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Clinicopathologic Analysis of Early Ampullary Cancers
With a Focus on the Feasibility of Ampullectomy

Yoo-Seok Yoon, MD,* Sun-Whe Kim, MD,* Sang Jae Park, MD,* Hye Seung Lee, MD,†
Jin-Young Jang, MD,* Min Gew Choi, MD,* Woo Ho Kim, MD,†
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Objective: The purpose of this study was to evaluate whether
ampullectomy can substitute for pancreatoduodenectomy (PD) in
early ampullary cancer by clinicopathologic study.
Summary Background Data: Although ampullectomy has been
attempted in early ampullary cancer (pTis, pT1), the indication and
extent of resection have not been established.
Methods: Of 201 patients who had undergone PD for ampullary
cancer between 1986 and 2002, 67 patients with a histologic diag-
nosis of pTis (n � 5) or pT1 (n � 62) cancer were analyzed
retrospectively. Pathologic PD specimens were reviewed to analyze
the cancer spread pattern, and medical records were reviewed for
clinical outcomes.
Results: The 5-year survival rate of the 66 patients with early
ampullary cancer (excluding one mortality) was 83.7%. Recurrence
was confirmed in 12 patients (18.2%) and all died because of the
recurrence. Pathologic review showed that 22 patients (32.8%) had
at least one risk factor for failure after ampullectomy: lymph node
metastasis (n � 6, 9.0%), perineural invasion (n � 1), or mucosal
tumor infiltration along the CBD or P-duct (n � 15, 22.4%). Mean
lengths of invasion into the CBD or the P-duct beyond the sphincter
of Oddi were 7.7 mm (range, 1–25 mm) or 6.3 mm (range, 2–18
mm), respectively. Moreover, these risk factors were not correlated
with tumor size, histologic grade, or the gross morphology of the
primary tumor, although pTis cancer or pT1 cancer sized 1.0 cm or
less was found to be least associated with risk factors.
Conclusions: Ampullectomy for early ampullary cancer should not
be considered an alternative operation to PD because of the high
possibility of recurrence. PD should be preferably performed for
adequate radical resection, even in early ampullary cancer, and
ampullectomy should be reserved for those who have pTis or pT1
cancer sized 1.0 cm or less with high operative risk.

(Ann Surg 2005;242: 92–100)

Ampulla of Vater cancer has been reported to have a more
favorable prognosis than pancreatic or bile duct can-

cer.1–3 A number of recent reports have documented a 5-year
survival rate ranging from 34% to 67.7%.3–10 However,
pancreatoduodenectomy (PD), the standard surgical strategy
for ampullary cancer, is still associated with a high operative
morbidity rate, despite a recent reduction in the operative
mortality to less than 5%.11–13 For this reason, local resection,
in other words, ampullectomy has been attempted not only
for benign lesions but also for early cancer as an alternative
to PD. Since the first ampullary resection by Halsted14 in
1899, increasing numbers of local resections for ampullary
cancer have been reported. Most surgeons generally accept
the role of local resection for small benign tumors, but
controversy remains about expanding the indications for local
resection to early ampullary cancer because of its high recur-
rence rate.15–19 Furthermore, the indication and extent of
ampullectomy with curative intent have not been well defined
because the number of ampullectomy cases for ampullary
cancer is limited.

For ampullectomy to be a curative local resection for
early ampullary cancer (defined as pTis and pT1 ampullary
cancer in this study), an accurate comprehension of the tumor
spread pattern is necessary for determining the indication and
extent of local resection. However, few studies have offered
adequate pathologic details of early ampullary cancer from
this viewpoint. In this study, we evaluated the overall prog-
nosis of ampullary cancer and investigated the pathologic
features of early ampullary cancer by reviewing PD speci-
mens to determine the feasibility of ampullectomy.

MATERIALS AND METHODS

Total Patients
Between 1986 and 2002, 201 patients underwent PD

for ampulla of Vater cancer at the Seoul National University
Hospital. Ampullary tumor was differentiated from other
periampullary tumors by gross or microscopic evaluation of
the tumor center. When a tumor was centered on the ampulla
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or extensively involved it, the tumor was regarded to be
ampullary origin. Conversely, a tumor with peripheral exten-
sion into the ampulla was regarded to have originated from
the duodenum, distal common bile duct (CBD), or the head of
the pancreas. Mean patient age was 56.5 years (range, 29–80
years) and patients were composed of 103 men and 98
women. A conventional Whipple’s procedure was performed
in 98 patients, pylorus-preserving pancreatoduodenectomy
(PPPD) in 100 (PPPD was first introduced in 1991), and
pancreas head resection with segmental duodenectomy in 3.
Microscopically curative resection (R0) was possible in 192
patients (95.5%).

