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ABSTRACT

Background: The efficacy of adjuvant treatment in resected duodenal adenocarcinoma has not been well
established. This study aimed to evaluate the impact of postoperative chemotherapy (POCT) and postop-
erative chemoradiotherapy (POCRT) on survival in this rare malignancy.
Methods: Patients diagnosed with duodenal adenocarcinoma from SEER database between 2004 and 2019
were identified. Overall survival (OS) and cancer-specific survival (CSS) were analyzed before and after
propensity score matching (PSM). Subgroup analyses were conducted to identify which patient groups
benefited from adjuvant therapy.
Results: Among the 1320 eligible patients, 33.8 % received surgery plus POCT, and 10.8 % received surgery
plus POCRT. Compared to surgery alone, POCT significantly improved OS both before and after PSM
(P < 0.001). While no significant CSS benefit was observed in the unmatched population, PSM analysis
showed improved CSS with POCT (P < 0.001). In contrast, POCRT did not improve OS or CSS, regardless of
PSM. Subgroup analyses revealed no survival benefit from POCT in patients younger than 68, those with
NO stage, stage I-1I disease, or Black race. POCRT did not significantly improve outcomes in any subgroup.
Conclusions: POCT demonstrates a survival benefit in locally advanced duodenal adenocarcinoma,
whereas POCRT does not improve outcomes. Patients younger than 68, with NO stage, stage I-II disease,
or of Black race may not benefit from POCT.
Impact: These findings guide clinical decision-making by identifying patient subgroups that benefit from
adjuvant chemotherapy while suggesting limited utility for chemoradiotherapy in this setting.

© 2025 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights are reserved,
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1. Introduction

and remain at risk for poor survival outcomes, which indicates
the urgent need for effective treatment option to improve survival

Duodenal adenocarcinoma is a rare malignancy, accounting for
only 0.5 % of all gastrointestinal tract malignancies [1]. Due to
its rarity, the limited understanding of the disease and the lack
of comprehensive research data, uncertainties persist regarding its
clinical management and treatment strategies [2]. Surgical resec-
tion has traditionally been considered the mainstay of treatment
for duodenal adenocarcinoma [3]. However, even after surgical re-
section, patients still experience a high rate of distant recurrence
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rates and enhance quality of life for patients. Nevertheless, the op-
timal choice of adjuvant therapy remains a topic of debate, with a
lack of support from large-scale clinical trial data and authoritative
guidelines [4]. Previous treatment paradigms have been extrapo-
lated from colon cancer, yet the distinct characteristics of duodenal
adenocarcinoma necessitate tailored approaches [5].

Postoperative chemotherapy (POCT) offers the potential advan-
tage of targeting residual cancer cells and reducing the risk of
micro-metastases [6]. However, it comes with the drawback of po-
tential side effects and toxicity, including nausea, fatigue, and in-
creased susceptibility to infections, which may adversely impact
patients’ quality of life [7]. Similarly, postoperative chemoradio-
therapy (POCRT) combines the cytotoxic effects of chemotherapy
with the localized tumor-killing effects of radiation therapy, poten-
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tially enhancing local tumor control and preventing locoregional
recurrence [8,9]. Nevertheless, the combination therapy may also
lead to increased treatment-related toxicity, including acute and
late radiation-induced side effects, such as mucositis and fibrosis
[10]. Despite the potential advantages of adjuvant therapy follow-
ing surgery, previous studies have yielded conflicting results, with
many small-scale investigations failing to demonstrate a clear sur-
vival benefit [5,11,12]. Managing duodenal adenocarcinoma poses
considerable challenges for oncologists due to the rarity of this
disease and limited therapeutic insights. Identifying the prognos-
tic value of adjuvant therapy and the appropriate patient cohort
for postoperative therapy is crucial for enhancing patient survival
and preventing overtreatment.

In light of these considerations, our study aims to address
these knowledge gaps by analyzing the Surveillance, Epidemiology,
and End Results (SEER) database using propensity score matching
(PSM). By comparing the overall survival (OS) and cancer-specific
survival (CSS) outcomes between different treatment modalities,
including surgery alone versus surgery plus POCT or POCRT, we
seek to provide valuable insights into the optimal management
of duodenal adenocarcinoma. Through our comprehensive analysis,
we aim to contribute to the refinement of treatment strategies and
the optimization of clinical care for patients with this rare malig-
nancy.

2. Materials and methods
2.1. Study population

Data concerning demographics, clinicopathological features,
treatment modalities, and survival outcomes were extracted from
the SEER database covering the period from 2004 to 2019, utiliz-
ing the SEER*Stat software provided by the National Institutes of
Health, USA. The SEER program collects and publishes cancer in-
cidence and survival data from population-based cancer registries
covering approximately 34.6 % of the U.S. population.

In the current study, eligibility criteria were:(1) individuals aged
> 18 years, (2) diagnosis localized to the duodenum, denoted
by the primary site labeled as ‘C17.0-Duodenum’, (3) histological
confirmation of adenocarcinoma, as classified by the International
Classification of Diseases code ‘8140° with the malignant behav-
ior code, (4) availability of American Joint Committee on Cancer
TNM stage and survival data, and (5) undergoing curative-intent
surgical resection, and the surgical approach was limited to simple
or partial surgical removal of primary site (codes: 30), total sur-
gical removal of primary site or enucleation (code: 40), and radi-
cal surgery(code: 60). In addition, exclusion criteria encompassed:
1) the presence of distant metastasis, 2) undergoing neoadjuvant
chemotherapy or neoadjuvant radiotherapy, and 3) undergoing pal-
liative therapy; 4) missing data regarding the method of surgical
resection or the timing of multimodality therapy (Fig.1).

Since all these data came from a public SEER database, no
ethics application was required nor was the requirement for in-
formed consent.

