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Abstract: Background/Objectives: The main treatment for non-ampullary duodenal adeno-
carcinoma (NDA) is pancreatoduodenectomy (PD) with lymphadenectomy (LN). Several
studies have proposed a minimum number of examined lymph nodes (MNELN) to ensure
proper staging. This study investigated the impact of nodal parameters—including the
pattern of nodal spread—on oncologic outcomes following PD for NDA. Furthermore,
we sought to determine the MNELN to ensure reliable detection of nodal involvement.
Methods: This was a single-center, retrospective study. Consecutive patients who un-
derwent PD from 2000 to 2019 with a final diagnosis of NDA were retrieved from a
prospectively maintained database. The probability of detecting at least one metastatic LN
in a node-positive patient was assessed using a model based on the binomial probability
law. Results: A total of 70 patients met the inclusion criteria. The median number of
ELNs was 35 (22-43, IQR). Thirty-six patients (51%) had at least one PLN. A node-positive
disease was associated with adverse pathologic features, including high tumor grade and
perineural and peripancreatic fat invasion. This translated into a greater recurrence rate
(p < 0.001). The MNELN yielding a 95% probability of detecting at least one metastatic
node in a node-positive patient was 25. After a median follow-up of 73 months, the median
recurrence-free survival (RFS) was 33 months (95% CI 13-97), and the overall survival (OS)
was 41 months (95% CI 17-96). The LN ratio, tumor grade, and metastases at stations 8 and
12 were independently associated with OS (p < 0.05). Conclusions: Nodal metastases are
common among patients with NDA and have a considerable impact on long-term survival.
Stations 8 and 12 were associated with OS. Therefore, an adequate lymphadenectomy,
possibly including stations 8 and 12, is recommended in patients with NDA.

Keywords: duodenal cancer; pancreatic surgery; Whipple procedure; periampullary cancer;
survival analysis; lymphadenectomy
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1. Introduction

Non-ampullary duodenal adenocarcinoma (NDA) accounts for 0.5% of all gastroin-
testinal malignancies and 33-52% of small bowel malignancies (SBAs) [1]. The primary
treatment strategy of NDA remains surgical resection with regional lymph node (LN) dis-
section, although local excision could be considered in case of small lesions. The reported
5-year survival rates following surgical treatment range from 20% to 70% [2]. Several
prognostic features have been identified, including TNM staging, tumor site, phenotype,
and LN metastases [3]. The number of examined lymph nodes (ELNs) has been shown
to affect the oncologic outcomes, in that patients with a greater number of ELNs display
longer survival rates, especially within the node-negative class [4]. Improved outcomes
with more extensive LN examination, particularly for those patients without known nodal
metastasis, suggest that stage migration might contribute to these findings [5]. The extent
of LN retrieval is also a significant modifier of the prognostic impact of other node-related
parameters, such as the lymph node ratio (LNR) [6]. However, the minimum number of
ELNSs required for accurate staging in NDA still needs to be better defined. The thresholds
proposed by several studies ranged from 5 to 20 nodes [4-8]. Based on these studies, the cur-
rent National Comprehensive Cancer Network (NCCN) guidelines recommend examining
at least eight regional lymph nodes [9]. At the same time, given the paucity of data specific
to SBA, information on systemic chemotherapy utilization is extrapolated from colon cancer
guidelines, where the minimum number of ELNs for proper staging is 12 [9]. The present
study sought to determine the value of nodal staging and the minimum number of ELNs to
ensure reliable detection of nodal involvement in pancreatoduodenectomy (PD) for NDA.

2. Materials and Methods

This was a single-center, retrospective study. Consecutive patients with NDA who un-
derwent PD from 2000 to 2019 were retrieved from a prospectively maintained institutional
database and included in the analysis. Exclusion criteria were endoscopic resection, partial
surgical resection (e.g., duodenectomy or local excision), or final pathological diagnosis of
ampullary duodenal adenocarcinoma. The preoperative work-up included cross-sectional
imaging, laboratory tests, clinical evaluations, and rectal screening for multi-drug-resistant
bacteria. The last preoperative imaging was performed at least 4 weeks before surgery.
The LN dissection or extension was not influenced by the imaging results (e.g., suspected
LN-positive). The institutional protocol for LN dissection included stations 6, 8a-p, 12a-
b-c, 13, 14a-v, 17, and the jejunal mesentery nodes. Dissection of stations 7-9-16 was not
routinely practiced.

