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Postoperative metastatic Krukenberg tumors with ARIDIA
and KRAS mutations in a patient with gastric cancer
treated with oxaliplatin and tegafur: A case report

JIEWU!, SUZHEN JIANG', QINGLING SHEN' and HONGXIA GONG?

lDepartment of Gynecology, Dongguan Songshan Lake Tungwah Hospital, Dongguan, Guangdong 523000, P.R. China;

2Department of Gynecology, Dongguan Tungwah Hospital, Dongguan, Guangdong 523000, P.R. China

Received October 13,2024; Accepted March 14, 2025

DOI: 10.3892/01.2025.15008

Abstract. Krukenberg tumors are a notably rare type of
metastatic ovarian malignant tumor, often originating from
the stomach. Due to their low incidence rate and the short
survival time of patients, there is currently a lack of consensus
on the diagnosis and treatment of this disease, as well as a
deficiency in genomic analyses and research into the pathoge-
netic molecular mechanisms. In the present study, the case of a
patient with gastric cancer who, 2 years after curative surgery
and chemotherapy with oxaliplatin and tegafur, developed
recurrent metastatic bilateral Krukenberg tumors with distant
metastasis in the ovaries. During treatment, a total hysterec-
tomy and bilateral salpingo-oophorectomy were performed,
and intraoperative intraperitoneal chemotherapy with cisplatin
(70 mg) was administered. Additionally, ureteroscopy and
bilateral ureteral stent placement were conducted transure-
thrally. Post-surgery, assessments of the genomic alterations
and microsatellite instability of the tumor revealed an AT-rich
interaction domain 1A (ARIDIA) exon ¢.4720delC mutation
and a KRAS exon ¢.35G>C mutation. The potential pathogenic
mechanisms and clinical significance of these mutations were
then further discussed. Mutations in the ARIDIA gene could
increase the sensitivity of the patient to immune checkpoint
inhibitor therapy. Additionally, the successful application
of KRASY"?€ inhibitors in other cancer types offers a new
approach for the targeted therapy of Krukenberg tumors.
Therefore, the present study provides further evidence
regarding the genomics of Krukenberg tumors, which may aid
in the development of targeted treatment strategies.
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Introduction

Globally, ovarian cancer is a primary cause of cancer-related
death among women with malignant tumors of the reproduc-
tive system (1). Krukenberg tumors, a specialized form of
metastatic ovarian cancer, are histologically defined by the
presence of mucin-filled signet ring cells (2). Predominantly,
these tumors originate from the stomach (76%), with the
colorectum being the next most common primary site (11%),
classifying them as rare and highly malignant metastatic
neoplasms with a poor patient prognosis (2-4). The rarity of
Krukenberg tumors, coupled with the typically short survival
time of those affected, results in a lack of consensus regarding
their diagnosis and treatment (3,5). Furthermore, the absence
of comprehensive genomic data impedes research into the
underlying molecular mechanisms of this disease (6). These
factors constrain the comprehension of this rare disease and
impede the advancement of targeted treatment strategies.

The present study focused on two critical oncogenes:
AT-rich interaction domain 1A (ARIDIA) and KRAS. The
KRAS gene is commonly mutated in multiple types of cancer,
including pancreatic cancer, colorectal cancer (CRC) and lung
adenocarcinoma (7-9). KRAS encodes a protein that is a key
component of the MAPK/ERK signaling pathway (10), which
serves a notable role in cell proliferation, differentiation and
survival (11). Mutations in KRAS typically lead to the consti-
tutive activation of this pathway, promoting the continuous
proliferation of tumor cells, and are associated with tumor
aggressiveness and therapeutic resistance (12). The ARIDIA
gene is an N-terminal acetyltransferase (13), and its function is
closely related to the occurrence, progression and metastasis of
various types of cancer, including ovarian cancer, endometrial
cancer and gastric cancer (GC) (14-17). ARIDIA regulates the
activity of cyclin proteins by inactivating [3-catenin, thereby
affecting the progression of the cell cycle (18). Moreover, muta-
tions in ARIDIA are also associated with alterations in the tumor
immune microenvironment, potentially enhancing the sensi-
tivity of tumors to immunotherapy by affecting the stimulator
of interferon (IFN) genes (STING)/IFN signaling pathway and
promoting a robust antitumor T-cell response (14,19,20).