Survival and Prognostic Factors
The following data were reviewed to identify prognos-

tic factors: 1) preoperative clinical factors; age, sex, and
presence of jaundice, 2) operation-related factors; type
of resection (Whipple operation or PPPD), the presence of
intraoperative transfusion, and 3) pathologic factors; size of
tumor, gross morphology, histologic grade, the presence of a
noninvasive adenomatous component (NAC), perineural in-
vasion, lymphovascular invasion, depth of invasion, and
lymph node metastasis.

Medical records were reviewed for preoperative clini-
cal factors and operation-related factors, and pathologic
slides were reexamined for pathologic factors. Gross mor-
phology was not available in 9 cases because they had not
been well described. Follow-up data were obtained by re-
viewing medical records or by direct patient contact. The
median follow-up period was 58.9 � 3.4 months (mean �
standard error of the mean) months (range, 2–203 months).

Predictability of Lymph Node Metastasis
For a successful local resection of ampullary cancer, it

is essential to select an ampullary cancer without lymph node
metastasis. Therefore, to identify factors capable of predict-
ing the absence of lymph node metastasis at the preoperative
stage, we examined other preoperatively assessable clinico-
pathologic factors (eg, depth of tumor, tumor size, gross
morphology, and histologic grade) by reviewing pathologic
slides after PD, and their relations with lymph node metas-
tasis were evaluated.

Patients With Early Ampullary Cancer
Of the 201 patients, 67 patients were finally diagnosed

as having early ampullary cancer; 5 patients had pTis and 62
pT1 cancer. The mean age of these 67 patients was 56.7 years
(range, 37–77 years), and there were 39 men and 28 women.
Whipple’s procedure was performed in 29 patients, PPPD in
35, and pancreas head resection with segmental duodenec-
tomy in 3. All patients with early ampullary cancer under-
went curative operation.

Pathologic Evaluation of Early
Ampullary Cancer

We defined early ampullary cancer as pTis or pT1
cancer (confined to mucosa or the sphincter of Oddi �SoO�)
that had been confirmed by pathologic assessment after PD.
To evaluate the locoregional spread pattern of early ampul-
lary cancer, one pathologist specializing in the gastrointesti-
nal tract reevaluated all pathologic PD specimens. The fol-
lowing factors were reviewed: tumor size, gross morphology,
histologic grade, NAC, lymph node metastasis, perineural
invasion, and lymphovascular invasion. In addition, we in-
vestigated whether tumors had spread proximally along the
mucosal layer of the CBD and the pancreatic duct (P-duct).
We measured the length from the proximal end of the SoO to
the upper limit of the tumor, as shown in Figure 1. Tumor
stage was based on the 6th edition of AJCC cancer staging.20

We defined lymph node metastasis,2–4,6,8,21–23 perineu-
ral invasion,10,24 lymphovascular invasion,4 and CBD or
P-duct mucosal involvement as risk factors for failure after
ampullectomy. To identify factors capable of predicting these
risk factors for ampullectomy at the preoperative stage, fac-
tors that can be assessed preoperatively and that have been
proposed as indications for ampullectomy (eg, tumor size,
histologic differentiation, and gross morphology) were exam-
ined by pathologic review; we designated these factors as
indication factors for ampullectomy in this study. Thereafter,
we investigated the correlation between these indication fac-
tors and the risk factors for ampullectomy.

Statistical Analysis
Survival was calculated by the Kaplan-Meier method,

and to analyze differences, the log-rank test was used. Only
variables that were statistically significant by univariate anal-
ysis were included in the multivariate analysis, which was
performed using Cox proportional hazards regression. To
identify correlations between the risk factors for failure after
ampullectomy and the indication factors for ampullectomy,
the �2 test was used. Results were presented as mean � the
standard error of the mean. A P value of less than 0.05 was
considered statistically significant.

RESULTS

Operative Mortality and Morbidity
Operative mortality occurred in 2 (1.0%) of 201 pa-

tients because of postoperative bleeding and sepsis from
pneumonia, respectively. One or more complications were
present in 68 patients (33.8%). Table 1 details the postoper-
ative complications observed. The most common complica-
tion was pancreatic fistula, which occurred in 19 patients
(9.5%). In cases of early ampullary cancer, 1 (1.5%) opera-
tive mortality occurred due to sepsis from pneumonia, and
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operative morbidity occurred in 33 patients (49.3%), as
shown in Table 1.