Demographic and clinical details included age, gender, body mass index (BMI), Amer-
ican Society of Anesthesiologists (ASA) score, presence of diabetes, preoperative jaundice,
history of familial adenomatous polyposis, celiac disease, Crohn’s disease, weight loss,
and neoadjuvant therapy. Postoperative variables included major complications, defined
as Clavien—-Dindo > III [10]. Pathologic details included R-Status, tumor grading, lymph-
vascular, perineural, and peripancreatic fat invasion, number of ELNs, and positive lymph
nodes (PLNs). The LNR was determined by dividing the number of PLNs by the number
of ELNs and was classified into three categories according to recent literature reports
(0 <LNR<0.2,02 <LNR 04, and LNR > 0.4) [7]. All cases were staged according to the
American Joint Committee on Cancer, 8th ed. [11]. A pathologist with expertise in gas-
trointestinal and biliopancreatic cancers analyzed all the specimens (CL). However, the
pathological analysis was not standardized according to a formal protocol. Nevertheless,
standards of pathological examination were thoroughly discussed between surgeons and
pathologists before data analysis and were found to be comparable across the study pe-
riod. The slicing strategy consisted of bivalve slicing followed by perpendicular slicing
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(4 mm) [12]. Stations 13 and 17 were examined following orange-peeling and full inclusion
in paraffin blocks of peripancreatic soft tissues. Station 14 nodes were examined along
the SMA groove. The first jejunal loop mesentery was routinely sampled, and LNs were
identified microscopically. Other stations were removed as distinct specimens were fully
included and analyzed. The presence of LNs sliced in halves was always specified to
avoid double counting. R-Status was defined based on tumor cells within 1 mm from any
resection margin. Tumors were staged according to the 8th edition of the AJCC manual
from its introduction. For prior resections, tumors were retrospectively restaged from the
7th to the 8th edition.

Statistical Analysis

Continuous variables were presented as median with interquartile range (IQR) and
compared using the Mann-Whitney U-test. Categorical variables were presented as fre-
quencies with percentages and were compared using the Chi-square test or Fisher’s exact
test, as appropriate. The probability of detecting at least one metastatic LN in a node-
positive patient was assessed using the binomial probability law, as recently described
for pancreatic ductal adenocarcinoma [13,14]. Briefly, this probability can be expressed
as P=1 — (1 — p)n, where n is the number of ELN and p is the global LNR of the study
population (total number of PLNs/total number of ELNs), expressing the individual prob-
ability for each node to be metastatic. The MNELN was then defined as the cutoff of
LN yield associated with a 95% probability of detecting at least 1 PLN in a node-positive
patient (P = 95%). Analysis of variables associated with survival was carried out using uni-
and multivariable proportional hazard Cox regression models. Survival curves were con-
structed using the Kaplan—-Meier method, and pairwise comparison between groups was
performed using the log-rank test. A p-value < 0.05 was considered statistically significant.
When appropriate, the p-values were presented with hazard ratios and 95% confidence
intervals (CIs). The data were analyzed using SPSS version 25.0 (IBM Corp., Armonk,
NY, USA).

3. Results

A total of 70 patients met the inclusion criteria. The median ELN was 35 (IQR 22-43),
and 36 patients (51%) had at least one PLN (N+ disease), with a median LNR of 0.26 (IQR
0.10-0.48). Clinical, operative, and pathological characteristics of patients stratified by nodal
status are summarized in Table 1. PLNs were more frequently detected in male patients
(p = 0.048). The presence of a PLN was associated with preoperative jaundice (39% vs. 15%,
p = 0.021), larger tumor size (median 35 vs. 30 mm, p = 0.425), and more advanced T-Status
(pT4 69% vs. 21%, p < 0.001). Furthermore, the presence of a PLN was associated with
other adverse pathologic features, including tumor grade (G2-3 94% vs. 56%, p < 0.001),
perineural invasion (72% vs. 27%, p < 0.001), and pancreatic infiltration (69% vs. 21%,
p <0.001). Patients with a PLN received adjuvant treatment, such as chemotherapy, more
often (83% vs. 15%, p < 0.001). Unsurprisingly, the presence of a PLN was associated with a
higher recurrence rate (47% vs. 6%, p < 0.001).

