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Abstract

Female adnexal malignancies, while relatively uncommon, exhibit high mortality rates due to often-late diagnosis.
The serine/threonine kinase 11 (STK17) is a tumor suppressor gene, and its inactivation or mutation often leads to
an autosomal dominant genetic disorder known as Peutz-Jeghers syndrome (PJS), which is associated with ovarian
and cervical cancers. STKTT-associated adnexal tumors mostly originate from the ovary, with a low incidence

rate but high metastasis rates worldwide. In addition to surgery and chemotherapy, it is necessary to optimize
relevant screening policy and targeted therapy. STKT1-associated adnexal tumors are difficult to diagnose by
histopathology. Although genetic testing involves higher costs, it can serve as a primary preventive measure for
high-risk populations with STK77-associated tumors. A more intensive screening program (MISP) is needed for
individuals with significant clinical symptoms and a family history of PJS. These tumors may be adequately treated
with fertility-sparing surgery in young women with lower malignant potential tumors. Prophylactic adnexectomy,
chemotherapy, and immunotherapy may offer potential clinical benefits but also pose significant challenges.
Therefore, surgery should be undertaken with careful and comprehensive consideration of the patient’s age,
reproductive history, risk of malignancy, genetic mutation lineages, post-operative complications, and other
conditions. Further research is essential to develop better screening, diagnostic, and treatment strategies.
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Introduction

Female adnexal malignancies, including ovarian can-
cer (OC) and fallopian tube cancer (FTC), pose a sig-
nificant threat to women’s health globally. Among them,
OC incidence rate ranks third only after cervical cancer
and uterine relevant cancer, while the mortality rate of
OC remains the highest among malignant tumors of the
female reproductive system. Until 2020, OC was the 8th
most common cancer globally among the female popu-
lation, with an estimated diagnosis rate of 3.7% and a
mortality rate of 4.7% among all cancers in women [1].
According to 2022 GLOBOCAN statistics for 36 cancers
in 185 countries, there were 324,398 new OC cases and
206,839 OC deaths, accounting for 3.4% of incidence and
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4.8% of mortality in female patients. Age-standardized
rate analysis indicated that approximately 3.8-4.3 per
100,000 females were diagnosed with OC, and 6.0-7.0
per 100,000 females died from OC [2]. In the United
States, an estimated 19,680 new cases and 12,740 deaths
were projected for 2024 [3]. More than 70% of OC cases
are not diagnosed until the cancer has progressed to
stage III or IV, thus leading to a 5-year overall survival
(OS) of 47.4%. Actually, it is well-established that the
prognosis of OC is strongly associated with the stages of
cancer. The 5-year OS for early and middle-stage ovar-
ian cancer can reach approximately 80-90%, whereas the
5-year OS for advanced ovarian cancer with metastasis is
only about 25% [4]. Surgery, chemotherapy and targeted
therapy have significantly improved the prognosis of OC
in recent years [5, 6]. Additionally, the incidence and
mortality rates of FTC were not accurately recorded due
to the uncertain location of primary lesions [7].

Genetic susceptibility is considered a key factor in the
occurrence and progression of OC. BRCAI/2 are the
most well-known genes initially identified to be associ-
ated with hereditary OC [8, 9]. The Next-Generation
Sequencing (NGS) has facilitated the identification of
additional genetic alterations in OC, including mutations
in TP53, PTEN, CDHI and STK11 [10]. STK11, a tumor
suppressor gene located on chromosome 19p13.3 with
a size of approximately 23 kb, is expressed in almost all
human tissues. It is primarily responsible for the phos-
phorylation of at least 14 proteins, playing a crucial role
in maintaining the balance of cellular energy metabo-
lism, cell polarity, growth requirements, and consistent
tumor suppression [11]. The inactivation or mutation of
STKI11 usually causes an autosomal dominant genetic
disease called Peutz-Jeghers syndrome (P]S), with an
incidence of about 1/50,000 to 1/250,000 in live births
[12]. The germline mutation rate of STK11 in PJS patients
ranges from 66 to 94%. Clinically, STKI11 mutation or
inactivation and its relevant disease mainly lead to ham-
artomatous gastrointestinal polyps, mucocutaneous pig-
mentation, and the increased risk of small bowel, breast,
testicular, colorectal, gastric, pancreatic, gallbladder and
lung cancers. In gynecology, it often results in the sex
cord tumor with annular tubules (SCTATS) in ovaries and
lobular endocervical glandular hyperplasia (LEGH)/min-
imal deviation adenocarcinoma (MDA) in cervix [13, 14].
Cases of MDA with PJS were reported to have a poorer
prognosis than non-STKI11 mutation cases do, as MDA
has an aggressive clinical course [15].

The rare pathological features, differentiation patterns
and poor prognosis of STK1I-associated tumors high-
light the necessity of relevant screening policy or targeted
therapy in addition to surgery and chemotherapy. How-
ever, there has been limited research on these topics. This
review aims to summarize the available literature about
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STK11-associated adnexal tumors, with the expectation
of developing novel screening, diagnostic, and treatment
strategies in gynecological oncology.

Primary situation: previous research on STK11-
associated adnexal tumors

Brief overview of adnexal tumors: OC and FTC

OC is the 8th most common cause of deaths in female
carcinoma [1]. By 2018, there were about 295,414 new
cases and 184,799 deaths of OC [16]. The incidence
rate of malignant solid tumors originating from fallo-
pian tubes is still uncertain, which could be inferred to
be much less than 1/10,000 with the exception of fallo-
pian tube choriocarcinoma. Previous studies indicated an
incidence rate of 0.36/100,000 to 0.41/100,000 every year,
referring to approximately 300 to 400 annual cases [17].
However, recent studies suggest that about 80% of tumors
classified as ovarian or peritoneal high-grade serous car-
cinoma may actually originate from the fimbriae of the
fallopian tubes. Clinically, the uncertain definition of
primary lesions can lead to divergence in diagnosis and
treatment, thereby affecting prognosis.

In 2014, the World Health Organization (WHO)
updated a novel classification of OC, FTC and perito-
neal cancer in both clinical and pathological contexts to
enhance the understanding of these malignancies [18,
19]. This update was accompanied by new surgical stag-
ing published by FIGO [19, 20]. The new FIGO staging
system integrated the epithelial ovarian/fallopian tube/
peritoneal carcinoma, as well as the ovarian stromal and
germ cell tumors. Although the new staging system can
better predict different clinical outcomes in some cases,
there are still limitations in classification of FIGO III/IV
stage outcomes and overlap of molecular characteristics
[21-24]. Most OC cases are sporadic, with the most com-
mon pathological types being epithelial, germ cell, and
sex cord stromal tumors. Epithelial ovarian cancer (EOC)
includes high-grade serous carcinoma (HGSC, 70%),
endometrioid carcinoma (10%), clear cell carcinoma
(10%), mucinous carcinoma (3%), and low-grade serous
carcinoma (LGSC, <5%) [25, 26]. FTC is often diagnosed
at advanced stages, mostly as HGSC, poorly-differenti-
ated/undifferentiated carcinoma or the carcinosarcoma.
Tumor cells typically exhibit a high level of chromosomal
instability, similar to OC [17]. As mentioned, the inci-
dence rate of FTC is not currently clear because the origi-
nal location of carcinoma remains uncertain. Researchers
discovered pre-malignant serous tubal intraepithelial
carcinoma (STIC) and potentially invasive HGSC in fal-
lopian tube specimens as early as 2001 (particularly in
the fimbria) without neoplasms found in ovarian tis-
sues during risk-reducing surgery [27]. This finding sug-
gests that many OC-related deaths might actually result
from tumors originating in the fallopian tubes, further
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demonstrated by whole exome sequencing (WES) and
copy number analysis [28].

