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Background: Given the high incidence of complications after pancreaticoduodenectomy (PD), local
resection is being applied to cure stage T'1 carcinoma of the papilla of Vater (CPV). In the present study,
risk factors related to nodal involvement and prognosis were evaluated so as to enable the choice of optimal
surgical procedure for patients with stage T1 CPV.

Methods: A retrospective study of 94 consecutive patients with CPV who underwent PD in our center
from 2013 to 2018 was conducted.

Results: A total of 44 patients (46.8%; 44 of 94) had lymph node metastasis. T1 tumors were subdivided
into layer I (the mucosa) and layer II (the submucosa) based on anatomical stratification, and lymph node
metastasis did not occur in patients with layer I invasion. The nodal metastasis rate was up to 25% (6 of 24)
in patients with layer II invasion. The gross appearance, depth of duodenal invasion, pT stage and perineural
invasion were risk factors related to nodal involvement. Only the depth of duodenal invasion remained a
significant independent factor (P=0.003). Multivariate Cox analysis indicated that depth of duodenal invasion
(P=0.001), nodal involvement (P<0.001), and venous invasion (P<0.001) were independent prognostic
factors. The depth of duodenal invasion is the only independent risk factor related to nodal involvement and
prognosis.

Conclusions: The optimal surgical option should be PD with radical lymphadenectomy for patients with
stage T'1 CPV; only patients with duodenal invasion limited to the mucosa are suitable for local resection. A

modified T category needs to be proposed based on the detailed depth of duodenal invasion.
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Introduction

Carcinoma of the papilla of Vater (CPV) accounts for
about 0.6% of all gastrointestinal carcinomas, so it is
a very rare tumor (1). Nodal involvement is the main
pattern of tumor spread and is known as one of most
important factors related to poor prognosis in CPV (2-5).
Therefore, lymphadenectomy play an important role
in radical resection. CPV tends to be detected in
patients in the relatively early stage, and these patients
have a better prognosis and higher resection rate than
those with periampullary tumors (4,6,7). Thus, radical
pancreatoduodenectomy (PD) has been considered the
curative treatment of choice (7,8). Currently, the mortality
of PD is less than 5%, and the long-term survival is
satisfactory; however, the high incidence of complications
associated with PD is still not widely accepted. Alternative
and less-invasive approaches are imperative. Some studies
have shown that papillary local resection including
endoscopic or transduodenal papillectomy with minimal
invasiveness is potentially curative in patients with stage
T1 CPV (9-11). In stage T'1 CPV, lymph node metastasis
seems to be the most significant prognostic factor because
vascular invasion or distant metastasis is extremely rare
in such patients (2,4,11). Unfortunately, local resection
does not involve lymph node dissection, potential nodal
involvement increases the chance of tumor recurrence
in stage T1 CPV. Therefore, the absence of lymph node
metastasis is the key to apply this technique. Otherwise, PD
with lymphadenectomy is a reasonable choice. Currently,
an accurate preoperative assessment of lymph node status
is hard to achieve, which can only be obtained by careful
pathological examination after complete nodal clearance.
The identification of clinicopathologic factors associated
with lymph node metastasis may provide alternative
indirect approach to identify lymph node status and offer
some surgical guidelines for patients suitable. Risk factors
related to nodal involvement have rarely been mentioned
in previous studies. Some reports have indicated that
the presence of duodenal invasion is a risk factor related
to nodal involvement in CPV (10,12). However, the
relationship between the detailed depth of duodenal
invasion and lymph node metastasis still needs to be
clarified.

Because of the low incidence of CPV, the previous
studies that have focused on prognostic factors in CPV had
small sample sizes and varying conclusions (3-5,12,13). The
prognostic factors for CPV remain controversial. Analysis
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of prognostic factors after radical resection may provide a
guide for selected patients to choose appropriate surgical
procedure or adjuvant treatment, though data supporting
the role of adjuvant therapies are limited (14). Advanced
AJCC T stage and duodenal invasion are known as strong
factors for predicting poor prognosis in CPV. Moreover, the
impact of duodenal invasion depth on prognosis is receiving
increasing attention (6,15). The 8" edition of the AJCC
staging system updates the new definition of the T stage
based on the depth of duodenal invasion (16). However, the
impact of new T staging and detailed depth of duodenal
invasion on prognosis remains unclear.

