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ABSTRACT

Background. Ampulla of Vater carcinoma (AVC) stage T3
was subdivided according to the degree of pancreatic inva-
sion into T3a (< 0.5 cm) and T3b (> 0.5 cm) by the 8th edi-
tion of the Union for International Cancer Control (UICC)/
American Joint Committee on Cancer (AJCC) cancer stag-
ing system. However, the differences in clinicopathological
features and survival outcomes between the two categories
have not been well discussed.

Patients and Methods. We retrospectively analyzed 133
consecutive patients who underwent pancreatoduodenec-
tomy for AVC at our institution between 2002 and 2020.
Clinicopathological features and survival outcomes of
patients with AVC were analyzed, with a focus on the depth
of pancreatic invasion. In addition, the survival outcomes of
patients with T3 AVC were compared with those of patients
with resectable pancreatic head carcinoma (R-PhC) who
underwent pancreatoduodenectomy during the same period.
Results. The overall survival (OS) in patients with T3b
AVC (n = 12) was significantly worse than that in patients
with T3a AVC (n = 39) [median survival time (MST) 9.2 vs.
74.5 months, p < 0.001). A multivariate analysis identified
T3b tumor (hazard ratio 5.64, p = 0.009) as an independ-
ent prognostic factor. The OS of patients with T3a AVC
was significantly better than that of patients with R-PhC
who received adjuvant chemotherapy (n = 276, MST 35.0
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months, p = 0.007). In contrast, the OS of patients with T3b
AVC tended to be worse than that of patients with R-PhC
managed without adjuvant chemotherapy, although this dif-
ference was not statistically significant (n = 163; MST, 17.5;
p = 0.140).

Conclusions. AVC with > 0.5 cm invasion into the pan-
creas was associated with poor survival and represented
advanced tumor progression to systemic disease.

Symptoms of biliary obstruction make the ampulla of
Vater carcinoma (AVC) more likely to be detected in the
early phase, and patients are more likely to undergo curative
resection compared to other periampullary malignancies.! In
2017, The Union for International Cancer Control (UICC)
and the American Joint Committee on Cancer (AJCC) estab-
lished a new 8th edition cancer staging system, including
AVC.>? The T category of the UICC/AJCC staging system
had been revised, especially with respect to the depth of
pancreatic invasion. T3 was divided into T3a, invasion to
the pancreas (< 0.5 cm), and T3b, invasion to the pancreas
(> 0.5 cm) or invasion into the duodenal serosa. A cutoff
value of 0.5 cm was selected because it represents the short-
est distance from the ampulla of Vater to the peripancreatic
soft tissue or other adjacent organs or structures, excluding
the pancreas such as the duodenal serosa. In the 8th edition
of the UICC/AJCC staging system, tumors with pancreatic
invasion (> 0.5 cm) as well as those invading peripancreatic
soft tissue or other adjacent organs or structures other than
the pancreas, which were classified as T4 in the 7th edition,
are both categorized as T3b tumors.*> While validation stud-
ies of this revision showed a significant difference in the
survival outcomes of T3a and T3b tumors,®’ the differences
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in clinicopathological features between these two tumors
have not been sufficiently clarified.

This study aimed to investigate the clinicopathological
features and survival outcomes of patients with AVC, with
a focus on the depth of pancreatic invasion according to
the UICC/AJCC staging system. Furthermore, the survival
outcomes of patients with AVC and pancreatic invasion were
compared with those of patients with R-PhC.

PATIENTS AND METHODS
Study Population

This retrospective study included 133 consecutive
patients who underwent pancreatoduodenectomy (PD) for
AVC between October 2002 and December 2020 at Shizuoka
Cancer Center. The 2002-2017 cohort overlapped with our
previous AVC report.® Patients with tumors limited to the
mucosa of the ampulla (Tis tumor) and those who underwent
local resection (e.g., papillectomy or pancreas-sparing duo-
denectomy) were excluded. The current study was approved
by our institutional review board (J2023-45-2023-1-3).

