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ABSTRACT

Background. The prognostic factors for duodenal carci-

noma (DC) remain unclear because of its rarity. This study

aimed to investigate the prognostic impact of pancreatic

invasion (PI) on postoperative survival for patients with

DC.

Methods. This study retrospectively analyzed 86 patients

with DC, including 18 patients with PI, who underwent

surgical resection between October 2002 and March 2018.

The clinicopathologic features and survival outcomes of

these patients were investigated to identify the prognostic

factors in DC. The long-term survival for the DC patients

with PI was compared with that for the patients who

underwent resection for resectable pancreatic head carci-

noma (RPHC) during the same period.

Results. The median survival time (MST) for the DC

patients with PI was 25.7 months, which was significantly

worse than for the patients with T2 or deeper DC without

PI (p = 0.010). The multivariate analysis showed that the

independent prognostic factors were PI (hazard ratio [HR]

7.59; p = 0.019) and lymph node metastasis (LNM) (HR

5.01; p = 0.026). The MST for the DC patients with PI did

not differ significantly from that for the RPHC patients

treated without adjuvant chemotherapy (p = 0.135). Com-

parable rates of microscopic venous invasion and

hematogenous metastasis were observed for the DC

patients with PI and the RPHC patients.

Conclusions. Pancreatic invasion was an independent

prognostic factor in DC. The survival outcomes for the DC

patients with PI did not differ from those for the patients

with RPHC, which was associated with a high rate of

hematogenous recurrence.

Duodenal carcinoma (DC), except for ampullary carci-

noma, is the most common carcinoma originating from the

small intestine and accounts for about 50% of the small

intestinal carcinoma cases.1 Although the incidence of DC

has been increasing in recent years,2 it remains an

uncommon tumor, accounting for less than 1% of all gas-

trointestinal malignancies.3

Surgical resection is the only potentially curative treat-

ment for DC,4 but the survival outcome has been

undesirable.5,6 An association between various pathologic

factors and survival has been unclarified,5,7,8 and strong

evidence supporting the utility of adjuvant chemotherapy

(ACT) remains elusive due to the rarity of DC.8,9

Some previous studies have investigated both the rela-

tive survival and histopathologic features of periampullary

malignancies.10,11 Pancreatic carcinoma has the worst

survival due to its higher incidences of lymphovascular and

perineural invasion.12 In ampulla of Vater carcinoma and

distal bile duct carcinoma, the association between pan-

creatic invasion (PI) and the poor survival outcome has

been reported.13,14 The duodenum also anatomically con-

tacts to the pancreas, and DC with PI classified as the T4

category according to the tumor-node metastasis (TNM)

classification.15 However, few reports have described the

influence of PI on survival in DC,16 and the prognostic

impact of PI has not been fully investigated in DC patients.
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In the current study, a retrospective evaluation of the

clinicopathologic features and long-term outcomes of DC

patients after resection was performed to investigate the

prognostic impact of PI. In addition, the survival outcome

for DC patients with PI were compared with those for

patients with pancreatic carcinoma.

METHODS

Patients

A retrospective review was performed using a

prospectively collected database of 90 patients who

underwent surgical resection for non-ampullary DC

between October 2002 and March 2018 at the Shizuoka

Cancer Center. The study excluded two of these patients

with concomitant other advanced cancers (1 patient who

underwent preoperative chemotherapy and 1 patient who

underwent an emergency operation). The remaining 86

patients were selected for the analyses. The current study

was approved by the institutional review board of the

Shizuoka Cancer Center (no. 2312), and the need for

patient consent was waived due to the retrospective nature

of the study.

Preoperative Evaluation and Surgical Procedures

The preoperative assessment for DC to determine tumor

status and resectability was performed via upper gastroin-

testinal endoscopy, endoscopic ultrasonography, and

computed tomography (CT). The surgical procedures

depended mainly on preoperative evaluation of the tumor

depth. Partial resection (PR) of the duodenum (including

wedge or segmental resection) or pancreas-sparing duo-

denectomy (PSD) without lymphadenectomy was

performed for cases of cTis-cT1a DC, which were ineli-

gible for endoscopic resection. Pancreaticoduodenectomy

(PD) with regional lymphadenectomy was generally per-

formed for cases of cT1b or deeper DC.17

Histopathologic Evaluation

All specimens were prepared in the usual manner for a

microscopic examination with hematoxylin–eosin staining.