The pattern of nodal spread is shown in Figure 1, according to the primary tumor loca-
tion. In tumors arising from the proximal duodenum (above the ampullary region, n = 16),
the most commonly involved nodes were at the anterior and posterior surface of the pan-
creatic head (stations 13-17, 94%). Superior mesenteric artery and vein nodes (station
14a-v) were involved in 50% of patients, jejunal mesentery nodes in 31% of patients, hepa-
toduodenal ligament nodes (station 12) in 25% of patients, common hepatic artery nodes
in 19% of patients, pyloric nodes (stations 5-6) in 19%, and stations 7-9 in 4% of patients.
In tumors arising from the distal duodenum (below the ampullary region, n = 16), the
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most commonly involved nodes were at the anterior and posterior surface of the pancreatic
head (stations 13-17, 85%), followed by superior mesenteric artery and vein nodes (station
14a-v, 60%), jejunal mesentery nodes (15%), common hepatic artery nodes (station 8, 15%),
and hepatoduodenal ligament nodes (station 12, 10%). Based on the binomial probability
law, the MNELN yielding a 95% probability of detecting at least one metastatic node in a
node-positive patient was 25.

Table 1. Clinical, operative, and pathological characteristics of patients undergoing pancreaticoduo-
denectomy for non-ampullary duodenal carcinoma, stratified by nodal status.

Node Negative = Node Positive

(n = 34, 49%) (n = 36, 51%) p-Value
Baseline Parameters
Female, n (%) 17 (50%) 10 (28%) 0.048
Age > 65y,n (%) 13 (38%) 13 (36%) 0.525
BMI > 25 kg/m?, n (%) 11 (32%) 14 (39%) 0.375
ASA > 3,1 (%) 4 (12%) 7 (19%) 0.291
Diabetes, n (%) 0 (0%) 4 (11%) 0.064
Preoperative Jaundice, n (%) 5 (15%) 14 (39%) 0.021
History of Malignancy, n (%) 9 (27%) 5 (14%) 0.155
Neoadjuvant Therapy, n (%) 4 (12%) 0 (0%) 0.051
Intraoperative Parameters
Whipple Resection, n (%) 17 (50%) 14 (39%) 0.244
Multiorgan Resection, n (%) 1 (3%) 3 (8%) 0.329
Vascular Resection, n (%) 0 (0%) 1 (3%) 0.514
EBL > 400 mL, n (%) 15 (44%) 19 (53%) 0.314
OT > 360 min, n (%) 23 (68%) 20 (56%) 0.214
Pathological Parameters
Intestinal Phenotype 26 (77) 23 (64) 0.188
Tumor Size (mm), median
(IQR) 30 (0-75) 35 (0-160) 0.425
Location, n (%) 0.146
Oral 10 (29%) 16 (44%)
Anal 24 (71%) 20 (56%)
ELN, median (IQR) 30 (21-43) 38 (31-46) 0.032
pT, n° (%) <0.001
1 15 (44%) 0 (0%)
2 3 (9%) 3 (8%)
3 9 (27%) 8 (22%)
4 7 (21%) 25 (69%)
Grading, n (%) <0.001
Well Differentiated 15 (44%) 2 (6%)
Moderately differentiated 11 (32%) 22 (61%)
Poorly Differentiated 8 (24%) 12(33%)
R1, n (%) 2 (6%) 5 (14%) 0.239
Pancreatic Infiltration, n (%) 7 (21%) 25 (69%) <0.001
Perineural Invasion, n (%) 9 (27%) 26 (72%) <0.001
Adjuvant Therapy 5 (15%) 30 (83%) <0.001
Recurrence 2 (6%) 17 (47%) <0.001

Bold values indicate statistical significance (p < 0.05); BMIL: body mass index; ASA: American Society of Anesthesi-
ology; OT: operation time; EBL: estimated blood loss; ELN: estimated lymph node.
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Figure 1. Pattern of nodal spread according to the primary tumor location: proximal (above the
ampullary region) vs. distal (below the ampullary region) duodenum.

