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ABSTRACT 

Background: 

Small bowel adenocarcinoma (SBA) is a rare malignancy with a poor prognosis and limited 

treatment options. Although homologous recombination deficiency has been studied as a 

biomarker for other cancer types, the clinical and genomic implications of homologous 

recombination repair (HRR) gene mutations in SBA remain unclear. 

Methods: 

We retrospectively analyzed the data of 628 patients with advanced or recurrent SBA from a 

nationwide genomic database. Patients were categorized into HRR mutation and non-HRR 

mutation groups and compared for their clinical and genomic characteristics including tumor 

mutational burden (TMB) and microsatellite instability-high (MSI-H) were compared. 

Treatment efficacy and overall survival (OS) were assessed based on HRR gene mutation status 

and primary tumor site (duodenal adenocarcinoma [DA] vs. small intestinal carcinoma [SIC]). 

Results: 

Patients with the HRR mutations had higher frequencies of TMB and MSI-H than those without 

the mutation (P < 0.0001). In DA, HRR gene mutation positivity was associated with improved 

OS and higher overall response rates (ORR) to platinum-based chemotherapy (OS: not reached 

vs. 23.5 months, P = 0.040; ORR: 33% vs. 19%, P = 0.046), whereas no significant associations 

were observed with SIC. 

Conclusion: 

HRR gene mutation may be a potential biomarker for platinum-based chemotherapy efficacy 

in SBA, especially in DA, highlighting the need for site-specific therapies. 

 

Keywords: homologous recombination repair; small bowel adenocarcinoma; genome 
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INTRODUCTION 

Small bowel adenocarcinoma (SBA) is a rare malignancy with a poor prognosis [1], and its 

incidence is increasing [2]. However, its low incidence poses a challenge for comprehensive 

genomic profiling (CGP), thereby hindering the development of effective targeted therapies. 

Consequently, elucidating its genomic characteristics and identifying effective therapeutic 

targets are clinically significant. 

Recent large-scale genomic analyses have revealed a distinct genomic profile for SBA 

compared to gastric and colorectal adenocarcinomas [3]. Furthermore, small bowel subsites 

have different clinicopathological and molecular features [4]. Prognostic differences have also 

been observed, with proximal adenocarcinomas associated with worse outcomes than distal 

adenocarcinomas [5, 6]. 

Homologous recombination deficiency (HRD) has been recently considered an 

important factor influencing prognosis and treatment efficacy across various cancer types [7-

9]. Some recent studies have investigated the impact of HRD by examining the incidence of 

mutations in homologous recombination repair (HRR) gene mutation [10, 11]. However, the 

role of genomic profiling focusing on HRR gene mutations in relation to primary tumor 

location and treatment outcomes in SBA remains unclear owing to limited research. This study 

investigated the clinical significance of HRR mutations in patients with SBA. Specifically, we 

sought to elucidate the differences in genomic profiles based on HRR gene mutations and 

assess the impact of HRR gene mutations on treatment efficacy and prognosis.  
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MATERIALS AND METHODS 

Study flow and patient selection 

We retrospectively analyzed the clinical and genomic datasets of patients with unresectable or 

recurrent SBA registered in the Center for Cancer Genomics and Advanced Therapeutics (C-

CAT) database between August 2019 and May 2025. Patients were categorized into the HRR 

mutation and non-HRR mutation groups. The study was conducted in accordance with the 

principles of the Declaration of Helsinki and approved by the institutional review board (2111-

047) and C-CAT Ethics Committee (CDU2022-012E02). 

 

Data acquisition and genomic annotation 

Demographic, clinical, and therapeutic details including age, sex, primary tumor site, Eastern 

Cooperative Oncology Group Performance Status (ECOG PS), family history of cancer, 

smoking and alcohol drinking habits, type of CGP test, tissue sampling site, and percentage of 

platinum-based regimens in first-line chemotherapy were collected. The primary tumor sites 

were classified into duodenal adenocarcinoma (DA) and small intestinal carcinoma (SIC) based 

on the terminology used in the C-CAT database, with DA referring to tumors originating in the 

duodenum, and SIC encompassing those originating in the jejunum and ileum. Genetic 

analyses focused on the variant frequencies of genes with mutation rates exceeding 5% 

including mismatch repair (MMR) genes (MSH6, MLH1, MSH2, and PMS2) and HRR genes 

(ARID1A, ATM, ATRX, BAP1, BARD1, BRCA1, BRCA2, BRIP1, CDK12, FANCA, FANCC, 

MRE11, PALB2, PTEN, RAD51D, and RAD51C). Only variants classified as “oncogenic” or 

“pathogenic” were included, whereas those with uncertain clinical significance were excluded. 