Survival Analysis of Total Cases
After excluding the 2 operative mortality cases, the

overall 3-, 5-, and 10-year survival rates of patients with
199 resected ampullary cancers were 72.1%, 59.8%, and
49.2% (Fig. 2). Of these 199, 79 patients (39.7%) survived

more than 5 years and 31 patients (15.6%) more than
10 years.

Factors that were significantly correlated with survival
by univariate analysis were: jaundice, intraoperative transfu-
sion, tumor size, gross morphology, histologic differentiation,
NAC, perineural invasion, lymphovascular invasion, depth of

TABLE 1. Postoperative Complications After
Pancreatoduodenectomy of All Ampullary Cancers and Early
Ampullary Cancers

Complications

No. (%) in
All Ampullary

Cancers
(n � 201)

No. (%) in
Early Ampullary

Cancers
(n � 67)

Pancreatic fistula* 19 (9.5) 10 (14.9)
Wound infection 13 (6.5) 7 (10.4)
Delayed gastric emptying† 11 (5.5) 7 (10.4)
Bleeding 11 (5.5) 4 (6.0)
Intra-abdominal abscess 10 (5.0) 2 (3.0)
Biliary fistula 89 (4.0) 3 (4.5)
Gastro- or duodeno-

jejunostomy fistula
4 (2.0) 0 (0)

Pneumonia 4 (2.0) 2 (3.0)
Pleural effusion 2 (1.0) 1 (1.5)
Ileus 2 (1.0) 1 (1.5)
Total (%) 68 (33.8) 33 (49.3)

*Defined as drainage of more than 50 mL of amylase-rich fluid per day
from a drain or a newly inserted percutaneous catheter more than 1 week.

†Defined as 1) a nasogastric tube producing 300 mL/day at the end of
postoperative 10 days, 2) its reinsertion because of vomiting, or 3) a failure
to tolerate a regular diet after the 14th postoperative day.

FIGURE 2. Overall survival of 199 patients with ampullary
cancer after pancreatoduodenectomy (analysis excluded 2 op-
erative mortality cases).

FIGURE 1. A, Surgical specimen after PD, which was resected
for CBD and P-duct visualization at the same cross section. B,
Schematic drawing of the rectangular area in A, showing
mucosal tumor infiltration into the CBD and the P-duct of early
ampullary cancer. One expert pathologist measured the
length from the proximal end of the sphincter of Oddi to the
upper limit of the mucosal tumor (*arrows).
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invasion, and lymph node metastasis (Table 2). When mul-
tivariate analysis was performed using these significant fac-
tors, intraoperative transfusion, depth of invasion, lymph
node metastasis, histologic differentiation, and lymphovascu-
lar invasion turned out to be independent significant prognos-
tic factors (Table 3). Gross morphology (P � 0.059) and
tumor size (P � 0.072) showed marginal significance.

Predictability of Lymph Node Metastasis
Of the above prognostic factors, lymph node metastasis

is a key factor that makes local resection inappropriate

(Table 4). Therefore, we investigated the relationship be-
tween lymph node metastasis and other preoperatively assess-
able pathologic prognostic factors. Lymph node metastasis
was identified in 67 (33.3%) of 201 patients, and the rate of
lymph node metastasis was lowest in pTis or pT1 cancer
(9%), whereas it rose to about 50% in pT2 cancer. Tumors of
size 1 cm or less also had a relatively low lymph node
metastasis rate (11.6%). However, tumors with a well-differ-
entiated or polypoid appearance without ulceration showed a
high rate of positive lymph nodes (23.5% and 29.9%, respec-
tively).

TABLE 2. Univariate Analysis of Prognostic Factors Affecting
Survival

Factor Category
No. of

Patients

5-Year
Survival

Rate
(%) P

Age �60 yr 133 61.2 0.235
�60 yr 66 57.0

Sex M 102 58.3 0.323
F 97 61.5

Jaundice � 72 75.5 0.019
� 127 51.4

Type of resection Whipple 96 53.1 0.187
PPPD* 103 66.1

Intraoperative
transfusion

� 99 73.7 0.002
� 100 47.9

Tumor size �1 cm 43 81.9 0.002
�1 cm 156 53.2

Gross
morphology†

Polypoid 135 65.8 0.001
Ulcerative 55 45.3

Histologic grade W/D 101 74.4 �0.001
M/D, P/D 98 44.8

NAC � 109 52.7 0.016
� 90 68.1

Perineural
invasion

� 180 62.0 0.015
� 19 36.7

Lymphovascular
invasion‡

� 152 69.2 �0.001
� 47 24.6

Depth of invasion PTis, pT1 66 83.7 �0.001
pT2 63 50.7
pT3, pT4 70 44.8

LN metastasis � 132 75.3 �0.001
� 67 30.0

*Three cases of pancreas head resection with segmental duodenectomy
(PHRSD) were included in PPPD.

