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Background: Small bowel adenocarcinoma (SBA) is a malignant tumor with a relatively low prevalence.
Metastasis, especially liver metastasis (LM), is an important prognostic indicator of poor prognosis in
patients with SBA. Due to the rarity of SBA, there is currently a lack of research on the characteristics of
liver metastases in small intestine cancer. The aim of this study is to investigate the molecular characteristics
associated with metastasis in SBA and to explore the specific molecular combinations related to LM.
Methods: A retrospective study was performed on patients with SBA who were admitted to Zhejiang
Hospital and Affiliated Hangzhou First People’s Hospital from July 2013 to July 2022. Sequencing with
tissue was performed using a 1,021-gene panel. The least absolute shrinkage and selection operator (LASSO)
algorithm was used to identify the genes for predicting LM from SBA.

Results: A total of 97 patients with SBA, including 48 patients without metastasis, 29 with LM, and 20
with extrahepatic metastasis (EHM), were enrolled in this cohort. The five genes with the highest mutation
frequency in the overall samples were TP53, KRAS, APC, CDKN2A, and SMAD4, with 176 actionable
mutations that had potential impact on therapy being detected in 77 (79%) cases. TP53 was significantly
more frequently mutated in the LM than in the non-LM (NLM) groups. Nine genes were selected via
LASSO regression to construct the LM prediction model, which generated an area under curve of 0.867.
The receiver operating characteristic (ROC) curve for the validation cohort was 0.724.

Conclusions: This study elucidated the molecular characteristics of metastatic SBA and found that 7P53
mutations were associated with LM in SBA. These results deepen our understanding of the occurrence and

development of SBA and the potential mechanisms of LM in SBA.
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Introduction

Small bowel adenocarcinoma (SBA) is a malignant tumor
that develops in the digestive tract (1). The small bowel
begins at the pyloroduodenal junction and ends at the
ileocecal junction, comprising the duodenum, jejunum, and
ileum (2). The primary histological types of SBA include
adenocarcinoma, neuroendocrine tumors, lymphoma,
sarcoma, and gastrointestinal stromal tumors (3). The
prevalence of SBA is relatively low, accounting for
approximately 3% to 5% of gastrointestinal malignancies;
however, there has been a significant upward trend in its
occurrence (4,5). The estimated number of newly diagnosed
cases of SBA in the year 2020 was approximately 64,477 (5).

Malignant small-bowel tumors are frequently diagnosed at
an advanced stage due to the absence of specific symptoms (6).
One study on SBA revealed that approximately 10% of
individuals were diagnosed with stage I disease, 30% with
stage 11, 25% with stage III, and 35% of patients with stage
IV (7). Additionally, the overall 5-year survival rate for SBA
is approximately 30%, whereas metastatic disease exhibits

Highlight box

Key findings

* In this study, we investigated the genomic landscape of small bowel
adenocarcinoma (SBA) liver metastasis (LM) and identified molecular
characteristics associated with liver metastases. We analyzed the
mutations from 97 patients with SBA including 48 patients without
metastasis, 29 with LM, and 20 with extrahepatic metastases. We
examined the differential mutation rates between different groups,
identified genes potentially associated with metastasis, and developed
a reliable model to identify patients with LM.

What is known and what is new?

® The liver is the most common site of metastasis in patients with
SBA, and LM is a significant factor in poor prognosis. Early
identification of patients at high risk of LM and timely intervention
can potentially improve survival rates.

®  Our study examined the differential mutation rates between SBA
patients with and without metastasis, identified genes potentially
associated with metastasis, and developed a reliable model to
identify patients with LM.

What is the implication, and what should change now?

e This study is the first to report the molecular characteristics of
metastatic SBA and the correlation between 7P53 mutations and
liver metastases.

® It can deepen our understanding of the potential mechanisms
of LM in SBA and may provide new insights into future drug
development and SBA treatment.
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rates ranging from 3.0% to 5.0% (2,8-12). The presence of
distant metastases is a significant prognostic indicator for
poor outcomes in patients with SBA. Similar to colorectal
cancer (CRC), SBA has the potential to metastasize to the
liver, lung, and peritoneum; however, liver metastasis (LM)
remains the most common site for disease progression (13).
Several studies have reported that LM is an adverse factor
affecting survival (14-16). Therefore, the early detection
of metastasis in patients and the timely implementation
of intervention measures are crucial to ensuring a good
outcome. It is necessary to research the LM-related factors
in SBA in order to improve patient survival rates. However,
due to the rarity of SBA, there is a lack of studies that have
evaluated the mechanism of metastasis in this particular
malignancy, and no predictive model for determining the
risk of LM in patients with SBA has been developed.