Preoperative Evaluation and Surgical Strategy

Preoperative work-up for AVC, including gross appear-
ance, depth of tumor invasion, and resectability, was per-
formed using upper gastrointestinal endoscopy, endoscopic
ultrasonography, and multidetector-row computed tomogra-
phy. None of the patients had received neoadjuvant therapy.
Tumors clinically diagnosed as stage T1 or higher were
treated with classical PD with regional lymph node dis-
section as the standard treatment for AVC, as previously
described.®’ Clinical T4 tumors, including those involving
the celiac axis or superior mesenteric artery, were consid-
ered unresectable. Patients who were preoperatively diag-
nosed with obvious distant metastases, including those in
the para-aortic lymph nodes, were not candidates for surgery.
Para-aortic lymph node sampling was typically conducted,
and if the lymph node was positive for metastasis, the deci-
sion to proceed with PD was at the surgeon’s discretion.

Histopathological Evaluation

All specimens were prepared in the usual manner for
microscopic examination by hematoxylin-eosin staining.
Tumor size, histological grade, microscopic lymphatic inva-
sion, microscopic vascular invasion, microscopic perineural
invasion, lymph node metastasis, staging, and invasion to
other adjacent organs, including the pancreas, were recorded
in accordance with the 8th edition of the UICC/AJCC stag-
ing system.?

An experienced pathologist (N.O.) reviewed these patho-
logical findings for T3a cases characterized by tumor inva-
sion into the pancreas (< 0.5 cm) and for T3b cases with
tumor invasion into the pancreas (> 0.5 cm) or invasion
into the duodenal serosa. Specifically, the malignant fea-
tures identified in T3b tumors were extracted and examined
to determine whether they were also present in T3a tumors.

Follow-Up

No adjuvant chemotherapy was administered. All patients
were followed up at 3 to 6 months intervals after surgery
with laboratory tests, including the measurement of tumor
markers and imaging studies. Tumor recurrence was con-
firmed on the basis of either the radiological findings or
histological evidence, and the initial recurrence sites were
recorded. Gemcitabine-based regimens are primarily used
to treat tumor recurrence. '’

Comparisons of Survival Outcomes between Patients
with AVC with Pancreatic Invasion and Patients
with R-PhC

Survival outcomes were compared between patients with
AVC with pancreatic invasion and 439 patients with R-PhC
who did not receive neoadjuvant chemotherapy and who
underwent PD during the same period at our institution.
The resectability status of pancreatic carcinoma was defined
according to the National Comprehensive Cancer Network
(NCCN) guidelines.'! As the treatment strategy for pancre-
atic cancer has dramatically changed over the last decade,
patients with R-PhC were subdivided into two groups based
on whether they received adjuvant chemotherapy. Gemcit-
abine was administered from 2006 to 2011'% and S-1 has
been used since 2012'3 as adjuvant chemotherapy.

Statistical Analyses

Continuous data are expressed as medians and ranges and
compared using the Mann—Whitney U test or Kruskal-Wal-
lis test. Categorical data were analyzed using Fisher’s exact
test. Overall survival (OS) was defined as the time from
the date of resection to the date of death from any cause.
Patients who were alive on the last follow-up examination
were censored at that time. Relapse-free survival (RFS)
was calculated from the date of resection to the date of dis-
ease recurrence or death from any cause. Patients without
recurrence on the last follow-up examination were cen-
sored at that time. OS and RFS were estimated using the
Kaplan—Meier method. Variables with a p value of < 0.05
in a univariate analysis were included in a multivariate Cox
proportional hazards regression analysis to identify inde-
pendent risk factors for OS. Statistical significance was set at
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p < 0.05. All statistical analyses were performed using EZR
software (Saitama Medical Center, Jichi Medical University,
Saitama, J apan).14

RESULTS
Patients with AVC

The clinicopathological characteristics of the 133 patients
with AVC are shown in Table 1. Pancreatic invasion was
observed in 51 patients (38.3%); 39 had pT3a tumors
(29.3%) and 12 had pT3b tumors (9.0%). All T3b cases
were on the basis of the evidence of pancreatic invasion,
with no cases involving extrapancreatic tissue. Two deaths
occurred within 90 days of surgery. One patient died on post-
operative day 2, as a result of heart failure associated with
myocardial infarction. The other patient died on postopera-
tive day 73 because of bleeding from the gastroduodenal
artery stump, which was associated with a pancreatic fistula.
These patients had T1a and T2 tumors, respectively. Five
patients were diagnosed with para-aortic lymph node metas-
tases during surgery: one with a T1b tumor, one with a T2