2.2. Variables and outcomes

Variables assessed encompassed age, gender, race, tumor size,
histological grade, TNM stage, chemotherapy, radiotherapy, treat-
ment sequence, survival status, and survival time. Among them,
cause-specific mortality data or censoring information were avail-
able in the SEER database upon confirmation of duodenal adeno-
carcinoma diagnosis as the initial malignancy.

In the term of treatment strategy, POCT was defined as the
administration of chemotherapy after surgery, excluding any doc-
umented history of neoadjuvant or perioperative treatment. Ad-
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ditionally, POCRT was delineated as the utilization of combined
chemotherapy and radiotherapy following surgery, without any
documented history of neoadjuvant or perioperative therapy.
Furthermore, the primary outcomes of OS and CSS. OS referred
to the period from the initiation of surgery until the patient’s
death or the last follow-up, while CSS was defined as the time be-
tween surgery and the date of cancer-related death or last contact.

2.3. Statistical analysis

For categorical variables, descriptive statistics were presented
in terms of frequencies, while for continuous variables, medians
were utilized. Categorical and continuous variables were subjected
to analysis using either Pearson’s x2 test or Fisher’s exact test,
respectively. To mitigate potential selection bias related to treat-
ment assignment, propensity score matching (PSM) was applied
in two separate comparisons: surgery alone vs. surgery + POCT,
and surgery + POCT vs. surgery + POCRT. A 1:1 matching ratio
was adopted for the first comparison, given the relatively suffi-
cient and balanced sample sizes between the surgery alone and
surgery + POCT groups. For the second comparison, a 2:1 match-
ing ratio was used due to the limited number of patients in the
surgery + POCRT group. This approach allowed for better reten-
tion of available cases while maintaining adequate statistical power
and covariate balance. Covariate balance before and after match-
ing was assessed using chi-square P values and standardized mean
differences (SMDs). Kaplan-Meier analysis coupled with a log-rank
test was employed. Based on the results of univariate analysis and
clinically relevant variables, multivariate Cox proportional hazards
model analysis was accomplished to identify prognostic factors,
with hazard ratios (HR) and 95 % confidence interval (CI) values
utilized to express the results. Statistical significance was deter-
mined by two-sided P values < 0.05. All statistical analyses were
conducted with R version 4.1.1 (R Foundation for Statistical Com-
puting, Vienna, Austria).

3. Results
3.1. Baseline characteristics and treatment patterns

A total of 1320 eligible patients were identified, and their base-
line characteristics are summarized in Table 1. The median age of
the cohort was 68 years, with a predominance of females (56.2 %)
and Caucasians (77.1 %). Most tumors (62.3 %) were categorized as
well or moderately-to-well differentiated, corresponding to Grade
[-II. Additionally, most patients had T3 (38.6 %) or T4 (44.5 %)
tumors, and regional lymph node involvement was observed in
46.6 % of cases.

Regarding treatment patterns, in the overall cohort, all pa-
tients underwent radical surgical resection. Among them, 732 cases
(55.5 %) received surgery alone, while the remaining cases re-
ceived postoperative adjuvant therapy (POAT). Specifically, 446
cases (33.8 %) received surgery plus POCT, and 142 cases (10.8 %)
received surgery plus POCRT. Interestingly, the utilization of POCT
steadily increased over the study period (P <0.001). The propor-
tion of patients receiving POCT increased from 17.9 % in 2004 to
449 % in 2019, marking a notable increase of 27.0 %. In contrast,
the proportion of patients receiving POCRT decrease by 11.8 % over
the same period (Supplementary Figure 1).

3.2. Comparison of different treatment cohorts

When comparing patients treated with surgery alone to those
treated with surgery plus POCT, notable discrepancies were ob-
served across patient and tumor characteristics. Patients aged
<68 years were more frequently treated with surgery plus POCT
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Patients pathologically diagnosed with duodenal adenocarcinoma (n=5155)

Excluded:

»| 1.Unclear TNM stage

2.Patients with distant metastasis
3.Radical resection was not performed
4.Underwent neoadjuvant therapy

A

‘ Patients with duodenal adenocarcinoma who received surgery + adjuvant chemotherapy (n=1328) ‘

v v v
‘ Surgery (n=736) ‘ ‘ Surgery + POCT (n=450) ‘ ] Surgery + POCRT (n=142) ‘
A 4 l
‘ Propensity score matching (1:1) ‘ ‘ Propensity score matching (2:1) ‘
‘ Surgery vs Surgery + POCT ‘ ‘ Surgery+ POCT vs Surgery + POCRT ‘

Fig. 1. Patient selection flow diagram.

Table 1
Baseline characteristics.