In this study, we retrospectively analyzed the genomic
characteristics of 97 patients with SBA and metastasis. By
comparing the two groups of patients with and without
LM, we characterized the molecular characteristics of
LM in SBA. We present this article in accordance with
the TRIPOD reporting checklist available at https://jgo.
amegroups.com/article/view/10.21037/jgo-2025-131/rc).

Methods
Patients and tissue samples

A total of 132 patients with SBA who underwent target
capture next-generation sequencing (NGS) of 1,021
cancer genes were enrolled in this study. Among them, 35
patients (26.5%) were excluded due to tissue unavailability.
These patients received treatment at Zhejiang Hospital
and Affiliated Hangzhou First People’s Hospital between
July 2013 and July 2022. Paraffin-embedded primary
lesion tissue samples were collected from all patients for
testing. The clinicopathologic data regarding gender, age,
metastasis, location, and stage at diagnosis (Table 1) were
collected from the medical records of each patient. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Ethics Committee of Zhejiang Hospital (No.
2024073K). Affiliated Hangzhou First People’s Hospital was
informed and agreed with this study. Since this study only
involves human biological samples and has a relatively large
time span, and the patients had already signed the relevant
informed consent forms when the samples were collected,
the informed consent for this study is waived.
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Table 1 Patient characteristics

Characteristics Value (n=97)
Age (years), median [range] 59 [30-82]
Sex, n (%)

Male 60 (61.9)

Female 37 (38.1)
Treated, n (%)

No 68 (70.1)

Yes 29 (29.9)
Stage, n (%)

-1 48 (49.5)

v 49 (50.5)
Location, n (%)

Duodenum 75 (77.3)

Jejunum 7(7.2)

lleum 5(5.2)

Unknown 10 (10.3)
Metastasis, n (%)

No 48 (49.5)

Liver 29 (29.9)

Lung 6(6.2)

Peritoneum 10 (10.3)

Other 4(4.1)
MSI status, n (%)

MSI-H 2(2.1)

MSS 72 (74.2)

Unknown 23 (23.7)

MSI, microsatellite instability; MSI-H, microsatellite instability-
high; MSS, microsatellite stability.

NGS

Formalin-fixed, paraffin-embedded (FFPE) specimens
were collected for sequencing. The genomic DNA from
FFPE specimens was extracted using the QIAamp DNA
FFPE Tissue kit (Qiagen GmbH, Hilden, Germany).
Peripheral blood leukocyte (PBL) DNA was extracted
for germline mutation filtration using the QIAamp DNA
Mini Blood kit (Qiagen GmbH), the quantification and

quality control of which were evaluated with a Nanodrop
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2000 spectrophotometer, a Qubit 2.0 fluorometer, and the
Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific,
Waltham, MA, USA). DNA libraries were prepared using
the KAPA DNA Library Preparation Kit (Kapa Biosystems,
Wilmington, MA, USA). Capture experiments were
conducted as described previously (17-19). The libraries of
genomic DNA were captured with a 1,021 cancer-related
gene panel and sequenced using the Gene+Seq-2000
(GenePlus-Suzhou, Suzhou, China). Matched PBLs
were sequenced as a control for the filtering of germline
variations.

Sequencing data analysis

FASTP (20) was used to remove reads with low-quality
and terminal adaptor sequences. The remaining reads
were aligned to the reference human genome (hg19) using
the Burrows-Wheeler Aligner (version 0.7.12-r1039).
Duplicate reads were removed using GATK (version 3.4—
46-gbc02625). "To detect single-nucleotide variants (SNVs)
and insertions or deletions (indels), MuTect (version 1.1.4)
was employed. CONTRA (v2.0.8) was then applied to
detect somatic copy number alterations. The microsatellite
instability (MSI) status was analyzed and reported
simultaneously (21). All sequencing data for the concerned
variants were verified using Integrative Genomics Viewer

browser.

Prediction model development and validation

Untreated patients were assigned to the construction set,
while treated patients were assigned to the validation set.
Genomic factors were selected for least absolute shrinkage
and selection operator (LASSO) regression. LASSO
regression is a variable screening method. It imposes
penalties on the coefficients of all variables, causing the
coefficients of relatively unimportant independent variables
to become zero and thus be excluded from the model.
Therefore, LASSO regression can effectively address the
problem of multicollinearity and has significant advantages
in the screening of high-dimensional variables. The marker
genes selected by LASSO were analyzed via multiple logistic
regression, and an LM prediction model was established.