3.1. Overall Survival Analysis

The median follow-up was 73 months. The median overall survival was 41 months
(95% CI 17-96). The analysis of clinical, surgical, and pathological factors associated with
survival is shown in Tables 2 and 3. N-Status was correlated to survival (Supplementary
Material Figure S1, p = 0.002). Vascular resection, severe complications (Clavien-Dindo > 3),
R status, and station 8 involvement were independently associated with survival. Kaplan—
Meier plots are reported in Figure 2a—d.

Table 2. Cox regression model of clinical and surgical survival predictors.

. Univariate Multivariate
Variables Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value
Baseline Parameters
Female 0.394 (0.145-1.071) 0.068
Age>65y 1.941 (0.839-4.486) 0.121
BMI > 25 kg/ m?2 1.631 (0.702-3.793) 0.255
ASA Score > 3 1.983 (0.720-5.461) 0.185
Diabetes 2.375 (0.549-10.268) 0.247
Preoperative 1.035 (0.404-2.651) 0.943
Jaundice
History of Other 0.880 (0.298-2.601) 0.817
Malignancies
Neoadjuvant 0.680 (0.091-5.082) 0.707

Therapy
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Table 2. Cont.
. Univariate Multivariate
Variables Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value
Intraoperative Parameters
Whipple Resection 0.626 (0.262-1.496) 0.292
Multiorgan Resection 0.810 (0.109-6.037) 0.837
Vascular Resection 8.114 (1.015-64.881) 0.048 12.070 (1.44-101.11) 0.022
OT > 360 min 1.115 (0.467-2.662) 0.806
EBL > 400 mL 1.165 (0.504-2.690) 0.721
Postoperative Parameters
Postoperative 2172 (0.634-7.438) 0.217
Complications
Clavien-Dindo > III 2.538 (1.094-5.892) 0.030 2.766 (1.171-6.533) 0.020

Bold values indicate statistical significance (p < 0.05); BMIL: body mass index; ASA: American Society of Anesthesi-

ology; OT: operation time; EBL: estimated blood loss.

Table 3. Cox regression model of pathological survival predictors.

Univariate

Multivariate

Variables Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value
Tumor Size 0.999 (0.983-1.014) 0.855
pT3-4 3.395 (1.003-11.493) 0.050 - 0.546
pN+ 4.359 (1.597-11.900) 0.004 - 0.281
ELN > 25 2.695 (0.908-7.998) 0.074
02 <LNR<04 4.648 (1.821-11.867) 0.001 - 0.157
LNR > 04 6.863 (1.520-30.994) 0.012 - 0.424
Grading (G2-G3) 4.278 (0.992-18.450) 0.002 - 0.455
Location Anal 0.639 (0.275-1.480) 0.296
Non-Intestinal 2120 (0.901-4.987) 0.085
Phenotype
R-Status 7.241 (2.724-19.246) <0.001 5.994 (1.906-18.847) 0.002
Lymph-vascular 4.543 (1.341-15.386) 0.015 - 0.718
invasion
Perineural Invasion 2.614 (1.063-6.426) 0.036 - 0.941
Pancreatic Infiltration 2.795 (1.161-6.730) 0.022 - 0.910
Adjuvant Therapy 2.547 (1.037-6.254) 0.041 - 0.535
Lymph Nodes Station Sub-Analysis
Positive Station 14 4.677 (1.870-11.700) <0.001 - 0.514
Positive Stations 13-17 5.085 (1.853-13.957) 0.002 - 0.563
Positive Station 12 a, b, ¢ 7.783 (2.756-21.975) <0.001 - 0.307
Positive Stations 5-6 3.776 (1.194-11.944) 0.024 - 0.507
Positive Stations 7-9 4.763 (0.766-29.619) 0.094
Positive Station 8 a, p 4.367 (1.406-13.564) 0.011 8.076 (1.015-64.25) 0.048
Positive Station 16 - -
Positive Station Jejunal =4 405 (3 710.26.981) <0.001 . .