The pathologic diagnosis was confirmed by an experienced

pathologist (K.S) and classified according to the Union for

International Cancer Control (UICC) TNM classification

(8th ed).15 The tumor size, histologic grade, lymphovas-

cular invasion, PI, and lymph node metastasis (LNM) were

reported.

Follow-up and Definition of Recurrence

During the study period, ACT for DC after surgery

generally was not performed because the role of adjuvant

chemotherapy remains controversial due to conflicting

results across a number of retrospective analyses, accord-

ing to the National Comprehensive Cancer Network

(NCCN) guidelines.18 Follow-up examinations, including

laboratory tests, tumor markers, and CT, were performed at

3- to 6-month intervals. Tumor recurrence was confirmed

based on the radiologic findings or histologic evidence, and

the initial recurrence sites were recorded. Patients with

recurrent disease underwent systemic chemotherapy if

appropriate.

Comparisons of Survival Between DC

and Resectable Pancreatic Head Carcinoma (RPHC)

The survival outcomes were compared between DC

patients and RPHC patients managed without neoadjuvant

chemotherapy who underwent PD during the same period

at the Shizuoka Cancer Center. The resectability status for

pancreatic carcinoma was defined by the criteria of the

NCCN.19 Generally, ACT for RPHC was performed as

described in our previous report.20

Statistical Analysis

All continuous variables were expressed as medians and

ranges. Fisher’s exact test was used for comparisons

between categorical variables. The Mann–Whitney U test

was used for comparisons between continuous variables.

The overall survival (OS) and relapse-free survival (RFS)

rates were analyzed using the Kaplan–Meier method, and

the log-rank test was used to evaluate statistical signifi-

cance. The cutoff values for continuous variables, except

for tumor markers, were determined based on the minimum

p value approach. The cutoff values for carcinoembryonic

antigen (CEA) and carbohydrate antigen (CA) 19-9 levels

were decided by the upper limit of the institutional standard

levels (CEA[ 5.0 ng/mL, CA19-9[ 37 U/mL). Variables

with a p value lower than 0.05 in the univariate analysis

were included in a multivariate Cox proportional hazards

regression analysis to identify independent risk factors for

OS. A p value lower than 0.05 was considered to be sta-

tistically significant. All statistical analyses were

performed using EZR (Saitama Medical Center, Jichi

Medical University, Saitama, Japan).21

4554 N. Nitta et al.



RESULTS

Clinicopathologic Features of the Patients

Table 1 shows the clinicopathologic characteristics of

the 86 patients with DC. Regarding the surgical proce-

dures, 46 patients (53%) underwent PD, 29 (34%)

underwent PR, 10 (12%) underwent PSD, and 1 (1%)

underwent distal gastrectomy. Of the 55 patients with pT1

disease, 7 had pT1b tumors. Three of these patients

underwent PR or PSD without lymphadenectomy, and

none experienced recurrence. All 31 patients with pT2 or

deeper tumors underwent PD. Four of the five patients with

M1 disease had distant LNM, and the remaining patient

had localized peritoneal dissemination. All the patients

with M1 disease except for peritoneal dissemination

underwent macroscopic curative resection.

Survival Outcomes and Prognostic Factors

The median follow-up period was 58.7 months (range

1.1–156.3 months) for the censored cases. Figure 1 shows

the OS and RFS rates for the DC patients according to their

pT classification. The 5-year OS rate was 100% for the

patients with pT1, 100% for those with pT2/3, and 26.1%

for those with pT4. The 5-year RFS rate was 100% for the

patients with pT1, 78.7% for those with pT2/3, and 28.0%

for those with pT4.

In the RFS analysis, the one patient with peritoneal

dissemination was excluded. Figure 2a shows the influence

of PI on the OS rates among the 31 patients who underwent

PD for pT2 or deeper DC (including 2 patients with pT2, 8

patients with pT3, and 21 patients with pT4 disease).

Among the patients with pT4 DC, 18 had PI, 2 had inva-

sion to the mesentery, and 1 had invasion to the transverse

colon. Figure 2b shows the influence of PI on the RFS rates

among 30 patients, excluding one with peritoneal dissem-

ination. The median OS (25.7 months) and RFS

(8.5 months) for the patients with PI were significantly

worse than for the patients without PI (OS, p = 0.010; RFS,

p = 0.005).