tumor, one with a T3a tumor, and two with a T3b tumors.
Among the 133 patients, 47 patients (35.3%) had tumor
recurrence during the study period: 15 of the 41 patients
(36.6%) with T2 tumors, 18 of 39 (46.2%) with pT3a tumors,
and 11 of 12 (91.7%) with pT3b tumors. Systemic chemo-
therapy was administered to 29 of 47 patients with con-
firmed tumor recurrence. Gemcitabine alone was used in
16 cases, gemcitabine plus cisplatin in 11 cases, and other
regimens were used in two cases. There was no difference in
the OS between patients managed with and without systemic
chemotherapy for recurrence [median survival time (MST):
27.8 vs. 28.9 months, p = 0.336] (Supplementary Fig. 1).
Surgical resection for recurrent tumors was performed in 4
patients, two of whom had liver metastasis and two of whom
had lung metastasis.

Survival Outcomes According to Pathological T Stage

Figure 1 compares the RFS and OS curves according
to the T stage. The median observation period was 58.8
months (range: 3.2-224.9 months) in the censored cases.
The survival time did not differ to a statistically significant

TABLE 1 Clinicopathological
characteristics of the 133
patients with AVC

Characteristics Whole patients
n=133

Age at surgery (years) * 69 (40-85)

Sex (male) 74 (55.6)

BMI (kg/m?) * 22.3 (13.9-39.7)

CEA (ng/mL) * 2.3(0.5-33.4)

CA19-9 (U/mL) *
Surgical outcomes
Operation time (min) *
Blood loss (mL) *
Mortality

16.5 (2-1479)

401 (213-648)
662 (92-3368)
2(1.5)

Morbidity (Clavien—Dindo > III)
Postoperative hospital stays (days) *
Pathological findings

Gross appearance (protruded type/ulcerative type)
Tumor size (mm) *

Differentiation (pap/tub/por/mix)

Lymphatic invasion (+)

Vascular invasion (+)

Perineural invasion (+)

Pathological T stage ** (T1a/T1b/T2/T3a/T3b)
Pathological N stage** (NO/N1/N2)
Pathological Stage** (I/II/IIIA/IIIB/IV)

40 (30.1)
25 (2-106)

103 (77.4)/30 (22.6)

25 (1-133)

8 (6.0)/107 (83.5)/12 (6.0)/6 (4.5)

82 (61.7)

30 (22.6)

30 (22.6)

24 (18.1)/17 (12.8)/41(30.8)/39 (29.3)/12 (9.0)
81 (60.9)/38 (28.6)/14 (10.5)

60 (45.1)/21 (15.8)/37 (27.8)/10 (7.5)/5 (3.8)

BMI body mass index, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, pap papillary
adenocarcinoma, fub tubular adenocarcinoma, por poorly differentiated adenocarcinoma, mix mixed adeno-

neuroendocrine carcinoma (MANEC)
“Median (range)
**The 8th edition of UICC/AJCC classification
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FIG.1 a Relapse-free survival curves according to pathological T stage. b Overall survival curves according to pathological T stage. MST

median survival time

extent between patients with T2 tumors (MST for RFS:
167.8 months; MST for OS: 167.8 months) and those with a
T3a tumors (MST for RFS: 37.4 months; MST for OS: 74.5
months) (RFS, p = 0.470; OS, p = 0.542). Significant dif-
ferences in RFS and OS were found between patients with
T3a tumors and those with T3b tumors (MST for RFS: 5.4
months; MST for OS: 9.2 months) (RFS, p < 0.001; OS, p
< 0.001).

Prognostic Factors for OS

Table 2 shows the results of univariate and multivariate
analyses to identify the prognostic factors for OS. A mul-
tivariate analysis identified pathological N2 [hazard ratio
(HR), 6.55; p = 0.002], pathological T3b tumor (HR, 5.64;
p = 0.009), microscopic perineural invasion (HR, 2.79; p =
0.013), and pathological N1 (HR, 2.65; p = 0.031) as inde-
pendent prognostic factors.

