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Background and Objectives: Duodenal adenocarcinoma (DAC) is a rare tumor that is often accompanied by liver metastasis in 
advanced stages. The aim of this study was to evaluate the correlation between clinicopathological characteristics and survival in DAC 
patients with liver metastasis, and to explore appropriate treatment options.
Methods: 482 DAC patients with liver metastasis were retrospectively identified from the Surveillance, Epidemiology and End 
Results (SEER) database (2011–2020). Univariate and multivariate Cox regression analyses were performed to explore the clinico-
pathological factors related to survival. The Kaplan-Meier method was used to identify the independent risk factors associated with 
survival.
Results: The 1-year overall survival (OS) and cancer-specific survival (CSS) rates for the entire cohort were 25.4% and 28.3%, and 
the 5-year OS and CSS rates were 2.4% and 2.9% respectively. Univariable analysis and multivariate analysis identified chemotherapy 
and surgery as the independent risk factors for OS and CSS. Patients who underwent chemotherapy and surgery had better CSS and 
OS rates, whereas radiotherapy failed to improve outcomes.
Conclusion: We identified several prognostic factors of DAC with liver metastasis. Chemotherapy and surgery can prolong the 
survival of DAC patients with liver metastasis, which lays the foundation for identifying the optimal treatment strategy.
Keywords: duodenal adenocarcinoma, liver metastasis, clinicopathological characteristics, survival, SEER database

Introduction
Although the incidence of duodenal adenocarcinoma (DAC) has increased in recent years, it remains a rare malignancy 
that accounts for a mere 0.5% of all gastrointestinal tumors, with an incidence of 0.2–0.5 per 100,000 people.1–4 The 
common symptoms of DAC are abdominal pain, abdominal distension, nausea, vomiting, fatigue, weight loss, gastro-
intestinal bleeding and anemia, of which abdominal pain is most frequent.5 Jaundice and intestinal obstruction may occur 
in the late stage of DAC.6 Due to the lack of specific symptoms, most patients are diagnosed with advanced stage, 
resulting in poor prognosis.7 Among 223 cases of small intestinal adenocarcinoma (including 132 duodenal adenocarci-
noma), the most common metastatic sites were peritoneum (50%), liver (47.1%), and lung (14.3%).8 In addition, there is 
no standardized therapeutic regimen for DAC due to its low incidence rates. Resection is currently the only curative 
option for early stage DAC; however, the efficacy of palliative care including palliative resection, chemotherapy, and 
radiotherapy for DAC with distant metastasis remains ambiguous.9 Studies show that tumor size, stage, grade, regional 
lymph node metastasis and surgery are some of the risk factors associated with the survival of patients with DAC.10–14 

However, the survival predictors and appropriate therapeutic options for DAC with liver metastasis remain unknown. 
The aim of this study was to investigate the correlation between clinicopathological characteristics and survival in DAC 
patients with liver metastasis using data retrieved from the SEER database, and to explore appropriate treatment options.
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Materials and Methods
Data Source
The SEER database has been set up by the National Cancer Institute to collate the clinical information of cancer patients 
in the United States.15 The SEER*Stat software (version 8.4.0.1) was used to extract the data of DAC patients, which 
was then screened using site codes and histological codes defined by the third edition of the International Classification 
of Diseases for Oncology (ICD-O-3). The inclusion criteria were as follows: 1) pathological diagnosis of DAC, 2) 
presence of liver metastasis, 3) single primary tumor, and 4) diagnosed between 2011–2020. Patients with incomplete 
follow-up information and survival time less than one month were excluded. The suitable authorization was obtained to 
access and use the data from SEER database, and all protocols were followed to protect patient privacy. The SEER 
database is a publicly available database. The data published by the SEER database does not require informed patient 
consent because cancer is a reportable disease in the United States. This study complies with the Declaration of Helsinki 
and its subsequent amendments.