Mesentery

Bold values indicate statistical significance (p < 0.05); ELN: estimated lymph node; LNR: lymph node ratio.
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Figure 2. Overall disease-free survival based on the vascular resection ((a), blue line no resection,
red line vascular resection, p = 0.022), Clavien-Dindo (CD) > 3, ((b), blue line CD < 2; red line CD
> 3, p =0.020), R status ((c), blue line R status—, red line R status+, p = 0.002) and pathological
examination of lymph node station 8, ((d), blue line negative nodes, red line positive nodes, p = 0.048).

3.2. Recurrence-Free Survival Analysis

The recurrence rate was 27%, with a median recurrence-free survival (RFS) of
33 months (95% CI 13-97). The most common recurrence sites were surgical bed and
LN (37%), peritoneum (32%), and liver (21%). Bone, kidney, or brain metastases were less
frequent (5%). The analysis of factors associated with DFS is shown in Table 4. N-Status
was correlated with survival (Supplementary Material Figure 52, p < 0.001). LNR and
R-Status were found to be independently associated with DFS (p < 0.05). Kaplan-Meier
plots are reported in Figure 3a-b.

a. LNR b. R status
00 —'ﬁ_k_‘_ﬂ_‘ 1.00
I H
) H
I ﬁx‘_‘—Lﬁ‘ﬁ—‘
075 : 075 '
; %
i tuewwss H
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1
1
N IS,
i teeececeees TS
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L sesessssssesssseewssess | isessesssssssshssessessssstassssusesessstaases
1
1
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[ 12 24 36 48 60 72 9% 08 120 0 12 24 36 48 60 72 84 9% 108 120
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Number at risk Number at risk
LNR <0.2 57 52 51 48 47 40 29 25 24 22 20 RO 63 58 55 51 49 41 30 25 24 22 20
02< LNR <04 10 7 6 4 3 2 2 1 1 1 1
INES0A 2 1 o ° 0 ° ° o o ° 0 R1 6 2 2 1 1 1 1 1 1 1 1

Figure 3. Disease-free survival based on the pathological examination of lymph node ratio ((a), blue
line LNR < 0.2; red line 0.2 < LNR < 0.4; green line LNR > 0.4, p < 0.002), and R status ((b), blue line
R status—, red line R status+, p = 0.021).
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Table 4. Cox regression model of pathological disease-free survival predictors.
. Univariate Multivariate
Variables Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value
Tumor Size 0.966 (0.979-1.014) 0.688
pI3+4 4.117 (0.946-17.915) 0.059
PN+ 9.550 (2.192-41.603) 0.003 - 0.451
ELN > 25 4.580 (1.050-19.973) 0.043 - 0.065
02 <LNR<0.4 8.090 (3.003-21.795) <0.001 - 0.105
LNR > 04 23.891 (4.652-122.691) <0.001 53.537 (4.563-623.886) 0.002
Grading (G2-3) 6.707 (0.892-50.455) 0.065
Location Anal 0.678 (0.267-1.719) 0.412
Non-Intestinal 2934 (1.158-7.433) 0.023 . 0923
Phenotype
R-Status 8.127 (2.810-23.502) <0.001 5.946 (1.315-26.874) 0.021
Lymph-vascular 11.781 (1.567-88.589) 0.017 - 0.374
invasion
Perineural Invasion 3.042 (1.083-8.545) 0.035 - 0.937
Pancreatic Infiltration 3.808 (1.354-10.706) 0.011 - 0.796
Adjuvant Therapy 2.231 (0.837-5.946) 0.109
Lymph Nodes Station Sub-Analysis
Positive Station 14 10.494 (3.352-32.855) <0.001 - 0.059
Positive Stations 13-17 11.245 (2.566—49.271) 0.001 - 0.130
Positive Station 12 a, b, ¢ 9.216 (3.123-27.197) <0.001 - 0.905
Positive Stations 5-6 2.136 (0.466-9.788) 0.328
Positive Stations 7-9 4.763 (0.766-29.619) 0.094
Positive Station 8 a, p 7.908 (2.694-23.831) <0.001 - 0.102
Positive Station 16 5.660 (0.513-62.450) 0.157
Positive Station 15 9.606 (3.499-26.369) <0.001 - 0.680