Histopathological Findings of T3b Tumors

Of the 12 T3b tumors, ten were observed as predomi-
nantly pancreaticobiliary-type tumors (Fig. 2a), specifi-
cally advanced regions of tumorous growth within the
pancreas, which had infiltrated scirrhous tissue and exhib-
ited lymphatic and/or vascular invasion (Fig. 2b, c). Five
of these cases mainly presented with poorly differentiated

components, among which one exhibited signet cell-like
poorly differentiated cells (Fig. 2d). Tumors exhibiting a
predominantly intestinal type also exhibited aggressive
venous invasion (Fig. 2e). Other histological characteristics
indicative of malignant tumor features included invasive
micropapillary patterns in three cases (Fig. 2f), extranodal
involvement of metastatic lymph nodes in two cases, and
a mixture of neuroendocrine neoplasm components with
sheet-like cell proliferation and positive synaptophysin in
the cytoplasm (Fig. 2g, h).

Comparisons of Pathological Findings and Recurrence
Patterns According to Pathological T Stage

Table 3 shows comparisons of pathological findings
including the malignant tumor features identified in T3b
tumors and recurrence patterns between patients with T3a
and T3b tumors. Although the frequencies of microscopic
lymphatic and perineural invasion were not significantly dif-
ferent between patients with a T3b and T3a tumors, there
was a significant difference in the frequency of microscopic
vascular invasion (75.0% vs. 28.2%, p = 0.006), and a sig-
nificantly higher percentage of T3b tumors showed an inva-
sive micropapillary pattern in comparison to T3a tumors
(25.0% vs. 2.6%, p = 0.036). Additionally, 53.8% of patients
with T3a tumors had no lymph node metastases, while
all patients with T3b tumors had lymph node metastases,
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TABLE 2 Univariate and

o Variable n Univariate Multivariate*
multivariate analyses of the
prognostic factors for the overall MST (months) p value Hazard ratio (95% CI) p value
survival
Age (years) >70 66 733 0.011  1.90 (0.89-4.05) 0.097
<70 67 1678
Sex Male 59 1678 0.120
Female 74 NA
BMI (kg/m?) >21 92 NA 0.237
<21 41 125.9
CEA (ng/mL) >5.0 12 315 0.014 1.05(0.39-2.83) 0.924
<50 118 167.8
CA19-9 (UmL) >37 33 733 0.055
<37 97  167.8
Gross appearance  Ulcerative 30 63.0 0.002 2.03 (0.95-4.32) 0.066
Protruded 103 NA
Differentiation Pap, tub 115 167.8 0.103
Others 18 1259
Histologic type Pancreatobiliary 59 0.034 1.07 (0.47-2.46) 0.868
Intestinal 74 167.8
Tumor size (mm) > 25 69 745 0.002 1.43(0.63-3.22) 0.395
<25 64 1678
ly Present 82 745 < 0.001
Absent 51 NA
% Present 30 424 < 0.001 0.85(0.37-1.95) 0.698
Absent 103 167.8
pn Present 30 40.0 <0.001 2.79 (1.25-6.26) 0.013
Absent 103 167.8
pT stage T3b 12 92 <0.001 5.64 (1.53-20.73) 0.009
T3a 39 745 1.00 (0.41-2.47) 0.994
T1/2 82 167.8
pN stage N2 14 242 <0.001 6.55(2.01-21.38) 0.002
N1 38  63.0 2.65 (1.09-6.44) 0.031
NO 81 NA
pM stage M1 5 11.0 < 0.001
MO 128 167.8

MST median survival time, CI confidence interval, BMI body mass index, CEA carcinoembryonic antigen,
CA19-9 carbohydrate antigen 19-9, ly microscopic lymphatic invasion, v microscopic vascular invasion, pn

microscopic perineural invasion

Significant values are in bold. fLog rank test, $Cox proportional hazards model

58.3% of which had a pathological N stage of 2 (p < 0.001).
Although the differences were not statistically significant,
among patients with recurrence, patients with T3b tumors
had a higher frequency of liver recurrence than those with
T3a tumors (81.8% vs. 50.0%, p = 0.125).