Study Variables
The demographic and clinicopathological data obtained from the Surveillance, Epidemiology, and End Results (SEER) 
database encompassed variables such as gender, age, ethnicity, marital status, tumor grade, tumor size, presence of organ 
metastasis (specifically in the bone, brain, or lung), utilization of radiotherapy, chemotherapy, and surgery. The patients 
were classified on the basis of the age at diagnosis (<60 and ≥ 60 years), ethnicity (Caucasian, African American and 
others) and marital status (married and unmarried including divorced, widowed, separated and single based on codes in 
SEER database). In addition, the G1 (well differentiated) and G2 (moderately differentiated) tumors were pooled as low 
grade, and G3 (poorly differentiated) and G4 (undifferentiated or anaplastic) as high grade according to the SEER tumor 
grading system. The X-tile software (version 3.6.1) was used to determine the optimal cutoff for tumor size, and the 
patients were divided accordingly (<4 and ≥4 cm). Additionally, the patients were categorized into two groups, namely 
the metastasis and non-metastasis groups, according to the presence or absence of metastatic growth in other organs such 
as bone, brain, or lung. Similarly, the participants were categorized into distinct cohorts based on their exposure to 
radiotherapy, chemotherapy, and surgery. The local therapeutic interventions employed in this investigation, encompass-
ing surgery and radiotherapy, were specifically directed towards the primary site of DAC with liver metastasis.

Overall Survival (OS) and Cancer-Specific Survival (CSS)
OS was defined as the time from cancer diagnosis to death caused by any cause. CSS was defined as the time from 
diagnosis to death due to the cancer.

Statistical Analyses
Statistical analyses were performed using IBM SPSS statistical software (version 22.0). Univariate Cox regression model 
was established to evaluate the correlation of sex, age, ethnicity, marital status, year of diagnosis, grade, size, organ 
metastasis (bone/brain/lung), radiotherapy, chemotherapy, and surgery with OS and CSS. The independent predictors of 
OS and CSS were identified with the multivariate Cox regression model. Kaplan-Meier curves were plotted using 
R software to determine the independent risk factors associated with survival, and the results were expressed as hazard 
ratios (HR) with 95% confidence intervals (CI). All statistical tests were two-sided, and P<0.05 was considered 
statistically significant at.

Results
Clinicopathological Characteristics of Patients
A total of 482 DAC patients with liver metastasis were selected, of which 274 (56.8%) were male and 208 (43.2%) were 
female. In addition, 72.6% of the patients were white, and 19.1% were African-American. Most patients were older than 
60 years (73.9%). Furthermore, 288 patients (59.8%) were married and 173 (35.9%) were unmarried. Tumor grade was 
classified as low grade (170, 35.3%), high grade (118, 24.5%) and unknown (194, 40.2%). There were 156 patients with 
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defined tumor size, of which 91 (18.9%) and 65 (13.5%) had tumors measuring < 4 cm and ≥ 4 cm in diameter 
respectively. 108 patients also complicated with bone, brain or lung metastasis. In addition, 54 (11.2%) patients received 
radiotherapy, and chemotherapy was performed for 328 (68.0%). A total of 44 patients underwent surgery. The 1-year OS 
and CSS rates for all patients were 25.4% and 28.3%, and the 5-year OS and CSS rates were 2.4% and 2.9% respectively. 
The clinicopathological characteristics of DAC patients with liver metastasis are summarized in Table 1.

Univariable and Multivariable Cox Regression Analysis
The univariate analysis showed that older age, organ metastasis (bone, brain, or lung), lack of chemotherapy, and no 
surgery were predictors of lower OS and CSS. Marital status was associated with patient OS, not CSS. Patients who were 

Table 1 Baseline Demographic and Clinicopathologic 
Characteristics of 482 Duodenal Adenocarcinoma with 
Liver Metastasis

Variable Value

Gender

Male 274 (56.8%)
Female 208 (43.2%)

Age (years)

<60 126 (26.1%)
≥60 356 (73.9%)

Ethnicity
White 350 (72.6%)

African American 92 (19.1%)

Others 40 (8.3%)
Marital status

Married 288 (59.8%)

Unmarried 173 (35.9%)
Unknown 21 (4.4%)

Grade

Low grade 170 (35.3%)
High grade 118 (24.5%)

Unknown 194 (40.2%)

Size (cm)
<4 cm 91 (18.9%)

≥4 cm 65 (13.5%)

Unknown 326 (67.6%)
Organ metastasis(bone/brain/lung)

Yes 108 (22.4%)

No 374 (77.6%)
Radiotherapy

Yes 54 (11.2%)

No 428 (88.8%)
Chemotherapy

Yes 328 (68.0%)

No 154 (32.0%)
Surgery

Yes 44 (9.1%)

No 438 (90.9%)
1-year OS rate 25.4%

1-year CSS rate 28.3%

5-year OS rate 2.4%
5-year CSS rate 2.9%
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married had better OS. However, gender, ethnicity, tumor grade, tumor size, and radiotherapy were not significantly 
associated with the OS or CSS (Table 2). Furthermore, multivariate analysis identified lack of chemotherapy and no 
surgical resection of the primary tumors as independent predictors of reduced OS and CSS (Table 3).