The genetic susceptibility of OC has always been the
focus of attention. Germline mutations in more than 10
genes have been associated with hereditary OC, primar-
ily BRCA1/2. Studies showed that the cumulative risk for
OC to age 80 years was about 44% (95% CI, 36-53%) for
BRCAI and about 17% (95% CI, 11-25%) for BRCA2 car-
riers [29]. The incidence of OC/FTC has also been cor-
related with hereditary diseases including Li-Fraumeni
syndrome, Cowden syndrome, Lynch syndrome, diffuse
gastric cancer syndrome, and PJS [13]. For example, the
OC risk for PJS patients with STK1I mutation is about
18-21% (39-44% by age 70 and 11-18% by age 70) [10].
The incidence of OC/FTC has also been correlated with
hereditary diseases including Li-Fraumeni syndrome,
Cowden syndrome, Lynch syndrome, diffuse gastric can-
cer syndrome, and PJS [30]. Despite active treatments
including primary/interval debulking surgeries, chemo-
therapy (mostly a combination of paclitaxel and plati-
num), targeted therapy, and vascular endothelial growth
factor (VEGF) inhibitors, the OS or progression-free
survival (PFS) of female adnexal tumors have not been
significantly prolonged. Therefore, more advanced and
earlier screening targeting genetic susceptibility and
stepped prevention for patients may be more clinically
significant.
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Serine/threonine kinase 11 (STK71) and PJS

PJS is an autosomal dominant disorder with an incidence
rate of about 1/50,000 to 1/250,000 globally [12]. The
clinical characteristics primarily include: (1) mucocuta-
neous pigmentation, which occurs in about 95% of cases
at birth or early infancy; (2) the presence of two or more
Peutz-Jeghers polyps (P-] polyps) confirmed by histopa-
thology, any number of P-J polyps with a family history
of the syndrome, or any number of P-J polyps with cor-
responding mucocutaneous pigmentation; (3) tumor
susceptibility, including but not limited to gastrointes-
tinal, colorectal, breast, and pancreatic malignancies. In
1895, Connor et al. identified a pair of twins with dark
spots on the lip mucosa, one of whom died of intussus-
ception and the other of breast cancer. In 1921, Jan Peutz
observed that two boys in a Dutch family had multiple
gastrointestinal polyps and mucocutaneous pigmenta-
tion, proposing that it was a familial genetic disease [14].
And in 1949, PJS was first described systematically by
Jeghers [31]. Over the next half-century, studies gradu-
ally identified STKI11 as a significant cause of PJS [14].
SCTATs were firstly reported by Robert E. in 1970, and
STK11I-associated adnexal tumors were first reported in
1976 by Taxy and Battifora [32]. The discovery process is
shown in Fig. 1. The cancer risk for PJS patients is about
18 times higher than that of the general population, with
approximately 85% of malignant tumors occurring before
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Fig. 1 Discovery process of STK7 I-associated adnexal tumors
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the age of 70. In gynecological diseases, PJS is consid-
ered a promoting factor for SCTATs, MDA, and LEGH,
as previously mentioned. Therefore, the spectrum of
adnexal tumors that may occur in PJS patients should
be noted. SCTATs and MDA occupy the vast majority
of the PJS-associated gynecological oncology. STKI11-
associated FTC is rarely reported. Additionally, ovarian
tumors associated with PJS include a small number of
Sertoli-Leydig cell tumors (SLCT), granulosa cell tumors
(GCT), and mucinous tumors, which are rarely reported.
The morphological characteristics of mucinous tumors
are similar to lobular cervical gland hyperplasia, and
the tumor cells exhibit gastric mucinous epithelial dif-
ferentiation [33]. Among these, SCTATs are most likely
to be complicated with PJS, with about 36% of SCTAT
cases reported, and 20% progressing to malignancy
[12, 34]. In a multi-center study, researchers obtained
22 STK1I-associated adnexal tumors to fully elucidate
their clinicopathologic and genomic features, detecting
an association with PJS in nearly 50% of cases [35]. This
suggests that PJS, STK11 mutation and relevant adnexal
tumors are closely linked. Therefore, focusing on adnexal
tumors in PJS patients or those associated with STK11
mutation is of great clinical significance.

About 66-94% of PJS cases have been attributed to
germline mutations in the STK11 gene [14]. STK11 con-
sists of 9 coding exons and 1 non-coding exon, with an
mRNA size of approximately 3.0-3.3 kb. The STK11 gene
encodes the STK1I protein kinase which contains 433
amino acids, with 3 following functional regions: (1)
N-terminal non-catalytic domain; (2) the kinase catalytic
domain; (3) C-terminal non-catalytic regulatory domain
containing a CAAX box. The main causes of STK11 inac-
tivation or mutation include nonsense mutations, mis-
sense mutations, frameshift mutations, and splice site
mutations. Basically, the AMP-activated protein kinase
(AMPK) - mammalian target of rapamycin (mTOR) path-
way, Wnt-C-Myc pathway, TP53 mutation, TGF-$ sup-
pression and epithelial mesenchymal transformation
(EMT) associated biomarkers (Vimentin, E/C-cadherin,
Cytokeratin, etc.) are all involved in carcinogenesis of
STK11 mutation [36—39]. It is noteworthy that some loss
of heterozygosity (LOH) has been observed in the chro-
mosome 19p13.3 region, about 190 kb from STK11, sug-
gesting that STK11 inactivation/mutation is not the only
tumor promoter in 19p13.3 [40, 41]. Additionally, STK11
inactivation contributes to post-translational modifica-
tions including phosphorylation, ubiquitination, and
regulation of protein abundance and function through
intracellular localization, protein stability, conformation,
and protein-protein interactions. For example, concur-
rent deletion of PTEN and STKI1 resulted in the devel-
opment of high-grade papillary serous carcinoma with
increased mTOR activity in OC. It has been reported
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that the loss of STK11 in primary and immortal cells of
TP53 mutants induces premature cellular senescence and
causes G2/M cell cycle arrest. This suggests that STK11
may affect cell polarity and differentiation, as well as pro-
mote oncogenic transformation. Additionally, STKI11
mutation or deletion is reported to influence the meta-
static potential, dormancy, anoikis, fibronectin expres-
sion of OC cells [42]. These findings are illustrated in
Fig. 2. Studies on HeLa cell lines of cervical carcinoma
have also indicated that the homozygous deletion (HD)
locus in STKI11 remains unidentified [43]. Most studies
have established correlations between STK11 and cancers
of the lung, pancreas, stomach, and colorectal regions
[44-46], while STK1I-associated gynecological oncol-
ogy (GO) primarily involves SCTATs and MDA. The
histomorphological characteristics of STK11-associated
GO are rarely observed and are challenging to diagnose
through histopathology alone, often requiring NGS and
immunohistochemistry (IHC) results. Research on the
mechanisms of STKII-associated GO, particularly for
adnexal tumors, is limited due to its low incidence rate,
indicating the need for more clinical case accumulation.

Cases, features and clinical decisions of STK11-
associated adnexal tumors

Recent reports on STK11-associated adnexal tumor cases
Indeed, the perception of relevance was suggested as
early as 1999, with the identification of a missense muta-
tion and loss of LOH in OC [47]. In 2000, research-
ers from the Mayo Clinic analyzed specimens from two
PJS-associated SCTATS, five sporadic SCTATS, and eight
MDAs. They found STKI1I gene mutations (missense
mutations and allelic deletions) in both PJS-associated
SCTATs, along with LOH in three out of eight MDA
cases in other regions of chromosome 19p13.3. In con-
trast, no STKI11 mutations were observed in the sporadic
SCTATSs and the remaining five MDA cases [48].

In 2007, a four-year-old girl with gonadotropin-inde-
pendent precocious puberty and an ovarian Sertoli cell
tumor (SCT) was first reported [49]. Similarly, a two-
year-old girl with a SLCT was reported in 2010 [50]. This
patient exhibited significant features of hamartomatous
gastrointestinal polyps and pigmentation. Additionally,
Yucel Cicek OS et al. reported an infertile woman with
an exceptionally high anti-Mullerian hormone (AMH)
level (319.63 ng/ml), confirmed to have SCTATs and
PJS through IHC and gene sequencing in 2022 [51].
These three cases suggest that sexual hormone disorders
might potentially be associated with the incidence rate of
STK1I-associated adnexal tumors, both in infancy and
during childbearing age.

According to the clinical characteristics of PJS and
STK11 gene sequencing, the prognosis of patients may be
predicted. Kwon SY et al. reported two cases of SCTATSs
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Fig. 2 Signaling pathways associated with carcinogenesis of STK7-mutation. The AMP-activated protein kinase (AMPK) - mammalian target of rapamycin
(mTOR) pathway, Wnt-C-Myc pathway, TP53 mutation, TGF-3 suppression and epithelial mesenchymal transformation (EMT) associated biomarkers (Vi-
mentin, E/C-cadherin, Cytokeratin, etc.) are all involved in carcinogenesis of STK77 mutation

in 2012 [52]. Case 1 involved a 36-year-old woman with
ovarian mucinous cystadenoma (MCA) accompanied by
SCTATs and bladder involvement. P-J polyps and a fam-
ily history of P-J polyps and colon cancer were evident
from medical records. Despite receiving a combination
of chemo-radiation therapy and three cycles of irinotecan
and cisplatin, the patient expired one year after radical
surgery. In contrast, Case 2 had a much better progno-
sis, likely due to comparatively mild clinical features with
only a history of colonoscopic polypectomy.

