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Abstract: (1) Background: This study identified the clinical outcome and prognostic factors of resected
non-ampullary duodenal adenocarcinoma (NADA) in a single tertiary cancer center. (2) Methods:
The medical records of 109 patients with NADA who underwent curative surgery between 2000
and 2018 were reviewed retrospectively. (3) Results: The mean age was 62.4 years with a male
predominance (70.6%). The majority of tumors were located at the 2nd portion (58.7%). Fifty-
seven patients (52.3%) had symptoms at diagnosis. CA19-9 was elevated in 32 patients (29.4%). Of
this cohort, most patients were diagnosed as stage III (64.2%). The median overall survival was
92.9 months, and the 1-, 3-, and 5-year survival rates were 84.4%, 71.6%, and 53.7%, respectively. In
univariate and multivariate analysis, age, symptoms, CA19-9, and margin status were associated
with overall survival and symptoms, CA19-9 and margin status were also associated with recurrence.
When correlating symptoms with stages, patients with symptoms at diagnosis had more advanced
stages (all p < 0.001). (4) Conclusion: Old age, elevated CA19-9, symptoms, and margin status were
independent prognostic factors of NADA, and the patients with symptoms at diagnosis tend to have
more advanced stages and a poor prognosis.

Keywords: duodenal cancer; non-ampullary duodenal cancer; clinical outcome

1. Introduction

Tumors arising in the non-ampullary parts of the duodenum are considered gen-
uine duodenal cancer. These non-ampullary duodenal adenocarcinomas (NADA) are
uncommon, representing less than 0.5% of gastrointestinal malignancies and constitute
approximately 45% of small bowel adenocarcinomas (SBA) [1]. The analysis of NADA is
frequently combined with other periampullary cancers originating from pancreatic, small
bowel, and distal bile duct cancers, which leads to the absence of studies concerning the
sole clinicopathologic characteristics and incidence of NADA [2]. In addition, various
pathological factors such as lymph node metastasis, the positive resection margin, and
cellular differentiation have been known to be prognostic factors; however, results are
inconsistent throughout various studies likely due to small sample size, different standards,
and misclassifications [3].

Recently, a study in Japan has observed a rising prevalence and a higher risk of
NADA in Asia than in western countries, implying a high clinical relevance of this cancer
as a potentially important area for research [4]. Approximately 40-60% of NADA are
asymptomatic which leads to late detection. Therefore, duodenal cancers are detected at a
far-advanced stage, making it the poorest prognosis among all small intestine cancers [5].
However, early detection through endoscopy and endoscopic mucosal resection of superfi-
cial non-ampullary duodenal epithelial tumor (early stage of NADA) has led to favorable
outcomes indicating the importance of surveillance by esophagogastroduodenoscopies
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during routine checkups [6]. Identification of the risk factors associated with NADA, espe-
cially among South Koreans, will provide a framework for risk stratification that can be
used in screening tests [7].

This single center retrospective study was conducted to determine the natural history
of patients with operatively managed NADA. The study attempts to identify the clinical
course and prognostic factors of NADA.

2. Materials and Methods
2.1. Study Design and Population

This retrospective study included patients who underwent surgery for NADA, with a
curative intention, at the Samsung Medical Center (Seoul, South Korea) between January
2000 and December 2019. The inclusion criteria were defined as follows: (1) histologically
diagnosed as adenocarcinoma by surgical biopsy; (2) tumor located at non-ampullary
duodenum; and (3) no distant organ metastasis. This study protocol was approved by the
Institutional Review Board of the Samsung Medical Center Sungkyunkwan University
School of Medicine, Seoul, Korea, for clinical research [Registration No.: 2022-06-157-001].
This study was conducted in accordance with the ethical principles of the Declaration of
Helsinki (1989).

Medical records including clinicopathologic, postoperative, and survival data were
investigated retrospectively and outcomes of patients with survival and recurrence were
also reviewed from the Samsung Medical Center Hepatobiliary-pancreas database in Seoul,
South Korea. The following clinicopathologic parameters were collected: patient charac-
teristics: gender, age, comorbidity (cardiovascular, pulmonary, and endocrine disease),
presenting with symptoms at diagnosis, preoperative tumor markers (carcinoembryonic
antigen [CEA], and carbohydrate antigen 19-9 [CA19-9]); pathologic findings: T stage,
N stage, TNM stage according to the AJCC 8th edition, cellular differentiation, primary
location, margin status, lympho-vascular invasion, perineural invasion; perioperative find-
ings: operation name and adjuvant therapy; postoperative complication: a complication as
defined by the Clavien-Dindo classification system [8], surgical site infection, intraabdomi-
nal abscess, pneumonia, acute kidney injury, biliary fistula, chylous ascites, postoperative
pancreatic fistula (POPF), delayed gastric emptying (DGE), and postoperative hemorrhage.
The follow-up duration was measured from the time of surgery until death or the last visit
to the outpatient department.