P for Surgery+POCT

Total Surgery Surgery + POCT  Surgery + POCRT P for Surgery vs Vs
Characteristic (n=1320,%) (N = 732) (N = 446) (N =142) Surgery + POCT Surgery + POCRT
Year of diagnosis <0.001 <0.001
2004-2010 476 (36.1) 290 (39.6) 119 (26.7) 67 (47.2)
2010-2019 844 (63.9) 442 (60.4) 327 (73.3) 75 (52.8)
Age at diagnosis (year) <0.001 0.126
< 68 631 (47.8) 276 (37.7) 261 (58.5) 94 (66.2)
> 68 689 (52.2) 456 (62.3) 185 (41.5) 48 (33.8)
Gender 0.142 0.601
Male 578 (43.8) 308 (42.1) 208 (46.6) 62 (43.7)
Female 742 (56.2) 424 (57.9) 238 (53.4) 80 (56.3)
Race 0.189 0.899
White 1018 (77.1) 580 (79.2) 333 (74.7) 105 (73.9)
Black 193 (14.6) 96 (13.1) 72 (16.1) 25 (17.6)
Others 109 (8.3) 56 (7.7) 41 (9.2) 12 (8.5)
Grade <0.001 0.553
I-11 823 (62.3) 495 (67.6) 254 (57.0) 74 (52.1)
1I-1vV 452 (34.2) 210 (28.7) 178 (39.9) 64 (45.1)
NA 45 (3.4) 27 (3.7) 14 (3.1) 4(2.8)
TNM stage <0.001 0.225
[ 169 (12.8) 158 (21.6) 8(1.8) 3(2.1)
Il 445 (33.7) 306 (41.8) 98 (22.0) 41 (28.9)
11 706 (53.5) 268 (36.6) 340 (76.2) 98 (69.0) <0.001 0.097
T stage
T1 107 (8.1) 94 (12.8) 10 (2.2) 3(2.1)
T2 117 (8.9) 86 (11.7) 27 (6.1) 4 (2.8)
T3 509 (38.6) 288 (39.3) 176 (39.5) 45 (31.7)
T4 587 (44.5) 264 (36.1) 233 (52.2) 90 (63.4) <0.001 0.108
N stage
NO 614 (46.5) 464 (63.4) 106 (23.8) 44 (31.0)
N1-2 706 (53.5) 268 (36.6) 340 (76.2) 98 (69.0) 0.762 0.358
Tumor size (cm)
<4 621 (47.0) 332 (454) 212 (47.5) 77 (54.2)
> 4 622 (47.1) 356 (48.6) 209 (46.9) 57 (40.1)
NA 77 (5.8) 44 (6.0) 25 (5.6) 8 (5.6) 0.150 0.025
Income
< 59,999 366 (27.7) 210 (28.7) 107 (24.0) 49 (34.5)
60,000-74,999 536 (40.6) 290 (39.6) 198 (44.4) 48 (33.8)
>75,000 418 (31.7) 232 (31.7) 141 (31.6) 45 (31.7) 0.092 0.212
Geographic location
Counties in nonmetropolitan areas 132 (10.0) 82 (11.2) 34 (7.6) 16 (11.3) <0.001 <0.001
Counties in metropolitan areas < 1 million population 384 (29.1) 214 (29.2) 125 (28.0) 45 (31.7)
Counties in metropolitan areas > 1 million population 804 (60.9) 436 (59.6) 287 (64.3) 81 (57.0)

Note: The tumor differentiation grade was classified as follows: Grade I (well-differentiated), Grade II (moderately differentiated), Grade Il (poorly differentiated), and
Grade IV (undifferentiated). NA, not available; POCT, postoperative chemotherapy; POCRT, postoperative chemoradiotherapy.
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(58.5 %) compared to surgery alone (37.7 %), while those aged
>68 years were more likely to undergo surgery alone (62.3 %)
than surgery plus POCT (415 %) (P < 0.001). Additionally, pa-
tients with earlier-stage disease (stage I and II) were more in-
clined to receive surgery alone (63.4 %) rather than surgery plus
POCT (23.8 %). The distribution of T stage also varied significantly,
with surgery alone more common among patients with T1 and
T2 stage, whereas surgery plus POCT was favored among those
with T3 and T4 stage (P < 0.001). Furthermore, patients treated
with surgery alone exhibited a higher proportion of cases without
lymph node involvement (NO stage: 63.4 %) compared to those re-
ceiving surgery plus POCT (23.8 %). Conversely, surgery plus POCT
was more prevalent among patients with N1-N2 stage compared
to surgery alone (76.2 % vs 36.6 %, P < 0.001). In additional, sig-
nificant differences in income were observed between the surgery
plus POCT and surgery plus POCRT cohorts (income < $59,999:
28.7 % vs 24.0 %, $60,000-74,999: 39.6 % vs 44.4 %, and income
>$75,000: 31.7 % vs 31.6 %, P = 0.025).

However, there were no significant associations found between
the administration of POCT or POCRT and demographic or tumor-
related factors such as age, gender, race, TNM stage, T stage, N
stage, pathological grade, tumor size, and geographic region. The
details can be found in Table 1.

3.3. Survival outcomes of the entire cohort

The median follow-up time was 73.0 month, during which 512
patients succumbed to disease-associated causes, while 195 pa-
tients expired due to other reasons. The Kaplan-Meier survival
curves illustrating OS and CSS in the entire population before PSM
are presented in Fig. 2A-B. In the entire cohort, the median OS and
CSS were 43.0 months and 81.0 months. In the entire cohort, the
1-, 3-, and 5-year OS rates were 77.0 %, 53.9 %, and 44.6 %, respec-
tively, while the corresponding CSS rates were 82.4 %, 62.5 %, and
54.1 %, respectively.

Subsequently, we observed that POAT significantly improved
0OS compared to surgery alone (P < 0.001), but did not result in
an improvement in CSS (P = 0.425) (Fig. 2C-D). When compar-
ing different treatment groups, the median OS was 35.0 months
for the surgery alone group, 53.0 months for the surgery plus
POCT group, and 54.0 months for the surgery plus POCRT group.
In terms of median CSS, the values were 104 months for surgery
alone, 76 months for surgery plus POCT group, and 66 months
for surgery plus POCRT group. Moreover, the 5-year rates of OS
and CSS among patients treated surgery alone versus surgery plus
POCT versus surgery plus POCRT, were as follows: for OS, the rates
were 42.3 % versus 474 % versus 47.6 %, respectively, while for
CSS, the rates stood at 56.5 % versus 51.8 % versus 52.5 %, re-
spectively. Postoperative therapy significantly improved patients’
OS compared to surgery alone, with a P-value of <0.001. However,
there was no significant difference in CSS, with a P-value of 0.611
(Fig. 2E-F).

3.4. Prognostic factors of the entire cohort

To thoroughly investigate the impact of various treatment
strategies and clinical variables on survival outcomes in the en-
tire cohort, both univariate analysis and multivariate Cox re-
gression analysis were performed, with the results depicted in
Table 2.