Other cases reported over the past five years include:
(1) a pyloric gland-phenotype ovarian mucinous tumor
with histomorphology similar to LEGH detected in a
47-year-old postmenopausal woman in 2017 [33, 53]; (2)
a 59-year-old woman with concurrent endometrial ade-
nocarcinoma and ovarian granulosa cell tumor (GCT)
in 2018 [54]; (3) a 24-year-old woman described as hav-
ing a composite synchronous cervical malignancy com-
prising LEGH, MDA, and gastric-type adenocarcinoma
(GTA), also found with a serous tubal intraepithelial
lesion (STIL) in her right fallopian tube, reported in India



Huang et al. Human Genomics (2025) 19:28

in 2019 [55]; (4) the first globally reported case of bilat-
eral PJS-associated SCTATs combined with unilateral
adult GCT in China in 2023 [56]. All four cases demon-
strated germline/somatic mutations of the STK1I gene
and were reported primarily due to their extremely rare
histopathology. It should be noted that primary STK11-
associated FTC might be overlooked or misdiagnosed as
other malignancies, although there are no relevant case
reports. The clinical, histopathological, and genetic infor-
mation of all the above cases are summarized in Table 1.

Combining the findings from the above cases, the char-
acteristics of patients with STKI1-associated adnexal
tumors can be summarized as follows: (1) mass in the
adnexal region, with the majority being SCTATSs; (2) typi-
cal presentation of PJS; (3) sexual hormone disturbance;
and (4) other non-specific clinical manifestations.

Screening of STK11 associated adnexal tumor

According to the US Surveillance, Epidemiology, and
End Results (SEER) database, the risk of ovarian cancer
(OC) in the general population is approximately 1-2%.
The 2022 NCCN guidelines list the OC risk in carri-
ers of pathogenic or likely pathogenic mutations in OC
susceptibility genes [57]. Although an OC risk of 18-21%
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and a total gynecological oncology (GO) risk of 9-21%
have been reported in individuals with STK11 mutations,
previous guidelines did not routinely include STK11 in
genetic/familial risk assessments. Furthermore, the risk
of GO by the age of 60 is approximately 13% in carriers of
pathogenic variants (PV) and likely pathogenic variants
(LPV) of STK11 [10, 13]. Compared with the extensive
screening recommended by the NCCN guidelines for
women aged 18-60 years (beginning at age 18-20), the
American College of Gastroenterology (ACG) defines an
initial screening age of 25 (with an average diagnosis age
of 28) for STK11-associated OC [58]. However, both the
ACG and the European Society of Digestive Oncology
(ESDO) guidelines for hereditary gastrointestinal cancer
recommend a baseline screening age of 8 when relevant
polyps are found [58, 59]. Considering these results, a
screening age of >8 or even earlier for adnexal tumors
may be considered when the following complications are
present: (1) multiple polyps confirmed by endoscopy or
previous surgery (especially hamartomatous polyps); (2)
pigmentation on the skin or mucous membranes, partic-
ularly on the lips, buccal mucosa, or digits; (3) confirmed
hereditary features and a family history of Peutz-Jeghers
syndrome (PJS). In principle, these conditions also apply

Table 1 2014 FIGO staging system for ovarian/fallopian tube/peritoneal carcinoma

Mutation locus

PJS associated Symptoms

Researcher Time Pathology
Massa G et al. 2007 SCT
Howell L et al. 2010 SLCT
Kwon SY et al. Case1 2013 MCA

&

SCTATs
Kwon SY et al. Case2 2013 MDA

&

SCTATs
Kim EN et al. 2017 Mucinous OC @
ChoiYJetal. 2018 aGCT

&

EAC
Neyaz A et al. 2019 STIL®
Yucel Cicek OS et al. 2022 SCTATs
FengYY et al. 2023 aGCT

&

SCTATs

STK11 exon 1
c.130 A>T,p.Lys44X

STK11 exons 4-8
STK11 deletion

STK17 exon 3
frame shift mutation

None

STKT1 exons 1-7
c.1-?_920+7del

STK11 germline mutation
€339delG; p.L113fs

Not detected

STK11 exon 5
p.Asp207Glufs*76
(c.621_633del)

STK11 germline mutation

[ Associated family history
[ Associated polyps found
[J Associated pigmentation
Associated family history
Associated polyps found
M Associated pigmentation
Associated family history
Associated polyps found
M Associated pigmentation
[] Associated family history
Associated polyps found
M Associated pigmentation
[ Associated family history
Associated polyps found
Associated pigmentation
[ Associated family history
[ Associated polyps found
[J Associated pigmentation
[ Associated family history
Associated polyps found
Associated pigmentation
[ Associated family history
Associated polyps found ©
Associated pigmentation
Associated family history
M Associated polyps found
Associated pigmentation

Abbreviations: MCA, mucinous cystadenoma; SCTATs, sex cord tumor with annular tubules; MDA, minimal deviation adenocarcinoma; LEGH, lobular endocervical
glandular hyperplasia; SCT, Sertoli cell tumor; SLCT, Sertoli-Leyding cell tumor; aGCT, adult granulosa cell tumor; EAC, endometrial adenocarcinoma; STIL, serous
tubal intraepithelial lesion. Notes: ?This case was reported as the pyloric gland-phenotype mucinous OC resembling LEGH; ° This case was reported as the pyloric
gland-phenotype mucinous OC resembling LEGH; © A history of intestinal polyp surgery performed 20 years ago
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|
| | |

Screening Population: Screening Indications: Screening Contents:

1. Initally screening age of 18-25 for 1. Women with family history of PJS; l. Serum tumor markers (CA-125, etc.)
regular population; 2. SCTATs confirmed by histopathology; 2. Endocrine or sexual hormone

2. A screening age of >8 or even earlier 3. Pigmentation, multiple polyps, tumor examination

considered when PJS complications are susceptibility, endocrine/sexual hormone

|

A Screening Interval of 1-3 Years Recommended
MISP Consideration for Significant Characteristics
|

3. Ultrasonography and CT/MRI;

found disorder 4. Pelvic examination and cytology tests

| | |
[ Preventional Surgery ] [ Therapeutic Surgery ] [ Other Thrapies J
|
Radical Surgery Fertility Preserving
For pro-created women For pre-created women Chemo/radio/targeted/
[ RRSO/RRS J or in advanced stages or in earlier stages endocrine Thrapies

Fig. 3 Screening and Therapeutic Strategies of STK77-Associated Tumors. Abbreviations: MGPs, multiple-gene panels; PJS, Peutz-Jeghers syndrome; SC-
TATs, sex cord tumor with annular tubules; MISP, more intensive screening program; RRSO, risk-reducing salpingo-oophorectomy; RRS, risk-reducing
salpingectomy

to the targeted screening population specified in previous  for STKII-associated adnexal tumors, as STKI11/RBI
guidelines, except for the earlier screening age. replication stress has been demonstrated to be linked to

The screening protocol consists of pelvic examination = PARP inhibitor (PARPi) and WEELI inhibitor activity [60].
(PE), ultrasonography (US), CA-125 and Pap smear (or The NCCN guidelines for the genetic management
cervical cytology testing). CA-125 has lower specificity = of OC do not recommend genetic testing for individu-
compared to other tumor markers such as human epi- als under the age of 18 if the results would not impact
didymis protein 4 (HE4) or the Risk of Ovarian Malig- clinical decisions [57]. Additionally, the mutation rate
nancy Algorithm (ROMA) index for the diagnosis of OC  of STK11 is quite low. A study in the Caribbean showed
and FTC. Magnetic resonance imaging (MRI) is recom-  that only 4% of variant carriers had PV/LPV in RAD5IC,
mended when US indicates intra-pelvic lesions where the =~ CHEK2, ATM, STK11 and NBN, with only 0.6% had PV/
possibility of malignancy cannot be ruled out. Generally, LPV in moderate risk genes including RAD51C, CHEK?2,
a screening interval of 1-3 years is appropriate. How-  NBN, STK11, and ATM [61]. Therefore, gene sequencing
ever, most individuals without a relevant family history = may only be suitable for individuals with clinical charac-
would not typically undergo these examinations or stan- teristics of PJS at an early age (2—8 years) or with a clear
dardized digestive endoscopy at an early age. Therefore, family history. Germline mutations are divided into PV,
a more intensive screening program (MISP) should be = LPV, variants of uncertain significance (VUS), possi-
implemented for individuals with a family history of PJS,  bly benign mutations (likely benign variants, LBV) and
significant pigmentation, sexual hormone or endocrine  benign mutations (BV), based on American College of
disorders (especially during infancy or toddler periods). Medical Genetics and Genomics (ACMG) and Associa-
MISP could be defined as a more comprehensive screen-  tion for Molecular Pathology (AMP) classifications [62].
ing protocol, including PE, US, tumor markers, and Clinical interventions are generally consistent for both
cytology tests, with a closer screening interval of 1 year. PV and LPV carriers. BRCA1 and BRCA2 were previ-
Additionally, MRI, gastroscopy, and colonoscopy should ously the primary focus of genetic testing, with some
be conducted for further diagnosis if necessary, as shown  patients undergoing only BRCAI/2 and HRD related
in Fig. 3 [58]. For the female population aged 2—-8 who  genetic testing after diagnosis. As of 2022, the NCCN
are not suitable for PE, trans-vaginal US, or endoscopy, guidelines recommend screening for 21 genes, including
genetic testing might be appropriate. Sexual hormone  STK11. A study by Kurian AW et al. indicated that from
disorders and endocrine diseases such as diabetes could 2012 to 2019, the number of genes tested increased by
also be considered as indicators and prognosis predictors ~ 28%, while the annual number of individuals undergoing
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genetic testing increased by only 2%. Of the patients
tested, 87.3% had one test, 10.7% had two tests, and 2.0%
had three or four tests. Most patients (71.8%) were first
tested within six months of diagnosis, 24.2% more than
six months after diagnosis, and only 4.0% before the diag-
nosis of breast cancer or OC. Among them, the num-
ber of genes tested for OC increased from 1 to 81, while
the trend of genetic testing for individuals over 60 years
old increased, and the testing rate for individuals under
45 years old was comparatively lower (<15%) [63]. By
2019, multiple-gene panels (MGPs) had nearly replaced
simple BRCA1/2 testing. However, few individuals
undergo genetic testing, especially before the diagnosis
of diseases, as a primary prevention measure for cancer.
Race, age, genetic history, and other factors must all be
considered in genetic testing, which involves additional
costs. Therefore, it is not entirely feasible to apply genetic
testing as a screening method for the entire population.
However, genetic testing might be used as a primary
preventive measure for high-risk populations associated
with STK11 mutations, as mentioned above. It is more
important to reduce the gap and cost of genetic testing
and expand the testing population, rather than selecting
more genes for testing.

