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Abstract

Introduction Pancreatic acinar cell carcinoma (ACC) is a rare tumor with poorly defined prognosis.

Objective Our objective was to compare a large population of patients with ACC to pancreatic ductal cell adenocarcinoma
(DCC) in order to determine distinguishing characteristics and to assess survival.

Methods Patients were identified from the National Cancer Database. Regression methods were used to identify differences
between ACC and DCC and to identify predictors of survival for resected ACC. Eight hundred sixty-five patients with ACC
were identified.

Results Median tumor size was 6.9 cm (vs. 4.6 cm DCC); 32.1% had nodal metastases (vs. 48.0% DCC); and 47% had
high-grade tumors (vs. 37.3% DCC). Resection margins were R0 77.3%, R1 13.7%, and R2 9.0%. Patients with ACC were
more likely to be male, white, and have larger tumor size, no nodal involvement, or pancreatic tail tumors. Stage-specific
5-year survival was significantly better for resected ACC vs. DCC Stage I: 52.4% vs. 28.4%, II: 40.2% vs. 9.8%, III: 22.8%
vs. 6.8%, and IV: 17.2% vs. 2.8%. On multivariable analysis, age < 65, well-differentiated tumors, and negative resection
margins were independent prognostic factors for ACC.

Discussion ACC carries a better prognosis than DCC. Aggressive surgical resection with negative margins is associated
with long-term survival in these more favorable pancreatic cancers.

. . . Keywords Pancreatic adenocarcinoma -
This paper was presented at the Society for Surgery of the Alimentary : .
Tract (SSAT) in San Diego, CA, USA, in May 2008. Acinar cell carcinoma - Surgery - Pancreatectomy -

National Cancer Data Base - Resection

Grant Support: KYB is supported by the American College of
Surgeons, Clinical Scholars in Residence program.

C. M. Schmidt - J. M. Matos - K. D. Lillemoe
Department of Surgery, Indiana University School of Medicine,
Indianapolis, IN, USA

Introduction

Pancreatic acinar cell carcinoma (ACC) is a rare tumor
Department of Surgery, Feinberg School of Medicine, with a pooFly defined natural history. The prognosis. of
Northwestern University, patients with ACC as well as outcomes following
Chicago, IL, USA resection is also not well understood. The experience to
date with ACC has largely been characterized by small
single institution series.'”” More recently, multi-institution-

D. J. Bentrem - K. Y. Bilimoria

M. S. Talamonti
Department of Surgery, Evanston Northwestern Healthcare,

Evanston, IL, USA al series and the Pancreatic Cancer Registry of the gJapan
Pancreas Society (n=115) have also been examined.®” Still,
K. Y. Bilimoria (>-d) the number of patients examined is small; thus, conclusions

Cancer Programs, American College of Surgeons,

633 N. St. Clair Street, 22nd Floor, are hmlt?d' . .
Chicago, TL 60611, USA In this study, using the National Cancer Database

e-mail: k-bilimoria@northwestern.edu (NCDB), we examined a large population of ACC (n=

@ Springer



J Gastrointest Surg (2008) 12:2078-2086

2079

865) and compared it to the more common tumor,
pancreatic ductal cell adenocarcinoma (DCC). In so doing,
we sought to determine unique aspects of ACC compared
with DCC. We also wanted to assess whether there was a
difference in survival of ACC compared to DCC.

Methods
Data Acquisition and Patient Selection

The NCDB is supported by the American College of Surgeons,
the Commission on Cancer, and the American Cancer
Society.'™!" The NCDB now contains data on over 21
million cancer patients diagnosed from 1985 to 2005. Based
on incidence estimates from the American Cancer Society,
the NCDB captures approximately 74% of newly diagnosed
pancreatic cancers in the United States each year.'' The
NCDB collects information regarding patient demographics,
diagnosis, tumor characteristics, staging, treatment, and
survival.