Table 2 shows the results of uni- and multi-variate

analyses to identify the prognostic factors for the OS for

the 86 DC patients. The univariate analysis showed that the

CEA level, CA19-9 level, tumor differentiation, tumor

size, lymphovascular invasion, PI, and LNM were signifi-

cantly associated with the OS. The multivariate analysis

using these seven variables identified PI (hazard ratio [HR]

7.59; p = 0.019) and LNM (HR 5.01; p = 0.026) as inde-

pendent prognostic factors.

Comparisons of Survival Outcomes Between the DC

Patients with PI and the RPHC Patients

The survival outcomes for the 18 PI patients were

compared with those for the 353 RPHC patients who

underwent PD. The survival for the RPHC patients was

subdivided according to the presence ACT. At our insti-

tution, ACT was started in 2006, and the rate for the

patients who have undergone ACT since then is 67%. The

median OS and RFS in the DC group with PI did not differ

significantly from those in the RPHC group without ACT

(median OS, 25.7 vs. 16.4 months, p = 0.135; median RFS,

8.5 vs. 7.1 months, p = 0.501) (Fig. 3). The median OS

and RFS in the RPHC group with ACT were significantly

better than those in the RPHC group without ACT (OS,

p\ 0.001; RFS, p\ 0.001).

Table 3 compares the pathologic features and recurrence

patterns between the 31 patients with pT2 or deeper DC

(with or without PI) and the 141 RPHC patients without

ACT. Chemotherapy for recurrent disease was performed

for 10 of 16 patients with recurrent DC and 51 of 114

patients with recurrent RPHC. The rate of microscopic

venous invasion (MVI) tended to be higher in the DC

group with PI than in the DC group without PI (67% vs.

31%; p = 0.073). The frequency of hematogenous metas-

tasis (including liver, lung, and uterus metastasis) was

significantly higher in the DC group with PI than in the DC

TABLE 1 Clinicopathologic features of 86 patients with duodenal

carcinoma

n = 86

n (%)

Median age: years (range) 64 (21–84)

Sex: male/female 53 (62)/33 (38)

Median BMI: kg/m2 (range) 22.3 (16.0–30.5)

Median CEA: ng/mL (range) 2.3 (0.5–62.1)

Median CA19-9: U/mL (range) 8 (2–3660)

Location: 1st/2nd/3rd/4th 11 (13)/69 (80)/6 (7)/0 (0)

Surgical procedure: PD/PR/PSD/DG 46 (53)/29 (34)/10 (12)/1 (1)

Differentiation: tub/pap/por/others 74 (86)/2 (2)/4 (5)/6 (7)

Median tumor size: mm (range) 33 (7–115)

Pancreatic invasion 18 (21)

Lymphovascular invasion 26 (30)

Lymph node metastasis 18 (21)

Pathologic TNM staging

Tumor depth: T1/T2/T3/T4 55 (64)/2 (2)/8 (9)/21 (25)

Nodal status: N0/N1/N2 68 (79)/8 (9)/10 (12)

Metastasis: M0/M1 81 (94)/5 (6)

Stage: 1/2/3/4 57 (66)/10 (12)/13 (15)/6 (7)

BMI body mass index, CEA carcinoembryonic antigen, CA carbo-

hydrate antigen, PD pancreaticoduodenectomy, PR partial resection,

PSD pancreas-sparing duodenectomy, DG distal gastrectomy, tub
tubular, pap papillary, por poorly, TNM tumor-node-metastasis
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group without PI (56% vs. 15%; p = 0.025). These rates

were comparable between the DC group with PI and the

RPHC group.

DISCUSSION

The current study aimed to investigate the prognostic

factors of DC, with a focus on PI, which is caused by the

anatomic features of the duodenum. The results showed

that PI and LNM were independent prognostic factors for
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FIG. 1 a Overall survival curves for a 10-year period for 86 patients with duodenal carcinoma according to their pT classification. b Relapse-

free survival curves for 85 patients, excluding 1 patient with peritoneal dissemination, according to their pT classification
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FIG. 2 a Overall survival curves for a 5-year period for 31 patients

who underwent pancreaticoduodenectomy for pT2 or deeper duodenal

carcinoma (DC), according to pancreatic invasion (PI). b Relapse-free

survival curves for 30 patients, excluding 1 patient with peritoneal

dissemination, according to PI
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patients with DC after surgery. Reports show LNM to be an

acceptable predictor of a poor survival,4,5,7 but the prog-

nostic impact of PI on survival has not been fully

investigated for DC patients. The OS and RFS in the DC

group with PI were significantly worse than in the DC

group without PI. In addition, the OS and RFS in the DC

group with PI did not differ significantly from those in the

RPHC group. The rates of MVI and hematogenous

metastasis were comparable between the two groups. The

current study reported a critical survival effect of PI for the

patients with surgically resected DC, which may be asso-

ciated with systemic recurrence of the disease.