†Data on gross morphology were not available in 9 cases.
‡Defined as the presence of malignant cells within an endothelium-lined

space (lymphatic or blood vessel) in or around the primary tumor.
PPPD indicates pylorus-preserving pancreatoduodenectomy; NAC, non-

invasive adenomatous component; W/D, well-differentiated; M/D, moder-
ately differentiated; P/D, poorly differentiated.

TABLE 3. Significant Prognostic Factors After Multivariate
Analysis Using Cox Proportional Hazards Regression

Odds
Ratio

95% Confidence
Interval P

Intraoperative transfusion 2.466 1.508–4.033 �0.001
Depth of invasion 1.498 1.081–2.076 0.015
Lymph node metastasis 1.740 1.028–2.944 0.039
Histologic grade 1.943 1.147–3.292 0.014
Lymphovascular invasion 1.957 1.102–3.474 0.022

TABLE 4. Correlation Between Lymph Node Metastasis and
Other Factors Assessable Preoperatively

Factor Category

No. (%) of Cases
of Lymph Node

Metastasis

Depth of invasion pTis, pT1 6/67 (9.0)
pT2 32/63 (50.8)
pT3 24/63 (38.1)
pT4 5/8 (62.5)

Tumor size �1.0 cm 5/43 (11.6)
1.1–1.5 cm 8/31 (25.8)
1.6–2.0 cm 19/44 (43.2)
2.1–3.0 cm 19/49 (38.8)
�3.0 cm 16/34 (47.1)

Histologic grade W/D 24/102 (23.5)
M/D 35/84 (41.7)
P/D 8/15 (53.3)

Gross morphology* Polypoid 41/137 (29.9)
Ulcerative 22/55 (40.0)

Combination of 2
factors

pTis, pT1 � �1.0 cm 1/19 (5.3)
pTis, pT1 � W/D 4/53 (7.5)
�1.0 cm � W/D 3/21 (14.3)

*Data were not available in 9 cases.
W/D indicates well-differentiated; M/D, moderately differentiated; P/D,

poorly differentiated.
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When the above factors were combined, concomitant
pTis, pT1, and tumor size of 1 cm or less, and pTis, pT1 with
a well-differentiated histology showed lymph node metastasis
rates of 5.3% (1 of 19) and 7.5% (4 of 53), respectively. By
comparison, a well-differentiated histology and tumor size of
1 cm or less had a lymph node positive rate of 14.3% (3
of /21).

Clinical Outcome of Early Ampullary Cancer
The overall 5-year survival rate of the 66 early ampul-

lary cancer cases (excluding one mortality in pT1) was
83.7%, which was significantly higher than that of pT2 (n �
63, 50.7%), pT3 (n � 62, 46.5%) or pT4 (n � 8, 29.2%) (P �
0.001) (Fig. 3). In those with early ampullary cancer, patients
with pTis (n � 5) and pT1 (n � 61) cancers showed 5-year
survival rates of 100% and 82.9%, respectively, although
these were not significantly different (P � 0.426).

Recurrence was detected in 12 (18.2%) of 66 early
ampullary cancers during the follow-up period. All recur-
rences occurred in pT1 cancer patients. Locoregional and
systemic recurrence occurred in 4 patients and systemic
recurrence alone in 8 patients. The most frequent site of
systemic recurrence was the liver (n � 10), followed by lung
(n � 2) and peritoneal seeding (n � 2). The mean period from
operation to recurrence was 30.3 � 5.5 months (range,
10.5–68.0 months). Finally, all 12 patients with recurrence
died of tumor progression after a mean period of 10.1 � 2.3
months (range, 1.0–24.1 months) from the detection of
recurrence.