With regard to OS, year of diagnosis (P = 0.001), old age (>68
years) (P < 0.001), female gender (P = 0.006), Grade III-IV tumors
(P = 0.014), T4 stage (P < 0.001), N1-N2 stage (P < 0.001), and
no receipt of POCT (P < 0.001) or POCRT (P = 0.010) were sig-
nificant poor prognosticators for patients with duodenal adenocar-
cinoma in the univariate analysis. Similarly, old age (P < 0.001),
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Black race (P = 0.011), Grade III-IV tumors (P < 0.001), T4 stage
(P < 0.001), N1-N2 stage (P < 0.001), and residing in coun-
ties within metropolitan areas with a population of <1 mil-
lion(P = 0.027), were associated with worse CSS.

Of particular note, based on the results of univariate analysis
and clinically relevant variables, further multivariate analysis was
conducted, revealing that the absence of POCT or POCRT treat-
ment, along with several other factors (see Table 2), was asso-
ciated with an increased risk of disease-specific death and all-
cause mortality. Specifically, compared to patients younger than
68 years, those aged 68 years or older had a 1.69-fold higher
risk of death (HR 1.69, 95 % CI 1.45-1.98, P < 0.001) and a 1.37-
fold higher risk of disease-specific death (HR 1.37, 95 % CI 1.14-
1.64, P < 0.001). Compared to White patients, Black patients had
worse OS (HR 1.49, 95 % CI 1.21-1.84, P < 0.001) and CSS (HR
1.59, 95 % CI 1.26-2.02, P < 0.001). Compared to patients with
T1 stage, those with T4 stage had a 2.15-fold increased risk of
death (95 % CI 1.52-3.04, P < 0.001) and a 2.44-fold increased
risk of disease-specific death (95 % CI 1.54-3.87, P < 0.001). Re-
garding lymph node staging, compared to patients with NO stage,
those with N1-2 stage were associated with worse OS (HR 1.84,
95 % CI 1.54-2.18, P < 0.001) and CSS (HR 2.09, 95 % CI 1.70-
2.58, P < 0.001). Additionally, compared to patients from counties
in non-metropolitan areas, patients from counties in metropolitan
areas with populations <1 million had significantly worse OS (HR
138, 95 % CI 1.05-1.82, P = 0.023) and CSS (HR 145, 95 % CI
1.04-2.01, P = 0.027). However, it is noteworthy that compared to
surgery alone, receiving POCT significantly improved patients’ OS
(HR 0.51, 95 % CI 0.43-0.62, P < 0.001) and CSS (HR 0.56, 95 % CI
0.43-0.72, P < 0.001). Similarly, receiving POCRT also brought im-
provements in OS (HR 0.56, 95 % CI 0.43-0.72, P < 0.001) and CSS
(HR 0.65, 95 % CI 0.49-0.86, P = 0.003). However, year of diagno-
sis were not independent prognostic factors for both OS and CSS
(P>0.05 for both).

3.5. Long-term survival comparison of surgery and surgery + POCT
cohorts

3.5.1. Comparison of surgery vs surgery + POCT before and after PSM

To mitigate treatment bias linked to POCT administration, pa-
tients were matched a 1:1 ratio based on their probability of un-
dergoing surgery alone versus surgery combined with POCT, along
with other factors influencing survival risk in the original cohort.
Table 3 presents the distribution of baseline characteristics in the
matched cohorts only. Proximity matching revealed no significant
difference in any variable between the matched surgery plus POCT
group (n = 337) and surgery plus POCRT group (n = 337).

In the unmatched cohort, patients receiving POCT had sig-
nificantly improved OS compared to those undergoing surgery
alone. This finding persisted after PSM, underscoring a robust sur-
vival benefit from POCT (Fig. 2G). Within the matched population
(n = 674), patients who underwent surgery alone exhibited a 5-
year OS rate of 28.6 %, whereas those who underwent surgery
combined with POCT showed a rate of 44.2 %. Patients who re-
ceived surgery plus POCT had a significant survival advantage over
those who underwent surgery alone (median OS, 48.1 months vs
21.0 months, HR: 0.545; 95 % CI 0.445-0.667, P < 0.001). In ad-
dition, although there were no significant differences in CSS be-
tween the groups, POCT was associated with improved CSS after
PSM, suggesting that POCT not only extends the overall lifespan
but may also specifically target cancer-related mortality (Fig. 2H).
Specifically, the 5-year CSS rates were 39.5 % and 48.6 %, respec-
tively. The median CSS was significantly better for the POCT group,
with 54.0 months versus 33.0 months for surgery alone (HR: 0.620,
95 % CI: 0.493-0.779, P < 0.001).
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Fig. 2. Survival analysis in the entire cohort and stratified by different treatments. A. Kaplan-Meier curves depicting OS in the entire cohort.; B. Kaplan-Meier curves show-
ing CSS in the entire cohort; C. Kaplan-Meier curves illustrating OS between surgery and surgery combined with POAT in the unmatched cohorts; D. Kaplan-Meier curves
representing CSS between surgery and surgery combined with POAT in the unmatched cohorts; E. Kaplan-Meier curves illustrating OS stratified by different treatments in
the unmatched cohorts; F. Kaplan-Meier curves representing CSS in the unmatched cohorts; G. Kaplan-Meier curves comparing OS between surgery and surgery combined
with POCT in the propensity-matched cohorts; H. Kaplan-Meier curves comparing CSS between surgery and surgery combined with POCT in the propensity-matched co-
horts; I. Kaplan-Meier curves comparing OS between surgery combined with POCT and surgery combined with POCRT in the propensity-matched cohorts; J. Kaplan-Meier
curves comparing CSS between surgery combined with POCT and surgery combined with POCRT in the propensity-matched cohorts. Annotation: OS, overall survival; CSS,
cancer-specific survival; POAT, postoperative adjuvant therapy; POCT, postoperative adjuvant chemotherapy; POCRT, postoperative adjuvant chemoradiotherapy; PSM, Propensity score

matching.
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Table 2

Univariate and Multivariate analysis of OS and CSS before propensity score matching.

