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Surgical treatment of duodenal adenocarcinoma: ampullary vs. non-ampullary,
short- and long-term outcomes

Jana Tesarikova?, Pavel Skalicky?, Daniela Kurfurstova®, Hana Svebisova‘, Ondrej Urban?, Premysl Falt’, Jana Zapletalova®,
Dusan Klos?, Martin Lovecek?

Background. The aim of this study was to evaluate symptoms, diagnostic methods, short- and long-term outcomes
of surgical treatment in patients with duodenal adenocarcinoma.

Patients and Methods. A single center, retrospective, observational study of 52 consecutive patients with duodenal
adenocarcinoma operated on with curative intent between 2006 — 2019. Duodenectomy as part of a hemipancreato-
duodenectomy or total pancreatectomy procedure was performed for ADAC (@ampullary duodenal/intestinal adeno-
carcinoma) or NADAC (non-ampullary duodenal adenocarcinoma).

Results. Prevailing symptoms were obstructive jaundice in the ADAC group (P<0.0001) and bleeding in the NADAC
group (P=0.005), with larger tumor size in patients with NADAC (P=0.001). Complication rate, morbidity and mortality
were comparable. Primary total pancreatoduodenectomy predominated in the NADAC group, 16.6% vs. 2.9%, and
salvage completion pancreatectomy in the ADAC group, 6% vs. 0%. Significant prognostic factors for OS were peri-
neural invasion (P=0.006) and adjuvant chemotherapy (P=0.045) in the ADAC group, and for DFS the total number of
resected lymph nodes (P=0.042) and lymph node ratio (P=0.031) in the NADAC group. Median OS is 21 months and
5-year survival 27.3% in the NADAC group and 41.5 months and 52% in the ADAC group.

Conclusion. Ampullary duodenal/intestinal adenocarcinomas are smaller than non-ampullary at diagnosis, with a
higher rate of lymph node metastases, but with a better prognosis and long-term outcome in the presented cohort.
Oral localisation of NADAC prevailed in the present cohort. Perineural invasion and postoperative oncological therapy
are significant prognostic factors for OS in ADAC, but the total number of lymph nodes and lymph node ratio are sig-
nificant prognostic factors for DFS in NADAC.
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INTRODUCTION

The majority of pancreatoduodenectomies are per-
formed for pancreatic cancers (34-72%) followed by
ampullary (16-50%), biliary (5-39%) and duodenal can-
cers (0-25%) (ref.!). Duodenal adenocarcinomas are
rare malignant tumors with a low incidence (about 2% of
colorectal carcinomas), but are the most common malig-
nant tumors of the small bowel>3. Duodenal location is
observed in 55% of all small bowel malignancies*®, and
about 50% of small bowel adenocarcinomas are located
in the ampullary region*. Duodenal carcinomas and in-
testinal type of ampullary carcinomas’ form a logical and
therapeutic subgroup of duodenal malignancies'. Radical
resections achieved by hemipancreatoduodenectomy are

performed similarly and are the only potentially curative
procedure used for both types of invasive adenocarcino-
mas. Duodenal carcinomas are considered to be more ag-
gressive forms of carcinomas®. Due to their rarity, literary
sources are limited.

The aim of this study is a single center retrospective
analysis of consecutive patients operated on for duo-
denal adenocarcinoma (non-ampullary duodenal and
ampullary duodenal/intestinal), evaluating symptoms,
diagnostic methods and comparing long-term and short-
term outcomes between these duodenal adenocarcinoma
subgroups. To the best of our knowledge, this is the first
clinical study focused on duodenal cancers (non-ampul-
lary, ampullary duodenal/intestinal only) from the Czech
Republic and central Europe.
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MATERIALS AND METHODS