Diagnosis of STK171 associated adnexal tumor

Clinical manifestations can be an important reference
for the disease. Patients with STK1I gene anomaly usu-
ally show corresponding symptoms such as mucosal pig-
mentation, gastrointestinal multiple polyps and sexual
hormone disorders, and with family history related to PJS
in more typical cases. The most significant external mani-
festation of primary lesions is the hamartomatous polyps
in patients, which could be distributed nearly throughout
the whole digestive tract and progress quickly, with com-
plications of intussusception, acute intestinal obstruc-
tion, hematochezia and anemia [12, 64]. The tumors do
not originate only from the ovaries, but may also origi-
nate from the fallopian tubes, peritoneum, cervix or even
the digestive system. Among them, primary FTC with
STKI11 mutation is extremely rare while some STK11-
associated OC or peritoneal carcinoma may originate
from fallopian tubes [65].

Histopathology and genetic testing remain the gold
standard for diagnosing STKII-associated adnexal
tumor. STKII-associated tumors mostly occurs as
SCTATs, with or without other pathological classifica-
tions of SCT, SLCT, MCA, etc. Under most situations
SCTATSs present as a well-defined round or oval epithelial
island consisting of annular tubules with unmarked cavi-
ties. The annular structures are located within the fibrous
interstitial ovary. The stroma may contain focal lutein-
ized cells and present as focal hyalinization, which can be
significant in some cases. SCTATs are usually relatively
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large (>5 cm), solid, typically bilateral, and multifocal in
patients with STK11 gene anomalies or PJS [32]. The dis-
tinctive features of annular tubules and calcification are
often detected. Additionally, the pathological morphol-
ogy is arranged to form annular tubules, with the nuclear
pole reversed near the luminal surface and transparent
bodies around. Some SCTATs can also be accompanied
by cytoli cell tumors, mucinous/serous epithelial tumors,
mature teratomas, and other components [12]. SCTATs
have been classified as sex cord-stromal tumors since
2014. However, there is controversy regarding this sepa-
rate categorization because it is still uncertain whether
the origin is from stem cells (mainly differentiating into
sex cord) or from granulosa cells (mainly differentiating
into Sertoli cells). Features of SLCT, GCT, and mucinous
tumors can also be detected, as mentioned earlier.

The THC positive index includes epithelial (AE1/AE3,
CAM5.2, CK7), sex cord stromal (inhibin, calretinin,
WT1) and mesothelial (calretinin, WT1, D2-40), along
with hormone receptors and CD10. And FOXL2, SF1,
PAX8, EMA, GATA3, TTF1 and claudin-4 usually show
negative or limited expression. The desmin index could
be positive [32]. The morphological characteristics of
mucinous tumors were similar to cervical lobular gland
hyperplasia, as tumor cells showed gastric mucinous epi-
thelial differentiation, and MUC6 and HIK1083 could be
positive [33]. Basically, the IHC expression of STKI11-
associated adnexal tumors is nonspecific. It is difficult to
obtain a certain diagnosis from the IHC results of patho-
logical specimens, and genetic testing must be applied.
Although OC and FTC are often insidious diseases when
diagnosed in earlier stages, they could be easier to detect
when combined with STKII inactivation/mutation.
Germline mutation of STK11 gene is considered the main
genetic cause of PJS. The main causes of STKI1 inactiva-
tion or mutation include nonsense mutations, missense
mutations, frameshift mutations, and splice site muta-
tions. Bennett JA et al. even detected STK1I copy num-
ber variations during the molecular analysis in 15 cases
of probably Wolffian-original female adnexal tumors [66].

Differential diagnosis based on clinical manifestations
may be effective, but it is not the gold standard. When
making a differential diagnosis, the patient’s pathologi-
cal characteristics and genetic testing results should be
fully considered. Generally, in addition to the common
characteristics of gynecological tumors (abdominal or
pelvic mass, weight loss, ascites, etc.), patients with
STK11 mutation also exhibit the features associated with
PJS mentioned above. Most tumors are paratubal, with
about 30% showing secondary adnexal involvement.
These symptoms are also nonspecific, so histopathologi-
cal morphology is important for differential diagnosis.
In addition to the typical features, signet ring-like cells,
whorls, rhabdoid cells, squamous cells, glomeruloid cell
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appearances, and bland mucinous epithelium can occa-
sionally be seen. PJS-related SCTATs should first be dif-
ferentiated from sporadic SCTATs, which are often single
cases of unilateral ovary, with palpable masses and rare
calcification. Subsequently, the differential diagnosis
should primarily refer to female adnexal tumors of prob-
able Wolffian origin (FATWO), sex cord stromal tumors,
mesothelial neoplasms, mesonephric-like adenocarci-
noma (MLA), and endometrioid carcinoma [12, 32].

The FATWO is considered biologically aggressive and
has an overlap with STK11 associated adnexal tumor
which may lead to miss-diagnosis. Typically, FATWOs
are smaller than STK1II-associated adnexal tumors and
exhibit tubular, sieve-like, and solid patterns microscopi-
cally. The cytology of FATWOs primarily consists of
small epithelial cells with scant cytoplasm, oval and uni-
form nuclei, and infrequent mitoses. Among IHC charac-
teristics, FATWOs are commonly positive for AE1, AE3,
CAMBS5.2, CK7, inhibin, calretinin, WT1, D2-40, CD10,
EMA, PAXS8, GATA3, and MOC31, and negative for
TTF1, BerEp4, CK5, and CK6. The hormone receptors
(estrogen and progesterone receptors) can be positive,
which is similar to the characteristics of STK11-associ-
ated adnexal tumors. Interestingly, the biological behav-
ior of occurrence in extra-adnexal regions and recurrent
diseases is rarely seen in FATWOs [32].

Sex cord stromal tumors (Sertoli-Leydig cell tumor,
adult granulosa cell tumor, sex cord-stromal tumor,
etc.) exhibit similar growth behavior and IHC profiles
to STK11-associated adnexal tumors. However, as men-
tioned earlier, there is still controversy regarding the
origin and differentiation trend of SCTATs. Clues for dis-
tinguishing sex cord stromal tumors include the expres-
sion status of hormonal markers and diffuse SFI and
FOXL2, along with genetic alterations of FOXL2 and
DICERI [32, 67].

The differential diagnosis between mesothelial neo-
plasms and STK1I-associated adnexal tumors primar-
ily relies on clinical manifestations. Most mesothelial
neoplasms have extra-adnexal and diffuse/multifocal
peritoneal involvement, which is rarely seen in STK11-
associated adnexal tumors. Both tumors show variable
patterns and uniformly atypical epithelial cells in cytol-
ogy. In terms of IHC index and molecular profiles, they
can both be positive for calretinin, WT1, and D2-40,
and negative for claudin-4. Immunoreactivity to estro-
gen receptor (ER), progesterone receptor (PR), and
inhibin is comparatively less common in mesothelial
neoplasms. However, alterations in BAP1, CDKN2A, and
NF?2 are observed in mesothelial neoplasms. Notably, the
loss of BAPI expression indicates peritoneal mesothe-
lioma rather than an STKII-associated adnexal tumor.
Recently, a particular type of mesothelial neoplasm
named solid papillary mesothelial tumor (SPMT) has
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been discussed, characterized by alterations in BAPI and
CDKN2A [32].