A comparison of patients with T2 tumors is shown in
Supplementary Table 1. The frequency of microscopic vas-
cular invasion in patients with T2 and T3a tumors did not
differ to a statistically significantly extent (22.0% vs. 28.2%,
p = 0.609), but the frequencies of microscopic lymphatic
and perineural invasion were significantly higher in patients
with T3a tumors than in those with T2 tumors (lymphatic

invasion, 73.2% vs. 92.3%, p = 0.038; perineural invasion,
17.1% vs. 46.2%, p = 0.008).

Comparisons of OS Between Patients with AVC
with Pancreatic Invasion and Patients with R-PhC

Survival outcomes were compared between patients with
T3 AVC and R-PhC who underwent PD without neoadju-
vant chemotherapy. The clinicopathological characteristics
of 439 patients with R-PhCs are presented in Supplementary
Table 2. A comparison of the OS is shown in Fig. 3a. The
OS of patients with T3a AVC was significantly better than
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FIG. 2 Representative malignant microscopic findings of T3b
tumors observed in this study. a A pancreaticobiliary-type tumor with
abundant fibrous stroma and scirrhous proliferation. b Lymphatic
invasion. ¢ Venous invasion with thrombus. White arrowheads show
the outline of the thrombus and red arrowhead shows tumor cells.
d Poorly differentiated adenocarcinoma with signet cell-like cells.

that of patients with R-PhC (MST, 74.5 vs. 26.6 months, p
< 0.001). In contrast, the OS of patients with T3b AVC was
significantly worse than that of patients with R-PhC (MST,
9.2 months vs. 26.6 months, p = 0.002).

Subsequently, the patients with R-PhC were subdivided
into two groups based on whether they received adjuvant
chemotherapy. The OS of the patients with R-PhC who
received adjuvant chemotherapy (n = 276, MST, 35.0
months) was significantly better than that of those who were
managed without adjuvant chemotherapy (n = 163; MST,
17.5 months; p < 0.001). The OS of patients with T3a AVC
was significantly better than that of patients with R-PhC who
received adjuvant chemotherapy (p = 0.007). However, the
OS of patients with T3b AVC tended to be worse than that
of patients with R-PhC who were managed without adjuvant
chemotherapy, although this difference was not statistically
significant (p = 0.140) (Fig. 3b).

e Aggressive venous invasion of an intestinal-type tumor. White
arrowheads show the tumor cells in the veins. f The invasive micro-
papillary pattern. g Neuroendocrine neoplasm components with
sheet-like cell proliferation. h Positive synaptophysin in the cyto-
plasm in the specimen of g

DISCUSSION

This study investigated the clinicopathological features
and survival outcomes of patients with AVC, focusing on the
depth of pancreatic invasion according to the UICC/AJCC
staging system. Depth of pancreatic invasion was identified
as an independent prognostic factor. Patients with T3a and
T3b tumors showed significant differences in RFS and OS.
Notably, patients with T3b tumors exhibited poor survival
rates, which tended to be worse than those of patients with
R-PhC who were managed without adjuvant chemotherapy,
although this difference was not statistically significant. The
clinicopathological characteristics, such as the frequency of
poorly differentiated type, microscopic vascular invasion,
advanced lymph node metastasis, invasive micropapillary
pattern, and recurrence in the liver, were significantly dif-
ferent when the cutoff value of 0.5 cm was used to divide
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TABLE 3 Pathological factors and recurrence patterns between
patients with a T3a and T3b tumor

Characteristics Pathological T stage p value
T3a T3b
39 12

Tumor size (mm) * 25 (13-48) 30 (18-60) 0.054

Poorly differentiated type 5(12.8) 541.7) 0.042
Lymphatic invasion (+) 36 (92.3) 11 (91.7) 1.000
Vascular invasion (+) 11 (28.2) 9(75.0) 0.006
Perineural invasion (+) 18 (46.2) 5(41.7) 1.000
Pathological N stage**

NO 21(53.8) 0(0.0) < 0.001

N1 13(33.3) 5@41.7)

N2 5(12.8) 7 (58.3)
Pancreatobiliary type 26 (66.7) 10(83.3) 0.470
Invasive micro papillary pattern 1 (2.6) 3(25.0) 0.036
Extra-nodal involvement of LNM 1 (2.6) 2 (16.7) 0.134
Including NEN components 1(2.6) 1(8.3) 0.419
Cases of recurrence 18 (46.2) 11091.7) 0.007
Initial recurrence site

