tissue samples for
laser capture microdissection or any evidence of neoplastic or precancerous disease of the female
reproductive tract. Clinical and demographic information was obtained through the electronic
medical record, and formalin-fixed, paraffin-embedded (FFPE) tissues from qualified cases were
retrieved from archival files. All cases were subsequently anonymized, and no patient health
information could be retrieved or identified.

2.2. Preparation of Tissue for Whole-Exome Sequencing

We employed protocols in preparation of DNA from laser-capture microdissected epithelial cells
as previously reported [15] and the methods of whole exome sequencing, including somatic mutation
callings, were detailed elsewhere [16,17]. Briefly, FFPE tissue blocks were sliced into 10 pm sections
and mounted on PEN membrane slides (Zeiss, Germany). Slides were deparaffinized with xylene
and ethanol baths and then stained with hematoxylin. Targeted tissues were dissected using a laser
capture microdissection microscope (LMD?7, Leica) to enrich the epithelial component from ectopic
endometrial glands. Adjacent non-endometriotic tissue, such as smooth muscle, was collected as a
germline control. Genomic DNA was extracted with Qiagen's QlAamp DNA FFPE Tissue Kit
(Qiagen, Germantown, MD). DNA concentration was measured with a Qubit dsDNA HS Assay on a
Qubit 2.0 Fluorometer (Life Technologies, CA, USA). gDNA was fragmented into 150-200 base pair
pieces.

Whole-exome sequencing was performed using the Illumina NovaSeq 6000 platform and data
of matched lesion/tumor and normal samples were aligned to the human reference genome (hg38)
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using BWA software and analyzed to identify somatic point mutations and small insertions and
deletions present in the lesion/tumor but not in matched normal samples. This study defined cancer-
driver genes following the guidelines and prediction algorithms, as previously reported [18]. The
functional consequence of each mutation was predicted using gene annotations with ANNOVAR
2018Aprl6, using databases from SIFT, Polyphen 2HDIV prediction, and MutationTaster prediction.
We focused solely on detecting DNA sequence variations in the cancer driver genes from the
glandular epithelium. After identifying somatic mutations in cancer driver genes, all sequencing data
were deleted in conformity to the IRB protocol.

2.3. Statistical Analysis

Fisher's exact test was used for all categorical variables. Analysis of variance was used for all
continuous variables. A p-value of 0.05 was considered statistically significant.

3. Results

Table 1 summarizes the overall clinical and demographic data for all 14 cases in this cohort. The
mean age at the time of surgery to remove tumor-like endometriosis was 39.6 years, and the mean
BMI was 29.1. As expected, most cases (85.7%) presented as stage IV disease, and 57.1% of patients
had a history of previous surgery for endometriosis. Uterine leiomyoma or adenomyosis was found
in every patient. Two-thirds of the patients were nulliparous.

Table 1. Demographic and clinical characteristics of a cohort of patients with extreme endometriosis.

Extreme endometriosis characteristics (n = 14)

Race, n (%)
White 4 (28.57)
Asian 3(21.43)
African American 6 (42.86)
Other 1(7.14)
ASRM stage, n (%)
Stage 1 0 (0)
Stage II 2 (14.29)
Stage 111 0
Stage IV 12 (85.71)
Age at surgery (y), mean (SD) 39.64 (9.32)
BMI at surgery (kg/m?), mean (SD) 29.13 (7.69)
Other gynecological conditions, n (%)
Fibroids, n (%) 8 (57.14)
Adenomyosis, n (%) 5(35.71)
Pregnancy history, n (%)
Nulliparous 9 (64.29)
Parous 5(35.71)
Smoking history, n (%)
Reports smoking 4 (28.57)
Does not report smoking 10 (71.43)
History of medical treatment for endometriosis, 4 (28.57)
n (%)
History of prior surgical management of 8 (57.14)

endometriosis, n (%)

Table 2 lists the clinical features, treatment histories, and somatic mutation statuses for
individual cases. Cases 1 to 5 showed distant involvement, manifesting as an umbilical nodule, a
groin mass, a large lesion encroaching the aorta, lymph node enlargement, and an omental mass.
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Four cases (cases 11-14) presented with appendiceal endometriosis together with other concurrent
endometriotic lesions: three of the four cases were found to have concomitant ovarian endometriosis.
Gastrointestinal endometriosis was found in six cases, showing deep infiltration of endometriosis
into the muscularis and submucosa of the bowel wall. We highlighted individual cases as follows.