MLA is similar to mesonephric adenocarcinoma (MA)
in morphological, IHC and molecular aspects. MLA is
mainly found in the endometrium and the ovary rather
than the cervix. STK11-associated adnexal tumors usu-
ally occur in para-adnexal soft tissues, while MLA
primarily occurs in the ovaries. Tubular and ductal struc-
tures are observed in MLA, in contrast to the inter-anas-
tomosing cords and trabeculae in a myxoid background
seen in STKII-associated adnexal tumors. Cytologi-
cally, MLA often features crowded and overlapping cell
nuclei with nuclear grooves and inconspicuous nucleoli,
whereas STK11-associated adnexal tumors typically dis-
play only nuclear grooves. In terms of IHC, MLA is usu-
ally positive for PAX8, GATA3, and TTF1, and negative
for inhibin, WT1, and hormone receptors. Conversely,
STK11-associated adnexal tumors show opposite charac-
teristics, with STK11 alterations being detected [32].

It is comparatively easy to distinguish endometrioid
carcinoma from STK11-associated adnexal tumors based
on the typical original region, pathological, and cyto-
logical patterns. Endometrioid carcinoma is a type of
conventional endometrioid carcinoma that may exhibit
metaplastic changes (squamous, mucinous, etc.), with
positivity for EMA, PAXS, and claudin-4, and negativity
for WT1 and inhibin. At the molecular level, endome-
trioid carcinoma can show CTNNBI exon 3 mutations,
which have not been found in STK11-associated adnexal
tumors. Additionally, clinical features of conventional
endometrioid carcinoma, endometriosis, adenofibroma,
or metaplastic changes can serve as references for differ-
ential diagnosis [32].

Treatment of STK11 associated adnexal tumor

In general, some cases of STK11-associated gynecological
tumors occur in infancy or childbearing ages and typi-
cally exhibit lower malignancy. As a result, fertility-pre-
serving surgery is still recommended for specific SCTAT
patients. However, when these tumors are combined with
other pathological types of adnexal tumors, they can
become much more aggressive [65, 68]. Therefore, simple
tumor resection is not recommended. Unilateral adnex-
ectomy may also overlook additional sporadic lesions,
especially in patients with STKI1 mutations, leading to
a poor prognosis. Consequently, necessary lymph node
resection or adnexal biopsy should be performed for sus-
picious lesions within the pelvic cavity or lesions with
clear preoperative imaging [68].

Compared with sporadic SCTATs, STK1I-associated
SCTATs predispose to benign lesions, with approxi-
mately 1/5 undergoing malignant transformation [34].
SCTATs have been reported to be possibly related to
sexual hormone (estrogen, progesterone, AMH, etc.)
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disorders, presenting symptoms such as precocious
puberty or amenorrhea, and are more prone to lymph
node metastasis than other sex cord stromal tumors [69].
Additionally, extra-peritoneal lymph node metastasis has
been frequently reported in PJS patients with gastroin-
testinal and pancreatic tumors. MDA is considered much
more invasive in terms of lymph node metastasis and
intra-peritoneal dissemination, despite being the best-
differentiated cervical adenocarcinoma. These findings
suggest that although STKI11-associated adnexal tumors
are better differentiated with lower malignant potential,
their aggressive biological behavior may still adversely
affect the prognosis. Therefore, comprehensive staging
surgery, radiotherapy, chemotherapy, targeted therapy,
and other treatments for some malignant and aggres-
sive OC and FTC should be carried out in strict accor-
dance with NCCN guidelines, especially when combined
with highly malignant tumors [70]. Patients in the earlier
stages or with lower-risk tumors, such as simple SCTATs,
who wish to preserve fertility, could undergo fertility-
preserving surgery, including unilateral adnexectomy or
bilateral adnexectomy with preservation of the uterus.
Risk-reducing salpingo-oophorectomy (RRSO) has
been widely implemented in clinical practice, primar-
ily focusing on carriers of BRCA1/2 PV/LPV. A study
involving 5783 female patients with BRCA1/2 mutations
and an average follow-up time of 5.6 years showed that
the annual risk of developing peritoneal cancer after
oophorectomy was 0.20% for BRCAI mutation carri-
ers and 0.10% for BRCA2 mutation carriers. Prophylac-
tic oophorectomy resulted in an 80% risk reduction for
OC, FTC, or peritoneal cancer, and a 77% reduction in
all-cause mortality for BRCA1/2 carriers, with a hazard
ratio (HR) of 0.24-0.39 [71]. The data suggested that
BRCA1 mutation carriers should undergo oophorectomy
at age 35, and if specific patients choose to defer RRSO
and opt for risk-reducing salpingectomy (RRS) until age
40-50, the occurrence rate of OC may increase to 4.0-
14.2%. Another study indicated that performing RRSO
for BRCA1 pathogenic germline variant (PGV) carriers
aged 35-40 years and BRCA2 PGV carriers aged 40-45
years could reduce the risk of OC and breast cancer [72].
Kauff et al. also demonstrated that RRSO could reduce
the occurrence rate of BRCAI-related gynecological can-
cer by about 85% [73]. There is a reported absolute risk
for non-epithelial OC of 10-20% among STK1I PGVs
carriers [72]. Thus, applying preventive RRSO/RRS/
oophorectomy may be an important part of preventive
care for OC/FTC in the specific populations mentioned
above. However, preventive surgery is not routinely rec-
ommended for patients without a history of childbirth,
as it may affect fertility. Additionally, the risk of muta-
tion in STKI1I is significantly lower than in BRCA1/2,
making the clinical benefit of RRSO/RRS/oophorectomy
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for STK11 mutation carriers questionable. Nevertheless,
preventive surgery might be the only surgical method for
high-risk gene mutation patients and their first-degree
relatives to avoid the occurrence of malignancy. No study
has yet reported the clinical efficiency of preventive
RRSO/RRS/oophorectomy for STKII mutation carri-
ers [74]. Furthermore, RRSO/RRS can be applied as pre-
ventive surgery for women concerned about iatrogenic
menopause, as it may reduce the incidence of fallopian
tube-originated malignancies. However, RRSO/RRS may
have limited clinical effectiveness and bring a series of
female healthcare issues such as vasomotor symptoms,
reduced libido, vaginal dryness, and dyspareunia. Hor-
mone replacement therapy (HRT) can be considered after
RRSO, including single estrogen therapy and combined
estrogen/progesterone therapy. Studies suggest that HRT
after RRSO might also reduce the risk of breast cancer or
OC in women with BRCA 1/2 mutations. For uterus-pre-
serving patients, estrogen-progestin combination therapy
can significantly reduce the risk of endometrial cancer
and alleviate menopausal syndrome caused by oophorec-
tomy [75-79]. Combining the findings above, we prin-
cipally recommend that the preventive surgery (RRSO/
RRS/oophorectomy) for STKI11 or other gene muta-
tion carriers for OC/FTC should be performed carefully
under full and comprehensive consideration of the age,
reproductive history, risk of malignancy, genetic muta-
tion lineages, post-operative complications and other
conditions of specific population. And the clinical ben-
efit might be larger if the surgery were conducted before
age of 45-50 years. Short-term postoperative HRT is also
of clinical significance [79-81]. For women with STK11
mutations who have completed childbearing, relevant
studies are exploratory and require the accumulation of
more clinical cases. Fertility-preserving surgery in young
or nulliparous patients is applicable, while the effect of
sequential salpingectomy and oophorectomy for patients
who have had children remains unclear. Considering that
PJS patients may develop symptoms of digestive tract
tumors, associated monitoring or surgical resection may
also contribute to improved patient prognosis.

A study presented a case of metastatic and recurrent
non-PJS-related SCTAT with high serum estradiol and
progesterone concentrations following surgery and che-
motherapy. Radiotherapy (50 Gy/25 fractions) led to
a significant reduction in the size of the metastatic and
recurrent masses, as well as in the concentrations of
estradiol and progesterone [82]. Currently, no drugs spe-
cifically targeting STKI1I or relevant clinical trials have
been identified. Most clinical trials involving patients
with STK11 mutations have been conducted in non-small
cell lung cancer (NSCLC) or other pathological types
of cancer. However, treatments targeting biological sig-
naling pathways such as KRAS, mTOR, and TP53, or in
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combination with PD-1/PD-L1 inhibitors for NSCLC,
have achieved significant therapeutic effects in clinical
trials [83—86]. These findings provide potential possibili-
ties and important strategies for the future treatment of
STK11I-associated gynecological tumors. Further studies
are needed.