A single center, retrospective, observational study, in-
cluded 52 consecutively operated patients with duodenal
cancer. The study and data were collected in accordance
with the institutional review board (approval reference no.
159/16). Data of patients with non-ampullary duodenal
adenocarcinomas (NADAC) and ampullary duodenal/
intestinal adenocarcinomas (ADAC) were extracted from
medical records®. The exclusion criteria were as follows:
suspected invasive tumor of the pancreas, duodenal me-
tastases, suspected invasive tumor of the distal bile duct,
histopathological features different than duodenal adeno-
carcinoma. Collected data including age, body mass index
(BMI), tumor size, hospital stay, number of lymph nodes,
Ilymph node ratio, sex, ASA (American anesthesiolo-
gists society physical status classification system) score,
previous malignancy, grade, perineural invasion (PN),
lymphangioinvasion (LI), angioinvasion (Al), postopera-
tive complications and adjuvant oncological therapy were
analyzed as predictive factors for overall survival (OS)
and disease free survival (DFS) in both groups. Other
evaluated parameters were 30-day mortality, in-hospital
mortality, 1-year, 2-year, 3-year, 5-year survival, recur-
rence, bleeding as first symptom, first type of examina-
tion and Kaplan-Meier survival analysis. Survival analysis
of resected NADAC patients was performed in 15 (who
reached the evaluated interval) of the 18 patients. Three
patients were excluded; one died in the postoperative pe-
riod, in one patient with unexpected liver metastasis the
resection was completed due to bleeding as a palliative
procedure and one did not yet reach the one-year inter-
val for long-term survival evaluation. Survival analysis of
resected ADAC patients was performed on all patients
who reached the evaluated interval.

All 52 consecutive patients with preoperatively endo-
scopically diagnosed duodenal adenocarcinoma - ADAC
(34 pts.) and NADAC (18 pts.) were operated on between
2006-2019. Standard pylorus preserving hemipancreato-
duodenectomy, Whipple procedure, or total pancreato-
duodenectomy with lymphadenectomy were performed
with curative intent’.

Hematoxylin-and-eosin stained slides were examined
from all cases. Ampullary duodenal adenocarcinoma
(ADAC) without invasion to the bile duct and pancreas
according to pathological examination were classified as
ampullary duodenal/intestinal cancer’. Non-ampullary
duodenal adenocarcinoma (NADAC) without invasion
to the bile duct and pancreas and ampulla or with second-
ary infiltration of the ampulla were classified as duodenal
non-ampullary, in the literature sometimes referred to as
SNADEN (sporadic non-ampullary duodenal epithelial
neoplasia) (ref.?).

Postoperative complications were classified according
to the Clavien-Dindo classification®, postoperative onco-
logical therapy was administered at the Comprehensive
Cancer Center at the University Hospital in Olomouc.
Thirty-days, in-hospital mortality, OS from date of surgery
to date of death and DFS from date of surgery to date of
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recurrence were calculated. Since there are no available
relevant oncological markers for ADAC and NADAC,
the appearence of new liver mass(es), lymph nodes, loco-
regional mass(es) or peritoneal dissemination on CT or
PETCT were considered to be a recurrence. The 7th edi-
tion of TNM classification was used for classification of
disease stage. OS and DFS were calculated up to the end
of 2020 using censored data.

Statistical analysis

IBM SPSS Statistics ver. 22 was used for statistical
analysis. Kaplan-Meier analysis and Log-rank test were
used for estimation of mean of survival and median sur-
vival. Cox’s regression analysis was used for evaluation
of predictive factors of overall survival and disease-free
survival. A P-value equal to or less than 0.05 was consid-
ered significant.

RESULTS

In 2006-2019, 570 hemipancreatoduodenectomies or
total pancreatoduodenectomies were performed at the
Department of Surgery I, University Hospital Olomouc.
Although duodenal carcinomas are considered to be rare,
as much as 52 (9.1%) of all duodenectomies performed as
a part of hemipancreatoduodenectomy or total pancreato-
duodenectomy were on patients with sporadic duodenal
adenocarcinomas and ampullary duodenal adenocarcino-
mas in our cohort. Eighteen (34%) were non-ampullary
(NADAC) and 34 (66%) were ampullary duodenal/intes-
tinal type (ADAC). None of them had a history of familial
adenomatous polyposis.

