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Abstract

Purpose—Ampullary carcinoma is a rare malignancy. Despite radical resection, survival rates
remain low with high rates of local failure. We performed a single institution outcomes analysis to
define the role of concurrent chemoradiotherapy (CRT) in addition to surgery.

Methods—A retrospective analysis was performed of all patients undergoing potentially curative
pancreaticoduodenectomy for adenocarcinoma of the ampulla of Vater at Duke University
Hospitals between 1976 and 2009. Time to event analysis was performed comparing all patients
who underwent surgery alone to the cohort of patients receiving CRT in addition to surgery. Local
control (LC), overall survival (OS), disease-free survival (DFS), and metastases-free survival
(MFS) were estimated using the Kaplan-Meier Method.

Results—One hundred thirty-seven patients with ampullary carcinoma underwent Whipple
procedure. Sixty-one patients undergoing resection received adjuvant (n= 43) or neoadjuvant
(n=18) CRT. Patients receiving chemoradiotherapy were more likely to have poorly differentiated
tumors (p=0.03). Of 18 patients receiving neoadjuvant therapy, 67% were downstaged on final
pathology with 28% achieving pathologic complete response (pCR). With a median follow up of
8.8 years, three-year local control was improved in patients receiving CRT (88% vs. 55%, p=
0.001) with trend toward 3-year DFS (66% vs 48%, p=0.09) and OS (62% vs. 46%, p=0.074)
benefit in patients receiving CRT.

Conclusions—Long term survival rates are low and local failure rates high following radical
resection alone. Given patterns of relapse with surgery alone and local control benefit in patients
receiving CRT, the use of chemoradiotherapy in selected patients should be considered.
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Introduction

Adenocarcinoma of the ampulla of Vater is a rare malignancy, estimated to account for less
than one percent of all gastrointestinal malignancies[1]. Periampullary carcinomas can arise
from the ampulla of Vater, duodenum, distal common bile duct, or pancreas. This anatomic
heterogeneity makes pathological classification difficult but represents an important
distinction as ampullary carcinomas portend a better prognosis compared to pancreatic
malignancies[2]. This may be due to the presenting symptom of painless jaundice that is
typical of ampullary tumor location, potentially resulting in earlier evaluation and detection.
In addition, there may be underlying differences in biology and behavior of ampullary and
pancreatic carcinomas. In contrast to pancreatic cancers, at least 80% of patients with
ampullary carcinoma present with potentially resectable disease[3]. While surgery remains
the only curative option for patients, five-year survival rates following resection range from
20-50%][4,5]. Factors shown to adversely impact prognosis include nodal involvement,
adjacent organ involvement, tumor size, positive surgical margins, poor differentiation and
perineural invasion[6-8].

For patients undergoing resection with curative intent, local-regional failure is common and
impacts survival. Reported rates of local failure vary widely but rates as high as 50-75%
have been described[6,9,10]. Although adjuvant therapy may be beneficial in light of
patterns of failure and poor survival, the role of CRT in resected patients remains poorly
defined. This is largely due to the rarity of this malignancy and limited data examining
outcomes of patients who undergo adjuvant therapy. This study reports the largest single
institution series of patients undergoing pancreaticoduodenectomy for ampullary carcinoma
and evaluates outcomes for patients treated with or without chemoradiotherapy.

Materials and Methods

Surgery

Following Institutional Review Board approval, the medical records of all patients seen at
Duke University Hospitals diagnosed with ampullary carcinoma between 1976-2009 were
reviewed. Patients with carcinoma of the duodenum, minor papillae, pancreas, and bile duct
were excluded. Patients with metastatic disease, who underwent ampullectomy, had disease
progression during neoadjuvant CRT, or received adjuvant chemotherapy alone were also
excluded from this analysis.

All patients underwent potentially curative pancreaticoduodenectomy. Surgical specimens
were staged according to the American Joint Committee on Cancer Guidelines, 2006. All
pathological specimen assessments were performed or reviewed at Duke University
Hospitals. Pathological data pertaining to grade, perineural invasion, lymphovascular
invasion, and margin status were collected. In more recent years, patients undergoing
neoadjuvant therapy were clinically staged by computerized tomography (CT) scan and
endoscopic ultrasound (EUS) to determine tumor stage (T) and nodal status (N).
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Chemoradiotherapy