Given these considerations, this retrospective study aims
to evaluate risk factors related to lymph node metastasis
and prognosis so as to enable the choice of optimal surgical
procedure for patients with stage T1 CPV. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/tcr-20-
1914).

Methods
Patient characteristics

A retrospective study of adult patients with CPV who
underwent PD (Whipple procedure) and regional
lymphadenectomy at Eastern Hepatobiliary Surgery
Hospital (Shanghai, China) from Jan. 2013 to Dec. 2018
was conducted. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
The study was reviewed and approved by the institutional
review board of Eastern Hepatobiliary Surgery Hospital
(EHBHKY2019-003-038), Shanghai, China. Written
informed consent was obtained from all patients. All cases of
CPV were found and confirmed by postoperative pathology.
Patients with tumors extensively involving the bile duct
and pancreas, patients with difficulty identifying the tumor
origin, patients with ambiguous or incomplete pathological
results, and patients with adenoma and hyperplasia were
excluded. Ninety-four cases were obtained in the study,
including 51 males and 43 females with a mean age of
53.6 years (34-78 years). The reviewed preoperative data
included patient demographic characteristics (age and sex),
preoperative examination results (tumor markers, physical
examinations, endoscopy, and forceps biopsy), surgical data
(type of resection, lymph node status, pancreatic invasion,
perineural invasion and venous invasion), pathological
characteristics (gross appearance, tumor size, depth of
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duodenal invasion, differentiation, and pT staging), and
postoperative data (recurrence status, date of death, and

follow-up deadline).

Operative procedures and extent of regional
lympbadenectomy

Conventional PD and pylorus-preserving
pancreaticoduodenectomy (PPPD) were performed in
84 and 10 patients, respectively. We performed regional
nodal clearance in all patients. The extent of lymph
node dissection covers the lymphatic, neural, and soft
tissues in the posterior or anterior pancreaticoduodenal,
hepatoduodenal ligament, right celiac, right side of superior
mesenteric artery and paraaortic area. The key points of
standard PD operation have been previously reported (7).

Postoperative pathology

Histological examination of specimens was performed
to identify the tumor size, gross type, histological grade,
depth of duodenal invasion, pancreatic invasion, nodal
involvement, venous invasion, and perineural invasion.
The extent of the primary tumor was classified into four
pT stages based on the new AJCC Cancer Staging (8"
edition) (16): pT1, tumors invading within or beyond the
sphincter of Oddi or into the submucosa; p12, tumors
invading into the muscularis propria; pT3, tumors invading
the pancreas or extending into peripancreatic tissue; and
pT4, tumors involving the celiac axis, superior mesenteric
artery, or common hepatic artery. The macroscopic
classifications were divided into two types based on their
predominant shape (17): ulcer type and non-ulcer type. The
depth of duodenal invasion was categorized into four layers
based on anatomical structure (18,19): layer I, invasion
limited to the mucosa; layer II, invasion of the submucosa
(beyond the mucosa but not reaching the muscularis
propria, including the sphincter of Oddi); layer III, invasion
of the muscularis propria; and layer IV, invasion of the
serosa or beyond (pancreatic invasion or adjacent tissue).
The histological grade was divided into three categories
based on the predominant features (17), consisting of
well differentiated (G1), moderately differentiated (G2),
and poorly differentiated (G3). Lymph node status was
divided into two levels (17): Ny, no regional lymph node
metastasis; and N, regional lymph node metastasis. Lymph
node metastasis was identified on routine histological
examination by hematoxylin and eosin. Two pathologists
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separately evaluated the histopathological features of all
cases after operation.