Kaplan-Meier Survival Analysis
As shown in Figure 1, without organ metastasis (bone/brain/lung) resulted in a significant survival benefit for the patients 
(p < 0.05). However, tumor grade and tumor size had no significant effect on the survival of patients (p > 0.05). As 
shown in Figure 2, chemotherapy and surgery resulted in a significant survival benefit for the patients (p < 0.05). 
However, radiotherapy had no significant effect on the survival of patients (p > 0.05).

Discussion
Advanced duodenal carcinoma presents a poor prognosis, with only a few reports available regarding its clinical features, 
prognostic risk factors and appropriate treatment. We conducted the largest study to date in patients with DAC with liver 

Table 2 Univariate Cox Analysis of Variables in Duodenal Adenocarcinoma Liver Metastasis

Variable OS CSS

HR(95% CI) P HR(95% CI) P

Gender

Male 1 1
Female 1.133(0.936–1.372) 0.200 1.152(0.945–1.403) 0.161

Age (years)

<60 1 1
≥60 1.289(1.037–1.604) 0.022 1.290(1.030–1.617) 0.027

Ethnicity

White 1 1
African American 0.830(0.650–1.058) 0.132 0.822(0.638–1.058) 0.128

Others 0.958(0.675–1.360) 0.809 0.996(0.698–1.423) 0.984

Marital status
Married 1 1

Unmarried 1.260(1.032–1.538) 0.023 1.231(1.000–1.514) 0.050

Unknown 1.216(0.762–1.940) 0.412 1.293(0.810–2.066) 0.281
Grade

Low grade 1 1

High grade 1.154(0.900–1.480) 0.260 1.171(0.906–1.514) 0.227
Unknown 1.025(0.823–1.278) 0.825 1.023(0.814–1.285) 0.847

Size (cm)

<4 1 1
≥4 1.091(0.788–1.509) 0.600 1.140(0.817–1.591) 0.440

Unknown 0.800(0.627–1.021) 0.073 0.798(0.620–1.029) 0.082

Organ metastasis (bone/brain/lung)
Yes 1 1

No 0.765(0.610–0.960) 0.021 0.751(0.595–0.948) 0.016
Radiotherapy

Yes 1 1

No 0.955(0.714–1.277) 0.754 0.944(0.699–1.273) 0.705
Chemotherapy

Yes 1 1

No 2.646(2.147–3.261) <0.001 2.692(2.170–3.340) <0.001
Surgery

Yes 1 1

No 2.134(1.489–3.059) <0.001 2.138(1.475–3.100) <0.001
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metastases to explore clinicopathological features, prognostic factors, and treatment options. In our study, the majority of 
the patients in our cohort were elderly (≥ 60 years), and the number of males was slightly more than that of females. Our 
results validated that gender, age, and ethnicity were not independent predictor associated with the OS and CSS. Marital 
status was associated with patient OS, not CSS.

The prognosis of DAC is generally dismal, with a 5-year OS of only 32.3%; in addition, none of the patients with 
advanced cancer survived for five years.7 In our study, the 1-year OS and CSS rates for DAC patients with liver 
metastasis were 25.4% and 28.3%, and the 5-year OS and CSS rates were 2.4% and 2.9%. We did not observe any 
significant association between tumor size and prognosis. In contrast, previous studies have found tumor size to be an 
independent predictor of survival in DAC patients.10,16,17 Nevertheless, the primary tumor size may not have an impact 
on the prognosis of patients with metastasis. Tumor grade is one of the significant factors affecting the prognosis of DAC, 
and high tumor grade portends worse prognosis,10,18 which was also confirmed in our study. In addition, 22.4% of the 
DAC patients with liver metastasis had metastases to other organs (bone, brain, or lung), but distant metastasis was not 
identified as a significant prognostic factor.