Among periampullary malignancies, PI is reported to be

a prognostic factor in ampulla of Vater carcinoma and

distal bile duct carcinoma.13,14 In contrast, one previous

report suggested a relationship between PI and survival in

DC, but that study analyzed macroscopic PI, not pathologic

PI, and a multivariate analysis for prognostic factors was

not performed.16

In the current study, the DC group with PI showed high

rates of hematogenous recurrence and MVI. Reports show

MVI as a prognostic factor in other carcinomas including

gastric, colorectal, and pancreatic carcinomas,22–24 and

MVI as significantly associated with recurrence of

hematogenous metastasis.24–26

The relationship between MVI and hematogenous

metastasis may be due to the presence of circulating tumor

cells (CTC). Recently, CTC was widely accepted as a

prognostic factor in gastric, colorectal, and pancreatic

carcinomas.27–29 The relationship between MVI and CTC

TABLE 2 Uni- and multi-

variate analyses of the

prognostic factors for 86

patients with duodenal

carcinoma

Univariate analysis Multivariate analysis

n = 86 5-Year OS (%) 95% CI p Valuea HR 95% CI p Valueb

Age (years)

\ 70 62 83.9 71.3–91.3 0.764

C 70 24 81.4 51.6–93.8

Gender

Male 53 81.7 64.9–91.0 0.823

Female 33 83.9 65.5–93.0

CEA (ng/mL)

B 5.0 75 87.1 75.4–93.4 0.002 1 (Reference) 0.781

[ 5.0 11 55.6 20.4–80.5 0.83 0.22–3.12

CA19-9 (U/mL)

B 37 74 92.3 82.3–96.7 \ 0.001 1 (Reference) 0.177

[ 37 12 22.9 3.5–52.4 2.92 0.62–13.79

Differentiation

Pap, tub 76 86.7 75.0–93.2 0.033 1 (Reference) 0.625

Others 10 57.1 21.7–81.5 0.66 0.12–3.53

Tumor size (mm)

\ 30 33 93.1 75.0–98.2 0.038 1 (Reference) 0.684

C 30 53 76.3 59.9–86.7 0.68 0.11–4.26

LVI

Absent 59 100 \ 0.001 1 (Reference) 0.232

Present 27 47.6 25.7–66.6 4.95 0.36–67.88

PI

Absent 68 96.2 85.7–99.1 \ 0.001 1 (Reference) 0.019

Present 18 30.2 8.8–55.6 7.59 1.39–41.53

LNM

Absent 68 90.5 78.5–96.0 \ 0.001 1 (Reference) 0.026

Present 18 53.3 25.2–75.1 5.01 1.21–20.81

OS overall survival, CI confidence interval, HR hazard ratio, CEA carcinoembryonic antigen, CA carbo-

hydrate antigen, pap papillary, tub tubular, LVI lymphovascular invasion, PI pancreatic invasion, LNM
lymph node metastasis
aLog-rank test
bCox proportional hazards model
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was reported in colorectal carcinoma.28 The poor survival

outcomes in the DC group with PI may have resulted in

high rates of MVI and hematogenous metastasis, suggest-

ing the possibility of coherence with CTC.

Among the common periampullary malignancies (pan-

creatic carcinoma, distal bile duct carcinoma, ampulla of

Vater carcinoma, and DC), the OS in resected DC is

reported to be better than in other resected carcinomas.6,30

In addition, the superior survivals in resected DC have been

similar in all stages (stages 1–4).30 However, in the current

0

0.0

0.2

0.4

0.6

0.8

1.0
a b

12 24 36 48 60
Time after surgery (months)

O
ve

ra
ll 

su
rv

iv
al

 ra
te

0

0.0

0.2

0.4

0.6

0.8

1.0

12 24 36 48 60
Time after surgery (months)

O
ve

ra
ll 

su
rv

iv
al

 ra
te

Number at risk Number at risk
DC (PI+)
RPHC (A)
RPHC (N)

18
212
141

DC (PI+)
RPHC (A)
RPHC (N)