Pathologic Features of Early Ampullary Cancer
The mean size of the 67 resected early ampullary

cancers was 1.8 � 0.1 cm, ranging from 0.2 to 4.0 cm. Tumor

were classified as well differentiated in 53 cases (79.1%) and
moderately differentiated in 14 cases (20.8%); there was no
poorly differentiated tumor. NAC was identified in 42 pa-
tients (62.7%). Table 5 shows the risk factors with the
possibility of failure after ampullectomy in early ampullary
cancer. Lymph node metastasis was identified in 6 (9.0%) of
the 67 patients. Perineural and lymphovascular invasion were
rare; only 1 patient had perineural invasion. CBD or P-duct
mucosal involvement was observed in 15 cases (22.4%)
(CBD, 14 cases; P-duct, 4 cases). The mean length of CBD
mucosal involvement was 7.7 mm beyond the ampulla of
Vater, ranging from 1 to 25 mm, and the mean length of
P-duct mucosal involvement was 6.3 mm, ranging from 2 to
18 mm. Figure 4 shows an ampullary cancer that superficially

TABLE 5. Risk Factors for Failure After Ampullectomy in
Early Ampullary Cancer

Risk Factor
No. (%) of

Patients

Lymph node metastasis 6 (9.0)
Perineural invasion 1 (1.5)
Lymphovascular invasion —
CBD or P-duct mucosal involvement* 15 (22.4)
At least one factor 22 (32.8)

*CBD mucosal involvement, 14 cases; P-duct mucosal involvement,
4 cases.

FIGURE 4. Photomicrograph showing pT1 ampullary cancer
extending proximally along the mucosal layer of the CBD.
Arrows indicate the extent of tumor infiltration and the arrow-
head shows the end of the sphincter of Oddi.

FIGURE 3. Comparison of survival according to the depth of
invasion. Significant differences were found between early
ampullary cancers (pTis, pT1) and other T stage cancers (pT2,
pT3, pT4) (P � 0.001).
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spread into a CBD. As a result, 22 (32.8%) of the 67 patients
with early ampullary cancer had at least one risk factor for
failure after ampullectomy (lymph node metastasis, perineu-
ral invasion, lymphovascular invasion, CBD, or P-duct mu-
cosal involvement). However, among those patients with
early ampullary cancer, 5 patients with pTis cancer showed
no risk factor for failure after ampullectomy.

Correlations Between the Risk Factors for
Failure After Ampullectomy and the Indication
Factors for Ampullectomy

We evaluated whether any of the risk factors was
correlated with the indication factors for ampullectomy in
early ampullary cancer (tumor size, histologic differentiation,
and gross morphology). Perineural invasion and lymphovas-
cular invasion were excluded because they were positive in
only one patient. Although the number of cases with lymph
node metastasis or CBD or P-duct involvement was too small
to accurately define a correlation, none of the indication
factors showed a correlation with lymph node metastasis or
with CBD or P-duct involvement (P � 0.05) (Table 6).
However, the possibility of the presence of both risk factors
was least in tumors sized 1 cm or less (lymph node metasta-
sis: 5.3%, CBD or P duct involvement: 10.5%).

DISCUSSION
The survival outcome for resected ampullary cancer in

this series is one of the best results ever reported; 3-, 5-, and
10- year survival rates were 72.1%, 59.8%, and 49.2%,
respectively. In particular, the actual number of 5-year sur-
vivors almost reached 40% of all patients that underwent
resection for ampullary cancer, and the curative resection rate

was 95.5%. The prognosis of ampullary cancer seems to have
improved since the 1980s. Most series,3,5,9,10 including pa-
tients enrolled after the 1980s alone, have reported 5-year
survival rates of more than 40%, whereas those including
patients before the 1980s reported the 5-year survival rates of
less than 40%.6–8 Although the reasons for this improved
survival are unclear, increased curative resectability resulting
from improved diagnostic technique and early diagnosis, and
improvement in operative technique and postoperative care
are proposed as likely causes.

Various clinicopathologic factors have been proposed
to be significantly correlated with survival after PD for
ampullary cancer; lymph node metastasis,2–6,8,21,22,24 depth
of invasion,7,17,23 tumor size,7,8 histologic grade,4,6–8 resec-
tion margin,3,5 perineural invasion,10,23 lymphovascular inva-
sion,4 and intraoperative transfusion.6 In our series, the ab-
sence of an intraoperative transfusion, an early cancer (pTis,
pT1), negative lymph nodes, a well-differentiated tumor, and
the absence of lymphovascular invasion were found to favor
prolonged survival by multivariate analysis. In particular, of
those factors, the absence of an intraoperative transfusion was
found to be most significantly related to prolonged survival
(P � 0.001, odds ratio � 2.466). This observation recon-
firmed the finding of Talamini et al6 that intraoperative
transfusions was the best predictor of prognosis in patients
undergoing resection for ampullary cancer and thus blood
transfusion was more important to the prognosis than was
tumor biology. Previously, we evaluated the effect of blood
transfusion on survival after PD for periampullary cancers24