Digestive and Liver Disease 57 (2025) 1853-1863

Characteristics

OS Univariate

Multivariate

CSS Univariate

Multivariate

HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P
Year of diagnosis
2004-2010 1 1
2010-2019 0.77 (0.66-0.90) 0.001 0.8 (0.67-0.96) 0.017
Age at diagnosis (year)
< 68 1 1 1 1
>68 1.81 (1.55-2.10) <0.001  1.69 (1.45-1.98) <0.001 1.42 (1.19-1.69) <0.001  1.37 (1.14-1.64) <0.001
Gender
Male 1 1 1
Female 1.23 (1.06-1.43) 0.006 1.24 (1.07-1.44) 0.005 1.11 (0.93-1.32) 0.243
Race
White 1 1 1 1
Black 1.22 (1.00-1.50) 0.051 1.49 (1.21-1.84) <0.001  1.35 (1.07-1.70) 0.011 1.59 (1.26-2.02) <0.001
Others 0.92 (0.69-1.22) 0.552 0.92 (0.68-1.23) 0.566 0.97 (0.69-1.35) 0.836 0.96 (0.68-1.34) 0.805
Grade
I-11 1 1 1
-1V 1.21 (1.04-1.41) 0.014 1.52 (1.27-1.81) <0.001  1.42 (1.18-1.70) <0.001
NA 0.85 (0.55-1.30) 0.454 0.94 (0.57-1.55) 0.796 1.22 (0.71-2.09) 0.465
T stage
T1 1 1 1 1
T2 0.85 (0.56-1.30) 0.459 0.87 (0.57-1.34) 0.533 0.93 (0.53-1.63) 0.794 0.87 (0.49-1.53) 0.622
T3 1.19 (0.86-1.65) 0.297 1.35 (0.96-1.90) 0.087 1.49 (0.96-2.30) 0.075 1.43 (0.90-2.26) 0.129
T4 1.94 (1.41-2.67) <0.001  2.15 (1.52-3.04) <0.001  2.72 (1.78-4.16) <0.001  2.44 (1.54-3.87) <0.001
N stage
NO 1 1 1 1
N1-2 1.64 (1.41-1.90) <0.001 1.84 (1.54-2.18) <0.001  2.06 (1.72-2.48) <0.001  2.09 (1.70-2.58) <0.001
Tumor size
<4 1 1 1 1
>4 1.26 (1.08-1.46) 0.004 1.33 (1.14-1.56) <0.001  1.25 (1.04-1.49) 0.015 1.37 (1.14-1.65) <0.001
NA 1.27 (0.93-1.73) 0.138 1.59 (1.15-2.20) 0.005 1.12 (0.76-1.65) 0.558 1.54 (1.02-2.32) 0.041
Treatment strategy
Surgery 1 1 1 1
Surgery + POCT 0.71 (0.60-0.84) <0.001 0.51 (0.43-0.62) <0.001 0.91 (0.75-1.10) 0.330 0.56 (0.45-0.69) <0.001
Surgery + POCRT 0.73 (0.57-0.93) 0.010 0.56 (0.43-0.72) <0.001  0.99 (0.76-1.29) 0.949 0.65 (0.49-0.86) 0.003
Income
< 59,999 1 1
60,000-74,999 0.90 (0.75-1.08) 0.249 0.95 (0.77-1.17) 0.618
>75,000 0.84 (0.70-1.02) 0.082 0.86 (0.68-1.07) 0.176
Rural-Urban
Counties in nonmetropolitan areas 1 1 1 1
Counties in metropolitan areas < 1 1.31 (1.00-1.73) 0.051 1.38 (1.05-1.82) 0.023 1.45 (1.04-2.01) 0.027 1.45 (1.04-2.02) 0.026
million population
Counties in metropolitan areas>1 1.06 (0.82-1.38) 0.635 1.03 (0.79-1.34) 0.808 1.13 (0.82-1.54) 0.452 1.05 (0.77-1.44) 0.760

million population

Note: The tumor differentiation grade was classified as follows: Grade I (well-differentiated), Grade II (moderately differentiated), Grade III (poorly differentiated), and Grade
IV (undifferentiated). NA, not available; POCT, postoperative chemotherapy; POCRT, postoperative chemoradiotherapy; OS, overall survival; CSS, cancer-specific survival.

3.5.2. Subgroup analysis of surgery vs surgery + POCT

We conducted further analysis to identify subgroups that might
benefit from POCT. Our results demonstrate that POCT was as-
sociated with improved OS and CSS in various patient sub-
groups. Specifically, among patients aged >68 years, both OS
(P < 0.001) and CSS (P < 0.001) showed significant improvement
with POCT. Similarly, significant benefits were observed for males
(0S: P = 0.001, CSS: P = 0.017) and females (OS: P < 0.001,
CSS: P = 0.001). Additionally, Caucasians exhibited improved OS
(P < 0.001) and CSS (P < 0.001) with POCT. Subgroup analyses
based on tumor characteristics also revealed favorable outcomes
with POCT. Patients with grade I-II tumors (OS: P < 0.001, CSS:
P = 0.001) and grade III-IV tumors (OS: P < 0.001, CSS: P = 0.010)
experienced significant improvements in both OS and CSS. Simi-
larly, patients with stage III disease (OS: P < 0.001, CSS: P < 0.001)
showed significant survival benefits with POCT. Additionally, for
patients with T1-2 stage (0S: P = 0.010, CSS: P = 0.011) and T3-
4 stage (OS: P < 0.001, CSS: P < 0.001), as well as lymph node
positive (0OS: P < 0.001, CSS: P < 0.001), POCT was associated
with improved survival outcomes. Further details are provided in
Fig. 3A-B.
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3.6. Long-term survival comparison of surgery + POCT and
surgery + POCRT cohorts