Prognosis of STK11 associated adnexal tumor

There are few studies with large samples precisely incor-
porating STK11 associated adnexal tumors and complete
long-term follow-up data. In a real-world pan-cancer
cohort study, STK11 mutations have shown predictive
value for the efficacy of immune checkpoint inhibitors
[87]. In another study, STK1I mutations were associ-
ated with a shorter median time to progression and OS
after diagnosis (6.4 months versus 12 months, p=0.001;
and 20.5 months versus 29.1, p=0.03) [88]. Immuno-
therapy appears to improve outcomes of patients with
STK11I-associated tumors. A study involving 22 patients
with STK11 adnexal tumors has shown that metasta-
sis occurred in 11/22 (50%) patients and recurrence
occurred in 12/15 (80%, mean 29 months, median 17
months) patients. In this study, 9/19 patients received
adjuvant therapy and the follow-up was available for 15
patients. 4/15 (27%) were alive and well, and 6/15 (40%)
were alive with disease, and 3/15 (20%) were dead of dis-
ease, and 2/15 (13%) die of other causes [35]. Another
study showed SCTAT recurrence in 20% of 26 cases, with
a mortality rate of 12.5%, and all deaths occurred within
the first year [89]. Given the partial misdiagnosis and the
small number of cases, the data may not be applicable to
all populations in the real world. Additionally, influenced
by MDA, PJ]S-related digestive tract tumors, and other
complications, the prognosis of patients with STKI1I
adnexal tumors fluctuated significantly, making related
prognostic research challenging.

Conclusions

STK11I-associated adnexal tumors, which include OC
and FTC, have genetic susceptibility. The primary lesions
of STK11 tumors mostly originate from the ovary, with
bilateral multifocal SCTATs featuring focal calcifica-
tions and typical benign progression being the common
pathological classification. These tumors are often asso-
ciated with PJS, and fertility-preserving surgery is usu-
ally recommended due to the younger onset age and
lower malignant potential of the tumors. Genetic testing
is essential for the prevention of STK1I-related tumors,
and a multidisciplinary approach involving significant
clinical symptoms and PJS-related family history is
needed. Prophylactic adnexectomy, chemotherapy, and
immunotherapy may offer potential clinical benefits but
also present many challenges. Therefore, surgeries should
be performed carefully, considering the patient’s age,
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reproductive history, risk of malignancy, genetic muta-
tion lineages, postoperative complications, and other
conditions.

Acknowledgements
Not applicable.

Author contributions

Guanxiang Huang and Wenyu Lin contributed to the conception of the study,
collected, analyzed, and interpreted data from the literature, and critically
revised the manuscript. Tingting Jiang, Yuanjun Cai, and Chengbin Lin
performed the literature research, drafted the manuscript, and are responsible
for confirming the authenticity of all the raw data. Pengming Sun contributed
to the conception of the study and revised the manuscript. All authors
acknowledge the above contributions.

Funding
The study was supported by grants from the Fujian Health Young and Middle-
aged Scientific Research Major Project (grant no. 2021ZQNZD011).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors reviewed the article and agreed to submit the manuscript to this
journal for publication.

Competing interests
The authors declare no competing interests.

Received: 1 October 2024 / Accepted: 10 March 2025
Published online: 18 March 2025

References

1. Webb PM, Jordan SJ. Global epidemiology of epithelial ovarian cancer. Nat
Rev Clin Oncol. 2024;21(5):389-400.

2. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram |, et al.
Global cancer statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2024;74(3):229-63.

3. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J Clin.
2024;74(1):12-49.

4. Stewart C, Ralyea C, Lockwood S. Ovarian cancer: an integrated review. Semin
Oncol Nurs. 2019;35(2):151-6.

5. Kajiyama H, Shibata K, Mizuno M, Umezu T, Suzuki S, Nawa A, et al. Long-term
survival of young women receiving fertility-sparing surgery for ovarian
cancer in comparison with those undergoing radical surgery. Br J Cancer.
2011;105(9):1288-94.

6. LeelJY,Kim'S,Kim YT, Lim MC, Lee B, Jung KW, et al. Changes in ovarian
cancer survival during the 20 years before the era of targeted therapy. BMC
Cancer. 2018;18(1):601.

7. Berek JS, Renz M, Kehoe S, Kumar L, Friedlander M. Cancer of the ovary,
fallopian tube, and peritoneum: 2021 update. Int J Gynaecol Obstet.
2021;155(Suppl 1):61-85.

8. Grafodatskaya D, O'Rielly DD, Bedard K, Butcher DT, Howlett CJ, Lytwyn A, et
al. Practice guidelines for BRCA1/2 tumour testing in ovarian cancer. J Med
Genet. 2022;59(8):727-36.

9. Yaol,SunJ,Hul, ChenJ, Zhang J, XuY, et al. Ovarian cancer risk of Chi-
nese women with BRCA1/2 germline pathogenic variants. J Hum Genet.
2022,67(11):639-42.

10.  Angeli D, Salvi S, Tedaldi G. Genetic predisposition to breast and ovarian
cancers: how many and which genes to test?? Int J Mol Sci 2020,21(3).



Huang et al. Human Genomics

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

(2025) 19:28

Altamish M, Dahiya R, Singh AK, Mishra A, Aljabali AAA, Satija S, et al. Role of
the serine/threonine kinase 11 (STK11) or liver kinase B1 (LKB1) gene in Peutz-
Jeghers syndrome. Crit Rev Eukaryot Gene Expr. 2020;30(3):245-52.

Banno K, Kisu |, Yanokura M, Masuda K, Ueki A, Kobayashi Y, et al. Hereditary
gynecological tumors associated with Peutz-Jeghers syndrome (Review).
Oncol Lett. 2013;6(5):1184-8.

Piombino C, Cortesi L, Lambertini M, Punie K, Grandi G, Toss A. Secondary
Prevention in Hereditary Breast and/or Ovarian Cancer Syndromes Other
Than BRCA. J. Oncol. 2020;2020:6384190.

Shorning BY, Clarke AR. Energy sensing and cancer: LKB1 function and les-
sons learnt from Peutz-Jeghers syndrome. Semin Cell Dev Biol. 2016;52:21-9.
Kuragaki C, Enomoto T, Ueno Y, Sun H, Fujita M, Nakashima R, et al. Mutations
in the STK11 gene characterize minimal deviation adenocarcinoma of the
uterine cervix. Lab Invest. 2003;83(1):35-45.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394-424.
Stasenko M, Fillipova O, Tew WP. Fallopian Tube Carcinoma J Oncol Pract.
2019;15(7):375-82.

Meinhold-Heerlein |, Fotopoulou C, Harter P, Kurzeder C, Mustea A, Wim-
berger P, et al. The new WHO classification of ovarian, fallopian tube, and
primary peritoneal cancer and its clinical implications. Arch Gynecol Obstet.
2016;293(4):695-700.

Zeppernick F, Meinhold-Heerlein I. The new FIGO staging system for ovar-
ian, fallopian tube, and primary peritoneal cancer. Arch Gynecol Obstet.
2014,290(5):839-42.

Prat J. FIGO's staging classification for cancer of the ovary, fallopian tube, and
peritoneum: abridged republication. J Gynecol Oncol. 2015;26(2):87-9.
Matsuoka A, Tate S, Nishikimi K, lwamoto M, Otsuka S, Shozu M. Validity of
the 2014 FIGO stage IlIA1 subclassification for ovarian, fallopian tube, and
peritoneal cancers. Vivo. 2022;36(5):2453-60.

O'Shea AS. Clinical staging of ovarian cancer. Methods Mol Biol.
2022;2424:3-10.

Métairie M, Benoit L, Koual M, Bentivegna E, Wohrer H, Bolze PA et al. A
Suggested Modification to FIGO Stage IV Epithelial Ovarian Cancer. Cancers.
2023;15(3).

Duska LR, Kohn EC. The new classifications of ovarian, fallopian tube,

and primary peritoneal cancer and their clinical implications. Ann Oncol.
2017;28(suppl8):viiig—12.

Gomes Ferreira M, Sancho de Salas M, Gonzélez Sarmiento R, Doyague
Séanchez MJ. Changes in the management and prognosis of ovarian cancer
due to the new FIGO and WHO classifications: A case series observa-

tional descriptive study. Seven years of Follow-up. Int J Gynecol Cancer.
2018,28(8):1461-70.

Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian cancer: A review.
Cancer Biol Med. 2017;14(1):9-32.

Piek JM, van Diest PJ, Zweemer RP, et al. Dysplastic changes in prophylacti-
cally removed fallopian tubes of women predisposed to developing ovarian
cancer. J Pathol. 2001;195:451-6.