and found that an intraoperative transfusion was a significant
prognostic factor in ampullary cancer, not in pancreatic or
bile duct cancer. We are unable to put forward a good
explanation for this finding, but a possible reason is that
because ampullary cancer has the least aggressive biology,
the adverse prognostic impact of a transfusion could be seen
only for ampullary cancer. Based on this finding, efforts
should be made to avoid unnecessary bleeding during PD,
and transfusion should be given only when essential. How-
ever, further study of the mechanism and clinical impact of
transfusion in ampullary cancers is needed.

Of the ampullary cancers, early ampullary cancers
(pTis, pT1) limited to the ampulla of Vater showed a fairly
good prognosis. These tumors were radically resectable in
all cases and showed a 5-year survival rate of 83.7%.
These results are compatible with other reports showing
5-year survival rates of 80% to 100% in T1 cancer.25–27

However, once a cancer had invaded other organs beyond
the ampulla of Vater, the 5-year survival rate declined
sharply to about 50%.

To achieve such a good prognosis in early ampullary
cancer, complete resection is mandatory.4,5,28 In terms of
curative resection, there is no doubt that the standard opera-
tion for ampullary cancer should be PD. However, morbidity

TABLE 6. Correlations Between Risk Factors for Failure After
Ampullectomy and Indication Factors for Ampullectomy in
Patients With Early Ampullary Cancer

Indication
Factor Category

No. (%) of
Cases of

LN Metastasis
(n � 6)

No. (%) of
Cases of
CBD or
P-duct

Involvement
(n � 15)

Gross
morphology

Polypoid 5/52 (9.6) 12/52 (23.1)
Ulcerative 1/13 (7.7) 3/13 (23.1)

Tumor size �1 cm 1/19 (5.3) 2/19 (10.5)
�1 cm 5/48 (10.4) 13/48 (27.1)

Histologic grade W/D 4/53 (7.5) 12/53 (22.6)
M/D, P/D 2/14 (14.3) 3/14 (21.4)

*None of the indication factors showed any correlation with lymph node
metastasis or CBD or P-duct involvement (P � 0.05).

W/D indicates well-differentiated; M/D, moderately differentiated; P/D,
poorly differentiated.
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after PD remains significant, which was confirmed by the
present study with a complication rate of 33.8%; in particular,
this was about 50% in early cancer with one mortality. For
this reason, as for other early gastrointestinal cancers, local
resection has been attempted for early ampullary cancer.
With regard to the indicators for ampullectomy in ampullary
cancer, Rattner et al29 recommended ampullectomy for T1
cancer and Beger et al27 for Tis or T1 cancer with well or
moderate differentiation. However, a general consensus is
still lacking with regard to the indications and the extent of
local resection with curative intent in ampullary cancer be-
cause of the lack of a large clinical series. Indeed, we do not
perform ampullectomy for ampullary cancer, although we
experienced 3 cases of ampullectomy in the patients with
ampullary adenoma, who remain alive without recurrence
after the procedure. So we have no direct evidence as to
whether ampullectomy can offer operative curability in am-
pullary cancer. Instead, in the present study, we examined the
detailed pathologic features of ampullary cancers by review-
ing PD specimens to evaluate the feasibility of ampullectomy
from the oncologic aspect.

For local resection to be a successful curative resection
in early ampullary cancer, the following factors should be
taken into consideration: 1) the mortality and morbidity of the
procedure, 2) operative curability, and 3) accuracy of the
preoperative and intraoperative diagnosis (ERCP biopsy,
EUS, and intraoperative frozen biopsy). With regard to mor-
tality and morbidity associated with ampullectomy, many
reports have demonstrated lower postoperative mortality and
morbidity compared with PD.16,29–34 Thus, if ampullectomy
guarantees operative curability, it would be more attractive
than PD in early ampullary cancer. Indeed, some reports15,35

have shown better or comparable survival versus PD, al-
though the number of ampullectomy cases involved was
limited. However, a high rate of local recurrence is a major
problem of ampullectomy. Branum et al16 reported that 6 of
8 patients with a malignant lesion experienced recurrent
disease after local resection, and Tarazi et al15 documented
that 3 of 11 patients recurred after local resection. Although
Knox et al35 reported that local resection in 25 patients
provided better survival than PD, 4 of their patients with local
resection died of metastatic disease and 2 patients died of
local recurrence. When one considers that the initial opera-
tion offers the best opportunity to perform a safe and com-
plete resection, the failure of a local resection may delay the
optimal time for curative resection and finally cause a dismal
result. Thus, the assurance of operative curability is a requi-
site in the planning of ampullectomy.