2.2. Statistical Analysis

The student’s t test was used to compare continuous variables. The x? test and Fisher’s
exact were used to compare categorical variables. All continuous variables are summarized
as median (SD) and all categorical variables are reported as frequencies (percentages).
Overall survival (OS) and disease free survival (DFS) were estimated by the Kaplan—-Meier
method and the log-rank test was used for univariable survival analysis. Multivariable
analysis of independent prognostic factors for OS and DFS was identified by using the
Cox proportional hazard model. All tests were two-sided and a p-value under 0.1 was
considered statistically significant. All statistical analyses were performed using the SPSS
27 version (IBM, New York, NY, USA).

3. Results
3.1. Demographic and Clinicopathologic Characteristics

Tables 1 and 2 summarize the demographic and clinicopathological characteristics of
patients. Of the 109 patients, the mean age was 62.4 £ 10 years with a male predominance
(70.6%). The presence of symptoms at diagnosis, found in 57 patients (52.3%), included:
weight loss, jaundice, projectile vomiting, abdominal pain, melena, and hematochezia.
CA19-9 was elevated in 32 patients (29.4%). The 2nd portion of the duodenum was the
most common location of NADA (57.7%), followed by the 1st portion (11%). The mean
tumor diameter was 3.7 & 1.8 cm. Pancreatoduodenectomy (PD) or pylorus preserving
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pancreatoduodenectomy (PPPD) was performed in 96 patients (88.1%), duodenal segmental
resection in five patients (4.6%), and a subtotal gastrectomy in seven patients (6.4%). Only
one patient underwent a total pancreatectomy due to severe pancreatitis. The pathologic
depth of the tumors was: T1 in 11 patients (10.1%), T2 in six patients (5.5%), T3 in 46 patients
(42.2%), and T4 in 46 patients (42.2%). Seventy patients (69.7%) had lymph node metastasis.
More than half of the patients were diagnosed with TNM stage III (64.2%). The majority of
patients underwent RO resection (94.5%) and 48 patients (44%) received adjuvant therapy
following surgery. The Figure 1 shows illustration of duodenal adenocarcinoma.

Table 1. Demographic and clinical characteristics (n = 109).

Characteristics N (%) or Mean (+SD)
Age 62.4 (+£10.7)
Sex Male 77 (70.6)
Female 32 (29.4)
Comorbidity
Cardiovascular No 77 (70.6)
Yes 32 (29.4)
Pulmonary No 103 (94.5)
Yes 6 (5.5)
Endocrine No 90 (82.6)
Yes 19 (17.4)
Symptom * Asymptomatic 52 (47.7)
Symptomatic 57 (52.3)
Preoperative Lab
CEA Normal 80 (73.4)
Elevated 12 (11.0)
NA 17 (15.6)
CA19-9 Normal 67 (61.5)
Elevated 32(29.4)
NA 10 (9.2)
Location 1st portion 12 (11.0)
1st-2nd portion 9 (8.3)
2nd portion 64 (58.7)
2nd-3rd portion 9 (8.3)
3rd portion 10 (9.2)
3rd—4th portion 3(2.8)
4th portion 2(1.8)
Tumor size 3.7 (£1.8)
Operation name PD/PPPD 96 (88.1)
Duodenum Segmental 5 (4.6)
resection
Subtotal gastrectomy 7 (6.4)
Total pancreatectomy 1(0.9)
Combined organ resection No 93 (85.3)
Yes 16 (14.7)
Adjuvant therapy No 61 (56.0)
Yes 48 (44.0)

 Symptoms include jaundice, weight loss, abdominal pain, and projectile vomiting. SD, standard deviation; NA,
not available; PD/PPPD, pancreaticoduodenectomy / pylorus-preserving pancreaticoduodenectomy.

3.2. Survival and Recurrence Pattern of NADA

The survival and recurrence rates by Kaplan-Meier survival curves are shown in
Figure 2. The median overall survival after surgery was 92.9 months. Overall survival rates
at 1-, 2-, and 5-years were 84.4%, 71.6%, and 53.7% respectively. Recurrence developed
in 55 patients (50.5%) during follow-up and the median DFS was 20.9 months. The esti-
mated 1-, 2-, and 5-years DFS rates were 57.5%, 47.4%, and 42.7%, respectively. Figure 3
shows survival comparisons according to TNM stage, symptoms at diagnosis, and level
of CA19-9. Stage I showed the best prognosis with statistical significance (p = 0.04 for I



J. Clin. Med. 2023, 12, 210 40f11

versus IIA, 0.009 for I versus IIIA, and 0.002 for I versus IIIB in Figure 3A). Patients with
symptoms (Figure 3B) and elevated CA19-9 (Figure 3C) showed poorer survival (p = 0.001
and <0.001, respectively).