Genomic data were annotated using the C-CAT database, which consolidates global resources 

on gene alterations, therapeutic options, and clinical trials [12]. 
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Genomic profiling methods and quality assurance 

Tumor samples were genomically profiled using validated panel assays. Formalin-fixed 

paraffin-embedded tissue samples were processed using the Foundation One CDx (Foundation 

Medicine), OncoGuide NCC Oncopanel System (Sysmex Corporation), or GeneMine TOP 

(Konica Minolta Inc.), whereas liquid biopsies were analyzed using Foundation One Liquid 

CDx (Foundation Medicine) or Guardant 360 CDx (Guardant Health Incorporated) assays. 

Quality control checks including nucleic acid concentration, yield, and fragmentation ensured 

sample integrity before testing. Liquid biopsy testing was employed if the tissue samples did 

not meet the quality standards. 

 

HRR gene mutation status and its impact on genomic profiling and treatment outcomes 

HRR gene mutation positivity was defined as the presence of germline or somatic genetic 

alterations in the HRR variants. The clinical and genomic characteristics of the HRR mutation 

and non-HRR mutation groups including TMB and microsatellite instability (MSI) status were 

compared across all SBA cases and within specific primary tumor sites. Co-occurring and 

mutually exclusive mutations were analyzed using heat maps to elucidate patterns that 

highlight the biological significance of specific genomic alterations and to inform potential 

therapeutic strategies. The treatment efficacy of first-line platinum-based chemotherapy was 

assessed by evaluating the overall response rate (ORR) and disease control rate (DCR). ORR 

was defined as the proportion of patients achieving the best overall response (complete or 

partial response), whereas DCR was defined as the proportion of patients achieving complete 

response, partial response, or stable disease. Overall survival (OS) defined as the time from 

treatment initiation to death. Patients with incomplete clinical data or those enrolled in clinical 

trials were excluded from the survival analyses. 
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Statistical analysis 

Sequential data are expressed as medians and interquartile ranges. Categorical data were 

compared using the chi-square test or Fisher’s exact test. Nonparametric data were compared 

using the Wilcoxon signed-rank test. Kaplan–Meier curves were generated to estimate OS, and 

differences between the groups were evaluated using the log-rank test. Median values and 95% 

confidence intervals were calculated. A two-tailed P < 0.05 was considered significant. All 

computations were performed using the JMP Pro 17 software (SAS Institute Inc., Cary, NC, 

USA). 
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RESULTS 

Patient characteristics 

In total, 628 patients with advanced or recurrent SBA (130 and 498 patients with and without 

HRR mutations, respectively) were included. CGP was performed for all participants. After 

excluding cases with insufficient OS data, OS was evaluated in 90 HRR mutation and 374 non-

HRR mutation cases. Subsequently, treatment efficacy was analyzed in a subset of patients 

who received a platinum-based regimen as first-line chemotherapy including 87 HRR mutation 

and 358 non-HRR mutation patients (Figure 1). 