Using the NCDB, patients diagnosed with pancreatic
malignancies from 1985 to 2005 were identified based on
International Classification of Diseases for Oncology
(second and third editions) site and histology codes.'? At
the time of this study, 2005 diagnoses were the most recent
cases available for analysis. Patients were dichotomized
into those with ductal adenocarcinoma and those with
acinar cell carcinoma (ICD-O code 8550). Patients with
neuroendocrine tumors were excluded. Patients who under-
went pancreatectomy were identified based on the CoC’s
Registry Operations and Data Standards and the Facility
Oncology Registry Data Standards site-specific procedure
coding.'*"'* Pancreatectomy is defined as pancreaticoduo-
denectomy (with or without pylorus preservation), partial or
distal pancreatectomy, total pancreatectomy, and pancreatec-
tomy not otherwise specified (NOS). All patients were
restaged according to the American Joint Committee on
Cancer (AJCC) sixth Edition Cancer Staging Manual.">'® As
a large proportion of patients did not undergo surgery,
clinical TNM and/or AJCC overall stage were combined
with pathologic staging to ascertain the most accurate overall
stage. Patients were excluded if they had in situ disease or
were less than 18 years of age at the time of diagnosis.

Statistical Analysis

Descriptive statistics were calculated for all variables.
Categorical variables were compared using the chi-squared
test. Medians were compared using the Mann Whitney U test.
Trends over time were compared using the chi-squared test
for trend.

Forward stepwise multiple logistic regression was used
to examine differences between ACC and DCC. All
patients (surgical and nonsurgical) were included in the
analysis. Factors assessed in the model included gender,
age (<55, 56-65, 66-75, 76-85, >85 years), race or
ethnicity (white, black, Asian, Hispanic, other), size (<2.0,
2.1-4.0, >4.0 cm, and T classification), nodal status, distant
metastases, and tumor location within the pancreas (head,
body, tail, and diffuse or NOS). Odds ratios with 95%
confidence intervals were generated. The Hosmer—Leme-
show goodness-of-fit test and the c statistic of the receiver
operator characteristic curve were used to assess the
model."”

Survival was calculated in months as the time from
the index operation to death or last contact. Survival was
estimated by the Kaplan—Meier method and compared
using the log-rank test.'® Cox proportional hazards
modeling was used to assess the association of patient,
tumor, treatment, and hospital factors on survival at 5
years after resection for ACC."” Factors examined in the
Cox model included gender, age (<55, 56-65, 6675, 76—
85, >85 years), race or cthnicity (white, black, Asian,
Hispanic, other), T classification, nodal status, distant
metastases, tumor grade (well- or moderately differentiat-
ed vs. poorly differentiated), margin status (RO vs. R1/
R2), treatment modality (surgery only vs. surgery with
adjuvant therapy), hospital type (National Cancer Insti-
tute-designated cancer centers, other academic hospitals,
Veterans Administration facilities, and community hospi-
tals), and the year of diagnosis (1985-1990, 1991-1995,
1996-2000). An indicator variable was used when tumor
grade data were not available due to the large number of
patients with missing data on the degree of tumor differen-
tiation. The proportional hazard assumptions were confirmed
graphically. Hazard ratios with 95% confidence intervals
were generated.

The level of statistical significance was set to P<0.05.
All P values reported are two-tailed. Statistical analyses
were performed using SPSS, version 15 (SPSS Inc.,
Chicago, IL, USA). This study protocol was reviewed by
the Indiana University and Northwestern University Insti-
tutional Review Boards.

Results

From 1985 to 2005, 865 patients with ACC and 367,999
patients with DCC were identified. ACC accounted for
0.2% of all pancreatic cancers reported to the NCDB and
approximately 0.5% of resected pancreatic cancers, and
these proportions remained unchanged from 1985 to 2005
(P=0.91, P=0.47). The 865 cases of ACC were reported
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by 529 hospitals with no institution reporting more than
16 cases.

Comparison of ACC and DCC

Compared to patients with DCC, those with ACC were
younger (median 67 vs. 70 years) and more frequently male
(63.5% vs. 49.9%; Table 1). Patients with ACC had larger
tumors (4.0 vs. 5.9 cm) but more frequently presented at an
earlier Stage (Stage I/Il 34.6% vs. 22.4%) and without
distant metastases (66.5% vs. 61.0%). ACC was more
frequently located in the tail of the pancreas compared to
DCC. On multivariable analysis, patients with ACC were
more likely to be male, white, have larger tumors, or lesions
in the body or tail of the pancreas (vs. head; Table 2).

Of the 865 patients with ACC, 333 (38.5%) underwent
resection; whereas, 62,167 of 367,999 (16.9%) patients
with DCC underwent resection (Table 3). For ACC, 44.1%
underwent a pancreaticoduodenectomy, 22.2% underwent a
distal pancreatectomy, 9.9% underwent a total pancreatec-
tomy, and the procedure was not specified in 26.8%.