Table 2. Pathological characteristics (1 = 109).

Characteristics N (%) or Mean (+SD)

T stage Tla 3(2.8)
T1b 8(7.3)
T2 6 (5.5)

T3 46 (42.2)

T4 46 (42.2)

N stage NO 39 (35.8)

N1 37 (33.9)

N2 33 (30.3)

TNM staging 1 14 (12.8)

TA 16 (14.7)
1B 9 (8.3)

1A 37 (33.9)

1B 33 (30.3)

Differentiation Well 18 (16.5)

Moderate 66 (60.6)

Poor 25 (22.9)

Margin status RO 103 (94.5)
R1 6 (5.5)

Lymphovascular invasion No 17 (15.6)

Yes 30 (27.5)

NA 62 (56.9)

Perineural invasion No 18 (16.5)

Yes 22 (20.2)

NA 69 (63.3)

Figure 1. Illustration of non-ampullary duodenal adenocarcinoma. The green arrows indicate the
duodenal adenocarcinoma from a 57 years old female patient, about 37 mm size tumor.
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Figure 2. Kaplan-Meier survival curves of overall survival and disease free survival (n = 109). (A) The
median overall survival was 92.9 months, and the estimated 1-, 2-, and 5-year survival rates were
84.4%, 71.6%, and 53.7%, respectively. (B) The median disease free survival was 20.9 months, and the
estimated 1-, 2-, and 5-year disease free survival rates were 57.7%, 47.4%, and 42.7%, respectively.
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Figure 3. Kaplan-Meier survival curves of survival comparison according to TNM staging, symptoms,
and levels of CA19-9. (A) In survival comparison according to the American Joint Committee of
Cancer staging system, p values were 0.04 for I versus IIA, 0.009 for I versus IIIA, and 0.002 for I
versus IIIB. The others were not statistically significant. (B) The median survival was not reached
in asymptomatic patients (n = 52), and the median survival of symptomatic patients (1 = 57) was
33.7 months (p = 0.001). (C) The median survival was not reached in patients with normal CA19-9,
and the median survival of patients with elevated CA19-9 was 19.1 months (p < 0.001).

3.3. Uni- and Multivariate Analysis Affecting Survival

A multivariate analysis also showed that symptoms at diagnosis (hazard ratio [HR]
2.354, 95% confidence interval [CI] 1.236 to 4.486) and elevated CA19-9 (HR 2.821, 95%
CI 1.555 to 5.117) were independent prognosis factors (Table 3). In addition, old age
and margin status were other prognosis factors used in the multivariate analysis (HR
1.048, 95% CI1.016 to 1.082 and HR 2.763, 95% CI 1.049 to 7.279, respectively). Moreover,
a multivariate analysis for patients’ recurrence showed that symptoms at diagnosis in
Table 4 (HR 3.720, 95% CI 1.807 to 7.657), elevated CA19-9 (HR 3.166, 95% CI 1.761 to
5.692), and Margin status (HR 3.447, 95% CI 1.174 to 10.124) were also independent
prognostic factors.
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Table 3. Uni- and multivariate analysis identifying factors affecting patients’ survival (n = 109).

Univariate Analysis Multivariate Analysis

Factors Median Survival (mo) Hazard Ratio p Hazard Ratio p
Age 1.029 (1.002-1.058) 0.035 1.048 (1.016-1.082) 0.003
Sex Male 107.3 Reference

Female 48.8 1.115 (0.620-2.006) 0.716
Symptoms * Asymptomatic Not reached Reference Reference

Symptomatic 33.7 2.577 (1.443-4.603) 0.001 2.354 (1.236—4.486) 0.009
CEA Normal 929 Reference

Elevated Not reached 0.979 (0.385-2.489) 0.965
CA19-9 Normal Not reached Reference Reference

Elevated 19.1 3.298 (1.850-5.879) <0.001 2.821 (1.555-5.117) 0.001
TNM Stage I Not reached Reference Reference

A 92.9 3.984 (0.825-19.247) 0.085 3.003 (0.568-15.879) 0.196

1B 107.3 4.357 (0.797-23.823) 0.090 5.140 (0.902-29.284) 0.065

A 48.8 5.541 (1.283-23.934) 0.022 1.433 (0.259-7.918) 0.680

111B 28.7 7.692 (1.798-32.905) 0.006 2.409 (0.467-12.440) 0.294
Tumor size 1.033 (0.894-1.194) 0.661
Combined No 107.3 Reference
resection

Yes 31.3 1.623 (0.835-3.158) 0.153
Location 1st-2nd 82.9 Reference

portion

3rd-4th 92.9 0.842 (0.422-1.679) 0.625

portion
Margin status RO 107.3 Reference Reference

R1 7.0 3.966 (1.562-10.073) 0.004 2.763 (1.049-7.279) 0.040
Differentiation Well Not reached Reference Reference