Figure 1. Study flowchart 
We identified 628 patients diagnosed with unresectable or recurrent small bowel 
adenocarcinoma from the Center for Cancer Genomics and Advanced Therapeutics database 
between August 2019 and May 2024. These patients were categorized into two cohorts based 
on their homologous recombination repair (HRR) gene mutation status as follows: HRR 
mutation (n = 130) and non-HRR mutation (n = 498). Comprehensive genomic profiling 
analysis was performed in both groups. Overall survival (OS) was subsequently analyzed 
between the two cohorts. Patients enrolled in clinical trials or those with incomplete survival 
or treatment data were excluded (40 cases in the HRR mutation group and 124 cases in the 
non-HRR mutation group were excluded from the OS analysis). Consequently, 90 HRR 
mutation and 374 non-HRR mutation patients were included in OS analysis. We also compared 
the treatment efficacy of first-line platinum doublet chemotherapy between the two groups. A 
total of 87 HRR mutation and 358 non-HRR mutation patients were included in this analysis. 
SBA, small bowel adenocarcinoma; HRR, homologous recombination repair; C-CAT, Center 
for Cancer Genomics and Advanced Therapeutics; CGP, comprehensive genomic profiling; 
OS, overall survival; N, number. 
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Table 1 summarizes the clinical characteristics of patients stratified by HRR gene 

mutation status. No statistically significant differences in age, sex, primary tumor site, ECOG 

PS performance status, family history of cancer, smoking and alcohol use, CGP test type, tissue 

sampling site, and platinum-based first-line regimen were observed between the two groups 

(Table 1). 

 

 
HRR gene 

mutation (+) 
n = 498 

HRR gene 
mutation (−) 

n = 130 
P-value 

Age, years, median (IQR) 65 (56–72) 65 (54–72) 0.56 

Sex, n (male/female) 303/195 87/43 0.22 

Primary site, n (%)    

 DA 262 (53)  70 (54) 0.84 

 SIC 236 (47) 60 (46) 0.84 

ECOG PS 0–1, n (%) 463 (93) 124 (95) 0.43 

Family history of cancer n (%) 342 (69) 88 (68) 0.83 

Smoking, n (%) 222 (45) 65 (50) 0.28 

Alcohol, n (%) 62 (12) 12 (9.2) 0.36 

Genomic profiling test, n (%)   0.92 

 F1CDx 407 (82) 106 (82)  

 NOP 42 (8.4) 12 (9.2)  

 F1L 36 (7.2) 9 (6.9)  

 TOP  10 (2.0) 3 (2.3)  

Guardant 360 3 (0.6) 0  

Tissue sampling area, n (%)   0.39 

 Primary 377 (82) 103 (85)  

 Metastatic 81 (18)  17 (14)  

 Unknown 1 (0.2) 1 (0.8)  
Platinum regimen in the first-line 
chemotherapy, n (%) 358 (72) 87 (67) 0.28 
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Table 1. Clinical characteristics between homologous recombination repair gene 
mutation-positive and -negative patients 
HRR, homologous recombination repair; IQR, interquartile range; n, number; DA, duodenal 
adenocarcinoma; SIC, small intestinal carcinoma; ECOG-PS, Eastern Cooperative Oncology 
Group performance status; F1CDx, FoundationOne CDx; NOP, OncoGuide NCC Oncopanel 
System; F1L, FoundationOne Liquid CDx; Guardant 360, Guardant 360 CDx; TOP, GenMine 
TOP. 
 

MSI status and TMB in relation to HRR gene mutation 

First, we evaluated MSI status and TMB values according to HRR gene mutation status. The 

frequency of MSI-high (MSI-H) was significantly higher in HRR gene-mutation-positive 

patients than in HRR gene-mutation-negative patients (18% vs. 1.2%, P < 0.0001) (Figure 2A). 

Likewise, the median TMB values were significantly elevated in HRR gene mutation-positive 

cases compared to that in HRR gene mutation-negative cases (5.0 Muts/Mb vs. 3.8 Muts/Mb, 

P < 0.0001) (Figure 2D). Furthermore, the proportion of MSI-H cases was significantly higher 

in HRR mutation patients than in non-HRR mutation patients in both the DA (20% vs. 0.8%, 

P < 0.0001) and SIC subgroups (15% vs. 1.7%, P = 0.0001) (Figure 2B and C). Similarly, the 

HRR gene mutation-positive patients had significantly higher median TMB values than the 