3.6.1. Comparison of surgery + POCT vs surgery + POCRT before and
after PSM

Patients who underwent surgery plus POCT and those who un-
derwent surgery plus POCRT were matched at a 2:1 ratio, utiliz-
ing clinicopathological variables detailed in Supplementary Table 1
for the matching process. Notably, there were no significant differ-
ences were found between the surgery plus POCT group (n = 284)
and the surgery plus POCRT group (n = 142) in terms of sociode-
mographic characteristics (such as age, gender, race, income, and
geographic location) or tumor characteristics (including tumor size,
T stage, N stage, and pathological grade).

In the unmatched population, no significant OS and CSS im-
provement was observed in patients receiving POCRT. After ap-
plying PSM, it was revealed that the addition of postoperative ra-
diotherapy to POCT did not result in further improvement in OS
of patients with duodenal adenocarcinoma (Fig. 2I). Similarly, no
significant enhancements in CSS were observed between patients
who underwent POCT and those who underwent POCRT, before
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Table 3
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Distribution of baseline characteristics between surgery alone and surgery plus POCT groups after

propensity score matching.

Characteristics Surgery (N = 337)  Surgery + POCT (N=337) P SMD
Age at diagnosis (year) 0.810 0.025
< 68 123(36.5) 160(47.3)

>68 214(63.5) 218(64.7)

Gender 0.391 0.072
Male 137(40.7) 149(44.2)

Female 200(59.3) 188(55.8)

Race 0.987  0.012
White 254(75.4) 254(75.4)

Black 52(15.4) 53(15.7)

Others 31(9.2) 30(8.9)

Grade 0.721 0.062
[-11 208(61.7) 202(59.9)

-1V 122(36.2) 125(37.1)

NA 7(2.1) 10(3)

AJCC TNM stage 0.985 0.013
I 9(2.7) 9(2.7)

Il 98(29.1) 96(28.5)

11 230(68.2) 232(68.8)

T stage 0.983 0.032
T1 7(2.1) 8(2.4)

T2 23(6.8) 25(7.4)

T3 141(41.8) 139(41.2)

T4 166(49.3) 165(49.0)

N stage 0.934 0.013
NO 107(31.8) 105(31.2)

N1-2 230(68.2) 232(68.8)

Tumor size (cm) 0.730 0.061
<4 160(47.5) 170(50.4)

>4 158(46.9) 148(43.9)

NA 19(5.6) 19(5.6)

Note: The tumor differentiation grade was classified as follows: Grade I (well-differentiated), Grade
Il (moderately differentiated), Grade Il (poorly differentiated), and Grade IV (undifferentiated). NA,

not available; POCT, postoperative chemotherapy.

and after PSM (Fig. 2]). Specifically, the median OS for patients in
the surgery plus POCT group was 53.0 months compared to 54.0
months for the surgery plus POCRT group (P = 0.859). The median
CSS was 66.0 months for both the surgery plus POCT group and
the surgery plus POCRT group (P = 0.912). Additionally, the 5-year
OS rates were 46.5 % for the surgery plus POCT group and 47.6 %
for the surgery plus POCRT group, with corresponding 5-year CSS
rates of 50.6 % and 52.5 %, respectively.

3.6.2. Subgroup analysis of surgery + POCT vs surgery + POCRT

From an exploratory subgroup analysis, in line with the findings
in the overall study population, no significant benefit from POCRT
was observed across variables, including sociodemographic charac-
teristics and tumor features. Supplementary Figure 2 illustrates the
effect of POCRT for each subgroup, presenting HR and 95 % CI val-
ues.

4. Discussion

To our knowledge, this study represents a pioneering effort as
the first to simultaneously compare the outcomes of surgery fol-
lowed by POCT and the outcomes of POCT versus POCRT in pa-
tients with curatively resected duodenal adenocarcinoma. By lever-
aging the latest large-scale, population-based dataset spanning 15
years, we provided a comprehensive analysis of clinical character-
istics, survival outcomes, and prognostic factors associated with
these patients. Crucially, we evaluated the specific roles and appro-
priate patient populations for postoperative adjuvant therapies, of-
fering insights that could inform future trial designs and optimize
clinical care. The SEER database was selected for its standardized
data collection, extended follow-up, and detailed clinicopathologic
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variables, which are particularly valuable in the context of rare ma-
lignancies like duodenal adenocarcinoma. While SEER reflects U.S.-
based demographic and healthcare patterns, its size and data in-
tegrity provide a robust foundation for hypothesis generation that
warrants external validation.

The rarity of duodenal adenocarcinoma has resulted in a
scarcity of studies evaluating the outcomes of varying treatment
options [13]. Similar to most malignant solid tumor types, radi-
cal surgical resection remains the only curative treatment option,
typically performed by pancreaticoduodenectomy or segmental re-
section [3,14]. Currently, most adjuvant therapy regimens mimic
chemo(radio)therapy strategies used for colorectal cancer based on
tumor location and phenotypic resemblance, lacking tailored treat-
ments validated in randomized trials [15]. Therefore, understand-
ing the clinical utility of adjuvant therapies for duodenal adenocar-
cinoma is urgent. In our study, we noted a rising trend in the use
of POCT for resected duodenal adenocarcinoma. Specifically, 33.8 %
of the overall population received surgery followed by POCT, while
10.8 % received surgery followed by POCRT; the remaining patients
underwent surgery alone. This likely reflects the poor prognosis of
high-risk patients undergoing resection, the proven effectiveness of
systemic fluoropyrimidine-based chemotherapy in metastatic set-
tings, and the extrapolated benefits from adjuvant treatment in
colorectal cancer. These findings underscore the evolving treatment
landscape and highlight the need for further investigation into op-
timal adjuvant therapies.