The present report describes the case a patient who under-
went adjuvant chemotherapy with oxaliplatin and tegafur
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following curative resection for GC. The present study aims
to provide further genomics research into Krukenberg tumors,
but also to provide novel insights into understanding the patho-
genesis of Krukenberg tumors and exploring personalized
treatment strategies.

Case report

In September 2023, a 46-year-old female patient was admitted
to the Department of Obstetrics and Gynecology, Dongguan
Songshan Lake Tungwah Hospital (Dongguan, China),
presenting with abdominal distension and difficulty urinating.
The patient had experienced progressively worsening abdom-
inal distension within 2 months and had lost 3 kg in weight
within the 2 weeks prior to admission. The patient had under-
gone curative surgery for GC in July 2021, with the pathological
results indicating poorly differentiated adenocarcinoma of the
stomach, with some areas presenting characteristic signet ring
cells. Postoperatively, the patient received chemotherapy with
oxaliplatin (150 mg, intravenous) and tegafur (160 mg, oral)
for eight cycles. The patient denied experiencing any abnormal
vaginal bleeding. On physical examination in September 2023,
a 10-cm diameter ovarian mass was palpated behind and to
the right of the uterus, which was hard in texture, poorly
mobile and non-tender. The laboratory tests revealed CA199
at 96.0 U/ml (normal range 0-30 U/ml), CEA at 1.66 ng/ml
(normal range 0-5 ng/ml), CA125 at 33.4 U/ml (normal range
0-47 U/ml), human epididymis protein 4 at 420.6 pmol/l
(normal range 0-76.2 pmol/l) and AFP at 2.6 IU/ml (normal
range 0-7 IU/ml). Both CA199 and human epididymis protein
4 were above the normal levels; hemoglobin was 54 g/1 (normal
range 115-155 g/1) and creatinine was 135.2 ymol/l (normal
range 44-97 ymol/l).

An abdominal color Doppler ultrasound indi-
cated a hypoechoic mass behind the uterus, measuring
~110x67x47 mm, with imaging revealing abundant blood flow
signals within the mass (Fig. 1A and B). Enhanced abdominal
computed tomography (CT) clearly depicted the tumor vascu-
lature and necrotic lesions. An irregular cystic-solid mass was
observed in the pelvic cavity, which began to enhance earlier
than the uterine wall after the injection of contrast medium
Ioversol, showing heterogeneous hyperenhancement. A large
vessel could be observed entering the mass from one side,
and heterogeneous enhancement areas within the mass were
noted, which are indicative of tumor necrosis or liquefaction,
signs suggestive of a malignant tumor (Fig. 1C-F). Due to
the accompanying symptoms of difficulty urinating, further
examination with CT urography and three-dimensional recon-
struction revealed an irregular mass in the pelvic cavity, with
compression and narrowing of the lower segments of both
ureters, leading to dilatation of the upper ureteral segments
and bilateral hydronephrosis. There was a notable delay in
the excretion of the right urinary system, with local suspected
obstruction, surrounding exudate and possible tumor invasion
requiring further investigation (Fig. 1G and H).

The patient was informed that the treatment options
included chemotherapy or cytoreductive surgery. The
following treatment plan was determined based on the prefer-
ence of the patient: Total abdominal hysterectomy, bilateral
salpingo-oophorectomy, pelvic adhesiolysis, transurethral

bilateral ureteroscopy and bilateral ureteral stent placement.
The patient initially underwent a challenging surgical proce-
dure with thorough exploration of the pelvic and abdominal
cavities, the observations included: ~100 ml mucinous
ascites in the pelvic and abdominal cavities, as well as two
solid masses behind the uterus, originating from the ovaries,
measuring ~70x50x40 mm on the left and 50x40x30 mm on
the right. The surfaces of the masses were smooth with intact
capsules, exhibiting a reniform shape. The rest of the abdomen
and organ surfaces were smooth with no obvious lesions. The
bilateral adnexa and masses were resected (Fig. 2A-C). Frozen
section diagnosis revealed poorly differentiated carcinoma of
the ovaries on both sides, with some cancer cells exhibiting
signet ring cell carcinoma (SRCC), consistent with meta-
static GC. Consequently, an additional total hysterectomy
was performed and transurethral ureteroscopy plus bilateral
ureteral stent placement was conducted intraoperatively. The
surgical exploration revealed pale mucosa of the bilateral
ureters, with the middle and upper segments becoming narrow
and rigid due to compression, and no obvious tumor invasion
was seen on the ureteral wall. At the end of the surgery, a
single intraperitoneal chemotherapy dose of cisplatin was
administered (70 mg in 1,000 ml distilled water).