HRR gene mutation-negative patients in the DA (4.5 Muts/Mb vs. 3.0 Muts/Mb, P = 0.0157) 

and SIC subgroups (5.0 Muts/Mb vs. 4.0 Muts/Mb, P = 0.010) (Figure 2E and F). Thus, HRR 

gene mutation positivity was associated with a higher frequency of MSI-H and elevated TMB 

levels compared to HRR gene mutation negativity, regardless of the primary tumor site.  
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Figure 2. Frequency of microsatellite instability-high and tumor mutation burden values 
stratified by homologous recombination repair gene mutation status 
The frequency of microsatellite instability-high (MSI-H) stratified by homologous 
recombination repair (HRR) gene mutation status is depicted in the upper panels for (A) all 
small bowel adenocarcinoma (SBA), (B) duodenal adenocarcinoma (DA), and (C) small 
intestinal carcinoma (SIC) cases. The proportion of MSI-H cases was significantly higher in 
HRR mutation cases than in non-HRR mutation cases across all groups. The tumor mutation 
burden (TMB) values stratified by HRR gene mutation status are shown for (D) all SBA, (E) 
DA, and (F) SIC cases in the lower panels. Similarly, the HRR gene mutation-positive patients 
had significantly higher median TMB values than the HRR gene mutation-negative patients 
across all groups. MSI-H, microsatellite instability high; TMB, tumor mutation burden; Mut, 
mutation; Mb, megabase; HRR, homologous recombination repair. 
 

Variant frequencies of each gene based on HRR gene mutation status 

Next, we analyzed the differences in variant frequencies of genes with a mutation frequency 

exceeding 5% in the entire cohort including MMR-related genes between HRR gene mutation-

positive and HRR gene mutation-negative groups. In the entire SBA cohort, the HRR mutation 

group had significantly higher frequencies of PIK3CA, TGFBR2, RNF43, KMT2D, and all 

MMR-related genes than the non-HRR mutation group. Conversely, TP53 and SMAD4 variants 

were significantly more frequent in the non-HRR mutation group than in the HRR mutation 

group (Figure 3A). In the subgroup analyses of the DA and SIC groups, a similar trend was 
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observed between the two groups (Figure 3B and C). No significant difference in gene 

frequencies was noted between the two groups across the primary tumor sites. 

Figure 3. Differences in variant frequencies based on homologous recombination repair 
gene mutation status 
The bar chart illustrates the variant frequencies of individual genes including mismatch repair-
related genes (MSH2, MSH6, MLH1, and PMS2) in all (A) small bowel adenocarcinoma, (B) 
duodenal adenocarcinoma, and (C) small intestinal carcinoma cases. The analysis only 
included genes with mutation frequencies exceeding 5%. Red and blue bars indicate the 
homologous recombination repair gene mutation-positive and HRR gene mutation-negative 
groups, respectively. Similar trends in the genomic profiles were observed across these groups. 
HRR, homologous recombination repair. *P < 0.05, **P < 0.01, ***P < 0.001. 
 

Variant frequencies of each gene based on primary site 

Subsequently, to evaluate the differences in the genomic profiles between the DA and SIC 

groups, we analyzed the variant frequencies of genes with mutation frequencies exceeding 5% 

in the entire cohort, HRR genes, and MMR-related genes. The DA group demonstrated 

significantly frequencies of MDM2, GNAS, and CCND1 variants than the SIC group. 

Conversely, TP53, KRAS, MYC, and BRAF variants were significantly more frequent in the 

SIC group than in the DA group (Figure 4A). Regarding the variant frequencies of the HRR 

genes, no significant differences were observed between two groups (21% vs. 20%, P = 0.84). 
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However, among the individual HRR genes, BRCA1 variants were significantly more frequent 

in the DA group, whereas BRCA2 variants were significantly more frequent in the SIC group. 

No significant differences in the frequencies of MMR-related genes at the primary site were 

observed between the groups (Figure 4B). 

We also analyzed the genomic differences based on primary sites within the HRR 

mutation group. The DA group had significantly higher frequency of MDM2 variants than the 

SIC group (14% vs. 1.7%, P = 0.011). Conversely, SOX9 variants were significantly more 

frequent in the SIC group than in the DA group (17% vs. 4.3%, P = 0.037) (Figure 4C). 