We found that POCT is associated with improved long-term sur-
vival for patients with resected duodenal adenocarcinoma, both
before and after PSM, highlighting the potential value of POCT in
extending patient survival. The benefits of POCT likely stem from
its ability to target micro-metastases and residual cancer cells. By
acting systemically, POCT could address potential micro-metastatic
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A [ Hazard Ratio(95%Cl) P
All 0.545(0.445-0.667) <0.001
Age at diagnosis (year)
<68 0.795(0.577-1.095) 0.160
=68 0.387(0.296-0.506) <0.001
Gender
Male 0.590(0.429-0.813) 0.001
Female 0.512(0.394-0.664) <0.001
Race
White 0.520(0.411-0.659) <0.001
Black 0.627(0.387-1.015) 0.058
Others 0.631(0.317-1.257) 0.190
Grade
111 0.508(0.388-0.665) <0.001
-1V 0.562(0.409-0.772) <0.001
TNM stage
| 0.539(0.127-2.289) 0.402
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111 [ ®------ | 0.581(0.425-0.796) 0.001
-1V (AR L 1 0.634(0.449-0.895) 0.010
TNM stage
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1l ' 0.820(0.504-1.335) 0.426
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Fig. 3. Impact of surgery versus surgery + POCT on survival outcomes. A. A forest plot visualizing the comparative impact of surgery alone versus surgery combined with
POCT on OS; B. A forest plot visualizing the comparative impact of surgery alone versus surgery combined with POCT on CSS. Annotation: OS, overall survival; CSS, cancer-

specific survival; POCT, postoperative adjuvant chemotherapy.

disease that remains post-surgery, thereby reducing the risk of
recurrence [16]. This systemic approach is particularly crucial in
cases of locally advanced disease, where tumor cells may have al-
ready spread through the blood or lymphatic system [16,17]. Sup-
porting our findings, a study from the National Cancer Database in-
dicated a significant decrease in the risk of death for stage III small
bowel adenocarcinoma patients treated with POCT compared to
those treated with surgery alone (median OS: 42.4 vs. 26.1 months;
P < 0.001) [18]. Additionally, Li et al. [19] found that POCT was par-
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ticularly effective in for patients with small bowel adenocarcinoma
who underwent radical resection, reinforcing our results. Notably,
previous studies often focused on small bowel adenocarcinoma as
a whole and did not specifically analyze duodenal adenocarcinoma
subtypes [20]. Despite these findings, the benefit of POCT has not
been clearly demonstrated due to small sample sizes and single-
center designs. Overman et al. [11] reported comparable outcomes
between surgery and surgery plus POCT (P = 0.360). Another meta-
analysis of 15 studies [21] showed no significant effect of POCT on
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survival (pooled HR= 0.89, P = 0.250). Importantly, our research
specifically focused on duodenal adenocarcinoma, aiming to min-
imize institutional biases, and providing a comprehensive analy-
sis of long-term survival outcomes associate with POCT. While OS
captures all-cause mortality, including non-cancer-related deaths,
CSS isolates cancer-specific mortality, offering a clearer evaluation
of treatment efficacy by minimizing the confounding influence of
other factors [22]. This dual approach strengthens the evidence for
POCT’s potential benefits, not only in extending OS but also in im-
proving survival specifically related to cancer.

Furthermore, our study also revealed variability in the effi-
cacy of POCT across different patient groups. Specifically, patients
younger than 68 years, those with early-stage tumors, and cer-
tain racial groups did not experience significant survival advan-
tages from POCT. These disparities may stem from biological dif-
ferences affecting treatment response. For instance, younger pa-
tients and those diagnosed with early-stage tumors often exhibit a
more favorable prognosis, which may diminish the perceived bene-
fits of supplementary chemotherapy. Additionally, racial disparities
may arise due to variations in gene expression, metabolic path-
ways, and drug responsiveness. Therefore, personalized treatment
decisions should consider patient age, health status, tumor charac-
teristics, and genetic background. Younger patients in good overall
health may benefit from more aggressive treatments, whereas the
treatment-related side effects may outweigh potential benefits for
older patients. Tumor stage, grade, and lymph node involvement
should also be considered, because POCT has shown a more sig-
nificant survival advantage for high-risk, advanced-stage patients.
Different racial and genetic backgrounds may influence treatment
responses, necessitating further research to understand the under-
lying mechanisms. All in all, the implementation of POCT should be
considered as part of a multimodal treatment strategy to optimize
patient outcomes, particularly those with higher risk profiles.

On the other hand, given the proximity to the pancreas and
the potential benefits of radiotherapy in eliminating residual dis-
ease, a combination of radiotherapy and chemotherapy strategies
can also be utilized to treat patients with small bowel adenocarci-
noma in the duodenum [13,23]. A single-institution study observed
high rates of local failure following surgery alone, demonstrating
enhanced locoregional control with the addition of POCRT in pa-
tients undergoing curative resection [24]. However, most small-
scale investigations failed to show long-term survival advantages of
POCRT, and treatment-related selection bias remains a major weak-
ness in interpreting these results. An institutional series from Johns
Hopkins reported similar 5-year OS rates (47.0 % vs. 48.0 %) be-
tween patients treated with surgery plus POCRT and those treated
with surgery alone, despite a higher incidence of lymph node in-
volvement in the POCRT group [11]. Similarly, a cohort of patients
treated at Duke University who received POCRT were found to have
OS rates that were comparable to those receiving surgery alone
[25]. Moreover, it is noteworthy that previous studies have primar-
ily compared POCRT with surgery alone, yielding inconsistent con-
clusions and not adequately addressing the comparison between
POCRT and POCT. Consequently, the potential benefit of adding ra-
diotherapy to adjuvant chemotherapy for improving survival re-
mains unclear. In our study, we found that POCRT did not demon-
strate significant survival advantages compared to POCT. This find-
ing persisted across both unmatched and PSM cohorts, indicating
limited synergistic effects from combining radiotherapy with adju-
vant chemotherapy. Subgroup analyses further confirmed the ab-
sence of survival benefits with POCRT, reaffirming its limited role
in the adjuvant treatment for duodenal adenocarcinoma.