Statistically significant differences among both groups
were found in initial symptoms; bleeding (P=0.005) in
NADAC and obstructive jaundice (P<0.0001) in ADAC,
and its initial diagnostic procedures; duodenoscopy
(NADAC) and ERCP (ADAC). Tumor size from the
resected specimens differed; median size in the ADAC
group was 16.5 mm vs. 35.0 mm in NADAC (P=0.001).
Lymph node metastases were identified in 52.9% of
ADAC and 27.7% of NADAC. Male sex was more fre-
quent in the ampullary duodenal/intestinal carcinoma
group, but was statistically not significant (P=0.071).
There were no differences among both groups in the fol-
lowing categories: age, BMI, hospital stay, total number of
dissected lymph nodes, number of positive lymph nodes
and lymph node ratio, ASA, previous malignancy, grade,
perineural invasion, lymphovascular invasion, angioin-
vasion, postoperative complications and administration
of postoperative chemotherapy - Table 1. Primary total
pancreatoduodenectomy (TP) was performed in 16.6%
of NADAC vs. 2.9% in ADAC. The indication for pri-
mary TP was made by the surgeon in cases of extremely
soft pancreas. Thus, the rate of pancreatic fistula is dif-
ferent, 21.2% in the ADAC group vs. 0% in the NADAC
group. Table 2 displays parameters with a statistically
significant effect on overall survival and Table 3 displays
parameters influencing disease-free survival among both
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Table 1. Demographic, clinical and procedural characteristics of the study population.

Characteristics

ADAC

Duodenal adenocarcinoma, 52 total

Age, y, median (range)

34 (65.4%)
63.5 (47.0-79.0)

Male gender 79.4%

BMI 26.7 (18.0-35.4)
Bleeding 2.9%
Obstructive jaundice 73.5%
Duodenal obstruction 0

Tumor size, median (mm) 16.5
Lymph node metastases 52.9%

Oral localisation NA
30-day mortality 0

90-day mortality 0
In-hospital mortality 0
Hospital stay 15.0 (8.0 - 60.0)
Postoperative pancreatic fistula 21.2%
Delayed gastric emptying 26.4%
Postpancreatectomy haemorrhage 11.7%

CD [-lIa (mild complications) 47%

CD IIIb-IV (severe complications) 14.8%
Total pancreatoduodenectomy 2.9%
Completed pancreatectomy 6%

NADAC

18 (34.6%)
63.0 (45.0-82.0) 0.729
55.6% 0.071
25.5(17.5-38.5) 0.471
33.3% 0.005
0 <0.0001
5.5% NA
35.0 0.001
27.7% 0.818
61% NA
1(5.6%) 0.346
1(5.6%) 0.405
1(5.6%) 0.405
15.0 (9.0 - 22.0) 1.181
0% 0.086
11.8% 0.297
5.9% 0.654
44.4% 1
11.7% 1
16.6% 0.200
0% NA

ADAC, ampulary duodenal/intestinal adenocarcinoma; NADAC, non-ampullary duodenal adenocarcinoma; BMI, body mass index; CD, Clavien-

Dindo classification of surgical complications.

Table 2. Overall survival (OS) and parameters in NADAC and ADAC.

NADAC ADAC
95% CI for RR 95% CI for RR

Sig. RR Lower Upper Sig. RR Lower Upper
Age 0.894 0.996 0.943 1.052 0.703 1.011 0.956 1.069
Male sex 0.112 2.727 0.791 9.403 0.787 0.839 0.235 2.996
BMI 0.051 0.849 0.720 1.001 0.091 0.775 0.577 1.041
ASA 0.072 3.415 0.897 13.0 0.306 1.684 0.620 4.570
Grade 0.890 1.064 0.445 2.540 0.913 1.055 0.408 2.723
PNI 0.559 1.733 0.274 11.0 0.006 5.664 1.647 19.478
LI 0.829 1.310 0.113 15.2 0.461 1.477 0.524 4.164
Al - 0.142 5.500 0.566 53.499
Adjuvancy 0.570 1.455 0.400 5.297 0.045 0.330 0.111 0.976
Total LN 0.764 0.984 0.886 1.093 0.157 1.134 0.953 1.351
Positive LN 0.126 1.294 0.930 1.800 0.560 1.174 0.684 2.015
LNR 0.059 54 0.9 3444 0.472 3.646 0.108 123.559