Figure 4. Differences in variant frequencies by primary site 
(A) The bar chart depicts the variant frequencies of genes with mutation rates exceeding 5% in 
total by primary site. Dark blue bars represent the duodenal adenocarcinoma (DA) group, 
whereas orange bars indicate the small intestinal carcinoma (SIC) group. The SIC group had 
significantly higher mutation frequencies of TP53, KRAS, MYC, and BRAF than the DA group. 
Conversely, variants in CDKN2A, MDM2, GNAS, and CCND1 were more frequent in the DA 
group than in the SIC group. (B) The bar chart shows the variant frequencies of homologous 
recombination repair (HRR) genes (ARID1A, ATM, BARD1, BRCA1, BRCA2, BRIP1, CHEK2, 
MRE11, PALB2, RAD50, RAD51C, and RAD51D) and mismatch repair (MMR)-related genes 
(MSH2, MSH6, MLH1, and PMS2). HRR frequency was calculated as the proportion of cases 
with mutations in any HRR gene. The frequency of BRCA1 variants was significantly higher 
in the DA group, whereas BRCA2 variants were significantly more frequent in the SIC group. 
(C) The bar chart illustrates the variant frequencies of genes with mutation rates exceeding 5% 
in total and MMR-related genes in the HRR gene mutation-positive group, stratified by primary 
site. MDM2 variants were significantly more frequent in the DA group than in the SIC group. 
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By contrast, SOX9 variants were significantly more frequent in the SIC group than in the DA 
group. DA, duodenal adenocarcinoma; SIC, small intestinal carcinoma. *P < 0.05, **P < 0.01, 
***P < 0.001. 
 

Analysis of co-occurring and mutually exclusive gene alteration patterns in SBA 

We analyzed the patterns of co-occurrence and mutual exclusivity of gene alterations in SBA. 

In the entire SBA cohort, HRR-related genes and PIK3CA exhibited significant co-occurrence 

(P < 0.05), whereas HRR genes were mutually exclusive with SMAD4 and TP53 (P < 0.01 and 

P < 0.0001, respectively). Additional co-occurring and mutually exclusive gene pairs were also 

identified in the SBA cohort (Figure 5A). 

The subgroup analyses of the DA and SIC cohorts revealed significant findings. DA 

cases exhibited more co-occurring mutations than SIC cases, whereas SIC cases exhibited more 

mutually exclusive mutations than DA cases (Figure 5B and C). Thus, a higher prevalence of 

co-occurrence in DA may be associated with more aggressive disease progression, whereas a 

higher prevalence of mutual exclusivity in SIC indicates that treatments targeting specific 

mutations may be more effective. 
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Figure 5. Co-occurrence and mutual exclusivity of gene alteration patterns 
Heatmaps illustrate co-occurring and mutually exclusive mutations in (A) all small bowel 
adenocarcinoma, (B) duodenal adenocarcinoma (DA), and (C) small intestinal carcinoma (SIC) 
cases. Co-occurring mutations are represented by red squares, whereas mutually exclusive 
mutations between gene pairs are shown in blue. DA cases exhibited more co-occurring 
mutations than SIC cases, whereas SIC cases demonstrated more mutually exclusive mutations 
than DA cases. Color intensity reflects-log10 (P-value). P-values were calculated using the 
Fisher’s exact test. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. 
 

Analysis of survival and treatment outcomes based on HRR gene mutation status 

Finally, we evaluated the clinical significance of HRR mutations on OS and the treatment 

efficacy of platinum-based chemotherapy in patients with SBA. In the entire SBA cohort, no 

significant difference in median OS was observed between the HRR gene mutation-positive 

and HRR gene mutation-negative groups (41.4 months vs. 36.3 months, P = 0.27) (Figure 6A). 