Moderate 59.2 2.510 (0.978-6.440) 0.056 1.483 (0.404-5.436) 0.553

Poor 34.9 2.679 (0.964-7.447) 0.059 2.825(0.714-11.174) 0.139
Adjuvant No 85.0 Reference
therapy

Yes Not reached 0.885 (0.508-1.541) 0.666

t Symptoms include jaundice, weight loss, abdominal pain, and projectile vomiting.
Table 4. Uni- and multivariate analysis identifying factors affecting patients’ recurrence (n = 109).
Univariate Analysis Multivariate Analysis

Factors Median DFS (mo) Hazard Ratio p Hazard Ratio p
Age 1.005 (0.979-1.031) 0.719
Sex Male 19.1 Reference

Female 20.9 0.906 (0.519-1.579) 0.727
Symptoms * Asymptomatic Not reached Reference Reference

Symptomatic 8.7 5.684 (2.972-10.870) <0.001 3.720 (1.807-7.657) <0.001
CEA Normal 30.8 Reference

Elevated 6.2 1.152 (0.454-2.922) 0.965
CA19-9 Normal Not reached Reference Reference

Elevated 6.7 3.089 (1.764-5.410) <0.001 3.166 (1.761-5.692) <0.001
TNM Stage I Not reached Reference

A 414 8.773 (1.096-70.200) 0.041

1B Not reached 3.955 (0.358-43.648) 0.262

ITA 10.5 14.469 (1.950-107.357) 0.009

1B 8.9 19.378 (2.601-144.347) 0.004
Tumor size 1.077 (0.941-1.233) 0.279
Combined No 20.9 Reference

resection
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Table 4. Cont.

Univariate Analysis Multivariate Analysis

Factors Median DFS (mo) Hazard Ratio p Hazard Ratio p
Yes 18.0 1.174 (0.555-2.486) 0.674
Location 1st-2nd 18.0 Reference
portion
3rd—4th 414 0.724 (0.426-1.596) 0.566
portion
Margin status RO 21.6 Reference Reference
R1 42 4.003 (1.439-11.132) 0.008 3.447 (1.174-10.124) 0.024
Differentiation = Well Not reached Reference Reference
Moderate 10.7 4.952 (1.523-16.102) 0.008 1.761 (0.482-6.442) 0.392
Poor 14.0 5.376 (1.555-18.591) 0.008 2.264 (0.592-8.649) 0.232
Adjuvant No Not reached Reference
therapy
Yes 11.6 1.539 (0.900-2.632) 0.115

t Symptoms include jaundice, weight loss, abdominal pain, and projectile vomiting.

3.4. Postoperative Outcomes

In terms of postoperative outcomes (Table 5), the median hospital stay was 15.9 days,
ranging from 9 to 105 days. Major complications, with a Clavien-Dindo grade over 3,
account for 11.0% of patients. Forty-seven patients had POPF (43.1%), 17 patients had a
DGE (15.6%), and six patients had a postoperative hemorrhage (5.5%).

Table 5. Postoperative outcomes.

Factors N (%) or Mean (£SD)
Hospital stay 15.9 (£12.4)
Complication *
Major complication ¥ 12 (11.0)
Surgical site infection 2 (1.8)
Intraabdominal abscess 2 (1.8)
Pneumonia 2 (1.8)
Acute kidney injury 1(0.9)
Biliary fistula 1(0.9)
Chylous ascites 9 (8.3)
POPF 47 (43.1)
Delayed gastric emptying 17 (15.6)
Postoperative hemorrhage 6(5.5)

* Complication cases are duplicated.  Major complication indicated Clavien-Dindo grade > 3. SD, standard
deviation; POPF, postoperative pancreatic fistula.

3.5. Relationship between Symptoms at Diagnosis and Tumor Stages

Table 6 shows the relationship between the presence of symptoms at diagnosis and
tumor stages. The symptomatic group showed a higher T stage (p < 0.001) and N stage
(p < 0.001) with statistical significance. Consequently, the TNM stage was also higher in the
symptomatic group (p < 0.001).
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Table 6. Correlations between symptoms and tumor stages (1 = 109).