For ampullectomy to achieve operative curability, 2
criteria should be fulfilled: no lymph node metastasis and a
free resection margin. In the present study, we defined lymph
node metastasis, perineural invasion, lymphovascular inva-
sion, and CBD or P-duct mucosal involvement as risk factors

for failure after ampullectomy. This was done for the follow-
ing reasons: First, lymph node metastasis,2–4,6,8,21–23 perineu-
ral invasion,10,24 and lymphovascular invasion4 have been
identified as important factors affecting survival and recur-
rence in patients with radically resected ampullary cancer,
and the effect of these factors on survival or recurrence after
local resection is presumed to be no less than after PD.
Moreover, the presence of lymph node metastasis, if only
local resection is performed, would invariably result in a
treatment failure. Second, theoretically perineural or lympho-
vascular invasion may lead to tumor emboli infiltrating be-
yond the main tumor of the ampulla of Vater along the
perineural or lymphovascular space. Also, mucosal tumor
infiltration along the CBD or P-duct may extend beyond the
range of ampullary resection. After all, these factors poten-
tially compromise a free resection margin.

Although Beger et al27 recommended local lymph node
dissection with ampullectomy for curative resection, it would
be difficult to complete lymph node dissection during ampul-
lectomy. Therefore, the selection of ampullary cancers with-
out lymph node metastasis prior to resection is an essential
part of achieving curative local resection. However, preoper-
ative imaging modalities have limitations in terms of diag-
nosing regional lymph node metastasis from ampullary can-
cer. Even EUS, although it can accurately define the depth of
invasion in 75% to 83% of cases, is less helpful at accurately
predicting the presence or absence of lymph node metastasis.
The reported accuracy of EUS for detecting lymph node
metastasis ranges from 54% to 68%.36–40 Accordingly, the
identification of clinicopathologic factors capable of predict-
ing lymph node metastasis before operation is important for
the selection of ampullary cancers suitable for local resection.
Böttger and Junginger12 reported that lymph node metastases
were not found in T1, or in tumors smaller than 0.6 cm, or in
tumors with a well-differentiated histology, so local resection
for ampullary cancer may be indicated in such cases.
Yamaguchi and Enjoji39 reported that, in the 12 ampullary
cancer cases confined within SoO, there was no lymph node
metastasis. In the present study, patients with pTis or pT1
cancer had the lowest rate of lymph node metastasis (9%), but
the lymph node positive rate in patients with pT2 cancer was
up to about 50%. In comparison, lymph node positive rates in
patients with a well-differentiated histology or a polypoid
tumor were 23.5% and 29.9%, respectively, which means that
a well-differentiated histology or a polypoid appearance can-
not satisfy the required criteria for ampullary resection. These
findings show that Tis or T1 cancer appears to be an essential
condition for localized disease.

Therefore, we examined the histopathologic features of
early ampullary cancer with special focus on its locoregional
spread pattern, to evaluate whether ampullectomy actually
guarantees a free resection margin in early ampullary cancer.
A noteworthy observation in the present study was that as
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many as 22 (32.8%) of the 67 early ampullary cancer cases
had risk factors for failure after ampullectomy: lymph node
metastasis (n � 6), perineural invasion (n � 1), and CBD or
P-duct mucosal involvement beyond SoO (n � 15). Of these
factors, perineural invasion and CBD or P-duct mucosal
involvement are considered as limitations for a free resection
margin. Although there was only 1 case of perineural inva-
sion, mucosal tumor infiltration along the CBD or P-duct was
present in 15 (22.4%) of 67 early ampullary cancers. The
mean lengths of mucosal tumor infiltration into the CBD or
P-duct were 7.7 mm and 6.3 mm, respectively, and some
extended more than 2 cm from the SoO. Our results are
consistent with those of Futakawa et al,17 who reported that
in all 7 cases with local resection, cancer was found histo-
logically at the cut surface of the tumor as a result of
interstitial infiltration or mucosal spread into the CBD or
P-duct. They also revealed that, among 12 cases with early
ampullary cancer, cancer was found some distance along the
CBD or main P-duct due to interstitial invasion in 3 cases or
mucosal spread in 6 cases. This finding limits the indiscreet
application of ampullectomy to early ampullary cancer, since
preoperative diagnostic modalities such as ERCP or EUS
may not be able to accurately predict the presence or extent of
mucosal tumor infiltration into the CBD or P-duct.