Postoperatively, further pathological histological exami-
nation was conducted. Tissue samples were fixed in 10%
neutral-buffered formalin at room temperature for 24 h and
embedded in paraffin. Sections 4-ym thick were prepared
and stained with hematoxylin for 5 min and eosin for 2 min
at room temperature (Fig. 3A-C). The stained sections were
examined under a light microscope to identify infiltrating
tumor cells in the stroma. Mucin-laden signet ring cells
with eccentric hyperchromatic nuclei were observed. These
cells were morphologically compatible with the cells of the
previously resected gastric adenocarcinoma tissue.

For immunohistochemical analysis, formalin-fixed,
paraffin-embedded tissue sections (4 ym) were used. Antigen
retrieval was performed by heating at 95°C in citrate buffer
(pH 6.0) for 20 min, followed by washing with xylene and
rehydration through a graded ethanol series. Endogenous
peroxidase activity was blocked using 3% hydrogen peroxide
for 10 min at room temperature. Sections were then incubated
with primary antibodies at 4°C overnight, followed by incuba-
tion with HRP-conjugated secondary antibodies for 30 min at
room temperature. Immunoreactivity was detected using DAB
chromogen, and counterstaining was performed with hema-
toxylin. The slides were examined under a light microscope.
In the immunohistochemical diagnosis, the following markers
were positive: Cytokeratin (CK)7, mutL. homolog (MLH)I,
MLH?2, PMS1 homolog 2 and mutS homolog 6, whereas p53
was wild-type and there was no amplification of paired box 8
(PAX8), SATB homeobox 2 (SATB2) or HER-2 (Fig. 3D-L).
Based on the pathological results, it was confirmed that the
ovarian masses were metastatic carcinoma from the previously
treated GC, and the mucin-laden signet ring cells confirmed
the diagnosis of Krukenberg tumors.

In September 2023, to identify personalized treatment
strategies, whole exome sequencing was performed on ovarian
tumortissue by Letu Biotechnology Co.,Ltd. DNA wasextracted
using the QIAamp DNA Mini Kit (Qiagen, Inc.). Library
preparation was conducted using the Agilent SureSelect XT



Figure 1. Ultrasound, CT, CTU and three-dimensional reconstruction
imaging findings. (A) Ultrasound performed in September 2023 showed
a 108x65 mm mass lesion thought to originate from the ovaries that had
no clear relationship with the uterus. (B) Color Doppler flow imaging
showed markedly increased flow signals bright in the lesion. (C) Enhanced
abdominal CT imaging showed a hyperdense mass lesion of 110x67x47 mm,
which had a cystic-solid component. (D-F) The lesion was visualized using
contrast-enhanced CT: (D) Left and (F) right sagittal views, and (E) coronal
view. (G) Multi-slice spiral CTU and intravenous pyelogram imaging showed
right renal pelvis dilatation and ureteral stenosis. (H) Right ureteral obstruc-
tion was not visible on the CT urography. CT, computed tomography; CTU,
CT urography.