Traditional medical treatments for DAC patients include surgery, radiotherapy, and chemotherapy. However, few data 
factually support their survival benefits in DAC patients with liver metastasis. This is partly due to the fact that some 
advanced patients reject the above treatment options for palliative care.19 Surgical resection is currently the only 
treatment for DAC with curative potential. Ryder et al showed that the 5-year OS rate was 43% in DAC patients with 
tumor resection and only 13% in patients without tumor resection.16 The efficacy of adjuvant chemoradiotherapy for 
DAC remains controversial. Ecker et al showed that adjuvant radiotherapy did not confer any survival benefit on DAC 
patients, while Lim et al demonstrated that post-operative radiotherapy in DAC patients improved the OS and CSS.20,21 

A study based on the National Cancer Database reported that adjuvant chemotherapy prolonged the OS in DAC patients 
with locally advanced disease.22 However, a population-based, case-matched analysis showed that adjuvant chemother-
apy in stage II and III DAC patients had no significant survival benefit.23 Furthermore, a study based on data from the 
National Clinical Oncology Database revealed that combining radiotherapy with adjuvant chemotherapy did not 
significantly improve survival.20 For advanced DAC, the efficacy of radiotherapy remains equivocal. Surgery and 
palliative chemotherapy improve survival in patients with advanced DAC.24–26 However, little data is available regarding 
the effects of these treatments on the survival of DAC patients with liver metastasis. We found that chemotherapy and 

Table 3 Multivariate Cox Analysis of Variables in Duodenal Adenocarcinoma Liver Metastasis

Variable OS CSS

HR(95% CI) P HR(95% CI) P

Age (years)

<60 1 1
≥60 1.113(0.892–1.388) 0.344 1.107(0.881–1.391) 0.384

Marital status

Married 1 1
Unmarried 1.096(0.894–1.344) 0.377 1.063(0.860–1.314) 0.573

Unknown 0.977(0.610–1.564) 0.922 1.035(0.646–1.660) 0.885

Organ metastasis (bone/brain/lung)
Yes 1 1

No 0.812(0.645–1.023) 0.077 0.796(0.627–1.009) 0.060

Chemotherapy
Yes 1 1

No 2.544(2.056–3.147) <0.001 2.597(2.085–3.235) <0.001

Surgery
Yes 1 1

No 1.975(1.378–2.831) <0.001 1.961(1.352–2.844) <0.001
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Figure 1 Kaplan-Meier method estimated OS and CSS in duodenal adenocarcinoma with liver metastasis stratified by tumor grade, size, and organ metastasis (bone/brain/ 
lung). (A) OS stratified by tumor grade; (B) CSS stratified by tumor grade; (C) OS stratified by size; (D) CSS stratified by size; (E) OS stratified by organ metastasis (bone/ 
brain/lung); (F) CSS stratified by organ metastasis (bone/brain/lung).
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Figure 2 Kaplan-Meier method estimated OS and CSS in duodenal adenocarcinoma with liver metastasis stratified by treatment methods. (A) OS stratified by radiotherapy; 
(B) CSS stratified by radiotherapy; (C) OS stratified by chemotherapy; (D) CSS stratified by chemotherapy; (E) OS stratified by surgery; (F) CSS stratified by surgery.
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surgery, but not radiotherapy, was associated with favorable prognosis. Thus, multimodal therapy for DAC patients with 
liver metastasis is strongly recommended.

This study has several limitations that should be considered. First, as a retrospective study, bias was inevitable 
Second, the data on treatment regimens was limited, and there was no information regarding the protocols and doses for 
chemotherapy. Third, since detailed data on tumor recurrence, metastasis and progression was lacking, we could not fully 
evaluate the survival outcomes. Despite these shortcomings, the SEER database provides clinicians with an invaluable 
tool for clinical cancer research, enabling large-scale studies of rare diseases.

Conclusions
We identified several prognostic factors for DAC with liver metastasis, including chemotherapy and surgery. This study 
provides insights into customized treatment regimens, although our findings will have to be validated in large-scale 
prospective, multicenter, randomized controlled studies.
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