Labidi-Galy S, Papp E, Hallberg D, Niknafs N, AdleffV, Noe M, et al. High grade
serous ovarian carcinomas originate in the fallopian tube. Nat Commun.
2017,8(1):1093.

Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij TM, Roos-Blom
MJ, et al. Risks of breast, ovarian, and contralateral breast cancer for BRCA1
and BRCA2 mutation carriers. JAMA. 2017;317(23):2402-16.

Vicus D, Finch A, Cass |, Rosen B, Murphy J, Fan |, et al. Prevalence of BRCA1
and BRCA2 germ line mutations among women with carcinoma of the fal-
lopian tube. Gynecol Oncol. 2010;118(3):299-302.

Jeghers H, Mc KV, Katz KH. Generalized intestinal polyposis and melanin spots
of the oral mucosa, lips and digits; a syndrome of diagnostic significance. N
EnglJ Med. 1949;241(26):1031-6.

Bennett JA, Oliva E. STK11 adnexal tumor: exploring the association with
Peutz-Jeghers syndrome and its distinction from morphologic mimickers.
Adv Anat Pathol. 2025;32(1):98-108.

Kim EN, Kim GH, Kim J, Park 1A, Shin JH, ChaiY, et al. A pyloric Gland-Pheno-
type ovarian mucinous tumor resembling lobular endocervical glandular
hyperplasia in a patient with Peutz-Jeghers syndrome. J Pathol Trans| Med.
2017,51(2):159-64.

Li X, QiY, Zhang W, RaoY, Zhang N, Qu P. Peutz-Jeghers syndrome with
gastric-type mucinous endocervical adenocarcinoma and sex-cord tumor
with annular tubules: A case report. Front Med (Lausanne). 2023;10:1094839.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

Page 12 of 13

Bennett JA, Young RH, Howitt BE, Croce S, Wanjari P, Zhen C, et al. A distinc-
tive adnexal (Usually Paratubal) neoplasm often associated with Peutz-Jegh-
ers syndrome and characterized by STK11 alterations (STK11 adnexal Tumor):
A Report of 22 Cases. Am J Surg Pathol. 2021;45(8):1061-74.

Hollstein PE, Eichner LJ, Brun SN, Kamireddy A, Svensson RU, Vera LI, et al. The
AMPK-Related kinases SIK1 and SIK3 mediate key Tumor-Suppressive effects
of LKBT in NSCLC. Cancer Discov. 2019;9(11):1606-27.

Li NS, Zou JR, Lin H, Ke R, He XL, Xiao L, et al. LKB1/AMPK inhibits TGF-31
production and the TGF-{3 signaling pathway in breast cancer cells. Tumour
Biol. 2016;37(6):8249-58.

Jiang YL, Zhao ZY, Li BR, Yang F, Li J, Jin XW, et al. The altered activity of P53
signaling pathway by STK11 gene mutations and its cancer phenotype in
Peutz-Jeghers syndrome. BMC Med Genet. 2018;19(1):141.

Shimada T, Yabuki Y, Noguchi T, Tsuchida M, Komatsu R, Hamano S, et al. The
distinct roles of LKB1 and AMPK in p53-Dependent apoptosis induced by
cisplatin. Int J Mol Sci. 2022;23(17):10064.

Lee JY, Dong SM, Kim HS, Kim SY, Na EY, Shin MS, et al. A distinct region of
chromosome 19p13.3 associated with the sporadic form of adenoma malig-
num of the uterine cervix. Cancer Res. 1998;58(6):1140-3.

Lee SM, Choi JE, Na YK, Lee EJ, Lee WK, Choi YY, et al. Genetic and epigenetic
alterations of the LKB1 gene and their associations with mutations in TP53
and EGFR pathway genes in Korean Non-Small cell lung cancers. Lung Can-
cer.2013;81(2):194-9.

Kang J, Gallucci S, Pan J, Oakhill JS, Sanij E. The role of STK11/LKB1 in cancer
biology: implications for ovarian tumorigenesis and progression. Front Cell
Dev Biol. 2024;12:1449543.

Adamson AW, Ding YC, Steele L, Leong LA, Morgan R, Wakabayashi MT, et al.
Genomic analyses of germline and somatic variation in High-Grade serous
ovarian cancer. J Ovarian Res. 2023;16(1):141.

Rebuzzi F, Ulivi P, Tedaldi G. Genetic predisposition to colorectal cancer: how
many and which genes to test?? Int J Mol Sci 2023;24(3).

Stinchcombe TE. Narrative review: blood and tumor biomarker testing in
Non-Small cell lung cancer without an oncogenic driver. Transl Lung Cancer
Res. 2023;12(1):158-67.

Hosseini S, Acar A, Sen M, Meeder K, Singh P, Yin K, et al. Penetrance of gastric
adenocarcinoma susceptibility genes: A systematic review. Ann Surg Oncol.
2023;30(3):1795-807.

Nishioka Y, Kobayashi K, Sagae S, Sugimura M, Ishioka S, Nagata M, et al.
Mutational analysis of STK11 gene in ovarian carcinomas. Jpn J Cancer Res.
1999,90(6):629-32.

Connolly DC, Katabuchi H, Cliby WA, Cho KR. Somatic mutations in the
STK11/LKB1 gene are uncommon in rare gynecological tumor types associ-
ated with Peutz-Jegher’s syndrome. Am J Pathol. 2000;156(1):339-45.

Massa G, Roggen N, Renard M, Gille JJ. Germline mutation in the

STK11 gene in a Girl with an ovarian Sertoli cell tumour. Eur J Pediatr.
2007;166(10):1083-5.

Howell L, Bader A, Mullassery D, Losty P, Auth M, Kokai G. Sertoli Leydig cell
ovarian tumour and gastric polyps as presenting features of Peutz-Jeghers
syndrome. Pediatr Blood Cancer. 2010;55(1):206-7.

Yucel Cicek OS, Gezer S, Cakir O, Hekimoglu Gurbuz R. Extremely high Anti-
Mullerian hormone levels detected during infertility workup revealing sex
cord tumor with annular tubules and underlying Peutz-Jeghers syndrome: A
case report. J Obstet Gynaecol Res. 2022;48(2):492-6.

Kwon SY, Choe MS, Lee HW, Lee HJ, Shin SJ, Cho CH. Minimal deviation
adenocarcinoma of the cervix and tumorlets of Sex-Cord stromal tumor with
annular tubules of the ovary in Peutz-Jeghers syndrome. J Gynecol Oncol.
2013;24(1):92-5.

Ichinose T, Takasaki K, Takahashi Y, Hirano M, Nishida H, Hiraike H, et al.
Lobular endocervical glandular hyperplasia diagnosed during surveillance for
Peutz-Jeghers syndrome: A case report. Gynecol Oncol Rep. 2025;57:101673.
Choi YJ,Ho J, Lee A, Hur SY, Park HC, Park JS, et al. Disparate genomic charac-
teristics of concurrent endometrial adenocarcinoma and ovarian granulosa
cell tumor, revealed by targeted Next-Generation sequencing. Pathol Res
Pract. 2018,214(8):1231-3.

Neyaz A, Husain N, Deodhar M, Khurana R, Shukla S, Arora A. Synchronous
cervical minimal deviation adenocarcinoma, gastric type adenocarcinoma
and lobular endocervical glandular hyperplasia along with STIL in Peutz-
Jeghers syndrome: eliciting oncogenesis pathways. Turk Patoloji Derg.
2019;35(3):247-53.

Feng YY, Li Z, Zhang MH. Bilateral Peutz-Jeghers-Associated sex cord tumor
with annular tubules combined with unilateral adult granulosa cell tumor: a
case report. Pathol Res Pract. 2023;31(7):1352-8.



Huang et al. Human Genomics

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

(2025) 19:28

Daly MB, Pilarski R, Yurgelun MB, Berry MP, Buys SS, Dickson P, et al. NCCN
quidelines insights: Genetic/Familial High-Risk assessment: breast, ovarian,
and pancreatic, version 1.2020. J Natl Compr Canc Netw. 2020;18(4):380-91.
Syngal S, Brand RE, Church JM, Giardiello FM, Hampel HL, Burt RW. ACG clini-
cal guideline: genetic testing and management of hereditary Gastrointestinal
cancer syndromes. Am J Gastroenterol. 2015;110(2):223-62. quiz e263.
Vangala DB, Cauchin E, Balmana J, Wyrwicz L, van Cutsem E, Giller U, et al.
Screening and surveillance in hereditary Gastrointestinal cancers: recom-
mendations from the European society of digestive oncology (ESDO) expert
discussion at the 20th European society for medical oncology (ESMO)/World
Congress on Gastrointestinal cancer, Barcelona, June 2018. Eur J Cancer.
2018;104:91-103.