Follow-up

Patients were advised to regularly undergo computed
tomography (CT) every 6 months for 5 years after surgery.
Follow-up data on long-term survival were obtained
through direct phone contact, correspondence, and review
of death registration records. The follow-up deadline was
December 2019. The median follow-up time was 25 months
(mean 36 months). Survival time was defined as months
between the operation day and the follow-up deadline or
date of death.

Statistical analysis

Risk factors related to nodal involvement were analyzed
by univariate statistical analysis via the Chi-squared test or
Fisher’s exact test, when applicable. Cumulative survival
curves were obtained using the Kaplan-Meier method and
survival difference of each factor was compared using log-
rank tests. ROC tests were used to assess the prediction
accuracy of the model. Logistic regression was used to
confirm the independent factors related to lymphatic
metastasis using a stepwise approach. Multivariate
analysis of factors affecting survival was based on the Cox
proportional hazards model. A P value of less than 0.05
was considered statistically significant. Data analysis was
performed using IBM SPSS Statistics software Version 21.0
for Windows (SPSS, Inc., Chicago, IL, USA).

Results
Clinicopathological features

PD and PPPD with radical regional lymphadenectomy
were performed in 84 and 10 patients, respectively.
The mean tumor size was 2.2 cm (range, 0.5-4.5 cm).
Histologically, ulcer-type and non-ulcer-type tumors were
found in 21 and 73 patients, respectively. All patients
were confirmed to have adenocarcinoma. Pathologically,
duodenal invasion of layers I, II, IIT and IV was identified
in 6, 24, 20 and 44 patients, respectively. Similarly, T1,
T2, T3 and T4 tumors were identified in 30, 20, 35
and 9 patients, respectively. Specimens also confirmed
pancreatic, venous, and perineural invasion in 10, 4, and
11 patients, respectively.
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Nodal involvement analysis

Frequency of lymph node metastasis

The number of removed nodes ranged from 5 to 61
(median, 16.5). A total of 44 patients (46.8%; 44 of 94) had
nodal involvement with a median number of two positive
nodes (range, 1-10), while 50 patients were negative. In the
posterior or anterior pancreaticoduodenal, hepatoduodenal
ligament, right celiac and right side of superior mesenteric
artery, rates of nodal involvement were 34% (32/94), 12%
(11/94), 7% (7/94) and 22% (21/94), respectively. Para-
aortic nodes had no metastases. Regarding gross appearance,
ulcer-type lesion (66.7%; 14 of 21) was more likely to have
lymph node metastasis than non-ulcer-type (41.1%; 30
of 73). The depth of duodenal invasion was significantly
deeper in node-positive patients than in the negative ones,
and the incidence of lymph node involvement significantly
increased, along with deepening duodenal invasion. Lymph
node metastasis did not occur in patients with layer I
invasion. The rate of lymph node metastasis was up to 25%
(6 of 24) in patients with layer II invasion, 50% (10 of 20)
in patients with layer III invasion, and 63.6% (28 of 44)
in patients with layer IV invasion. Likewise, lymph node
positivity increased with increasing pT stage. The nodal
metastasis rates of pT1, pT2, pT3, and pT4 tumors were
20% (6 of 30), 50% (10 of 20), 60% (21 of 35), and 77.8%
(7 of 9), respectively. In addition, all patients with perineural
invasion were confirmed to have positive lymph nodes.

Clinicopathological factors associated with lymph node
metastasis

The Chi-squared analysis revealed that the gross
appearance (P=0.038), depth of duodenal invasion (P=0.001),
pT stage (P=0.001) and perineural invasion (P<0.001) were
significantly related to lymph node metastasis (Table 1).
Other factors including tumor size, histology, pancreatic
invasion, and venous invasion were not related to nodal
involvement. A logistic regression analysis was subsequently
performed to determine the most significant variables,
which indicated that only depth of duodenal invasion
remained significantly and independently related to lymph
node metastasis (P=0.003) (Table 1). pT stage was not
included because this factor was partly overlapped with
duodenal invasion.