Table 2. Case descriptions.

Presentin Hormona . Other
Cas Sta Surgical
Lesions 8 & CDM(s) treatme ...  Outcome
symptom( e treatmen nt condition
s) t s
Umbilical Dysmenor 5 None Yes No  Fibroids Repeat
nodule rhea surgery
. Pursuing
h KRAS (c. A;
2 Groin foiion:i:n Gsl(§§15%§>) No No None infertility
gromp e P treatment
CTNNB1
_ (c.599G>A;
Chronic
. p-Arg200His), o Lost to
3  Aorta pe;f;c 4 ARIDIA No Yes  Fibroids follow-up
P (c.4336C>T;p.Arg
1446Term)
Chronic
LN, pelvic Fibroids, Pain
4  colonic pain, 4 None No No Adenomy ,
. improved
wall  dysmenor 0sis
rhea
Chronic
pelvic
5 Omentum pain, 4 None Yes No AdenP my Lostto
osis  follow-up
dysmenor
rhea
CHD4
(c.2924G>A;
. ., Dysmenor p-Arg975His),
d
Slng} rhea, MYDSS, Adenomy  Pain
6  colonic . 4 Yes Yes ) .
wall LN constipati (C71CT; osis  improved
’ on, SBO P.ALA24VAL)
STAG2
(c.3467+1G>A)
Omentum Dy:}?;‘;nor Lost to
7 and rectal 4 None No No None
constipati follow-up
wall
on
Rectosiem KRAS (c.34G>T;
moicig Chronic p-Gly12Cys), Fibroids, Controlled
8 . pelvic 4 ARIDI1A No Yes Adenomy by
colonic . . .
pain, SBO (c.197C>T; osis  progestin
wall
p-Pro66Leu)
Sigmoind c}s1focr)1’ic Fibroids, meI:c))St_aus
9  colonic . 4 None No Yes Adenomy P
pelvic ) al after
wall . osis
pain surgery
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10 Colonic C}:erlorilclzc KRAS (€356>C; No Yes  Fibroids Co?ocre "
wall P&V P.Gly12Ala)
pain recurrence
Chronic .
. . o Pain
11 Appendix pelvic 4 None No Yes  Fibroids .
) improved
pain
KRAS (c. T;
Chronic 5 (€35G>
. p-Glyl2Val),
. pelvic o Lost to
12 Appendix ain 2 PIK3CA No Yes  Fibroids follow-u
do (c1035T>A;Asn3 P
y 45Lys)
Chronic .
elvic Pain
P ain continued,
13 Appendix pain, 4 None Yes Yes None controlled
nausea, b
vomiting, y .
SBO progestin
Chronic Lost to
14 Appendix pelvic 4 None No No None
i follow-up

Abbreviations: CDM, Cancer Driver Mutation; SBO, Small Bowel Obstruction; LN: lymph node.

Case 1 involves a 45-year-old woman who was evaluated for surgical removal of a solitary
subcutaneous nodule at the umbilicus. Her symptoms started 15 years ago, with the lesion gradually
becoming increasingly swollen, painful, and bloody during menstruation. The clinical impressions
included skin appendage neoplasia and endometriosis. She underwent excision of her umbilical
nodule to diagnose endometriosis, which was also found to affect the anterior cul-de-sac, uterosacral
ligaments, and ovarian tissue. A primary umbilical hernia complicated her postoperative recovery.
She was not found to have any cancer driver mutations in this umbilical endometriosis.

Case 2 involves a 35-year-old woman with a past medical history of infertility and prolactinoma
who was initially evaluated for a right inguinal mass suspected to be a desmoid tumor. The mass had
been present for 10 years, and she reported that it became prominent and tender during
menstruation. MRI detected a right inguinal mass in the subcutaneous fat alongside a left para-
ovarian cyst. The pathology report after excision revealed florid endometriosis with focal chronic
inflammation (Figure 1). She had no history of cesarean section or other gynecologic surgeries. Her
inguinal endometriosis harbors a KRAS mutation.