Table 1 Patient Characteristics

Adjuvant therapy was utilized for ACC in 42.9% patients,
while surgery was the only treatment for 57.1% of patients.

Median follow up was 22.2 months in the ACC group
and 11.2 months in the DCC group. For ACC, 5-year
survival in resected patients was significantly better than in
patients who did not undergo resection: 36.2% (median 27
months) vs. 10.4% (median 7.1 months), P<0.0001. Stage-
specific survival was significantly better for resected ACC
compared to DCC (Fig. 1): Stage I: 52.9% vs. 30.9% (P=
0.001), Stage II: 39.9% vs. 10.6% (P<0.0001), and Stage
II: 20.4% vs. 6.7% (P=0.006). Median survival of ACC
compared to DCC according to stage was stage I: median
not reached vs. 24.3 months, stage II: 26 vs. 13.9 months,
stage III: 22.6 vs. 10.3 months.

Prognostic Factors

On univariate analysis of resected patients, younger age,
earlier T classification, well-differentiated tumors, RO
status, and earlier stage were associated with better long-
term survival (Fig. 2). Five-year survival according to T

Acinar cell carcinoma Ductal cell carcinoma Significance
Number of patients 865 367,999
Gender P<0.0001
Male 63.5% 49.9%
Female 36.5% 50.1%
Median age (IQR) years 67 (55-75) 70 (61-78) P<0.0001
Race/ethnicity P=0.012
White 83.4% 81.3%
Black 7.9% 11.1%
Asian 1.8% 1.8%
Hispanic 5.3% 4.0%
Other 1.6% 1.8%
Median tumor size (IQR) cm 5.9 (4.0 - 8.0) 4.0 (3.0-51) P<0.0001
Stage P<0.0001
I 14.1% 6.7%
I 20.5% 15.7%
1T 11.6% 8.8%
v 33.5% 39.0%
Unknown 20.2% 29.8%
Location within pancreas P<0.0001
Head 42.3% 55.1%
Body 7.6% 8.8%
Tail 19.8% 9.4%
Other 30.3% 26.8%
Hospital type P=0.30
NCI Cancer Center 11.1% 10.0%
Other academic 31.2% 29.0%
VA 1.5% 1.9%
Community 56.2% 59.1%

IQOR interquartile range, NCI National Cancer Institute, V4 Veterans’ Administration
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Table 2 Factors Associated with Acinar Cell Carcinoma Compared to
Ductal Cell Adenocarcinoma

Odds ratio (95%
confidence interval)

Significance

Gender

Female 1.0 (Referent)

Male 1.75 (1.36-2.26) P<0.0001
Race/ethnicity

Black 1.0 (Referent)

White 2.07 (1.20-3.59) P=0.009

Asian 1.21 (0.39-3.74) P=0.74

Hispanic 1.18 (0.47-2.95) P=0.73

Other 1.12 (0.32-3.96) P=0.86
Tumor size

<2.0 cm 1.0 (Referent)

2.1-4.0 cm 1.36 (0.83-2.21) P=0.22

>4.0 cm 3.70 (2.35-5.83) P<0.0001
Nodal metastases

Present 1.0 (Referent)

Absent 1.80 (1.36-2.38) P<0.0001
Location within pancreas

Head 1.0 (Referent)

Body 1.98 (1.22-3.20) P=0.006

Tail 3.60 (2.64-4.93) P<0.0001

Other/diffuse/NOS 2.09 (1.48-2.96) P<0.0001

Odds ratios >1.0 indicate a higher likelihood of acinar cell carcinoma
compared to ductal cell carcinoma. Factors that were not significant in
the model were age, distant metastases, and tumor grade. Comparison
includes all patients (surgical and nonsurgical)

NOS not otherwise specified

classification was T1: 52.4%, T2: 40.2%, T3: 22.8%, and
T4: 17.2% (Fig. 2A). Node status was not associated with
long-term survival (Fig. 2B). Five-year survival in node
negative compared to node positive patients was 41.2% vs.
32.0% with a median survival of 29.4 vs. 26 months,
respectively. Low-grade ACC had a 54.8% 5-year survival
rate (median survival not reached), while high-grade ACC
had a 27.1% S-year survival rate (median survival 19.4
months; Fig. 2C). Five-year survival according to R status
was RO: 38% (median survival 34.4 months), R1: 21.5%
(median survival 12.4 months), and R2: 16.7% (median
survival 16.1 months; Fig. 2D). Overall stage-specific
survival was stage I 52.9% (median survival not reached),
stage II 39.9% (median survival 26 months), and stage III
20.6% (median survival 22.6 months; Fig. 2E).