Survival analysis

There was no 30-day mortality. A total of 8 patients (8.5%,
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8/94) were lost to follow-up. The 1-, 3-, and 5-year
survival rates for the 94 patients were 81.7%, 55.6%, and
45.2%, respectively (Figure 1). The median survival time
was 44.3 months. Univariate log-rank analysis indicated
that gross appearance (P=0.016), depth of duodenal invasion
(P<0.001), pT staging (P<0.001), nodal involvement
(P<0.001), pancreatic invasion (P=0.004), venous invasion
(P<0.001) and perineural invasion (P<0.001) were the
significant prognostic factors (1uble 2). Figures 2 and 3 show
Kaplan-Meier survival curves as related to pT stage and
depth of duodenal invasion, respectively. ROC test showed
that the prediction accuracy of model based on duodenal
invasion (AUC =0.72) was better than the one based on pT
stage (AUC =0.69) (Figure 4). Multivariate Cox regression
analysis indicated that depth of duodenal invasion (P=0.001),
nodal involvement (P<0.001), and venous invasion (P<0.001)
were independent risk factors related to poor prognosis
(1able 2). p'T stage was not included because this factor was
partly overlapped with duodenal invasion.

Discussion

Our study confirms that lymph node metastasis is one of
the strongest prognostic factors in CPV. Previously, there
have rarely been studies that have focused on lymph node
metastasis in CPV, and this study is an effective attempt to
reveal the detailed relationship between clinicopathological
factors and nodal involvement. Moriya et al. (4) reported
that gross appearance and histological differentiation were
related to lymph node metastasis in CPV. The correlation
between tumor size and lymph node metastasis is still
controversial (2,10). Aiura er /. (10) reported that the
presence of duodenal infiltration and perineural invasion
were risk factors for nodal spread. Kayahara er /. (12)
divided ampullary invasion into three degrees, and they
concluded that the depth of tumor invasion was related to
lymph node metastasis. In the current study, our results are
consistent with these reports (7able 1); more importantly, we
stratified duodenal invasion in greater detail and indicated
that the detailed depth of duodenal invasion and T staging
were associated with nodal involvement in CPV. Moreover,
the depth of duodenal invasion was confirmed to be the
strongest risk factor related to lymph node metastasis.
The pT stage was excluded because of its partial overlap
with duodenal invasion. Unfortunately, our study showed
no relationship with nodal involvement in tumor size and
differentiation, although large tumors are not well suited
for local resection because of the technical difficulties
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Table 1 Univariate and multivariate analyses of the risk factors for lymph node metastasis in patients with carcinoma of the papilla of Vater after surgery

Lymph node metastasis

Multivariate analysis

Characteristics No.
N; (%) P value OR 95% ClI P value
Sex 0.717
Male 51 23 (45.1)
Female 43 21 (48.8)
Age (years) 0.619
<55 41 18 (43.9)
>55 53 26 (49.1)
CA19-9 (U/mL) 0.464
<35 39 20 (51.3)
>35 55 24 (43.6)
CEA (ng/mL) 0.569
<5 86 40 (46.5)
>5 8 4 (50.0)
Tumor size (cm) 0.805
<2 44 20 (45.5)
>2 50 24 (48.0)
Gross appearance 0.038
Ulcer type 21 14 (66.7)
Non-ulcer type 73 30 (41.1)
Histology 0.749
G1 12 6 (50.0)
G2 79 36 (45.6)
G3 3 2 (66.7)
Duodenal invasion 0.001 217 1.29-3.64 0.003
| 6 0(0)
Il 24 6 (25.0)
1] 20 10 (50.0)
1Y 44 28 (63.6)
pT staging 0.001
pT1 30 6 (20.0)
pT2 20 10 (50.0)
pT3 35 21 (60.0)
pT4 9 7 (77.8)