Human All Exon V8 Kit (Agilent Technologies, Inc.) following
the manufacturer's instructions. Sequencing was performed on
an Illumina NovaSeq 6000 platform using a paired-end 150 bp
strategy. The final library was loaded at a concentration of
10 nM, measured using a Qubit 4 Fluorometer (Thermo Fisher
Scientific, Inc.). Genomic DNA was extracted using the FFPE
Tissue Genomic DNA One-Step Extraction Kit (Hangzhou
Simgen Biotechnology Co., Ltd.) and the QIAamp Circulating
Nucleic Acid Kit (Qiagen, Inc.). The xGen Lockdown Probe
(Integrated DNA Technologies, Inc.), customized with the
KAPA Hyper Prep Kit (Kapa Biosystems; Roche Diagnostics),
was used for capture reactions, which were conducted with
Dynabeads M-270 (Thermo Fisher Scientific, Inc.) and the
xGen Lockdown Hybridization and Wash Kit (Integrated DNA
Technologies, Inc.). The libraries were amplified with I[llumina
p5 and p7 primers using the KAPA HiFi HotStart ReadyMix
(Kapa Biosystems; Roche Diagnostics), and the library
fragment sizes were determined using the KAPA Library
Quantification Kit (Kapa Biosystems; Roche Diagnostics)
and a Bioanalyzer 2100 (Agilent Technologies, Inc.).
Target-enriched libraries were sequenced on the HiSeq4000
NGS platform (Illumina, Inc.). Data analysis included quality
control with Trimmomatic (version 0.39; http://github.
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50 x 40 x 30 mm

Figure 2. Fresh gross images of the resected tissues. (A) Laparotomy revealed
that the tissue was not monolithic and originated from both ovaries. Incision
of the tumor revealed a solid cyst profile and clear mucus outflow. (B) The
mass on the right ovary measured 50x40x30 mm in size. (C) The mass on the
left ovary measured 70x50x40 mm in size.

com/usadellab/Trimmomatic), alignment with BWA (version
0.7.17; http://github.com/lh3/bwa), PCR duplicate removal
with Picard (version 2.23.8; http://github.com/broadinstitute/
picard) and variant calling with Mutect2 [version 1.1.7 (legacy)
or part of the GATK 4.x series (current); https://gatk.broad-
institute.org/hc/en-us/articles/360037593851-Mutect2] and
Scalpel (version 0.5.3; http://github.com/sleuthkit/scalpel).
Annotations were performed with vef2maf (version 1.6.19;
http://github.com/mskcc/vef2maf). The sequencing depth for
the tumor tissue control sample was 1,500x.

The DNA sequencing results revealed two genetic muta-
tions (Table I). The ARIDIA gene harbored a frameshift
mutation (c.4720delC), where a cytosine was deleted at the
4,720th position of the DNA sequence, resulting in the change
of proline to histidine at the 1,575th amino acid position of
the corresponding protein sequence. Additionally, a missense
mutation (c.35G>C) was detected in the KRAS gene, with a
guanine being replaced by a cytosine at the 35th position of the
DNA sequence, leading to the change of the 12th amino acid
from glycine to alanine in the protein sequence. No abnormali-
ties in terms of gene fusions or copy number variations were
observed, and no mutations were found in genes related to the
homologous recombinational repair pathway. Microsatellite
instability (MSI) indicated a stable microsatellite phenotype.

Postoperatively, the creatinine level of the patient decreased
from 135.2 gmol/I (normal range 44-97 pmol/l) preoperatively
to 66.0 ymol/l on day 4 after surgery, indicating the restoration
of normal kidney function. Given the stage IV (International
Federation of Gynecology and Obstetrics, 2021) (21) poorly
differentiated adenocarcinoma, adjuvant systemic chemo-
therapy was recommended. However, the patient, considering
their predicted survival rate and financial capacity, chose to
decline chemotherapy. Finally, the patient succumbed to the
disease in January 2024. The overall survival (OS) time, from
the initial diagnosis of GC in July 2021 to the time of death,
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Figure 3. Histological and immunohistochemical findings. (A) Hematoxylin and eosin staining demonstrated the overall morphology of the tissue (magnifica-
tion, x10). (B and C) Microscopic hematoxylin and eosin findings showed a signet-ring cell carcinoma composed of poorly cohesive tumor cells with abundant
intracytoplasmic mucin and eccentric nuclei (magnification, x20). (D) Immunohistochemical staining for cytokeratin 7 highlighted epithelial cells (magni-
fication, x20). (E) Immunohistochemical staining for MLHI, a marker to determine the mismatch repair status (magnification, x20). Immunohistochemical
staining for (F) MLH2 (magnification, x20), (G) PMS1 homolog 2 (magnification, x20), (H) mutS homolog 6 (magnification, 20), (I) p53 (magnification, x20),
(J) paired box 8 (magnification, x20), (K) SATB homeobox 2 (magnification, x20) and (L) HER-2 (magnification, x20). MLH, mutL homolog.

totaled 30 months. Specifically, the survival period following
recurrence with distant metastatic Krukenberg tumors,
identified in September 2023, was 4 months.