Factors Asymptomatic (%) Symptomatic (%) 4
T stage <0.001
Tla 3(5.8) 0(0.0)
T1b 8 (15.4) 0 (0.0)
T2 6(11.5) 0(0.0)
T3 19 (36.5) 27 (47.4)
T4 16 (30.8) 30 (52.6)
N stage <0.001
NO 34 (65.4) 5(8.8)
N1 8 (15.4) 29 (50.9)
N2 10 (19.2) 23 (40.4)
TNM stage <0.001
I 14 (26.9) 0 (0.0)
A 11 (21.2) 5(8.8)
1B 9(17.3) 0(0.0)
IIA 8 (15.4) 29 (50.9)
1I1B 10 (19.2) 23 (40.4)

4. Discussion

In this single center, retrospective study, we enrolled more than 100 duodenal adenocar-
cinoma patients that received curative surgery over the course of 20 years and investigated
these cases in detail. Although there have been several large-scale multi-center studies in-
volving data from the registered database, most previous studies suffer from selection bias
as they choose not to distinguish between non-ampullary duodenal adenocarcinomas and
periampullary cancers such as pancreatic, small bowel, and distal bile duct cancers [2]. Most
non-ampullary duodenal cancer remains asymptomatic until a far-advanced stage, leading
to its poor prognosis and high clinical relevance. Moreover, the fact that previous studies
show that early detection through surveillance using esophagogastroduodenoscopies and
endoscopic mucosal resection leads to favorable outcomes, implies the necessity of specified
research [6,9-11]. We expect our single center study to have a lower risk of selection bias
and our findings to likely reflect the sole clinicopathologic characteristics of non-ampullary
duodenal adenocarcinomas and present the associated risk factors that may indicate the
need for screening tests.

This study revealed that old age, CA19-9, and symptoms at diagnosis were prognostic
factors for the survival of NADA after surgery. Previous retrospective studies reported
various possible prognostic factors including CA19-9, gross appearance, tumor size, tu-
mor invasion, lymph node metastases, TNM stage, lymphovascular invasion, perineural
invasion, positive margin, poor differentiation, tumor markers (CEA and CA19-9), high
lactate dehydrogenase, symptoms at diagnosis, and old age [10-13]. Our study results
were similar to previous reports, however our findings also identified the tendency to have
advanced T, N, and TNM stages when patients have symptoms at diagnosis, although
these parameters were not found to be independent risk factors.

4.1. Incidence and Current Treatment of NADA

NADA, though it accounts for half of all SBA, showed a rate of 3.7 to 5.4 cases per
1 million persons per year, which is relatively rare [1]. The etiology of SBA including NADA
is unknown. There are several theories, among which the theory that digestive contents
cause irritation to the mucosa while passing through the intestine corresponds to both
the facts that 2/3 of SBA occurs in duodenum and the SBA is rare compared to the large
intestine [14]. NADA is a more common disease in men, accounting for a 2.4 times higher
rate than females in this study. The difference in the ratio between men and women shows
similar results to those of a study published in Japan, which showed a 1.7 times higher
occurrence in males [4,10,14]. However, racial difference should also be considered as a
study from a European population, little difference was observed between the male and
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female population and the occurrence of NADA. Regardless of race, the development of
NADA was a common risk factor in the over 60s, at approximately 55%, and an increase in
incidence with age was also observed in the multi-analysis results from this study. Hirashita
et al. (2018) reported that 56% of tumors are most commonly located in the descending
portion of the duodenum. This study showed a similar result, that 58.7% of the tumors
were located in the 2nd portion of the duodenum [10]. The curative surgical procedures for
NADA are various and depend on the tumor location. As shown in the previous results,
the 2nd portion of the duodenum accounts for the largest proportion, therefore PPPD is the
main surgical treatment [2,13]. The choice of surgical procedure for NADA occurring in the
3rd and 4th portion of the duodenum, is a controversial matter. Based on previous findings
that lymph node metastasis and lymphovascular invasion are possible prognostic factors
of disease recurrence and survival, some reports suggest that segmental resection could
be an unsuitable treatment modality as it results in insufficient lymph node dissection
compared to PPPD. Several studies found that for the early stage of NADA, local resection
offered less morbidity, less mortality, and had a similar oncological benefit compared to
PPPD [1,3,13,15,16]. From this study, it was not possible to make any conclusion regarding
the links between significant survival benefits and tumor location, since only 15 patients
had a tumor located in the 3rd and 4th portion. It is difficult to draw conclusions as to
which operative procedure is the safest, most effective, and still provides an adequate
surgical margin and minimal invasiveness. Therefore, further study is needed.

Even after surgery, there is a lack of a well-established adjuvant chemotherapy regi-
men and protocol. Haan et al. (2012) reported that SBA has a similar immunophenotypic
pattern, molecular characteristics, and genome-wide DNA copy number aberrations with
colorectal cancer. Consequently, many clinicians have applied the chemotherapy regimen
used for colorectal cancer, to SBA, including NADA [2,17]. A combination of fluoropy-
rimidine and oxaliplatin (FOLFOX or CAPOX) is commonly utilized as an effective first
line chemotherapy regimen for SBA, followed by an alternative front line combination of
5-FU and cisplatin or fluoropyrimidine and irinotecan (FLOFIRI) [2]. Adjuvant therapy,
received by 44% of the total patients in this study was not a statistically significant factor
for OS. This result was contradictory to the results of previous studies [2,5]. Due to its
rarity, a large-scale investigation focusing on adjuvant therapy and its survival outcome
will be a necessity in the future. As the lack of established principle of adjuvant therapy
and prevention, periodic regular checkup is inevitably more emphasized as a prevention
for NADA.