After 1990 the use of adjuvant CRT in addition to surgery became more common practice.
As data for benefits of preoperative therapy emerged in other Gl sites, our institution moved
toward a preference to delivery of neoadjuvant CRT with the first patient with ampullary
carcinoma treated neoadjuvantly in 1997. The decision to deliver neoadjuvant therapy was
multifactorial, but primarily advised in situations of locally advanced tumors where there
was concern of achieving adequate (RO) margins and/or in the setting of evaluation in a
multidisciplinary setting, where there was a bias towards neoadjuvant therapy by the
multidisciplinary team. Multi-field external beam techniques were used to treat the tumor
bed (or primary tumor) and local-regional lymph node basins (including porta hepatis,
pancreaticoduodenal, celiac and superior mesenteric artery). Patients were treated at 1.8-2
Gy per fraction, 5 days per week. Field arrangements were primarily anterior—posterior/
posterior-anterior with opposed lateral fields. Beam energies included 4 MV, 6 MV and 15
MV photons. Beginning in 1997, all patients underwent three-dimensional treatment
planning. The concurrent chemotherapy regimen was determined by the treating medical
oncologist.

Outcome Measures/Statistical Analysis

The primary objective of this analysis was to compare local control (LC), disease-free
survival (DFS), overall survival (OS) and metastasis-free survival (MFS) outcomes between
patients undergoing surgery alone versus surgery and CRT. Secondary objectives included
determination of pathologic features, either alone or in combination, that predict for LC,
DFS, OS, and MFS. Patterns of failure were analyzed by follow-up clinical examination,
radiographic imaging, endoscopy, biopsy, and autopsy data. Disease-related endpoints were
estimated using the Kaplan-Meier method with 95% confidence intervals (CI). All endpoints
were calculated from date of diagnosis. Local failures were defined as recurrent disease in
tumor bed or local nodal regions (porta, pancreaticodudodenal, celiac, superior mesenteric
artery). Disease outside these regions was defined as a distant failure. Patients who received
CRT were generally followed every three months with physical examination and CT
following treatment completion primarily by treating medical and radiation oncologist.
Patients who received surgery alone were followed by surgeon initially with care
subsequently transferred to their local physician

Patients were grouped into two categories for analysis: those who underwent
pancreaticoduodenectomy alone and patients who underwent pancreaticoduodenectomy with
either preoperative or postoperative CRT. Kaplan-Meier curves were compared using the
log-rank test. LC was defined as time to local failure and patients censored at last follow up
or death for those without local failure. OS was defined as time to death and censored at last
follow up for those patients still alive. DFS was defined as time to either local or distant
failure and censored at last follow up or death for those patients without disease failure.
MFS was defined as time to distant failure with patients censored at last follow up or death
for those without distant failure. Wilcoxon rank-sums test was used to compare central
tendency of age in the two groups. Association of CRT with various pathological factors,
including, tumor grade, lymphovascular invasion, perineural invasion, margin status, T and
N stage, were analyzed using Pearson’s Chi-squared test of proportions, excluding patients
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with unknown pathologic data. Both univariate and multivariate Cox Proportional-Hazards
Regression models were performed for LC, DFS, and OS to evaluate the predictability of
various pathologic factors on outcomes. Factors analyzed included age, tumor and nodal
stage, stage group, tumor grade, year of surgery and radiotherapy use. Statistical analyses
were performed using SAS Version 9.2 (Cary, NC) and TIBCO Spotfire S-plus.

One hundred thirty-seven patients underwent pancreaticoduodenectomy for non-metastatic
adenocarcinoma of the ampulla of Vater at Duke University Hospitals from 1976-20009.
Median age was 66 years (range 35-86). The median follow up for all patients is 8.8 years
(range 0.02 — 34). Median follow-up for the surgery alone and the surgery plus CRT groups
are 10.5 (range 0.19 — 34) and 5.8 (range 0.02-21) years, respectively (p<0.001). Median
follow-up for survivors is 9.4 years for surgery alone and 2.8 years for CRT group.

Patient characteristics are shown in Table 1. Ninety-five percent of entire cohort had a
margin negative resection. Patients receiving chemoradiation were more likely to have
poorly differentiated histology (38% vs. 19%, p= 0.03). This subgroup received concurrent
chemotherapy with a median radiotherapy dose of 50 Gy. Most (91%) received concurrent
fluoropyrimidine-based treatment, either by infusion or oral preparations (capecitabine).
Two patients (3%) received mitomycin concurrent with 5-fluorouracil, and four (6.5%)
patients received concurrent gemcitabine. Ninety-five percent of patients completed a full
course of radiotherapy.