Discussion

Ovarian metastatic tumors result from the spread of a primary
cancer from another site to the ovaries (22), accounting for
10-25% of all ovarian malignancies (23). Krukenberg tumors,
as a rare and distinct type of malignant tumor, represent only
1-2% of these metastatic tumors (23,24). Krukenberg tumors
are diagnosed at a markedly younger age compared with
epithelial ovarian cancer, predominantly affecting premeno-
pausal women with an average age of diagnosis of 45 years (3).
A previous retrospective analysis of Krukenberg tumors
revealed that the median age at diagnosis for these patients was
48 years, with ages ranging between 22 and 71 years (25). The
patient reported in the present study was diagnosed at 46 years

old, which is in accordance with the age distribution cited in
the literature. Unlike tumors with overt mucin-laden signet
ring cells in the pathological histology, the clinical presenta-
tion of this type of lesion is often more subtle, manifesting as
an abdominal mass with abdominal distension and insidious
abdominal pain. Due to its covert onset and lack of distinc-
tive clinical features, when ascites is present, the disease is
typically at an advanced stage (23,26). In the present case,
the clinical symptoms were limited to a 2-month history of
abdominal distension, and physical examination revealed only
pelvic masses and dullness to percussion, indicative of ascites.

Preoperative imaging reports also provide a certain reference
for the diagnosis of ovarian metastatic tumors. In the present
case report, imaging examinations confirmed no notable lesions
in other areas besides the adnexal region. Ultrasound indicated
a mass behind the uterus with abundant blood flow signals, and
enhanced CT suggested that the mass was a complex cystic-solid
lesion with irregular shape and heterogeneous enhancement.
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Table I. Genome location of single nucleotide variants, and insertion-deletions in tumor tissue.

Gene Transcript number Exon Base change Amino acid change
ARIDIA NM_006015 Exon 18 ¢.4720delC p.P1575Hfs*37
KRAS NM_004985 Exon 2 ¢.35G>C p.G12A

ARIDIA, AT-rich interaction domain 1A.

Metastatic ovarian tumors typically manifest as solid or mixed
cystic-solid masses, often bilateral and multiple (26), whereas
primary ovarian tumors typically present as cystic masses or
masses with areas of liquefied necrosis, often unilateral (27,28).
In the present case, the imaging results revealed a solitary
complex cystic-solid mass with significant enhancement areas,
considered to be areas of tumor necrosis or liquefaction, which
is different from the presentation of primary ovarian cancer,
increasing the difficulty of diagnosis.

The examination of tumor markers also provides a basis
for diagnosis. Elevated CA199 levels are often seen in muci-
nous ovarian cancer, borderline tumors and gastrointestinal
metastatic ovarian cancer (29-32), whereas increased CEA
levels are common in gastrointestinal metastatic ovarian
cancer (33-36). In the present case, the elevation of CA199
supported the diagnosis of metastatic ovarian cancer, while
CEA did not show a significant increase. However, these tumor
marker tests aid in diagnosis but lack specificity. A defini-
tive diagnosis of ovarian metastatic tumors is more reliant
on pathological and immunohistochemical examinations.
Negative expression of PAXS can clearly rule out a primary
tumor and support a metastatic origin (37), CK7 and CK20 are
important markers for distinguishing ovarian tumors (2), and
SATB2 is typically highly expressed in the lower epithelial
tissues of the gastrointestinal tract (38). In the present case,
SATB2 exhibited negative expression.

At present, there is a lack of standards or consensus on the
treatment of metastatic ovarian cancer due to an insufficient
number of case studies (3,5). While appropriate surgical inter-
vention can prolong the survival time of patients with primary
tumors, it is less effective for those with metastatic tumors
requiring combined treatment with radiotherapy or chemo-
therapy, with recurrence often occurring within 2-5 years (39).
In the present case, NGS was utilized for genomic analysis
of the tumor tissue, revealing mutations at ¢.4720delC in the
ARIDIA gene and ¢.35G>C in the KRAS gene, with the aim of
identifying potential targeted therapies.