Figure 1

Figure 1. An inguinal mass containing endometriosis shows Hé&E-stained morphological features from case 2.
A: At alower power (10X), the lesion shows focal chronic inflammation possibly due to injury of the endometrial
gland (arrow). B: At a medium power (20X), both glands and stroma are evident and are surrounded by fibrosis.
Skeletal muscle is also shown. C: At a higher power (40X), the endometriosis is composed of both glandular and

stromal components. .
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Case 3, a 49-year-old woman, had a history of endometriosis for which she underwent
hysterectomy and bilateral oophorectomy. Nine years later, she developed abdominal pain and
bowel obstruction. Her abdominal CT scan showed a slowly enlarging retroperitoneal mass
involving the abdominal aorta, initially suspected to be an abdominal aneurysm or a retroperitoneal
soft tissue tumor (Figure 2). Subsequently, she underwent exploratory laparotomy with en bloc
resection of the large retroperitoneal mass which was surprisingly identified on pathologic analysis
as an endometriotic mass. She was found to have mutations in CTNNB1 and ARIDIA in this
retroperitoneal endometriosis involving the aorta.

Figure 2

Figure 2. A peri-aortic tumor-like endometriosis. A-C: Computed tomography scan reveals a 6.3 cm
retroperitoneal mass involving the abdominal aorta from case 3. D: Hematoxylin and eosin-stained section
shows haphazardly distributed endometrial glands embedded in dense fibrous tissue involving the aortic wall.
E: An endometrial gland (arrow) before laser capture microdissection. F: The same gland after microdissection.

The epithelial layer has been collected for analysis. .

Case 4, a 49-year-old woman, developed a right-sided ovarian mass and left ureteral obstruction
requiring percutaneous nephrostomy. Her abdomen and pelvis CT scans showed a right ovarian
lesion with suspicious features concerning for neoplastic disease. Pathologic analysis revealed a right
endometriotic ovarian cyst and evidence of endometriosis within an enlarged and engorged left
pelvic sidewall lymph node and a portion of the sigmoid colon. These samples also demonstrated
evidence of adenomyosis. The imaging and pathology of the involved lymph node are shown in
Figure 3. Because lymph node endometriosis is less common, we examined its epithelium and found
no cancer driver mutations.
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Figure 3

Figure 3. An endometriotic lesion found in a bowel lymph node, forming an enlarged pelvic mass in case 4. A:
Computed tomography scan shows an enlarged lymph node near the colon. B: Hematoxylin and eosin-stained
section at low power (4X) reveals dilated endometrial glands enlarging this lymph node. C: Hematoxylin and
eosin-stained section at higher power (20X) displays endometrial glands surrounded by stromal cells. A

lymphoid follicle (arrow) is adjacent to the endometriotic tissue.

Case 5 involves a 28-year-old woman with a history of cervical atresia, infertility, severe
endometriosis with dysmenorrhea, and known homozygous MTHFR germline mutations. She
developed extensive adhesions among the pelvic organs, including the uterus, rectum, sigmoid
colon, ovaries, fallopian tubes, and pelvic sidewalls. During hysterectomy and bilateral salpingo-
oophorectomy, an omental lesion was discovered. Her pathology report indicated omental
endometriosis with no cancer driver mutations.

Case 6, a 39-year-old woman, presented with one week of abdominal pain and vomiting. The
clinical impression included possible small bowel obstruction, cholecystitis, gastritis, abdominal
aortic aneurysm, or gastroenteritis. She underwent an exploratory laparotomy and the pathology
report revealed extensive endometriosis involving all layers of the wall of the sigmoid colon.
Evidence of endometriosis was found in a pelvic lymph node, on the mesentery, and within the
abdominal wall, the colonic serosa, muscularis, and submucosa. The sigmoid colon endometriosis
lesion was found to have somatic mutations in CHD4, MYDS88, and STAGI.