4.2. CA19-9 as a Prognostic Factor

Serum CA19-9 is a carbohydrate antigen expressed in tissue as a monosialoganglioside
and a mucous protein. It is widely used as a biomarker for biliopancreatic malignancies,
treatment response monitoring, and a marker of recurrence for pancreatic cancer. Elevated
CA19-9 can be found not only in the detection of cancer, but also in a number of benign
diseases including pancreatitis, cholestasis, acute hepatitis, chronic liver disease, diabetes
mellitus, intestinal pulmonary disease, and even collagen vascular disease. Ventrucci et al.
(2009) reported a possible mechanism for the elevation of serum CA19-9 with various benign
diseases, especially those related to obstructive jaundice. In obstructive jaundice, CA19-9
can be overproduced by irritated bile duct cells and inflammatory proliferation of epithelial
cells. Even accumulation of CA19-9 in the biliary tract can exacerbate the reflux of blood and
bile into the circulation. Therefore, clearance of the biliary mucin decreases, making both
the hepatic function and the ability to degrade the antigen decreased sequentially [9,18,19].
An elevated level of CA19-9 is associated with low survival of NADA, indicating that as
the severity of the disease increases, NADA could cause obstructive jaundice by forming a
mass effect that compresses the surrounding tissues.
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4.3. Correlation with Symptoms and Tumor Stages in NADA

This study discovered that symptomatic patients had advanced stage NADA com-
pared to non-symptomatic patients. Sakae et al. (2017) presented the common symptoms
of small bowel cancer as stenosis-related such as abdominal pain or vomiting, and bleeding
related such as melena or hematemesis [5]. The symptoms reported in this study are
also consistent with these previous findings, including the presence of jaundice. Another
study reported that early SBA patients rarely have stenosis-related symptoms because the
products in the small intestine are mostly liquid [14,17]. We discovered that tumors with an
advanced TNM stage result in the presentation of symptoms at diagnosis. Because many
cases are asymptomatic until they reach the advanced stages of disease, early detection
is delayed which results in a poorer disease prognosis. Therefore, this study emphasizes
the importance of the early detection of asymptomatic NADA patients. A health checkup
through esophagogastroduodenoscopy, which is already applied to adults over the age
of 40, is a possible screening method, though there is a limit that the range of screening
can only include up to 1st and 2nd portions of the duodenum. In addition, computerized
tomography may be used as a screening method, however, considering the low incidence
of disease and the cost values involved, discussion is inevitable regarding its use.

4.4. Limitation

Further limitations regarding this study include; first, this study is designed to be a
retrospective study which has low statistical power. Second, almost half of the patients were
presenting with symptoms at the first diagnosis. Additionally, the incidence of advanced
TNM stage in patients was 64.2% of the total patients. Since the study was conducted at a
large tertiary hospital, it is possible that the proportion of severely ill patients was high.
Despite the several limitations, the strength of this study is that it confirmed the current
clinical status for NADA, which is a rare but relatively common in Asia, and addressed the
importance of early detection and appropriate surgical resection including the extent of
lymph node dissection.

5. Conclusions

In conclusion, our study conducted a solitary data analysis of NADA clinical outcome
and discovered that symptoms at diagnosis, aging, high CA19-9, and resection margin
positive are independent prognostic factors for NADA. Patients with symptoms at diagnosis
show an advanced TNM stage of NADA.

Author Contributions: Conceptualization, S.Y.L., D.I.C. and S.H.S.; methodology, S.Y.L., D.I.C. and
S.H.S.; software, S.Y.L., D.I.C. and S.H.S.; validation, S.Y.L., D.I.C., H.].]. (Hye Jeong Jeong), H.J.]J.
(Hyun Jeong Jeon), S.J.Y., HK., LW.H., ].5.H. and S.H.S.; formal analysis, S.Y.L., D.IC. and S.H.S.;
investigation, S.Y.L., D.I.C., H.].]. (Hye Jeong Jeong), H.].J. (Hyun Jeong Jeon), S.J.Y. and S.H.S,;
resources, S.Y.L., D.I.C., H.].]. (Hye Jeong Jeong), H.].]. (Hyun Jeong Jeon), S.J.Y.,, HK, LW.H., ].S.H.
and S.H.S,; data curation, S.Y.L., D.I.C., H].]. (Hye Jeong Jeong), H.].]. (Hyun Jeong Jeon), S.J.Y. and
S.H.S.; writing—original draft preparation, S.Y.L., D.I.C. and S.H.S.; writing—review and editing,
S.Y.L,D.IC., H]J. (Hye Jeong Jeong), H.].]. (Hyun Jeong Jeon), S.J.Y., HK., IW.H., ].S.H. and S H.S.;
visualization, S.Y.L., D.I.C. and S.H.S.; supervision, S.Y.L., D.I.C. and S.H.S.; project administration,
S.Y.L., D.IC. and S.H.S.; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board of the Samsung Medical Center
Sungkyunkwan University School of Medicine, Seoul, Korea (Registration No.: 2022-06-157-001, 7
July 2022).