ARIDIA, also known as NAAI0 (40), is recognized as a
tumor suppressor gene that is integral to the SWI/SNF chro-
matin remodeling complex (41). ARDIA has been identified as
one of the frequently mutated chromatin remodeling genes in
GC (42). Mutations in ARDIA across the entire coding region
are prevalent in GC, typically resulting in inactivating muta-
tions, including truncating mutations and insertions/deletions
that lead to frameshifts (43,44), which have a pivotal role in
the initiation, progression and metastasis of cancer, as well as
cell cycle arrest (14,18). In terms of pathogenesis, mutations in
ARIDIA can inactivate B-catenin, subsequently reducing the
transcription of cyclin DI, leading to cell cycle arrest at the

G,/G;, phase (18). Although cell cycle arrest is generally consid-
ered an anticancer mechanism, certain studies have proposed
the concept of the DNA damage model, where cell cycle arrest
can, in some cases, drive cells into senescence, increasing the
risk of genetic mutations and thereby promoting cancer devel-
opment (45-47). This suggests that cell cycle arrest induced
by ARIDIA mutations can exert stress on cells, leading to the
accumulation of DNA damage and further genetic mutations,
thus promoting cancer development.

Previous studies have underscored the importance of
ARIDIA mutations in a spectrum of cancer types, including
GC and CRC (14-17); however, their role in metastatic ovarian
cancer, such as in Krukenberg tumors, remains inadequately
explored. In murine models, ARDIA has been demonstrated
to stabilize nuclear factor erythroid 2-related factor 2 through
direct interaction, thereby promoting the progression of
CRC (48). Furthermore, research has established an association
between ARIDIA mutations and OS in patients with GC. In a
cohort of 518 patients with GC, immunohistochemical assess-
ments revealed that, compared with those without ARIDIA
mutations, patients with ARIDIA-mutated GC were older,
exhibited higher tumor MSI and had a greater prevalence of
PI3K/AKT pathway mutations. Multivariate analysis indicated
that ARIDIA mutations were an independent prognostic factor
for diffuse-type GC (49). These findings align with the present
case, suggesting that ARIDIA mutations are not isolated events
and may have a role in the pathogenesis of Krukenberg tumors.
However, large-scale studies specifically targeting Krukenberg
tumors are lacking, underscoring the need for further research
to substantiate these observations.

In terms of treatment, certain clinical trials of immune
checkpoint inhibitors (ICIs) have revealed that ARIDIA muta-
tions are significantly enriched in responders to immunotherapy
across various solid tumor types, independent of MSI (50-54).
Patients with ARIDIA-mutated gastrointestinal tumors have
been shown to exhibit more favorable treatment responses
to programmed cell death protein 1 (PD-1)/programmed
death-ligand 1 (PD-L1) therapies and have improved survival
outcomes compared with those with ARIDIA wild-type
tumors (55). Preclinical studies using mouse models have
confirmed that the loss of ARIDIA in tumor cells induces
R-loops, and the cellular membrane DNA species produced
by R-loops activate the STING/type I IFN signaling pathway,
inducing an ARIDIA-IFN gene expression signature that
promotes antitumor immunity (14,19,20), explaining the
enhanced responsiveness of ARIDIA-mutated human tumors
to ICIs. ICI therapy has also demonstrated favorable response
rates in a multitude of clinical trials involving GC. Interim
results from the Phase III MATTERHORN trial have
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indicated that the application of a PD-L1 monoclonal anti-
body (durvalumab) in combination with the FLOT regimen
(docetaxel, 5-FU, leucovorin and oxaliplatin) in patients with
resectable GC and gastroesophageal junction adenocarcinoma
(GEJAC) yields a higher rate of pathological complete response
compared with the placebo group (19 vs. 7%) (56). Similarly,
preliminary results from the DANTE trial have suggested
that the combination of a PD-1 inhibitor (atezolizumab) with
chemotherapy is associated with improved safety and efficacy
compared with the FLOT regimen alone in patients with
resectable GEJAC (57). These clinical data on immunotherapy
for GC indicate that ICIs, particularly PD-1 inhibitors, may
exhibit promising efficacy and safety profiles for patients with
Krukenberg tumors harboring ARIDIA mutations.