ADAC, ampullary duodenal/intestinal adenocarcinoma; NADAC, non-ampullary duodenal adenocarcinoma; OS, overall survival; BMI, body
mass index; ASA, American society of anesthesiologists physical status classification system; PNI, perineural invasion; LI, lymphangioinvasion;
Al, angioinvasion; LN, lymph nodes; LNR, lymph node ratio; CI for RR, confidence interval for risk ratio.

groups - NADAC and ADAC. Grade, perineural inva-
sion, lymphangioinvasion, angioinvasion, total number
of lymph nodes, LNR and postoperative chemotherapy
were not found to be statistically significant prognostic
parameters for overall survival in the NADAC group, but
perineural invasion (P=0.006) and administration of adju-
vant chemotherapy (P=0.045) were found to be significant
in the group of ADAC (Table 2). For specific disease-free

survival, the total number of examined LN (P=0.042) and
LNR (P=0.031) were found to be significant predictive
factors in NADAC. BMI (P=0.051), perineural invasion
(P=0.082) and adjuvant chemotherapy (P=0.073) were
borderline significant in the ADAC group and BMI
(P=0.091) in NADAC (Table 3). The survival analysis us-
ing Kaplan-Meier analysis shows the differences between
survival in both groups, but was only borderline signifi-
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Table 3. Disease-free survival (DFS) and parameters in NADAC and ADAC.

NADAC ADAC
95% CI for RR 95% CI for RR

Sig. RR Lower Upper Sig. RR Lower Upper
Grade 0.801 1.178 0.330 4.208 0.523 0.571 0.102 3.187
PNI 0.381 3.464 0.215 55.8 0.082 8.607 0.761 97.3
LI 0.393 58.761 0.005 671566 0.685 0.635 0.071 6
Al - 0.808 -
Total no of LN 0.042 1.575 1.016 3.442 0.290 1.582 0.676 3.700
LNR 0.031 233 1.67 32475 0.384 20 0.02 16784
Adjuvancy 0.808 1.227 0.235 6.393 0.073 0.134 0.015 1.209

DES, disease free survival; ADAC, ampullary duodenal/intestinal adenocarcinoma; NADAC, non-ampullary duodenal adenocarcinoma; CI for RR,
confidence interval for risk ratio; PNI, perineural invasion; LI, lymphangioinvasion; Al, angioinvasion; LN, lymph nodes; LNR, lymph node ratio.
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Fig. 1. Kaplan-Meier survival analysis of ADAC vs. NADAC
(P=0.051).

ADAC, ampullary duodenal/intestinal adenocarcinoma; NADAC, non-
ampullary duodenal adenocarcinoma; OS, overall survival.

cant (P=0.051). The adjuvant chemotherapy regimens
used were DDP + 5FU for ADAC, and 5-FU or FUFA
regimens for NADAC patients.

Survival analysis

The 1-year, 2-year, 3-year and 5-year OS rate of
NADAC patients after radical resection was 93.3%, 57.1%,
50.0% and 27.3% respectively, with median follow up 22
months, (range 12-156 months). Lymph node infiltration
was found in 27.7%. Mean of DFS in NADAC group was
35.9 months with range 3-154 months, median was 11.7
months. The locations of reccurence were equaly repre-
sented in the liver (2), retroperitoneal lymph nodes (2)
and peritoneum (2); in 2 were not reported exactly.

Survival analysis of resected ADAC patients was per-
formed on all patients who reached the evaluated interval.
The 1-year, 2-year, 3-year and 5-year OS rate after radical
resection was 93.5%, 78.6%, 64.3% and 52% respectively,
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with median follow up 41 months, (range 4-154 months).
Lymph node infiltration was found in 52.9%. Mean of
DFS in ADAC groups was 62.9 months with range 3-152
months, median was 53.1 months. The location of recur-
rence was mainly the liver (4) or liver and lymph nodes
(1), in six were not clearly reported.