Liver 9 (50.0) 9 (81.8) 0.125

Lung 3(16.7) 3(27.3) 0.646

Lymph node 9 (50.0) 4(36.4) 0.702

Local 4(22.2) 3(27.3) 1.000

Peritoneum 1(5.6) 0(0.0) 1.000

LNM lymph node metastasis, NEN neuroendocrine neoplasm
“Median (range)
“*The 8th edition of UICC/AJCC classification

T3a and T3b. These results suggest that there was a sig-
nificant difference in tumor progression between T3a and
T3b tumors. Therefore, different treatment strategies may
be necessary for T3a and T3b tumors.

Although RFS and OS were comparable between
patients with T2 and T3a tumors, as in previous reports,
the rates of microscopic lymphatic and perineural inva-
sion were significantly higher in patients with T3a tumors
than in those with T2 tumors. These results may suggest
that pancreatic invasion within 0.5 cm indicates obvious
pathological tumor progression. However, owing to the
relatively good postoperative survival of patients with T3a
AVC, they are excellent candidates for surgical treatment.
In contrast, significant differences were observed in RFS
and OS between patients with T3a and T3b tumors, and the
rates of microscopic vascular invasion and multiple lymph
node metastases were significantly higher in patients with
T3b tumors than in those with T3a tumors. Focusing on

recurrence patterns, among patients with recurrent disease,
the rate of liver metastasis was higher in patients with
T3b tumors than in those with T3a tumors. These results
imply that pancreatic invasion deeper than 0.5 cm may
represent hematogenous tumor extension and progression
to systemic disease. This pattern appears to be consistent
with the tumor progression patterns in pancreatic cancer.
Therefore, patients with T3b tumors should be considered
for multidisciplinary treatment.

A previous randomized phase III trial (ASCOT) showed
that adjuvant chemotherapy improved OS in patients with
resected biliary tract cancer who underwent curative resec-
tion, including patients with AVC.'> Therefore, while
patients with T2 and T3a tumors experience acceptable
survival outcomes with PD alone, adjuvant treatment could
potentially further enhance survival outcomes. Patients with
T3b tumors, given their poor survival outcomes, obviously
require adjuvant treatment. In addition, multidisciplinary
treatment, including neoadjuvant therapy, may be needed,
as T3b AVC tumors should be considered a potentially
systemic disease. The effectiveness of neoadjuvant treat-
ment has been established in patients with pancreatic car-
cinoma.!'®"!® Although evidence of neoadjuvant treatment
for AVC remains insufficient, clinical trials are underway
for neoadjuvant treatment in patients with biliary tract
cancer.!%%!

Accurate preoperative diagnosis of the extent of pancre-
atic invasion is necessary to provide multidisciplinary treat-
ment for patients with T3b AVC tumors. Various diagnostic
methods are available to ascertain the extent of tumor inva-
sion in AVC, with endoscopic ultrasonography being a sig-
nificant modality.?> However, the sensitivity of endoscopic
ultrasonography in detecting tumor invasion is reported to
be approximately 70-80%, and its accuracy for T-staging
of AVC tumors is still a matter of debate.?” Both the estab-
lishment of a treatment strategy and the advancement of
diagnostic techniques for AVC are crucial for improving the
outcomes of patients with T3b tumors.

The present study has several limitations. First, it was
retrospective in nature and had a single institution setting
with a limited number of patients with AVC. The population
in each subgroup was relatively small, particularly in the
T3b subgroup. Second, it must be taken into account that
the diagnosis of the depth of pancreatic invasion may vary
depending on the specimen preparation methods and indi-
vidual pathologists. Third, adjuvant chemotherapy was not
administered in the present study cohort, regardless of tumor
progression. Owing to the rarity of AVC, an additional large-
scale, multi-institutional study with a larger study population
is required to validate the present findings.
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ampulla of Vater carcinoma and resectable pancreatic head carcinoma
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In conclusion, significant differences were found in the
survival outcomes between patients with T3a and T3b AVC.
AVC with pancreatic invasion deeper than 0.5 cm (T3b)
were associated with poor survival, comparable to that of
R-PhCs, and may represent advanced tumor progression to
systemic disease.
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