The potential reasons for the lack of improvement in with
POCRT in duodenal adenocarcinoma could be multifaceted. First,
POCRT is primarily intended for local tumor control, but it may
not be sufficient to extend long-term survival. The limited efficacy
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of POCRT could be due to its inability to address distant metas-
tases or micro-metastatic disease, which are major contributors
to patient mortality. Duodenal adenocarcinoma is known for its
propensity to metastasize early, and while POCRT may effectively
manage the primary tumor, it does not target metastatic disease,
which remains a principal determinant of poor survival outcomes
[23]. Furthermore, duodenal adenocarcinoma is an inherently ag-
gressive malignancy, and its biological characteristics may limit the
effectiveness of POCRT. Specifically, this malignancy exhibits rela-
tively low radiosensitivity compared to other gastrointestinal can-
cers, making it less responsive to radiation therapy. This resistance
is likely attributable to factors such as suboptimal tumor oxygena-
tion, robust DNA repair mechanisms, and the rapid turnover of
normal gastrointestinal tissues, all of which undermine the effi-
cacy of radiation treatment [26]. Moreover, the predominant use
of fluoropyrimidine-based regimens in POCRT, without multi-agent
chemotherapy, could have resulted in suboptimal treatment out-
comes, inadvertently skewing the results in favor of POCT [4,27].
Additionally, the toxicity associated with POCRT, including radia-
tion enteritis and gastrointestinal complications, may have nega-
tively impacted patient quality of life, treatment adherence, and
ultimately survival outcomes. Such adverse effects could have led
to treatment interruptions or reduced chemotherapy doses, fur-
ther limiting the potential benefits of the combined modality treat-
ment [8,28,29] Despite the established role of radiotherapy in
other gastrointestinal cancers such as gastric and pancreatic can-
cers [30-32], its routine use in duodenal adenocarcinoma warrants
reconsideration in light of lacking survival benefits [33]. Clinicians
should carefully evaluate POCRT based on current evidence and
patient-specific factors to optimize postoperative treatment strate-
gies and maximize survival benefits.

While this study provides valuable information, several limita-
tions should be acknowledged. The retrospective design and re-
liance on SEER data limited access to critical clinical variables that
could have influenced treatment decisions and outcomes, includ-
ing surgical techniques, the specific criteria guiding adjuvant ther-
apy, detailed chemotherapy regimens, and radiotherapy doses. Fur-
thermore, the database does not capture patient-level information,
such as preoperative comorbidities, postoperative complications,
resection margins, or treatment-related toxicities and discontinu-
ation, all of which are important for comprehensive outcome as-
sessment. In addition, the lack of data on recurrence patterns and
disease-free survival restricts deeper evaluation of treatment effi-
cacy over time. These gaps underscore the need for future inves-
tigations based on more granular institutional data. These limita-
tions highlight the need for future studies based on prospectively
collected, institution-level data with greater clinical granularity. Al-
though the rarity of duodenal adenocarcinoma poses challenges
for single-center validation, we are actively engaged in multi-
institutional collaborations to compile a dedicated external dataset,
which will be used to validate the current findings and further re-
fine patient stratification strategies. We fully agree that prospec-
tive clinical trials should ideally follow such external validation to
ensure scientific rigor and clinical relevance. Moreover, given that
our analysis was based on a U.S. population, external validation
in non-U.S. cohorts will be essential to evaluate the applicability
of these findings across different genetic backgrounds, healthcare
systems, and treatment practices. In parallel, studies investigat-
ing the genetic and molecular characteristics of duodenal adeno-
carcinoma may provide important biological insights and facilitate
the development of more personalized therapeutic approaches. De-
spite these limitations, the use of propensity score matching in
our study helped mitigate confounding from observable variables,
thereby enhancing the internal validity of our results. Interestingly,
we also observed that patients residing in metropolitan counties
with populations under one million had worse OS and CSS com-
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pared to those from non-metropolitan areas in the unmatched co-
hort. Although metropolitan residence is often associated with im-
proved healthcare accessibility, this finding suggests a more com-
plex relationship. It is possible that healthcare disparities, cost-
related treatment burdens, or overloaded medical systems in mid-
sized metropolitan regions might contribute to suboptimal out-
comes. However, this association diminished after PSM (Supple-
mentary Figure 3), indicating that baseline imbalances such as de-
mographic or clinical features may account for the initially ob-
served differences. Therefore, metropolitan residence may not in-
dependently predict prognosis but rather reflect underlying socioe-
conomic or healthcare-related disparities. Future research incorpo-
rating more detailed geographic and social determinants of health
is needed to better understand how place of residence influences
cancer outcomes and to support equitable allocation of healthcare
resources.

5. Conclusion

This study has provided crucial insights into the management
of resected duodenal adenocarcinoma. POCT significantly enhances
both overall and disease-specific survival, especially in patients
with locally advanced tumors, establishing its role as a valuable
adjuvant therapy in routine clinical practice. However, the find-
ings do not advocate for the routine adoption of POCRT, as it did
not demonstrate additional survival benefits. These results under-
score the necessity for personalized treatment approaches and lay
the groundwork for refining adjuvant therapy strategies in this rare
malignancy.
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