Bold values indicate statistical significance (p < 0.05); ELN: estimated lymph node; LNR: lymph node ratio.

4. Discussion

The number of ELNs has been widely recognized as a determinant of nodal staging
after PD, especially for pancreatic ductal adenocarcinoma. Few data are available regarding
NDA, and no specific indication of the correct ELN or MNELN is reported.

The present paper investigated the pattern of nodal spread and the MNELN required
for optimal staging in NDA. First, nodal metastasis at final pathology was strongly asso-
ciated with survival. The prognostic role of nodal metastases has been widely described
in NDA [7], although the reported data are heterogeneous. The absence of established
benchmarks could lead to different surgical and pathological practices, generating a discrep-
ancy in the number of ELNs reported in the literature. This discordance was made more
evident by analyzing the different thresholds of LN proposed for a correct NDA staging,
ranging from 5 to 16 [4-8,15]. Based on these studies, the National Comprehensive Cancer
Network recommended that at least eight regional lymph nodes should be examined for
an accurate assessment [9]. A deeper analysis of these surgical series revealed an essential
difference in long-term survival with varying ELNs, underlining the crucial prognostic role
of nodal staging and the possible bias linked to a stage migration effect [16]. Based on the
binomial probability law, the MNELN yielding a 95% probability of detecting at least one
metastatic node in a node-positive patient in this series was 25. Importantly, in our study,
the median number of ELNs was high (35, IQR 22-43), although, per institutional practice,
the lymphadenectomy protocol did not comprise extra-regional nodes (e.g., para-aortic
nodes). The surgical and pathological technique standardization led to a correct staging
of the patients affected by NDA, reducing the migration stage effect. Indeed, the primary
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determinants of survival were tumor grading and LNR, and not the presence of nodal
metastases, as reported in previous studies [8,15]. The only nodal parameter associated
with both recurrence and survival was LNR, with a threshold of 0.4. Several studies investi-
gated the role of LNR following NDA resection [5,7], although with possible biases due to
inadequate lymphadenectomy. In the framework of NDA, correct pathologic staging is of
the utmost importance because local recurrence in the LN is common.

In addition to the MNELN and the LNR, the present study investigated the pattern
of nodal spread. Regardless of tumor site (proximal or distal duodenum), nodes at the
anterior and posterior surface of the pancreatic head were most commonly metastatic,
followed by nodes along the superior mesenteric artery. This is consistent with a recent
analysis of 36 patients who underwent PD at a Japanese center [17]. However, from a
prognostic standpoint, only the involvement of common hepatic artery nodes and nodes
in the hepatoduodenal ligament was associated with reduced recurrence-free and overall
survival. Therefore, nodal dissection for NDA should routinely entail these stations.

The study has some limitations. First, the retrospective design could generate a bias.
Second, even if NDA is a rare entity, the relatively small sample size could be a limitation.
Third, our nodal dissection protocol may not stick with the common practice of nodal
retrieval in PD. Indeed, different authors do not routinely dissect the common hepatic
artery and the hepatoduodenal ligament node stations.

5. Conclusions

In conclusion, LN metastases are common in patients with NDA and have a con-
siderable impact on long-term survival. The pattern of nodal spread is similar to other
periampullary cancers. The hepatoduodenal ligament and hepatic artery lymph node sta-
tions were associated with disease recurrence and survival. Therefore, PD and appropriate
LN harvesting should be carried out to stage patients with NDA properly.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm14082616/s1, Figure S1: Overall Survival based on N-Status
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