SerraV, Wang AT, Castroviejo-Bermejo M, Polanska UM, Palafox M, Herencia-
Ropero A, et al. Identification of a Molecularly-Defined subset of breast and
ovarian cancer models that respond to WEET or ATR Inhibition, overcoming
PARP inhibitor resistance. Clin Cancer Res. 2022;28(20):4536-50.

George SHL, Donenberg T, Alexis C, DeGennaro V Jr, Dyer H, Yin S et al. Gene
sequencing for pathogenic variants among adults with breast and ovarian
cancer in the Caribbean. JAMA Netw Open 2021;4(3).e210307.

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and
guidelines for the interpretation of sequence variants: A joint consensus
recommendation of the American college of medical genetics and genomics
and the association for molecular pathology. Genet Med. 2015;17(5):405-24.
Kurian AW, Ward KC, Abrahamse P, Bondarenko I, Hamilton AS, Deapen D, et
al. Time trends in receipt of germline genetic testing and results for women
diagnosed with breast cancer or ovarian cancer, 2012-2019. J Clin Oncol.
2021;39(15):1631-40.

Tacheci |, Kopacova M, Bures J. Peutz-Jeghers syndrome. Curr Opin Gastroen-
terol. 2021,37(3):245-54.

Watanabe T, Soeda S, Endo Y, Okabe C, Sato T, Kamo N et al. Rare hereditary
gynecological cancer syndromes. Int J Mol Sci. 2022;23(3).

Bennett JA, Ritterhouse LL, Furtado LV, Lastra RR, Pesci A, Newell JM, et

al. Female adnexal tumors of probable wolffian origin: morphological,
immunohistochemical, and molecular analysis of 15 cases. Mod Pathol.
2020;33(4):734-47.

Al Harbi R, McNeish IA, EI-Bahrawy M. Ovarian sex cord-stromal tumors:

an update on clinical features, molecular changes, and management. Int J
Gynecol Cancer. 2021;31(2):161-8.

Qian Q,You'Y, Yang J, Cao D, Zhu Z, Wu M, et al. Management and prognosis
of patients with ovarian sex cord tumor with annular tubules: a retrospective
study. BMC Cancer. 2015;15:270.

Young RH. Ovarian sex Cord-Stromal tumours and their mimics. Pathology.
2018,50(1):5-15.

NCCN Guidelines Version. 1. 2023 Ovarian cancer/fallopian tube cancer/Pri-
mary Peritoneal Cancer. https://www.nccn.org/guidelines/qguidelines-detail?c
ategory=18&id=1453

Finch AP, Lubinski J, Mgller P, Singer CF, Karlan B, Senter L, et al. Impact of
oophorectomy on cancer incidence and mortality in women with a BRCA1
or BRCA2 mutation. J Clin Oncol. 2014;32(15):1547-53.

Irelli A, Patruno LV, Chiatamone Ranieri S, Di Giacomo D, Malatesta S, Alesse E
et al. Role of breast cancer risk Estimation models to identify women eligible
for genetic testing and risk-Reducing surgery. Biomedicines. 2024;12(4).
Kauff ND, Domchek SM, Friebel TM, Robson ME, Lee J, Garber JE, et al. Risk-
reducing salpingo-oophorectomy for the prevention of BRCA1- and BRCA2-
associated breast and gynecologic cancer: a multicenter, prospective study. J
Clin Oncol. 2008;26(8):1331-7.

Foretova L, Navrétilovd M, Svoboda M, Vasickova P, Stahlové EH, Hazova J, et
al. Recommendations for preventive care for women with rare genetic cause
of breast and ovarian cancer. Klin Onkol. 2019;32(Supplementum2):6-13.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Page 13 of 13

Marchetti C, De Felice F, Boccia S, Sassu C, Di Donato V, Perniola G, et al.
Hormone replacement therapy after prophylactic risk-Reducing Salpingo-
Oophorectomy and breast cancer risk in BRCA1 and BRCA2 mutation carriers:
A Meta-Analysis. Crit Rev Oncol Hematol. 2018;132:111-5.

Gordhandas S, Norquist BM, Pennington KP, Yung RL, Laya MB, Swisher EM.
Hormone replacement therapy after risk reducing Salpingo-Oophorectomy
in patients with BRCA1 or BRCA2 mutations; A systematic review of risks and
benefits. Gynecol Oncol. 2019;153(1):192-200.

Nowak-Psiorz I, Cie¢wiez SM, Brodowska A, Starczewski A. Treatment of ovar-
ian endometrial cysts in the context of recurrence and fertility. Adv Clin Exp
Med. 2019;28(3):407-13.

Loboda AP, Adonin LS, Zvereva SD, Guschin DY, Korneenko TV, Telegina AV et
al. BRCA Mutations-The Achilles heel of breast, ovarian and other epithelial
cancers. Int J Mol Sci 2023;24(5).

Hartmann LC, Lindor NM. The role of Risk-Reducing surgery in hereditary
breast and ovarian cancer. N Engl J Med. 2016;374(5):454-68.

Moss KM, Mishra GD, Krejany EO, Hickey M. What happens after meno-
pause?? (WHAM): A prospective controlled study of symptom profiles up to
12 months after Pre-Menopausal Risk-Reducing Salpingo-Oophorectomy.
Gynecol Oncol. 2022;167(1):58-64.

Alves-Nogueira AC, Melo D, Carona C, Figueiredo-Dias M. The psychosocial
impact of the decision to undergo Risk-Reducing Salpingo-Oophorectomy
surgery in BRCA mutation carriers and the role of Physician-Patient commu-
nication. Curr Oncol. 2023;30(2):2429-40.

Li C, Aishajiang R, Teng Y, Xu T, Ding L, Dong L. Non-Peutz-Jeghers
syndrome-associated ovarian sex cord tumor with annular tubules

treated by radiotherapy: a case report and literature review. J Int Med Res.
2021;49(3):300060521996563.

West HJ, McCleland M, Cappuzzo F, Reck M, Mok TS, Jotte RM et al. Clinical
efficacy of Atezolizumab plus bevacizumab and chemotherapy in KRAS-
mutated non-small cell lung cancer with STK11, KEAP1, or TP53 comutations:
subgroup results from the phase Il IMpower150 trial. J Immunother Cancer.
2022;10(2).

Skoulidis F, Li BT, Dy GK, Price TJ, Falchook GS, Wolf J, et al. Sotorasib for lung
cancers with KRAS p.G12C mutation. N Engl J Med. 2021,384(25):2371-81.
Henick BS, Koch PD, Gainor JF, Awad MM, Chiuzan C, Izard S et al. Neoad-
juvant atezolizumab + chemotherapy for resectable NSCLC: 3-year clinical
update of phase Il clinical trial results and translational findings. J Immuno-
ther Cancer. 2024;12(12).

Peters S, Cho BC, Luft AV, Alatorre-Alexander J, Geater SL, Laktionov K, et al.
Durvalumab with or without Tremelimumab in combination with chemo-
therapy in First-Line metastatic NSCLC: Five-Year overall survival outcomes
from the phase 3 POSEIDON trial. J Thorac Oncol. 2025;20(1):76-93.

Olsen A, Lebedeva A, Nosova P, Nikulin V, Sharova M, Ignatova E, et al. Impact
of the STK11/KRAS co-mutation on the response to immunotherapy in a real-
world pan-cancer cohort. Tumori. 2024;110(2):146-52.

Krishnamurthy N, Goodman AM, Barkauskas DA, Kurzrock R. STK11 alterations
in the pan-cancer setting: prognostic and therapeutic implications. Eur J
Cancer. 2021;148:215-29.

Ruiz-Echeverria FR, Beltran-Salazar MI, Calderén-Quiroz PH, Lalinde-Trivifio JD,
Palencia-Palacios M, Suesctin-Garay O. Ovarian sex cord tumor with annular
tubules: case report and review of the literature. Rev Colomb Obstet Ginecol.
2022;73(3):317-29.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1453
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1453

	﻿Serine/threonine kinase 11 (STK11) associated adnexal tumors: from biology to therapeutic impact
	﻿Abstract
	﻿Introduction
	﻿Primary situation: previous research on ﻿STK11﻿-associated adnexal tumors
	﻿Brief overview of adnexal tumors: OC and FTC
	﻿Serine/threonine kinase 11 (﻿STK11﻿) and PJS

	﻿Cases, features and clinical decisions of ﻿STK11﻿-associated adnexal tumors
	﻿Recent reports on ﻿STK11﻿-associated adnexal tumor cases
	﻿Screening of ﻿STK11﻿ associated adnexal tumor
	﻿Diagnosis of ﻿STK11﻿ associated adnexal tumor
	﻿Treatment of ﻿STK11﻿ associated adnexal tumor
	﻿Prognosis of ﻿STK11﻿ associated adnexal tumor

	﻿Conclusions
	﻿References