Statistical analysis

Cox regression analysis was used to assess the genes
associated with LM. The graphs were generated using
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GraphPad Prism (version 8.0.2; GraphPad Software, San
Diego, CA, USA) and R software (version 4.1.1; The R
Foundation for Statistical Computing, Vienna, Austria).
The “timeROC” package in R was employed to generate
receiver operating characteristic (ROC) curves in order
to evaluate the accuracy of the risk model. Differences
between subgroups were analyzed using Fisher exact tests,
and P values less than 0.05 were considered statistically
significant.

Results
Patient characteristics

We retrospectively collected the information about of
genetic tests conducted at Zhejiang Hospital and Affiliated
Hangzhou First People’s Hospital from July 2013 to July
2022. A total of 132 patients underwent genetic testing,
and 35 were excluded due to tissue unavailability, with
ultimately 97 patients (60 males and 37 females) with a
median age of 59 years (range, 30-82 years) being included.
The duodenum was the most extensively affected segment,
accounting for 77.3% of cases, while the jejunum and ileum
were involved in 7.2% and 5.2% of cases respectively.
There were 48 patients without metastasis and 49 patients
with metastasis. The liver was the most common metastatic
site (29 patients, 29.9%), followed by peritoneal metastases
(8 patients, 8.2%).

Genetic landscape of SBA

The mutation landscape of the patients with SBA is
presented in Figure 1. All 97 patients with SBA were
found to have somatic variants. The five genes with the
highest mutation frequency in the overall samples were the
TP53 (62%), KRAS (45%), APC (19%), CDKN2A (18%),
and SMAD4 (18%) genes. MYC copy number variation
was the most common (14%) (Figure 1A4). The clinically
actionable mutations were further assessed. Overall, 176
actionable mutations that had potential impact on therapy
or prognosis were detected in 77 (79%) cases. The most
frequently observed actionable alterations were in KRAS
(57%), CDKN2A (20%), and PIK3CA (10%) (Figure 1B). In
addition, six patients were found to have BRAF mutations;
however, none of them had the BRAF V600E mutation.
The identified BRAF mutations included N581I, G469R,
N581S, C532Y, and G466V. Among these mutations,
N581S was found in two patients.

© AME Publishing Company.
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Comparisons of the mutation rates between the metastatic
group and the non-metastatic group

We retrospectively collected data from 97 patients
diagnosed with SBA and classified them into metastatic
and non-metastatic groups. The frequencies of gene
mutations and actionable genes mutations were compared
between the metastatic group and the non-metastatic group
(Figure 2A,2B). Figure 2C,2D shows the genomic
characteristics of LM group and non-LM group (NLM
group). TP53 was significantly more frequently mutated
in the LM group than in the NLM group (79% vs. 54%;
P=0.041; Figure 2C). We further divided the metastatic
group into an LM group and extrahepatic metastasis
group (EHM group). The distribution of affected organs
in the EHM group was as follows: 5 in the lung, 8 in the
peritoneum, and 7 in “other sites” (lymph nodes, colon,
pancreas, and ovaries). Next, we explored the differences
between the LM group, EHM group, and non-metastatic
group. Similarly, the frequency of 7P53 mutations was
found to be significantly higher in the LM group compared
to the non-metastatic group (Figure 2E). There was no
significant difference between different groups in actionable
genetic mutations (Figure 2D, 2F).

Identification of LM-velated genes in patients with SBA
for model inclusion

To evaluate the candidate genes associated with LM in
patients with SBA, we analyzed the differential mutation
rates between the LM group and non-metastatic group, the
LM group and NLM group, and between the LM group
and EHM group (Figure 3). Through differential gene
screening, we identified 24 genes potentially associated with
metastasis (P<0.20) (Table S1). However, certain genes had
lower mutation rates (<3) and were subsequently excluded
from model construction. Consequently, we proceeded with
further analysis using the remaining 19 genes.

Construction of the LM prediction model and internal
validation

To identify the gene signatures that could predict LM,
treatment-naive patients were assigned to the construction
set while treated patients were allocated to the validation
set. We selected treatment-naive patients and divided them
into different groups: an LM group, NLM group, non-
metastatic group, and EHM group. We then compared
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© AME Publishing Company. 7 Gastrointest Oncol 2025;16(2):404-414 | https://dx.doi.org/10.21037/jgo-2025-131