In the DA cohort, the median OS was significantly longer in HRR gene mutation-positive 

patients than in HRR gene mutation-negative patients (not reached vs. 23.5 months, P = 0.040) 

(Figure 6B). Conversely, no significant difference in median OS was observed between HRR 

gene mutation-positive and HRR gene mutation-negative patients in the SIC cohort (38.1 

months vs. 52.0 months, P = 0.54) (Figure 6C). 
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Figure 6. Overall survival according to homologous recombination repair gene mutation 
status. 
(A) Kaplan–Meier curves for overall survival (OS) in the entire small bowel adenocarcinoma 
cohort. No significant differences in median OS were observed between the homologous 
recombination repair (HRR) gene mutation-positive and HRR gene mutation-negative groups 
(41.4 months vs. 36.3 months, P = 0.27). (B) Kaplan–Meier curves for OS in the duodenal 
adenocarcinoma subgroup. The median OS was significantly longer in the HRR gene mutation-
positive group than in the HRR gene mutation-negative group (not reached vs. 23.5 months, P 
= 0.040). (C) Kaplan–Meier curves for OS in the small intestinal carcinoma subgroup. No  
significant differences in median OS were noted between the HRR gene mutation-positive and 
HRR gene mutation-negative groups (38.1 months vs. 52.0 months, P = 0.54). OS, overall 
survival; HRR, homologous recombination repair; NR, not reached; Mo, months; CI, 
confidence interval; No, number. 
 

Next, we compared the ORR and DCR between HRR mutation and non-HRR 

mutation patients in the SBA cohort. In the entire SBA cohort, HRR gene mutation-positive 

patients had a significantly higher ORR than HRR gene mutation-negative patients (30% vs. 

20%, P = 0.042). However, DCR was not significantly different between the HRR mutation 

and non-HRR mutation groups (56% vs. 46%, P = 0.095). In the DA cohort, the HRR gene 

mutation-positive patients demonstrated a significantly higher ORR than the non-HRR 

mutation patients (33% vs. 19%, P = 0.046). Additionally, DCR was significantly higher in the 

HRR mutation patients than in the non-HRR mutation patients (58% vs. 40%, P = 0.044). In 

the SIC cohort, no significant differences in ORR or DCR were observed between the two 

groups (ORR: 26% vs. 20%, P = 0.40; DCR: 55% vs. 46%, P = 0.39, respectively) (Table 2).  

Table 2. Overall response and disease control rates of platinum-based regimens as first-
line chemotherapy in homologous recombination repair gene mutation-positive and -
negative patients with duodenal adenocarcinoma and small intestine carcinoma. 
DA, duodenal adenocarcinoma; SIC, small intestinal carcinoma; n, number; ORR, overall 
response rate; DCR, disease control rate; HRR, homologous recombination repair. 
 

 SBA DA SIC 

 
HRR (+) 

n=87 

HRR (−) 

n=358 
P-value 

HRR (+) 

n=45 

HRR (−) 

n=178 
P-value 

HRR (+) 

n=42 

HRR (−) 

n=180 
P-value 

ORR (%) 30 20 0.042 33 19 0.046 26 20 0.40 

DCR (%) 56 46 0.095 58 40 0.044 55 46 0.39 
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DISCUSSION 

In this study, we investigated the clinical impact of HRR mutations on the genomic profiling, 

treatment outcomes, and prognosis of patients with SBA using a nationwide genomic profiling 

database. HRR mutation positivity was associated with a higher frequency of MSI-H and 

elevated TMB levels across all primary tumor sites. Additionally, we identified differences in 

genomic profiles based on HRR gene mutation status, variations across primary tumor sites 

among HRR mutation cases, and site-specific patterns of co-occurring and mutually exclusive 

mutations involving HRR genes. The impact of HRR mutations on the efficacy of platinum-

based chemotherapy and OS varied according to the primary tumor site. 

 Although the association between HRD and increased TMB levels has been reported 

across various tumor types [13], to our knowledge, such a relationship has not been previously 

described in SBA. Notably, SBA has been reported to exhibit a relatively high prevalence of 

MSI-H status compared to other gastrointestinal malignancies [14]. In this context, our study 

is novel in demonstrating a significant association between HRD and both MSI-H and 

increased TMB levels in SBA, regardless of the primary tumor location within the small 

intestine. These findings may have important therapeutic implications, suggesting a potential 

role for HRD as a biomarker to guide the development or selection of targeted therapies, 

including poly adenosine diphosphate–ribose polymerase (PARP) inhibitors and immune 

checkpoint inhibitors, in this rare cancer type. 