Table 1 (continued)
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Lymph node metastasis

Multivariate analysis

Characteristics No.
Ny (%) P value OR 95% ClI P value
Pancreatic invasion 0.181
Present 10 7 (70.0)
Absent 84 37 (44.0)
Venous invasion 0.896
Present 4 2 (50.0)
Absent 90 42 (46.7)
Perineural invasion <0.001
Present 11 11 (100.0)
Absent 83 33(39.8)

Cl, confidence interval; OR, odds ratio; significant at the level of P<0.05. G1, well-differentiated type; G2, moderately differentiated type; G3,
poorly differentiated type; |, invasion limited to the sphincter of Oddi; Il, invasion of the submucosa; lll, invasion of the muscularis propria; 1V,

invasion of the serosa or beyond.

Overall survival
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Figure 1 Kaplan-Meier overall survival curve of the entire cohort
of 94 patients who underwent resection for carcinoma of the

papilla of Vater (median survival was not reached).

associated with ensuring tumor-free margins.
Pathologically, in ulcer lesions of CPV, the tumor
destroys the basement membrane of the duodenal wall,
and transfers through lymphatic vessels within the mucosa
and submucosa to lymph nodes. Therefore, it is reasonable
that ulcerative tumors are more likely to have lymph node
metastasis (66.7% vs. 41.1%). Meanwhile, as tumor invasion
deepens, cancer cells will get access to the larger lymphatic

© Translational Cancer Research. All rights reserved.

vessels within the submucosa more likely. Thus, the deeper
the tumor invades, the greater the possibility of nodal
involvement. In the current study, the incidence of nodal
positivity increased with deepening of the depth of invasion
0in I, 25% in II, 50% in III, and 63.6% in IV), as well as
with increases in the pT stage (20% in pT), 50% in pT,,
60% in pT;, and 77.8% in pT,). In addition, thin-walled
lymphatic vessels which are widely distributed within nerve
plexuses around the pancreas and superior mesenteric artery
are considered to be important pathways for perineural
infiltration (20), in agreement with our data that all patients
with perineural invasion had nodal involvement.

In CPV, the incidence of lymph node metastasis has
been reported to range from 41.4% to 50% (4,12,21). In
the present study, the rate of nodal spread was 46.8%.
An accurate preoperative evaluation of nodal status is a
priority for local resection. Currently, transabdominal
ultrasonography (US), CT, magnetic resonance imaging
(MRI), and endoscopic ultrasonography (EUS) are
the major preoperative modalities for evaluating nodal
status. However, the direct diagnostic accuracy of nodal
involvement is not optimistic. The diagnostic accuracy is 7%
in US, 33% in CT/MR, and 47% in EUS (22), which can
only provide suspicious features. Given the difficulties in
accurate preoperative diagnosis of lymph node metastasis,
our research offers another possible indirect approach.
Among the risk factors related to lymph node metastasis,
pT staging and perineural invasion can be acquired only
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Table 2 Univariate and multivariate analyses of prognostic factors in patients with carcinoma of the papilla of Vater after surgery
Univariate analysis Multivariate analysis
Characteristios e Mec(’rfgnst:;\)’iva' 95% Cl P value HR 95% Cl P value
Sex 0.39-1.85 0.695
Male 51 74
Female 43 44.3
Age (years) 0.34-1.68 0.501
<55 41 44.2
>55 53 72
CA19-9 (U/mL) 0.43-2.06 0.888
<35 39 44.9
>35 55 39.2
CEA (ng/mL) 0.23-4.26 0.995
<5 86 44.2
>5 8 44
Tumor size (cm) 0.54-2.58 0.674
<2 44 44.2
>2 50 59
Gross appearance 0.17-0.86 0.016
Ulcer type 21 31.1
Non-ulcer type 73 72
Histology 0.39-3.14 0.843
G1 12 43
G2 79 39.6
G3 3 30
Duodenal invasion 1.93-6.03 <0.001 3.39 1.68-6.84 0.001
I 6 74
I 24 59
I} 20 39.2
Y 44 14.8
pT staging 2.22-6.41 <0.001
pT1 30 74
pT2 20 39.2
pT3 35 19
pT4 9 7.5
Table 2 (continued)
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Table 2 (continued)
Univariate analysis Multivariate analysis
Characteristios NO- Median survival 95% Cl P value HR 95% Cl P value
(months)
Nodal involvement 5.01-37.4 <0.001 15.1 5.21-43.9 <0.001
No 50 74
N, 44 10
Pancreatic invasion 1.41-8.92 0.004
Present 10 16.2
Absent 84 74
Venous invasion 4.65-52.7 <0.001 12.1 3.34-44 <0.001
Present 4 7
Absent 90 44.7
Perineural invasion 8.1-112.9 <0.001
Present 11 7.2
Absent 83 44.7