Journal of Gastrointestinal Oncology, Vol 16, No 2 April 2025

A I Metastatic group
2 0.8+ 0.06 Non-metastatic group
s "|
T 0.6
£ 0.6
1S
G 0.4
>
%)
5
$0.24
o
IS
L 0.0-
& P LK (O T PR
LT ¥ W% § LK
C
1.0 1 Il LM group
S I NLM group
% 0.8+
5
€ 0.6
o
3 0.4 1
T
8_0.2-
(4
L 0.0
SR LFFTL FL R
INEIRCS I SN S\ o ¥ R
TSNV E S
E
2 EELM group
5 1070012 BN EHM group
fﬁ 0.8 I—| Non-metastatic group
3

409

B I Metastatic group
Non-metastatic group
206
kel
k5|
g04
S
>
20.2
)
S
g
,_‘,:00 | — .<<| = .I = ll_.l_
2 & F« W L &
F S XS KL
+004~ & S Q & & R
0.8 B LM group
I NLM group

o
o

o
S}

Frequency of mutations
o
n

0.0
O F XL KIS P LS
I LS XSS F LKL
*l-oo*Jr QQJ: 2R Q,Q‘ <<® N4
0.8 ELM group
I EHM group

Non-metastatic group

o
o

Frequency of mutations
o o
(SN N

o
o

2 F ¥ O oK @ S
F X KN v &
ﬁioﬁq@ TEY TFEEE

Figure 2 Genomic alteration frequencies between the metastatic group and the non-metastatic group (A), LM group and NLM group (C),

LM group, EHM group and non-metastatic group (E). The frequencies of actionable genes mutations between the metastatic group and

the non-metastatic group (B), LM group and NLM group (D), LM group, EHM group and non-metastatic group (F). EHM, extrahepatic

metastasis; LM, liver metastasis; NLM, non-liver metastasis.

the mutation frequency across these different groups
(Figure S1). LASSO logistic regression was used on the
mutation status of the 19 mutated genes in the construction
set to identify significant predictive features associated with
the risk of LM (Figure S2). Finally, 9 mutated genes (FLT1,
TPS3, KIT, PIK3R1, KRAS, NF1, PTPRD, MYC, and
CDKN2A) were identified to construct the LM prediction
model.

The ROC curve was generated in the construction
cohort, revealing an area under the curve (AUC) of
0.867, and the cut-off value was 0.351 (sensitivity 75%;
specificity 90.4%) (Figure 44). In the internal validation
with 100-sample bootstrapping, the model yielded an AUC

© AME Publishing Company.

of 0.802 and a Brier score of 0.134 in the construction set.
The ROC for the validation cohort was 0.724 (Figure 4B).
There was no significant difference between the two models
(P=0.21) (Figure S3).

Multivariate Cox regression analyses of the predictive
ability of the model

Subsequently, we performed multivariate analyses to assess
the potential of our model to be an independent predictor
of LM. The clinicopathological characteristics (age, sex, and
treatment status) and the LM-related gene signature were
included as covariates. Our findings demonstrated that the
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LM score was the only significant predictor of LM, with a
hazard ratio (HR) of 0.043 [95% confidence interval (CI):
0.09-0.210; P<0.001] among all patients (Table 2).

Discussion

SBA is a rare malignant tumor with a poor prognosis. The
main factor that affects the prognosis of patients with SBA
is the clinical stage, especially stage IV disease (distant
metastasis), which occurs in 35% to 40% of diagnosed
patients (22,23), posing a considerable threat to public
health. In this study, we conducted a comprehensive analysis

© AME Publishing Company.

of the genetic characteristics and clinically actionable
genetic variations from 97 patients with SBA. The liver is
the most common metastasis site of SBA (24). Therefore,
we analyzed the genetic factors implicated in LM and
established a prognostic model related to LM of SBA.

We found that the most commonly altered genes in
SBA were TP53, KRAS, APC, CDKN2A, SMAD4, and
PIK3CA. The mutation rate of APC in patients with SBA
was relatively lower than that of CRC, and the converse
was true for CDKN2A, which is in line with previous
reports (25,26). The median tumor mutation burden
of the 81 samples was 5 muts/Mb (0.96-294 muts/Mb).
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Table 2 Multivariate analysis for liver metastasis in patients with SBC

Variables HR 95% Cl P value
Age (>60 years) 0.026 0.0001-1.235 0.87
Sex (male) 0.97 0.056-3.214 0.33
Treated (yes) 2.03 0.678-3.891 0.15
FLT1 (mut) 0.933 0.766-1.287 0.33
TP53 (mut) 2.37 0.863-3.223 0.12
PBRM1 (mut) 1.969 0.753-2.372 0.16
KIT (mut) 0.636 0.325-2.069 0.43
MYC (mut) 0.128 0.047-1.035 0.72
CDKN2A (mut) 0.764 0.486-1.896 0.38
LM score (high) 0.043 0.09-0.210 <0.001

SBC, small-bowel cancer; HR, hazard ratio; Cl, confidence
interval; mut, mutant; LM, liver metastasis.