The prognostic implications of primary tumor site-specific genomic alterations 

including HRR genes in SBA remain unclear. DA has a worse prognosis than SIC, potentially 

because of its higher prevalence of gastric-type features [5, 15]. Our findings revealed novel 

associations between HRR mutation status, genomic alterations, and the primary tumor site. 

The frequent co-occurrence of mutations in DA may contribute to its aggressive clinical 

behavior, whereas the mutual exclusivity observed in SIC highlights distinct genetic 
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characteristics. 

Although the role of HRD as a predictive marker for platinum-based chemotherapy 

and PARP inhibitors is well established in pancreatic, ovarian, and other cancers[16, 17], its 

impact in SBA remains understudied. The definition of HRD is inconsistent and complex, 

making its evaluation challenging [18, 19]. Therefore, in the present study, we assessed HRD 

using HRR mutations. Our results demonstrated that although the HRR gene mutation status 

was not associated with treatment efficacy or prognosis in the overall SBA and SIC cohorts, 

HRR gene mutation positivity in DA was linked to improved efficacy of platinum-based 

chemotherapy and longer OS. This may be explained by the recommendation to add oxaliplatin 

in MSI-H colorectal cancer chemotherapy due to the limited efficacy of fluoropyrimidine-

based chemotherapy alone [20]. In this study, the difference in the frequency of MSI-H and 

TMB levels according to HRR gene mutation status tended to be more pronounced in DA cases 

compared to the overall SBA cohort and SIC cases. Therefore, HRR gene mutations may confer 

greater benefit from platinum-based combination chemotherapy specifically in DA. Taken 

together, these findings suggest that HRR gene mutations may serve as simplified surrogate 

markers for HRD in DA, although further validation is warranted. 

Additional genetic mutations may also modulate the efficacy of platinum-based 

chemotherapy. For example, MDM2 mutations have been associated with increased sensitivity 

to platinum-based agents [21], whereas SOX9 mutations may confer oxaliplatin resistance [22]. 

MDM2 mutations were more frequent in the DA group, whereas SOX9 mutations were 

predominant in the SIC group. These findings may explain the differential impact of HRR gene 

mutations on treatment efficacy and prognosis between these subtypes. 

 SBA is a rare malignancy with limited effective treatment options [23, 24]. However, 

owing to its rarity, clinical trial opportunities for newly diagnosed patients with SBA are scarce, 

resulting in a relative lack of diagnostic, predictive, and prognostic biomarkers [25]. In 
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accordance with colorectal cancer, the additive effects of anti-EGFR and anti-VEGF antibodies 

in chemotherapy have been investigated [26-28]. Genetic alterations such as KRAS and ERBB2 

have been evaluated as potential predictive biomarkers for the efficacy of anti-EGFR antibody 

therapy [29]. However, to date, no studies have reported on HRD-targeted therapies for small 

bowel cancer. The findings of this study may contribute to the development of novel targeted 

therapies. Specifically, our findings indicate that HRR mutations may serve as predictive 

biomarkers for the efficacy of platinum-based chemotherapy, particularly in DA. In contrast, 

their predictive value may be limited in SIC, where the high prevalence of mutually exclusive 

alterations such as ERBB2 and KRAS suggests the presence of distinct molecular pathways.  

Several limitations should be acknowledged. First, most patients underwent tissue-

based panel testing, which made it difficult to distinguish somatic from germline mutations. 

Second, the cohort was limited to Japanese patients, which may restrict generalizability. Future 

prospective studies and external validation cohorts will be necessary to confirm the predictive 

value of HRR gene mutations in SBA. Lastly, the C-CAT database contains substantial 

amounts of missing survival and clinical outcome data. Nevertheless, cases with missing data 

were excluded to ensure the reliability of the results. 

In conclusion, HRR gene mutations significantly influenced genomic profiles and 

treatment outcomes in SBA. HRR mutation positivity, particularly in DA, was associated with 

better outcomes following platinum-based chemotherapy and improved OS. These findings 

highlight the potential of HRR mutations as biomarkers for personalized treatment strategies 

of SBA.   
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