Adjuvant chemotherapy was associated with better out-
comes (P<0.0001) until 2 years from surgery when the
survival rate became comparable to patients who did not
receive adjuvant chemotherapy (P=0.30; Fig. 3A). Adju-
vant radiation was associated with better 5-year survival
(Fig. 3B) compared to patients who did not receive
radiation (P=0.003). Surgery with any form of adjuvant
therapy was associated with a trend of better 5-year survival
compared to patients who received surgery alone (41.2%

vs. 32.7%, P=0.051) with median survival 35.1 vs. 25.1
months, respectively (Fig. 3C).

On multivariable analysis of resected patients, younger
age, low grade (well- or moderately differentiated) tumors,
and negative resection margins (RO vs. R1/R2) were
independent prognostic factors (Table 4). There was no
significant difference in survival between R1 and R2
resections (P=0.98). Adjuvant chemotherapy and/or radia-
tion were not associated with better outcomes. Tumor size
and T classification were examined separately and were
also not independent predictors of survival. Nodal involve-
ment was also not associated with survival. When grade
was excluded from the model, T classification, tumor size,
and nodal status remained nonsignificant predictors of
survival.

Discussion

ACC is a rare tumor accounting for less than 1% of
pancreatic cancers. It has a unique clinical presentation
initially characterized by Berner in 1908.?° Classically,
patients are Caucasian males who present in their sixth or
seventh decade with bulky tumors in the head of pancreas,
although lesion topography may include the body or tail of
the pancreas. Patients typically present with abdominal pain
as opposed to painless obstructive jaundice,”'>* the latter
being more typical of a ductal adenocarcinoma of the head
of pancreas. A small subgroup of ACC has been shown to
actively secrete pancreatic enzymes. In extreme cases,
patients manifest a syndrome characterized by systemic
fat necrosis.”* Pathologically, these tumors must be differ-
entiated from tumors with endocrine or mixed endocrine
differentiation which have a better prognosis.

Because of the rarity of ACC, large retrospective
institutional series are not readily available to draw
conclusions of sufficient power to generate meaningful
hypotheses regarding outcomes and treatments of patients
with ACC. By using the NCDB in this study, we were able
to examine a large population of ACC to determine whether
unique aspects of ACC could differentiate it from DCC and
assess differences in survival of ACC compared to DCC.

The findings of our study are that patients were more likely
to have ACC than DCC if they were male, white, had larger
tumors, or lesions in the tail of the pancreas. Because
pathology rarely provides a diagnosis of ACC preoperatively,
a diagnosis of ACC should be considered in patients who fit
this profile. Although ACC has often been characterized as
having a poor prognosis,” our findings suggest that ACC is
associated with improved stage-specific survival compared
to DCC. Furthermore, patients with ACC are more than
twice as likely to undergo resection than patients with DCC.
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Table 3 Tumor Characteristics
and Treatments of Resected

Acinar cell carcinoma Ductal cell adenocarcinoma Significance

Patients -
Number of patients

Median tumor size (IQR) cm
T Classification
Tl
T2
T3
T4
Unknown
Nodal metastases
NO
N1
Unknown
Distant metastases
MO
M1
Grade
Well/moderately differentiated
Poorly differentiated
Unknown
Location within pancreas
Head
Body
Tail
Other/diffuse/NOS
Margins
RO
R1
R2
Unknown
Surgical procedure
Pancreaticoduodenectomy
Distal pancreatectomy
Total pancreatectomy
Other/NOS
Treatment
Surgery only
Surgery and chemotherapy
Surgery and radiation