This suggest that SBA may exhibit distinct genomic
characteristics and tumorigenic mechanisms in comparison
to CRC. We further analyzed the actionable genes that
inform treatment selection. The most frequently observed
actionable alterations were in KRAS (57%), CDKN2A
(20%), and PIK3CA (10%). BRAF mutations were detected
in 6.2% (6/97) of patients with SBA, whereas no BRAF
V600E mutations were found. Compared to other types of
cancer, SBA has limited research and few relevant clinical
guidelines. These actionable genes can be considered for
future clinical trials.

Approximately one-third of patients diagnosed with SBA
present with stage IV disease, and a high proportion of
those with resected stage I-11I disease ultimately experience
relapse, with the liver being the most common site of
metastasis (27). However, only a few studies have reported
on LM in small-bowel cancer due to the limitation of a
small sample size. Ye et al. reported that histological type,
tumor size, N stage, and primary tumor location were
associated with LM in SBA (14). However, the genomic
characteristics associated with LM have not been reported.
We categorized patients with SBA into an LM group and
an NLM group. The frequency of 7P53 mutations was
significantly higher in the LM group compared to the NLM
group. Similar results have been reported for CRC (28,29).
Alvi et al. found that patients with 7P53 mutations exhibited
poorer survival compared to other patients (30). However, a
study has reported no significant association between 7P53
mutations and prognosis (31). Not only the findings in this
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study, but also TP53, as a commonly mutated gene in the
distant metastasis of various cancers (such as oral squamous
cell carcinoma, lung cancer, colorectal cancer, head and
neck squamous cell carcinoma, liver cancer, ovarian cancer,
etc.), significantly increases the risk of distant metastasis of
cancers through multiple mechanisms. These mechanisms
include promoting genomic instability, inhibiting the ¢cGAS/
STING-mediated innate immune response, activating
the Golgi secretion pathway (such as the PAQR11-ARF1
axis), and enhancing the clonal advantage of tumor cells in
a chronic inflammatory environment (32-34). Especially
in colorectal cancer, it has been confirmed that TP53
mutations can promote the occurrence, tumor progression,
and distant metastasis of colorectal cancer (35).

The LASSO model identified nine genes (FLT1, TP53,
KIT, PIK3R1, KRAS, NF1, PTPRD, MYC, and CDKN2A) to
construct a predictive model for predicting LM in patients
with SBA. FLT1, a tyrosine kinase receptor, promotes tumor
growth and metastasis (36). TP53, KIT, and KRAS are
common driver mutations in gastrointestinal cancers (28,37).
Patients with SBA with KRAS mutation have a shorter
overall survival (38). PIK3RI mutations commonly activate
the carcinogenic PI3K pathway and have been linked to
various types of cancer (39). Inactivating mutations in NFI
can lead to the prolonged activation of the RAS/RAF/
MAPK signaling pathway, ultimately resulting in increased
cellular proliferation (40).

However, the clinical significance of NFI mutations
remains to be elucidated. Studies have shown that PTPRD
is associated with invasion and progression in colorectal
and gastric cancer (41-43). Meanwhile, MYC promotes
tumor invasion and migration by recruiting stromal cells
and tumor-infiltrating cells (44). Shi et 4/. demonstrated
that CDKN2A induces epithelial-mesenchymal transition
and promotes the metastasis of CRC, for which it may
be an independent prognostic factor (45). These genetic
mutations have not been extensively examined within
the context of SBA, and thus further research is needed.
Our results demonstrate that the LM score has value as a
predictor for LM in patients with SBA.

There are several limitations to this study that should
be acknowledged. The retrospective design of restricted
our ability to collect a more comprehensive array of clinical
data, thereby limiting the scope for more extensive analyses.
Additionally, although we developed and validated our
predictive model using separate training and validation
sets, the absence of external data for validation might have
introduced internal bias. Therefore, it is imperative to

7 Gastrointest Oncol 2025;16(2):404-414 | https://dx.doi.org/10.21037/jgo-2025-131



412

conduct further prospective studies involving multicenter
cohorts in order to mitigate potential biases.

Conclusions

We analyzed the molecular characteristics of metastatic SBA
and identified genes associated with LM in SBA patients.
The results of this study may further our understanding
of the biological mechanisms underlying LM in metastatic
SBA and may contribute to individualized treatment
strategies, early intervention, and the delay of cancer
progression in clinical practice.
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