DISCUSSION

This study focuses on potentially curative surgical
treatment of duodenal adenocarcinomas. Duodenal car-
cinomas are more aggressive gastrointestinal tumors, but
with a better prognosis than pancreatic carcinomas', and
with the most favourable survival among periampullary
cancer patients following resection''. The potentially cura-
tive treatment procedure of invasive carcinomas in that
region is the same - hemipancreatoduodenectomy or total
pancreatoduodenectomy. According to their relationship
with the papilla of Vater, logically duodenal cancers may
be divided into a) ampullary duodenal/intestinal adeno-
carcinomas (ADAC) and b) non-ampullary duodenal
adenocarcinomas (NADAC) (ref.!). Ampullary carcino-
mas are located in the transitional region. They present
as very heterogenous tumors with hybrid phenotypes
consisting of pancreatobiliary and intestinal epithelium
and cause subjectivity in their histological classifica-
tion'2. Morphologic classification of ADAC is based on
the predominant pattern: pancreatobiliary or intestinal,
and it correlates with prognosis'. In the present study,
ADAC inclusion criteria included the absence of infiltra-
tion of the pancreas or pancreatic duct and bile duct.
Non-ampullary duodenal adenocarcinomas according
to morphological studies' can be different; gastric type,
intestinal and less frequently pancreatobiliary type, with
more aggressive behaviour among gastric/pancreatobili-
ary types'®3 The true incidence of non-ampullary and
ampullary duodenal/intestinal adenocarcinomas is not
clearly known. The Czech National Oncological Registry
shows that the incidence of duodenal malignancies was
0.91/100.000 in 2012, with a two-fold increase in the last
40 years®. The incidence of non-ampullary duodenal
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carcinoma according to the most recent and only study
stated the incidence as 2.3/100.000 in the Japanese popu-
lation'® and 5.4/1.000.000 in Denmark".

In the presented single center cohort, 52 duodenal ad-
enocarcinomas were operated on with curative intent over
14 years. ADAC was identified in 65.4% and NADAC in
34.6%. The haemorrhage is the dominating initial symp-
tom (P=0.005) and endoscopy (P<0.0001) is the first di-
agnostic tool in the group of NADAC, and obstructive
jaundice and ERCP (P<0.0001) in the group of ADAC.