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2023, 12,210 11 of 11

References

1. Struck, A.; Howard, T.; Chiorean, E.G.; Clarke, ].M.; Riffenburgh, R.; Cardenes, H.R. Non-ampullary duodenal adenocarcinoma:
Factors important for relapse and survival. J. Surg. Oncol. 2009, 100, 144-148. [CrossRef] [PubMed]

2. Moati, E.; Overman, M.].; Zaanan, A. Therapeutic Strategies for Patients with Advanced Small Bowel Adenocarcinoma: Current
Knowledge and Perspectives. Cancers 2022, 14, 1137. [CrossRef] [PubMed]

3. Sun,H,Liu, Y; Ly, L; Li, J; Liao, X.; Gong, W. Prognostic Factors and Clinical Characteristics of Duodenal Adenocarcinoma
With Survival: A Retrospective Study. Front. Oncol. 2021, 11, 795891. [CrossRef] [PubMed]

4. Yoshida, M.; Yabuuchi, Y.; Kakushima, N.; Kato, M.; Iguchi, M.; Yamamoto, Y.; Kanetaka, K.; Uraoka, T.; Fujishiro, M.; Sho, M.
The incidence of non-ampullary duodenal cancer in Japan: The first analysis of a national cancer registry. J. Gastroenterol. Hepatol.
2021, 36, 1216-1221. [CrossRef] [PubMed]

5. Sakae, H.; Kanzaki, H.; Nasu, J.; Akimoto, Y.; Matsueda, K.; Yoshioka, M.; Nakagawa, M.; Hori, S.; Inoue, M.; Inaba, T. The
characteristics and outcomes of small bowel adenocarcinoma: A multicentre retrospective observational study. Br. J. Cancer 2017,
117,1607-1613. [CrossRef] [PubMed]

6. Hara, Y,; Goda, K,; Dobashi, A.; Ohya, T.R.; Kato, M.; Sumiyama, K.; Mitsuishi, T.; Hirooka, S.; Ikegami, M.; Tajiri, H. Short-and
long-term outcomes of endoscopically treated superficial non-ampullary duodenal epithelial tumors. World ]. Gastroenterol. 2019,
25,707. [CrossRef] [PubMed]

7. Yabuuchi, Y.; Yoshida, M.; Kakushima, N.; Kato, M.; Iguchi, M.; Yamamoto, Y.; Kanetaka, K.; Uraoka, T.; Fujishiro, M.; Sho, M.
Risk factors for non-ampullary duodenal adenocarcinoma: A systematic review. Dig. Dis. 2022, 40, 147-155. [CrossRef] [PubMed]

8.  Clavien, P.A,; Barkun, J.; De Oliveira, M.L.; Vauthey, ].N.; Dindo, D.; Schulick, R.D.; De Santibafies, E.; Pekolj, ].; Slankamenac,
K.; Bassi, C. The Clavien-Dindo classification of surgical complications: Five-year experience. Ann. Surg. 2009, 250, 187-196.
[CrossRef] [PubMed]

9. Ventrucci, M.; Pozzato, P.; Cipolla, A.; Uomo, G. Persistent elevation of serum CA 19-9 with no evidence of malignant disease.
Dig. Liver Dis. 2009, 41, 357-363. [CrossRef] [PubMed]

10. Hirashita, T.; Ohta, M.; Tada, K; Saga, K.; Takayama, H.; Endo, Y.; Uchida, H.; Iwashita, Y.; Inomata, M. Prognostic factors of
non-ampullary duodenal adenocarcinoma. Jpn. J. Clin. Oncol. 2018, 48, 743-747. [CrossRef] [PubMed]

11. Bakaeen, EG.; Murr, M.M.; Sarr, M.G.; Thompson, G.B.; Farnell, M.B.; Nagorney, D.M.; Farley, D.R.; Van Heerden, J.A.; Wiersema,
L.M.; Schleck, C.D. What prognostic factors are important in duodenal adenocarcinoma? Arch. Surg. 2000, 135, 635-642.
[CrossRef] [PubMed]

12.  Lee, H.G.; You, D.D,; Paik, K.Y.; Heo, ]J.S.; Choi, S.H.; Choi, D.W. Prognostic factors for primary duodenal adenocarcinoma. World
J. Surg. 2008, 32, 2246-2252. [CrossRef] [PubMed]