Case 7 was a 17-year-old female with a history of constipation. On exam, she had a well-defined,
non-tender firmness in the right lower quadrant that was rapidly enlarging. Pathology showed
bilateral endometriotic cysts, and endometriosis in the rectum (serosa, muscularis, and submucosa)
and omentum. Her omental endometriosis was not found to have any cancer driver mutations.

Case 8 involved a 39-year-old presenting with a bowel obstruction. Ultrasound and MRI
revealed a large, complex cystic mass, with differential diagnoses including a sizable endometrioma
and ovarian carcinoma. She underwent an exploratory laparotomy with bilateral oophorectomy,
ovarian cystectomy, extensive ureterolysis, ileocecal resection, and reanastomosis. Her symptoms
resolved following surgery. The pathology report confirmed endometriotic cysts on both sides with
transmural involvement of the rectosigmoid colon and ileocecum by extensive endometriosis. The
endometriosis in her rectosigmoid had mutations in KRAS and ARID1A.

Case 9 involved a 51-year-old presenting with abnormal findings on a barium enema and an
inability to pass sigmoidoscopy. The pathology report showed transmural endometriosis of the
sigmoid colon, leading to bowel obstruction. No cancer driver mutations were found in her sigmoid
endometriosis.

Case 10 involved a 46-year-old who presented with complications following a robotic
hysterectomy performed at an outside hospital due to endometriosis. Segment resection of her colon
revealed focal endometriosis involving the muscularis propria and pericolonic fibroadipose tissue.
Her pain improved after surgery. Her colonic endometriosis was found to have a KRAS mutation.

Case 11 presented at age 34 with nausea, vomiting, and diarrhea associated with menses.
Abdominal and pelvic CT scans showed a dilated appendix in addition to a right adnexal cyst. The
pathology report on her appendectomy specimen revealed extensive endometriosis involving the
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muscularis propria and adipose tissue of the appendix. Nucleotide sequencing fer endometriosis
lesion did not detect any cancer driver mutations.

Case 12 presented at age 41 with dyschezia during menses. She had undergone a diagnostic
laparoscopy to reveal an appendiceal mass, suspicious for appendiceal neoplasm. Her pathology
findings show endometriosis of the appendix with extensive involvement of peri-appendiceal soft
tissue, forming fibrosis and accounting for the tumor-like lesion (Figure 4). Besides, endometriosis
also involved the serosal surface of the uterus, and the right fallopian tube. Her pain improved after
surgical removal of the appendix, uterus, and fallopian tubes. Her appendiceal endometriosis
showed KRAS and PIK3CA mutations.

Figure 4

Figure 4. Appendiceal endometriosis from case 12. A: Hematoxylin and eosin-stained section at low power (4X)
shows endometriosis involving the peri-appendiceal soft tissue with extensive fibrosis and smooth muscle
proliferation. B: Endometrial glands (arrow) before laser capture microdissection. C: Same glands after

microdissection. The epithelial layer has been collected for analysis. .

Case 13 involved a 31-year-old woman who presented with chronic pelvic pain and cyclic small
bowel obstructions. She underwent an ileocolic resection that revealed endometriosis affecting the
ileal serosa, causing stricture formation, serosal adhesions, and adhesion of the appendix. Her
endometriosis did not contain any cancer driver mutations. Case 14 involved a 55-year-old woman
who was found to have endometriosis incidentally during surgery for metastatic neuroendocrine
cancer. She had multiple foci of endometriosis involving the serosa of the ileum and both the wall
and serosa of the appendix. Her appendiceal endometriosis did not demonstrate evidence of any
cancer driver mutations.

4. Discussion
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This study reported clinical and molecular genetic findings of "tumor-like endometriosis" to
clarify the biological nature of these unusual lesions, which appear in uncommon anatomical
locations, including lymph nodes and intestinal endometriosis, mimicking neoplastic diseases. The
findings from this study are expected to have several clinical and biological implications.