Three-year local control was significantly improved in the surgery plus CRT cohort
compared to surgery alone: 88% [95% CI: 78-99%] vs. 55% [95% CI: 43-70%], p= 0.001
(Figure 1). Local failures were defined as recurrent disease in tumor bed, anastomotic sites
or nodal regions (porta, pancreaticodudodenal, celiac, or superior mesenteric artery).
Disease outside these regions was defined as a distant failure. Thirty-three patients (24%)
experience a local failure, 27 patients who underwent surgery alone and 6 patients who
received CRT. Twenty-two of these patients had components of both local and distant
failure, 18 patients who underwent surgery alone and 4 patients who received CRT.

Although there was not a statistically significant difference in 3-year DFS (66% [95% CI:
54-81%] vs. 48% [95%CI: 36-62], Figure 2) or 3-year OS (62% [95% CI: 49-77] vs. 46%
[95% CI: 36-59], Figure 3), a strong trend favors surgery in combination with CRT. No
difference was seen in 3-year MFS (69% [95% CI: 56—84] vs. 63% [95% CI: 51-77%],
p=0.34). Higher grade, older age, advanced T stage, and stage grouping were independently
associated with worse OS on univariate analysis (Table 2A). T stage and stage grouping
were important univariate predictors of DFS. In multivariate analysis, grade, age, stage and
CRT administration were statistically significant predictors of OS when controlling for year
of surgery, which was not found to be significant (Table 2B). Multivariate analysis for DFS
was not possible given the two significant factors in univariate analyses (T stage and stage
grouping) were correlated with one another.
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Eighteen patients underwent preoperative CRT. These patients were staged with
pretreatment CT and EUS. When possible, abnormal appearing lymph nodes were sampled
by fine needle aspiration. After neoadjuvant CRT, 12 patients (67%) were downstaged on
final pathology and 5 (28%) had a pathologic complete response (pCR). Although 4 patients
had clinically node positive disease at presentation, no patients receiving preoperative
therapy had involved nodes at resection.

Discussion

Carcinoma of the ampulla Vater is an uncommon malignancy. In contrast to pancreatic
cancer, at least 80% of patients presenting with ampullary adenocarcinoma are candidates
for potentially curative resection[3]. For patients with localized disease, standard therapy is
surgical resection, consisting of either pancreaticoduodenectomy, or ampullectomy in
patients where radical resection is not feasible. Select series report 5-year survival rates
ranging from 0-61%, with a collective review of nearly 1000 patients undergoing surgery
alone between 1975-1993 showing a 5-year survival of 35% [5]. Survival in patients with
curative resection correlates with depth of penetration into adjacent organs as well as nodal
involvement, which is present in 30-50% of patients with ampullary carcinoma[5,11,12].
Other prognostic factors include completeness of resection, tumor differentiation, and
margin status.

Reports describing patterns of failure following surgery for ampullary carcinoma are
limited. Available data suggest that local recurrence (LR) is common and adversely impacts
OS. Historic series of surgery alone indicate that local recurrence occurs in up to 75% of
patients following pancreaticoduodenectomy[6,10]. However, in more contemporary
institutional series, 5-year LR rates with surgery alone range from 12-40%, with our series
demonstrating an even higher incidence of 50%[13-15]. These high rates of failure may be
explained by the presence of subclinical nodal and regional disease outside the resection
bed. In many series (including the present), local failure rates may be underestimated given
not all patients undergo thorough post treatment imaging, pathologic assessment, or
autopsy[3]. Additionally, regional failure may be overlooked once patients develop
metastatic disease. The role persistent loco-regional disease plays in subsequent
development of distant metastasis remains uncertain. Given patterns of failure following
radical resection and morbidity and mortality associated with LR, the LC benefit of
chemoradiotherapy may lead to improvements in OS and quality of life.