13.  Solaini, L.; Jamieson, N.; Metcalfe, M.; Abu Hilal, M.; Soonawalla, Z.; Davidson, B.; McKay, C.; Kocher, H.; UK Duodenal Cancer
Study Group. Outcome after surgical resection for duodenal adenocarcinoma in the UK. . Br. Surg. 2015, 102, 676-681. [CrossRef]
[PubMed]

14. Talamonti, M.S.; Goetz, L.H.; Rao, S.; Joehl, R.J. Primary cancers of the small bowel: Analysis of prognostic factors and results of
surgical management. Arch. Surg. 2002, 137, 564-571. [CrossRef] [PubMed]

15. Cloyd, ].M.; George, E.; Visser, B.C. Duodenal adenocarcinoma: Advances in diagnosis and surgical management. Worid .
Gastrointest. Surg. 2016, 8, 212. [CrossRef] [PubMed]

16. Kaklamanos, I.G.; Bathe, O.F,; Franceschi, D.; Camarda, C.; Levi, J.; Livingstone, A.S. Extent of resection in the management of
duodenal adenocarcinoma. Am. J. Surg. 2000, 179, 37-41. [CrossRef] [PubMed]

17.  Raghav, K.; Overman, M.]. Small bowel adenocarcinomas—Evolving paradigms and therapy options. Nature Rev. Clin. Oncol.
2013, 10, 534. [CrossRef]

18. Mann, D.; Edwards, R.; Ho, S.; Lau, W.; Glazer, G. Elevated tumour marker CA19-9: Clinical interpretation and influence of
obstructive jaundice. Eur. |. Surg. Oncol. 2000, 26, 474-479. [CrossRef] [PubMed]

19. Marrelli, D.; Caruso, S.; Pedrazzani, C.; Neri, A.; Fernandes, E.; Marini, M.; Pinto, E.; Roviello, E. CA19-9 serum levels in

obstructive jaundice: Clinical value in benign and malignant conditions. Am. J. Surg. 2009, 198, 333-339. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/jso.21319
http://www.ncbi.nlm.nih.gov/pubmed/19544358
http://doi.org/10.3390/cancers14051137
http://www.ncbi.nlm.nih.gov/pubmed/35267446
http://doi.org/10.3389/fonc.2021.795891
http://www.ncbi.nlm.nih.gov/pubmed/34976838
http://doi.org/10.1111/jgh.15285
http://www.ncbi.nlm.nih.gov/pubmed/33002211
http://doi.org/10.1038/bjc.2017.338
http://www.ncbi.nlm.nih.gov/pubmed/28982111
http://doi.org/10.3748/wjg.v25.i6.707
http://www.ncbi.nlm.nih.gov/pubmed/30783374
http://doi.org/10.1159/000516561
http://www.ncbi.nlm.nih.gov/pubmed/34000722
http://doi.org/10.1097/SLA.0b013e3181b13ca2
http://www.ncbi.nlm.nih.gov/pubmed/19638912
http://doi.org/10.1016/j.dld.2008.04.002
http://www.ncbi.nlm.nih.gov/pubmed/18602352
http://doi.org/10.1093/jjco/hyy086
http://www.ncbi.nlm.nih.gov/pubmed/29931295
http://doi.org/10.1001/archsurg.135.6.635
http://www.ncbi.nlm.nih.gov/pubmed/10843358
http://doi.org/10.1007/s00268-008-9678-6
http://www.ncbi.nlm.nih.gov/pubmed/18668288
http://doi.org/10.1002/bjs.9791
http://www.ncbi.nlm.nih.gov/pubmed/25776995
http://doi.org/10.1001/archsurg.137.5.564
http://www.ncbi.nlm.nih.gov/pubmed/11982470
http://doi.org/10.4240/wjgs.v8.i3.212
http://www.ncbi.nlm.nih.gov/pubmed/27022448
http://doi.org/10.1016/S0002-9610(99)00269-X
http://www.ncbi.nlm.nih.gov/pubmed/10737576
http://doi.org/10.1038/nrclinonc.2013.132
http://doi.org/10.1053/ejso.1999.0925
http://www.ncbi.nlm.nih.gov/pubmed/11016469
http://doi.org/10.1016/j.amjsurg.2008.12.031
http://www.ncbi.nlm.nih.gov/pubmed/19375064

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Statistical Analysis 

	Results 
	Demographic and Clinicopathologic Characteristics 
	Survival and Recurrence Pattern of NADA 
	Uni- and Multivariate Analysis Affecting Survival 
	Postoperative Outcomes 
	Relationship between Symptoms at Diagnosis and Tumor Stages 

	Discussion 
	Incidence and Current Treatment of NADA 
	CA19-9 as a Prognostic Factor 
	Correlation with Symptoms and Tumor Stages in NADA 
	Limitation 

	Conclusions 
	References