Cl, confidence interval; HR, hazard ratio; significant at the level of P<0.05. G1, well-differentiated type; G2, moderately differentiated
type; G3, poorly differentiated type; |, invasion limited to the sphincter of Oddi; Il, invasion of the submucosa; Ill, invasion of the

muscularis propria; IV, invasion of the serosa or beyond.

N pT stage
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No. at risk Months after surgery
pT1 30 29 26 21 17 10
pT2 20 17 15 12 8 2
pT3 35 28 11 8 0 0
pT4 9 2 0 0 0 0

Figure 2 Kaplan-Meier survival curves for patients with pT
stages (AJCC, 8th edition) after resection for carcinoma of the
papilla of Vater. There was a clinically important difference in
survival among the groups (log-rank test, P<0.001). However, T2
and T3 curves were not independent of each other in the figure
(P=0.073).
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from postoperative pathology; however, gross appearance
and depth of duodenal invasion can be preoperatively
observed by noninvasive means [endoscopy, EUS,
intraductal ultrasonography (IDUS)]. Multivariate analysis
indicated that the depth of duodenal invasion was the only
independent risk factor related to lymph node metastasis,
which suggests that preoperative evaluation of the depth
of duodenal invasion is more sensitive for predicting nodal
involvement than gross appearance. In the current study,
T1 tumors were subdivided into layer I and layer II, and
no lymph node metastasis was found when tumors were
confined to layer I (the mucosa). When primary carcinoma
invaded layer II (the submucosa), the nodal metastasis
rate increased up to 25%, in agreement with some studies
reporting that tumor invasion limited to the mucosa did not
have nodal spread, and an increased risk (20-28%) of lymph
node metastasis was found in CPV invading the sphincter
of Oddi (10,11,23). Consequently, accurate preoperative
differential diagnosis of layer I and layer II invasion is
imperative, and only patients with duodenal invasion
limited to layer I are suitable for local resection. Otherwise,
PD with nodal clearance should be the preferred choice.
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Figure 3 Kaplan-Meier survival curves for patients with
stratifications of duodenal invasion after resection for carcinoma of
the papilla of Vater. There was a clinically important difference in
survival among the groups (log-rank test, P<0.001). Moreover, all

curves were independent of each other in the figure.
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Figure 4 Receiver operating characteristic (ROC) curves for two
models to predict survival. Area under the ROC curve (AUC)
value indicates that the prediction accuracy of the model based

on duodenal invasion is better than the one based on pT stage.

The diagnostic accuracy of stage T1 CPV was reported
to be 73-93% by EUS (24-26). However, EUS cannot
accurately visualize the sphincter of Oddi because of
its hyper-echo image (10,27,28). In fact, sphincter of
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Oddi invasion was identified in four patients, and one of
them (25%) showed lymph node positivity in our study.
Consequently, EUS has been regarded as insufficient in
preoperative diagnosis of the depth of duodenal invasion
at present. Based on this, our duodenal classification
system incorporates the sphincter of Oddi into layer II
(the submucosa), which can theoretically further improve
the diagnostic accuracy of duodenal stratification between
layer I and layer II invasion by EUS. However, the results
still need to be further explored. At present, only IDUS
can depict the sphincter of Oddi as a hypoechoic layer.
IDUS has been reported to be superior to EUS in terms of
diagnostic accuracy (88.9% vs. 56.3%), and the diagnostic
accuracy for stage T1 CPV is 80-100% (24,27,29). Thus, it
is possible and feasible to completely discriminate between
layer I and layer II invasion in stage T'1 by IDUS and then
to select patients suitable for local resection.