First, we observed a significant delay in diagnosing endometriosis in these women. Before
confirming endometriosis through pathology, various clinical diagnoses were considered, including
ovarian carcinoma, gastrointestinal neoplasia, desmoid tumor, abdominal aortic aneurysm,
gastroenteritis, cannabinoid hyperemesis, pregnancy, viral infection, appendicitis, pancreatitis,
gastric ulcer, cholecystitis, and gastritis. These differential diagnoses were clinically reasonable, but
some patients disclosed to healthcare providers experiencing worsening pain symptoms during
menstruation. Therefore, taking a detailed history and being aware of the possibility of extensive or
tumor-like endometriosis are essential in primary care. For instance, the woman in case 2 was
regularly treated for suspected cannabis hyperemesis syndrome or functional abdominal discomfort
despite histopathologic evidence of endometriosis. The treatments she received did not target the
underlying cause of her symptoms. In hindsight, her cannabis use was probably related to the need
for additional pain relief when her endometriosis was untreated.

Second, we did not identify any specific age group associated with increasing tumor-like
endometriosis, as their ages at the time of clinical presentations ranged from 17 to 51 years old,
indicating that tumor-like endometriosis can occur at any age. Patients in this cohort experienced
varying levels of treatment success with medical management. Progesterone and NSAIDs managed
pain in some cases but not others. In four patients, different treatments alleviated particular
symptoms but not all. One patient saw improvement in gastrointestinal symptoms but not pain after
systemic progestin treatment. Pain continued despite surgical intervention surgery in three patients.
Future prospective studies should aim to systematically evaluate medical and surgical therapy
options and their effects on patient symptoms. Our findings also underscore the importance of a
multimodal intervention to endometriosis, including progesterone, NSAIDs, and surgical options.
It's essential to explain to patients that specific treatments may target some symptoms more
effectively than others, and that treatment plans should be individualized for their constellation of
symptoms and the locations of endometriotic lesions.

Third, the presence of endometriosis in unusual anatomical locations is of great interest. The
umbilical and groin endometriosis lesions (case 1 and case 2) represent classic examples of extrapelvic
endometriosis. These lesions are considered uncommon, but they have been documented in a
significant number of cases. [7]. The involvement of the aorta, reported as case 3 here, is probably the
second known case in the literature [19]. For individuals with endometriosis in rare anatomic
locations, increased knowledge and clinical vigilance about the disease, along with a
multidisciplinary approach, are recommended to ensure timely diagnosis and improve patient
outcomes. Additionally, among the 14 cases, two showed lymph node endometriosis, resulting in
nodal enlargement. Although uncommon, lymph node endometriosis has been documented in the
literature. Most of these lesions involve the mesentery and pelvic lymph nodes, but the para-aortic
obturator node has also been reported [20]. The presence of endometriosis in lymph nodes confirms
that endometriosis may spread via lymphatic pathways rather than only through local direct
dissemination. The occurrence of appendiceal endometriosis in four cases supports the idea that these
lesions are not uncommon. One study involving patients undergoing laparoscopic endometriosis
surgery at a tertiary referral center estimated the prevalence of appendiceal endometriosis at 2.8%,
with a higher risk observed in women with ovarian and bladder endometriosis [21].

Fourth, our results emphasize that several somatic cancer-driver mutations are of great interest
in the study of endometriosis because these mutations and the pathways they affect may play a role
in the disease's development. The original study that identified cancer driver mutations in
endometriosis found that 26% of deep-infiltrating endometriotic lesions contained cancer-causing
mutations in the endometriotic epithelium, including KRAS, PIK3CA, ARID1A, and PPP2R1A, and
proposed a clonal origin for endometriosis [10]. Uterine endometrioid carcinomas and
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endometriosis-related ovarian malignancies typically exhibit these gene mutations [22]. Moreover,
those mutations are also detected in the precursor lesions of uterine endomtroid carcinomas [16],
supporting that (ovarian) endometriosis predisposes to ovarian endometrioid or clear cell
carcinomas.