KRAS gene mutations are closely associated with tumor
development, and the encoded protein is a key component
of the MAPK/ERK signaling pathway (10,11), which can
directly promote cell metabolism and proliferation, partici-
pate in tumor immune evasion and modulate the immune
system response to tumor cells, thereby affecting the tumor
microenvironment (12). In the present case, DNA sequencing
revealed a KRAS mutation corresponding to the amino acid
change, p.G12A (glycine at the 12th position), located in a
key structural domain of the protein and a known mutation
hotspot (58,59). Mutations at G12 affect the binding of KRAS
protein to the GTP/GDP cycle, leading to continuous activation
of the KRAS protein, abnormal activation of the MAPK/ERK
signaling pathway, uncontrolled cell proliferation and ulti-
mately contributes to tumor invasion and metastasis (60-62).
KRAS mutations are among the most extensively studied
and are distinctively characterized oncogenic alterations,
occurring in 17-25% of all cancers, with a prevalence of ~9%
in GC and 30-40% in CRC (63,64). In a cohort analysis of
595 patients with GC, those with KRAS mutations and an
MSI status exhibited a longer survival time compared with
patients without KRAS mutations and a microsatellite stable
status (65). Furthermore, KRAS harboring the G12 mutation
is associated with poorer patient survival in GC (66,67).
Warneke et al (67) evaluated the prognostic significance of
different phenotypic and genotypic markers, including KRAS,
PIK3CA and MSI, in GC and predicted the feasibility of
applying these markers in personalized therapy for GC. The
results indicated that patients with proximal GC harboring
KRAS mutations had shorter survival times than those without
mutations (3.5 vs. 12.7 months). Additionally, in a study of
SRCC of the stomach, immunohistochemistry revealed posi-
tive KRAS expression in the majority of SRCC samples, which
was higher than in the intestinal-type cohort (28 vs. 12.6%).
Concurrently, patients with KRAS mutations had a median OS
time of 12.5 months, compared with 19.5 months for those
without KRAS mutations, demonstrating a notable reduction
in OS (66).

In the therapeutic domain, studies have confirmed that
KRASC"C inhibitors, such as sotorasib and adagrasib, have
shown clinical activity in clinical trials for KRAS®'**-mutated
non-small cell lung cancer (NSCLC) and CRC (60,61,68,69).
Specifically, in patients with NSCLC, a confirmed response
rate of 53.4% was observed, with a median progression-free
survival (PFS) time of 13.1 months. In CRC, 29.1% of
patients exhibited a response, with a PFS time of 5.6 months.

Although treatment-related adverse events occurred in 93%
of patients, the most common being nausea (74%), diarrhea
(61%) and vomiting (58%), the majority were grade 1-2 (94%)
and resolved following symptomatic management and drug
discontinuation (68). Overall, based on the current clinical
data, KRAS®"*C inhibitors demonstrate a favorable safety
profile in other malignancies, providing preliminary support
for their potential application in Krukenberg tumors.

While the present study underscores potential therapeutic
strategies based on ARIDIA mutations and KRAS®'*C inhibi-
tors, their clinical application in Krukenberg tumors remains
speculative. The rarity of this disease contributes to a scar-
city of therapeutic references and research. Considering the
unique tumor microenvironment and immune characteristics
of Krukenberg tumors, larger cohort studies are necessary to
further evaluate the efficacy and safety of immunotherapy in
this tumor type.

In conclusion, the present study describes the case of a patient
with Krukenberg tumors harboring two mutated genes, and
discusses the molecular mechanisms and clinical significance
of tumor invasion caused by ARIDIA and KRAS mutations. The
mutation in the ARIDIA gene may increase sensitivity to ICI
therapy, whereas the successful application of KRAS®'*C inhibi-
tors in other cancer types provides novel insights for targeted
therapy of Krukenberg tumors. The patient in the present case
achieved an OS time of 30 months from the initial diagnosis of
GC, but only 4 months following the recurrence of Krukenberg
tumors. This highlights the poor prognosis of this disease and
the urgent need for the development of effective therapeutic
strategies. Nevertheless, as the first study, to the best of our
knowledge, to explore the genomic alterations of Krukenberg
tumors, it offers novel insights into the molecular mechanisms
of this rare disease. These preliminary findings may stimulate
further research to validate the efficacy of these molecular
targets, ultimately improving patient treatment outcomes.
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