The 5-year survival rate ranges from 30% to 67% in
patients with CPV after PD (30-32). In the present study,
the 5-year overall survival was 45.2% (Figure 1). Various
prognostic factors in patients with CPV after curative
resection have been reported, including gross appearance,
depth of tumor infiltration (pT stage), pancreatic invasion,
perineural invasion, venous invasion and nodal involvement
(4,6,12,15,31-33). Our results are consistent with previous
research and seem to indicate that the depth of duodenal
invasion and nodal involvement are the most important
factors affecting long-term survival because venous
invasion is extremely rare in stage T1 CPV (Table 2).
Moreover, previous analysis concluded that the depth of
duodenal invasion was the only independent risk factor
associated with nodal involvement. Therefore, an accurate
preoperative evaluation of the depth of duodenal invasion is
imperative to predict long-term survival so as to guide the
choice of optimal surgical procedure or adjuvant treatment
in patients with stage T1 CPV.

The depth of duodenal invasion is an important
component of the T stage in CPV, and its role in predicting
prognosis has been increasingly valued. According to new
update of the 8" edition of the AJCC staging system, the
previous T2 was expanded with more precise definitions
based on the depth of duodenal invasion (16). It can be
seen from Figure 2 that the new subclassification of T2
and T3 was unreasonable because no prognostic difference
was found (P=0.073). However, the separate categorization
of T1 and T4 was justified. Based on our duodenal
stratification, all layers, especially layer III (equivalent to 'T2)
and layer IV, were independent of each other and showed
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better prognostic differences (Figure 3). ROC test further
verified the conclusion (Figure 4). Multivariate analysis also
demonstrated that the detailed depth of duodenal invasion
was a stronger predictor of prognosis than the new T
staging. Therefore, the classification of duodenal invasion
proposed in the current study is more suitable for providing
accurate predictions on the prognosis of CPV than the new
T category. A modified T category needs to be proposed
based on the detailed depth of duodenal invasion. In
particular, T3 should be distinguished by the serosa layer
(layer IV), which is in agreement with a recent study (33).
Interestingly, our study found that perineural invasion in
CPV had strong prognostic significance and was correlated
with nodal involvement, which suggests that perineural
dissection during surgery is crucial to ensure RO resection
in order to improve long-term survival (32).

However, this study has certain limitations: this was a
retrospective, single-center study with a limited sample
size; only six patients were classified with layer I duodenal
invasion. There are two possible reasons. First, when
patients developed clinical symptoms, tumor invasion had
often progressed. Second, some select patients who were
not included might have chosen to undergo local resection
(perhaps they were believed to have “early tumors”). In
addition, follow-up time was not long enough. Accordingly,
we are not yet able to draw final conclusions. Additional
nodal involvement data are needed from patients with
tumor invasion limited to the mucosa.

In conclusion, the depth of duodenal invasion is a
strong predictor of nodal involvement and prognosis in
CPV. An accurate preoperative evaluation of the depth
of duodenal invasion can be implemented by IDUS. PD
with lymphadenectomy should be the first treatment
option in stage T1 CPV, only patients with duodenal
invasion limited to the mucosa have no nodal involvement
and are appropriate for local resection. The stratification
of duodenal invasion proposed in the present study is
applicable for providing additional precise information
regarding the prognosis than the new T staging system.
A modified T category needs to be proposed based on the
detailed depth of duodenal invasion.
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