IOR interquartile range, NOS Surgery and chemoradiation

333 62,167
5.5 (3.5-9.0) 3.2 (2.5-4.5) P<0.0001
P<0.0001
3.9% 10.7%
34.5% 18.8%
38.4% 44.0%
14.1% 12.4%
9.0% 14.1%
P<0.0001
60.1% 41.9%
32.1% 48.5%
7.8% 9.6%
P=0.45
87.4% 90.4%
12.6% 9.6%
P<0.0001
25.5% 50.7%
22.8% 30.0%
51.7% 19.2%
P<0.0001
40.2% 68.7%
7.5% 5.6%
30.9% 9.3%
21.3% 16.4%
P=0.019
64.3% 55.9%
11.4% 12.7%
7.5% 10.2%
16.8% 21.2%
P<0.0001
41.1% 57.8%
22.2% 6.7%
9.9% 7.7%
26.8% 27.8%
P=0.59
57.1% 53.8%
9.9% 9.4%
3.0% 4.8%
30.0% 32.1%

not otherwise specified

Long term survival of patients with ACC is predicted by
younger age, lower grade tumors, and negative resection
margins. Tumor size or T classification and nodal involve-
ment were not independent predictors of survival. Thus,
regardless of tumor size or T classification, patients with
ACC should undergo surgical resection. Similar to DCC,
the surgeon’s contribution to long-term survival in patients
with ACC is aggressive surgical resection with a goal of
achieving RO margins of resection.

Determining the effectiveness of adjuvant therapy using
retrospective data from the NCDB is confounded by
indication and selection bias. Adjuvant therapy in our study
was not associated with better outcomes in patients with
ACC on multivariable analysis. A recent institutional series

@ Springer

from Johns Hopkins suggested that neoadjuvant chemo-
radiotherapy effectively downstaged four patients so they
were amenable to surgical resection.” A multi-institutional
series which included Indiana University patients also
contained patients who were effectively downstaged by
neoadjuvant chemoradiotherapy.® As endoscopic ultra-
sound-guided core biopsy of the pancreas becomes more
common, a diagnosis of ACC may be increasingly
appreciated prior to surgical resection which may facilitate
enrollment in prospective neoadjuvant protocols and our
understanding of the role of neoadjuvant chemoradiotherapy
in this unusual pancreatic cancer.

Large-scale database studies such as ours give important
information regarding expected survival, help understand
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Figure 1 Five-year stage-specific survival after resection for ACC compared to DCC.

accuracy of staging, and allow for uniform stratification of
patients in multi-institutional clinical trials. However, there are
limitations that should be considered. First, these 865 ACC
patients were treated at multiple hospitals over many years,
and as a result, a detailed pathologic review was not feasible.
Although we excluded neuroendocrine tumors, there may be
some ACC patients in this study with mixed tumors, though
the overall incidence of 0.5% is lower than in large
institutional series, suggesting that the designation of ACC in
these instances may be appropriate. Moreover, if a pathologist
is classifying a tumor as an ACC, it is likely that they have a
better understanding of the pathologic characteristics of these
malignancies. Moreover, the nodal positivity and margin-
positive resection rates are lower for DCC than prior single-
institution reports suggesting considerable variability in

surgical and pathologic quality at these institutions which
may not specialize in pancreatic cancer. Secondly, certain data
are not available in cancer registries such as the specific type of
chemotherapy administered or details regarding radiation
therapy. Thus, institutional and multi-institutional reports of
ACC remain important to perform more detailed analysis of
presentation, pathology, natural history, and specific treatment-
related outcomes of ACC.

Information on ACC remains limited, but it appears from
the NCDB data that like DCC, aggressive surgical resection
should be performed in fit patients with localized tumors.
The role of adjuvant therapy is unclear due to the inherent
selection bias, but at the least, patients do not appear to
have worse outcomes with adjuvant therapy which should
encourage enrollment in prospective protocols going
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(chemotherapy and/or radiation).

Table 4 Factors Associated with Long-Term Survival after Resection
of Acinar Cell Carcinomas

Hazard ratio (95% Significance
confidence interval)
Age at diagnosis (continuous) 1.02 (1.00-1.03) P=0.025
Grade
Well/moderately differentiated 1.0 (Referent) P=0.028
Poorly differentiated 1.89 (1.07-3.35)
Margin status
RO 1.0 (Referent) P=0.013

RI/R2 1.78 (1.13-2.80)

Hazard ratios >1.0 indicate a higher risk of death within 5 years.
Factors not significant in the model include T classification, nodal
status, and distant metastases; 204 cases had sufficient follow up to be
included in the Cox model

forward. Since surgical resection appears to be the most
effective treatment, patients with locally unresectable or
metastatic tumors should be considered for neoadjuvant
protocols in an attempt to downstage disease to make them
candidates for surgical resection.
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