Most importantly, our data showed that the mutation frequency of cancer-driver genes in our
cohort was comparable to that of other endometriosis cohorts, including superficial, deeply
infiltrating, and endometriomas [10-14]. In light of tumor-promoting functions of somatic mutations
in cancer-associated genes [23], the finding thereof may be surprising. This is because endometriosis
contains non-neoplastic tissues, minimal proliferation, and is histologically indistinguishable from
eutopic endometrium. It is unclear whether these or other cancer driver mutations are involved in
the development of tumor-like endometriosis in some cases within this cohort. Several explanations
for why tumor-like endometriosis lesions do not show a higher frequency of cancer-driver mutations
include the following. The combination of mutations in cancer-driver genes may not be ideal for
tumor formation. For instance, concurrent inactivation of the tumor suppressors ARID1A and PTEN
is necessary to increase proliferation in endometrioid intraepithelial neoplasia, the immediate
precursor lesion of the endometrium. [24], and induce endometrioid carcinoma in a mouse model
[25], likely through activating the MAPK signaling via DUSP4 downregulation [26]. However, we
did not observe co-mutation of ARID1A and PTEN in this cohort.

The next interpretation is that mutations in these genes may have functions beyond
carcinogenesis. For example, studies show that increased KRAS signaling pathway activity, whether
through genetic or epigenetic processes, but not activating mutations, may facilitate the survival of
ectopic endometrium and contribute to progesterone resistance. Activation of the KRAS pathway in
mouse models was associated with endometriosis-like lesions on the peritoneum and ovaries [27],
and endometriosis lesions originating from mice with Kras activating mutations exhibit prolonged
survival compared to those in wild-type mice [28]. A separate study found that KRAS pathway
activation caused abnormal overexpression of SIRT1, which co-localizes with BCL6, thereby
promoting progesterone resistance through the inactivation of the GLI1 promoter [29]. In a
retrospective longitudinal study, mutations in KRAS were associated with higher disease severity
and surgical difficulty [14].

Another possible explanation is that these cancer-driver mutations may serve as clonal markers
associated with their development, with less biological significance. It has been reported that
individual endometrial glands and microdissected tissues from normal uterine endometrium share
a similar set of somatic cancer-associated mutations as those found in endometriosis [11,30]. From
this perspective, normal endometrial glands undergo clonal expansion carrying specific mutations in
epithelial cells, which can stay in situ, exit the uterine cavity through retrograde menstruation, or
spread potential endometrial progenitors via circulation, leading to endometriosis [2,31]. From this
perspective, cancer-associated mutations are considered indolent and occur alongside the growth of
endometriotic lesions that harbor mutations.

Lastly, we identified somatic mutations in genes that have not been previously reported in
endometriosis. Our data show that KRAS, ARID1A, PIK3CA, CTNNB1, and MYDS88 are known
somatic mutations that have been reported in endometriosis, while CHD4 and STAGI are newly
identified in the current study. The SNF2/RAD54 helicase family includes the transcriptional
repressor CHD4. Mutations in these genes have been observed in endometrial carcinomas and their
precancerous lesions [16,32]. The CHD4 R975H mutation is linked to endometrial cancer cell stemness
and M2-like polarization in tumor-associated macrophages [32]. It is prevalent in the endometrium.
On the other hand, STAGI maintains telomere cohesion and controls mitotic chromosome
segregation as a member of the SCC3 family. ARID1IA, which has inactivating mutations in
endometriotic lesions, upregulates STAGI, promoting genomic stability by increasing telomere
cohesion [33]. ARID1A or STAGI mutations may cause telomere cohesion problems of which effects
on the pathogenesis of endometriosis warrant further studies.
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Despite the new insights gained from this study, several limitations are also recognized . The
relatively small sample size may limit the statistical power needed for a correlative study between
somatic mutation status and clinical parameters. Because tumor-like endometriosis is relatively rare,
a future collaborative effort is necessary to clarify its associations. Additionally, all included patients
were undergoing surgical intervention at a single center, which could introduce selection bias.
Moreover, the DNA quality is known to be affected by the age of tissue blocks, and the quantity is
also limited by laser capture microdissection. Although this did not impact the identification of cancer
driver mutations, it may lead to underdetection of mutations that were not enriched in the epithelium
of endometriosis.

5. Conclusions

In summary, this study highlights the importance of educating all providers about
endometriosis, including atypical presentations, to ensure it remains on the differential diagnosis for
various painful and gastrointestinal symptoms [7]. Our data also demonstrate that tumor-like
endometriosis did not enrich the cancer-driver mutations, warranting further investigation into the
possible roles of these mutations in the biology of endometriosis.
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