18
212
141

6
140
45

6
75
29

5
42
25

3
34
18

3
21
14

11
189
85

8
119
44

5
75
30

4
52
25

3
37
19

p < 0.001 p = 0.570
p = 0.135

RPHC (A)

RPHC (N)
DC (PI+) p < 0.001 p = 0.449

p = 0.501

RPHC (A)

RPHC (N)
DC (PI+)

FIG. 3 Kaplan–Meier survival curves for a 5-year period for

duodenal carcinoma (DC) patients with pancreatic invasion (PI),

and for resectable pancreatic head carcinoma (RPHC) patients who

underwent pancreaticoduodenectomy, according to adjuvant

chemotherapy (ACT). a Overall survival (OS) curves. b Relapse-

free survival (RFS) curves. RPHC (A), RPHC with ACT; RPHC (N),

RPHC without ACT

TABLE 3 Comparison of clinicopathologic features and recurrence patterns between DC with PI, DC without PI, and RPHC

DC (PI–)

(n = 13)

DC (PI?)

(n = 18)

RPHC

(n = 141)

p Valuea p Valueb

Median CEA: ng/mL (range) 2.2 (0.9–62.1) 3.5 (0.6–26.5) 3.5 (0.1–50.1) 0.133 0.909

Median CA19-9: U/mL (range) 6 (2–3660) 37.5 (2–1342) 167 (2–17,324) 0.032 0.163

Microscopic lymphatic invasion 9 (69%) 16 (89%) 123 (87%) 0.208 1.000

Microscopic venous invasion 4 (31%) 12 (67%) 103 (73%) 0.073 0.582

LNM 6 (46%) 11 (61%) 102 (72%) 0.481 0.407

Recurrence patterns

Hematogenous metastasisc 2 (15%) 10 (56%) 66 (47%) 0.025 0.319

Lymph node 0 (0%) 2 (11%) 22 (16%) 0.497 1.000

Local recurrence 1 (7.7%) 4 (22%) 28 (20%) 0.368 0.761

Peritoneal recurrence 0 (0%) 4 (22%) 22 (16%) 0.500 0.500

DC duodenal carcinoma, PI pancreatic invasion, RPHC resectable pancreatic head carcinoma without adjuvant chemotherapy, CEA carci-

noembryonic antigen, CA carbohydrate antigen, LNM lymph node metastasis
aComparison between duodenal carcinoma with and without pancreatic invasion
bComparison between duodenal carcinoma with pancreatic invasion and resectable pancreatic head carcinoma
cIncluding liver, lung, and uterus metastasis
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study, the survival outcome in DC with PI was similar to

that in RPHC, which was reported to have the worst sur-

vival outcome among periampullary carcinomas.6,30

Pancreatic carcinoma is one of the most lethal types of

malignancy,31 and the rate of distant recurrence has been

high even after curative resection.32 The prognosis of

pancreatic carcinoma treated with surgical resection alone

has been extremely poor, which prompted research into

ACT and its introduction.33,34 Surgery alone seems to be an

inadequate approach for achieving a long-term survival for

DC patients with PI considering the poor survival out-

comes, which may suggest the utility of ACT, as observed

in pancreatic carcinoma. The indication for ACT has been

established for other gastrointestinal tumors, such as gastric

carcinoma and colorectal carcinoma.35,36 Although the

efficacy of ACT to improve survival for DC patients has

been controversial,8,9 its efficacy for small bowel carci-

noma has been reported in a retrospective study using a

large cohort from the cancer registry.37 An ongoing ran-

domized phase 3 trial of ACT for patients with small bowel

carcinoma may lead to the advancement of multidisci-

plinary treatment for DC patients.38

The limitations associated with the current study include

its retrospective nature and single-institution setting with a

limited number of patients, the latter of which was

unavoidable because DC is a very rare disease. The sur-

vival impacts of T factors other than PI were not fully

investigated because the T2 and T3 disease rates were low.

The overall rate of LNM was low for the same reason. The

depth of pancreatic DC invasion was not pathologically

measured in the current study, which is included in pT

classification of ampulla of Vater carcinoma.13 The DC and

RPHC patients differed in extent of lymphadenectomy and

dissection of retroperitoneal tissue. A large-scale multi-

center investigation is required to prove the association

between PI and survival.

In conclusion, PI was a critical prognostic factor for the

patients with DC after surgery. The survival outcomes for

the DC group with PI did not differ significantly from those

for the patients with RPHC, which was associated with a

high rate of hematogenous recurrence.
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