Matsueda et al.” in their multi-institutional analysis
found that orally localised non-ampullary duodenal car-
cinomas have different clinicopathological features and
a more aggressive behaviour with higher recurrence rate
and shorter DFS than aborally localised carcinomas!®!.
The presented study was unable to prove a difference
in survival in the NADAC group based on the location,
but more than 60% of all NADAC tumors were localised
completely in the oral part of duodenum and 71% of the
rest of NADAC tumors presented an oral component.
The 5-year survival was worse (27.3% vs. 57%) than previ-
ously published studies'. In a large review by Cloyd et al.
(ref.®), 24 studies with duodenal non-ampullary carcino-
mas were reviewed. One to 132 patients were treated with
pancreatoduodenectomy in this review. In terms of radi-
cality, hemipancreatoduodenectomy is a more favorable
resection method than segmental resection, due to greater
radicality with a higher percentage of RO resections and
a more sufficient lymphadenectomy than in segmental
resections. The extent of the lymphadenectomy and the
number of harvested LNs is one of the prognostic fac-
tors in duodenal adenocarcinoma® and number of lymph
node metastases is the independent prognostic factor
among ADAC and NADAC (ref.'*!®). Lymph node in-
vasion (Nitta et al.”’) and lymphovascular invasion were
independent prognostic factors in Solaini’s study from
the UK (ref.??). All patients in the cohort were treated
with duodenectomy as part of a hemipancreatoduode-
nectomy or total pancreatoduodendectomy procedure
with standard lymphadenectomy’. Lymph node infiltra-
tion was found in 27.7% of NADAC vs. 52.9% in ADAC
group. Only the total number of harvested LNs (P=0.042)
and LNR (P=0.031) were significant prognostic factors
for DFS in the group of NADAC. Regarding tumor size,
NADAC (35.0 mm) were significantly larger then ADAC
(16.5 mm) (P=0.001). This is a completely inverse finding
when compared with Xue et al. (ref.'?). Tumor character-
istics like grade, vascular invasion, lymphangioinvasion
were not proved to be prognostic factors in both groups,
but perineural invasion was a stastically singificant fac-
tor for OS in the group of ADAC (P=0.006). Pancreatic
invasion is a newly studied prognostic factor in duodenal
carcinoma, and Nitta et al. in their latest study found pan-
creatic invasion to be an independent prognostic factor.
Pancreatic resections are associated with significant mor-
bidity and mortality, mostly caused by postoperative pan-
creatic fistula (POPF) and its complications. According
to Malleo et al. postoperative complications may be an
additional prognostic factor?'. Specific postoperative com-
plications like POPF and postpancreatectomy haemor-
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rhage (PPH) were more frequent in the group of ADAC
vs. NADAC; POPF 21.1% vs. 0%, PPH 11.7% vs. 5.9%; sec-
ondary salvage pancreatectomy was performed in 6% Vvs.
0%. According to the surgeon’s subjective decision, based
on the softness of the pancreatic parenchyma and in or-
der to reduce severe complications, total pancreatoduode-
nectomy was performed more frequently in the NADAC
group; 16.6% vs. 2.9% in the ADAC group. Complication
rate and hospital stay were equal in both subgroups, but
due to the higher rate of total pancreatectomies, lower
rates of POPF, DGE and PPH were seen in the group of
NADAC. Total pancreatectomy is considered to be a safe
and reasonable surgical procedure with excellent periop-
erative morbidity and mortality in pancreatic cancer??. In
our set of duodenal carcinomas total pancreatectomy in
cases of soft pancreas is considered to be safe with reason-
able morbidity and mortality.

Long term outcomes

According to the literature, median survival in
non-resectable and metastatic duodenal cancer is 2-8
months?*?. In patients with resectable duodenal cancer,
the long-term outcome - OS - is longer than with other
periampullary cancers (pancreatic, biliary). A radical
surgical procedure is mandatory for long-term survival.
Sohn and Poulsides reported more than 50% 5-year OS
when RO was achieved vs. 0% 5-year OS for R1 resec-
tions?”?8, In the presented study, all procedures were RO
and actual median OS of NADAC has been 21 months
and 1-, 3- and 5-year survival rates were 93.3%, 50.0%
and 27.3%, but oral location, which is considered to be
more aggressive, prevailed. Mann et al. reported compa-
rable 1- and 3-year OS among NADAC - 84% and 52%
(ref.?®). In the ADAC group, median OS is 41.5 months
and 1-,3- and 5-year survival rates were 93.5%, 64.3% and
52%. When compared with Xue’s study, 5-year survival
in the ADAC in our cohort is comparable; 52% vs. 52%,
but in the NADAC group is worse; 27.3% vs. 57% (ref.!?).
Mann et al. reported 1- and 3-year OS among NADAC
84% and 52% (ref.?®).

CONCLUSION

In conclusion, duodenal adenocarcinomas, ampullary/
intestinal and non-ampullary are the smallest group of
carcinomas treated with radical hemipancreatoduodenec-
tomy or total pancreatoduodenectomy, but have a more fa-
vourable prognosis than other periampullary carcinomas
(pancreatic, distal bile duct). Only radical surgery offers
a chance of longer survival. Ampullary duodenal/intesti-
nal cancers are diagnosed smaller than non-ampullary,
with a higher rate of lymph node metastases, but with a
better prognosis and long-term outcomes in the presented
cohort. Oral location of non-ampullary cancers is associ-
ated with worse OS. Perineural invasion and postoperative
oncological therapy are significant prognostic factors for
OS in the group of ADAC, but the total number of lymph
nodes and lymph node ratio are most significant for DFS
in the group of NADAC.
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