Frozen section examination of the resection margin
during ampullectomy may help to obtain a free resection
margin, but its accuracy is somewhat questionable; further-
more, negative findings cannot definitely exclude the pres-
ence of cancer in the resection margin.29,32 Although a recent
study34 reported upon the accuracy of intraoperative frozen
section biopsy for ampullary adenocarcinoma with a sensi-
tivity of 85% and a specificity of 100%, their study mainly
focused on differentiating adenoma and adenocarcinoma, and
did not produce detailed results on the resection margin. In
the case of bile duct cancer, the accuracy of determining the
bile duct resection margin has been reported to be low.41,42

Furthermore, the catheter used for preoperatively biliary
drainage, which is frequently performed for obstructive jaun-
dice from ampullary cancer, may cause inflammation and
thus make the interpretation of frozen section biopsy more
difficult. Another possible problem of tumor infiltration along
the duct is that it would be technically difficult to perform a
local resection with a safe resection margin for tumors infil-
trating a considerable distance along the duct, and to recon-
struct the large defect left after resection.

Based on these results, ampullectomy should not be
chosen based on depth of invasion alone, and other factors
that could increase the failure of local resection should be
considered. From this viewpoint, early ampullary cancers
without these risk factors for failure after ampullectomy
should be selected for a successful local resection. Therefore,
we evaluated whether factors that can be assessed preopera-
tively and have been proposed as indication factors for

ampullectomy (eg, tumor size, histologic differentiation, and
gross morphology) can predict the risk factors for failure after
ampullectomy. However, as demonstrated in the present
study (Table 6), none of these indication factors showed any
correlation with the presence of lymph node metastasis or
CBD or P-duct involvement. This suggests that there are no
reliable criteria even in early cancer to indicate ampullectomy
with curative resection. In particular, well-differentiated early
ampullary cancer, which has been proposed as an indicator of
local resection by other reports,27,30 had a lymph node me-
tastasis rate of 7.5% and a CBD or P-duct mucosal involve-
ment rate of 22.6%. Even in small (�1 cm) early cancers,
lymph node metastasis and CBD or P-duct mucosal involve-
ment were present in 5.3% and 10.5%, respectively. There-
fore, our results on the extent of tumor infiltration of early
ampullary cancer, and the low mortality rates and favorable
survival outcomes following PD, lead us to prefer PD rather
than local resection unless patients have unacceptable medi-
cal condition for PD.

Additionally the present study reveals that early
ampullary cancer is somewhat aggressive despite a reason-
able prognosis. Recurrence occurred in a significant pro-
portion of patients (18.2%) even after PD. All patients with
recurrence presented with systemic recurrence, although
locoregional recurrence was also observed, and finally died
due to cancer progression. This implies that early ampul-
lary cancer has an unpredictable tumor biology despite a
good prognosis, which cannot be well explained. Further-
more, the possibility of recurrence, particularly of locore-
gional recurrence after ampullectomy would be higher than
after PD.15,16,35 Therefore, until further information on the
tumor biology of early ampullary cancer becomes avail-
able, local resection of ampullary cancer should be limited
if conducted with curative intent.

However, among those patients with early ampullary
cancer, all patients with pTis cancer (5 of 67, 7.5%) survived
without recurrence and, furthermore, showed none of risk
factors for failure after ampullectomy. This finding seems to
indicate that ampullectomy is indicated in patients with pTis
cancers. However, not only do pTis cancers account for small
proportion of early ampullary cancers, but also their accurate
distinction from pT1 cancers using preoperative diagnostic
method is believed nearly impossible. So it would be both
clinically difficult and meaningless to select patients with
Tis cancer from all patients with ampullary cancer for am-
pullectomy.

CONCLUSION
This study suggests that, despite a fairly good prognosis

for early ampullary cancer, ampullectomy does not offer an
alternative to PD even in early ampullary cancer, due to the
high possibility of local recurrence. PD should be preferably
performed for adequate radical resection, and ampullectomy
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should be reserved for pTis cancers or pT1 cancers sized 1.0
cm or less in patients with a high operative risk; however,
operative curability cannot be guaranteed.
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