Few reports have examined the role of adjuvant therapy in resectable ampullary
adenocarcinoma. A prospective, randomized European study evaluating the role of adjuvant
chemoradiotherapy in pancreatic and periampullary tumors showed no survival benefit. This
study, however, did not distinguish ampullary carcinoma from other periampullary tumors,
and has been criticized for high rates of treatment noncompliance and split-course
radiotherapy technique[16]. Several contemporary single institution studies have evaluated
the role of adjuvant chemoradiotherapy in the treatment of resected ampullary cancers
(Table 3). In published series, present series included, patients considered for radiation
therapy often have adverse prognostic factors (i.e. higher stage, poor differentiation,
involved margins, etc.) relative to patients treated with surgery alone. This often results in
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“negative-selection” bias in irradiated patients, with correspondingly worse outcomes[8,17].
One recent report concluded adjuvant chemoradiotherapy did not improve outcomes in
patients with resected ampullary cancers, despite irradiated patients having significantly
more high risk pathologic features (higher T stage, N stage) relative to patients receiving
surgery alone[3]. Conversely, patients undergoing surgery could experience postoperative
complications or decline in functional status, potentially foregoing adjuvant therapies. In our
series there was no significant difference in T or N stage between the surgery alone and
surgery plus CRT arms. Despite overall low rates of margin positivity, patients who received
CRT were more likely to have poorly differentiated histology and a LC benefit was still seen
with a trend toward improved DFS and OS in this subset.

In other gastrointestinal malignancies (i.e. rectum, esophagus), the use of neoadjuvant CRT
has become standard practice. The role of preoperative CRT for periampullary and
pancreatic disease remains less well defined. Potential advantages of preoperative therapy
include undisrupted tumor vasculature allowing for delivery of chemotherapy and tumor
sensitizing oxygenation. Downstaging may occur potentially allowing advanced lesions to
be more easily resected and sterilization of operative region reducing risk of spread during
surgical manipulation. Preoperative treatment avoids delay in therapy delivery due to
postoperative recovery and radical resection in patients with rapidly progressive disease.
Potential disadvantages of a neoadjuvant approach include possible overtreatment of
patients with very early stage disease, decline in functional status during neoadjuvant
therapy precluding surgery or disease progression despite neoadjuvant therapy. Our
institution has adopted a preference toward the administration of preoperative CRT in the
majority of gastrointestinal malignancies. In our series, 18 patients received neoadjuvant
CRT for ampullary carcinoma. Sixty-seven percent of patients were downstaged with 28%
pCR, suggesting that ampullary carcinomas may be more CRT sensitive than pancreatic
cancer, highlighting the potential clinical value of neoadjuvant radiation for the management
of this malignancy.

The present study has a number of limitations inherent to retrospective series. Selection bias
was evident by the disproportionately high number of patients with poorly differentiated
histology who received CRT. As other studies have shown, patients with more adverse
pathologic features (i.e. more advanced tumor stage, nodal disease, positive margins, etc.)
are generally referred for CRT. In addition, many patients experiencing perioperative
complications or mortality may not have received CRT. Without prospective, thorough data
collection, the true local failure rate is likely to be underestimated as once distant disease is
detected there is less vigorous assessment of the primary and regional disease sites. Given
the rarity of ampullary carcinoma, patients included in this analysis were treated over a 33
year time period. During this time significant advances in radiotherapy planning and
treatment delivery occurred, including implementation of 3D conformal techniques. In our
series, the LC and OS rates with surgery alone are lower compared to other retrospective
series. This may be due to institutional variation in surgical technique, referral bias of more
advanced lesions, or purely a reflection of the retrospective nature of this study.

Despite these limitations, given the rarity of this tumor, randomized, level | evidence is
lacking and large institutional experiences help guide practice patterns and treatment
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recommendations. Our experience suggests, given patterns of relapse after surgery alone,
CRT (either neoadjuvant or adjuvant) provides a local control benefit with trends towards
improved DFS and OS and should be considered in treatment of patients with ampullary
carcinoma.
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Table 1

Patient/Tumor Characteristics

| Surgery (n=76) | Surgery + CRT (n=61) | p-value
Age Median (Range) | 66 (35-86) | 65 (42-84) | 0.15
Grade 0.03
Well 14 (18%) 5 (8%)
Moderate 46 (61%) 29 (48%)
Poor 14 (18%) 21 (34%)
Unknown 2 (3%) 6 (10%)
Margin 0.46
Positive 1 (1%) 2 (3%)
Negative 71 (93%) 59 (97%)
Unknown 4 (5%) 0 (0%)
T stage 0.28
<2 42 (55%) 28 (46%)
>3 34 (45%) 33 (54%)
Nodal Positivity 0.21
Positive 22 (29%) 24 (39%)
Negative 51 (67%) 35 (57%)
Unknown 3 (4%) 2 (3%)
LVI 0.60
Positive 19 (25%) 19 (31%)
Negative 9 (12%) 12 (20%)
Unknown 48 (63%) 30 (49%)
PNI 0.86
Positive 15 (20%) 17 (28%)
Negative 5 (7%) 5 (9%)
Unknown 56 (74%) 39 (64%)
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