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Abstract

Acinar cell carcinoma incidence and survival based surveillance,
epidemiology, and end results data, 1973 to 2012

By Yun Sheng

BACKGROUND: Acinar cell carcinoma (ACC) of the pancreas is a rare malignancy
with little information available on the trends in incidence and survival. To date no
randomized trials has been conducted to guide ACC therapy.

METHODS: Patients with ACC reported to the Surveillance, Epidemiology, and End
Results (SEER) Program from 1973 through 2012 were categorized by sex, race, age,
marital status, year of diagnosis, primary site, disease stage, and treatment. Then the
incidence and survival were compared across different demographic and disease-related
categories by calculating rate ratios (RRs) and hazard ratios (HRs) along with the
corresponding 95% confidence intervals (Cls).

RESULTS: In total, 396 patients with ACC were identified. While incidence of ACC
showed a gradual increase, survival remained largely unchanged. The proportion of male
ACC cases increased over time from 50.7% during 1973 to 1992, up to 67.7% during
1993 to 2002, and to 72.9% during 2003 to 2012. The proportion of ACC cases
originating in the head of pancreas increased over time from 27.5% during 1973 to 1992,
up to 49.0% during 1993 to 2002, and down to 44.9% during 2003 to 2012. After
adjusting for sex, marital status, race, disease stage, tumor site, and treatment, mortality
among patients older than 70 was higher (HR=1.72; 95% ClI, 1.05-2.82) than in patients
younger than 50, and mortality among patients with distant stage ACC was also elevated
(HR=3.26; 95% ClI, 2.00, 5.31) compared to patients with localized disease. Patients who
underwent surgery (HR= 0.47; 95% CI, 0.30-0.72) or surgery and radiation (HR=0.41;
95% CI, 0.22, 0.77) had better survival than those who did not receive tumor directed
treatment.

CONCLUSIONS: In recent years there has been an increase in the proportion of male
ACC patients and in the percentage of ACC cases originating in the head of pancreas.
Age-adjusted disease incidence appears to be higher in men than in women and in whites
and American Africans compared to persons of other racial groups. Worse survival
following ACC diagnosis is associated with older age and advanced disease stage. The
current findings demonstrate that surgical tumor directed treatment may be associated
with improved survival, although this observational can be attributed at least in part to the
“immortal time bias”.
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INTRODUCTION

Acinar cell carcinoma (ACC) of the pancreas is a rare malignancy, accounting for about 15% in
pediatric subjects and about 1% to 2% of pancreatic tumors in adults! with a peak incidence in the
60s. Males are affected more frequently than females with a ratio of 3.6:1 and blacks are affected

less commonly than whites.?

Athough the majority of pancreas cells are acinar, malignant transformation of these cells is rare
for unknown reasons.?® Less than 50 cases of ACC are diagnosed annually in the United States.®
ACC is composed of cells with morphological resemblance to acinar cells and exocrine enzyme
production by the neoplastic cells. Significant endocrine or ductal components (not more than 25
% of the neoplastic cells) are lacking.?* Microscopically, tumors grow in a trabecular pattern with
minimal intervening stroma.? The staging of acinar cell carcinomas follows the staging of

carcinomas of the exocrine pancreas.

Most ACC present with several non-specific symptoms, which are related to the mass effect of the
neoplasm, but there may be an incidental finding on microscopic examination. Common non-
specific symptoms include weight loss, abdominal pain, nausea and vomiting, melena, bile duct
obstruction and jaundice, and weakness, anorexia or diarrhea.?* Approximately 10-15 % of patients
develop lipase hypersecretion syndrome; peripheral blood eosinophilia and parathyropathies may

also occur.?*

Histopathological analysis is required for definitive diagnosis of ACC. Grossly, these tumors are
usually well-circumscribed, pink to tan, partly encapsulated, and homogeneous, fleshy masses.
ACCs often contain highly cellular with minimal stroma. They have 5 basic patterns of growth
(acinar, pure solid, trabecular, gyriform and glandular); the pure solid and acinar pattern account

for the majority but are often mixed with other patterns of growth.” 2* ACCs have round to oval



nuclei with single, prominent nucleoli. The cytoplasm is eosinophilic, abundant, and granular due
to zymogen granules that produce exocrine enzymes including lipase, trypsin, and chymotrypsin.
There are no specific laboratory abnormalities in patients with acinar cell carcinoma. The diagnosis
of ACC is based on the presence of zymogen granules, which stain positive with periodic acid-
Schiff and are diastase resistant.*>!® “Periodic acid-Schiff is a staining technique used to identify
glycogen within tissues, whereas diastase is an enzyme that catalyzes the breakdown of various
forms of carbohydrate molecules such as starch into maltose.”? In well-granulated cases, this
staining pattern is supportive of ACC diagnosis. Immunohistochemical labeling for pancreatic
enzyme production is helpful in confirming the diagnosis of ACC. Antibodies are available against
trypsin, chymotrypsin, lipase and elastase. The first three of these are most widely employed, and
labeling for trypsin (95 % of cases) and chymotrypsin has the highest degree of sensitivity, lipase

(70-80 % of cases) is less commonly identified.?*

ACC has been considered a cancer with poor prognosis due to its low resectability, frequent
metastases, and high recurrence rate. To date, the most important prognostic factor is tumor
stager.?® 2 The overall mean post-diagnosis survival of ACC patients is about 47 months with a

cancer-specific 5-year survival ranging from 36.2% to 72% for resected cancers.® 0. 1!

ACC patients tend to be younger and present with early stage disease when compared to patients
with pancreatic adenocarcinoma®®, and the long-term survival for patients with this type of
malignancy is significantly better than that of patients with pancreatic adenocarcinoma.?* Most
patients with ACC undergo surgical resection for resectable tumor, and receive chemotherapy with
or without radiation for unresectable tumor with presence of distant metastases, which account for

about half of ACC patients.?*



Previous ACC studies have primarily involved retrospective chart abstractions, literature reviews,
and some were limited to case reports. As the disease is so rare its treatment has not been studied
in clinical trials with only a handful of reports describing various management options.
Management recommendations are usually extrapolated from pancreatic adenocarcinoma
literature.>*® Only one previous study examined population based data on ACC using the
Surveillance, Epidemiology, and End Results (SEER) database (1988 to 2003).8 Our study extend

the time period from 1973 to 2012.

The present study will evaluate epidemiologic features of ACC with regard to incidence trends as
well as differences in age at diagnosis, gender and race. In addition, we will examine the
relationship between overall survival (OS) and treatment (surgery and radiation) stratified for stage.

These results may help guide oncologists treating ACC patients.

MATERIALS AND METHODS

Data for the analysis were obtained from the National Cancer Institute’s SEER Program, which is
the main source for cancer statistics in the United States. 28% of the US population from specific
geographic areas are represented by SEER data includes information on prevalence, incidence, and
survival. SEER also compiles reports on cancer mortality for the entire country.’® SEER data
collection since the early 1970s and gradually expanded. Data for analyses were obtained from the
currently operating 18 SEER registries. But incidence rate calculations to evaluate changes in
incidence since 1973 were limited to the 9 original registries (San Francisco/Oakland, Connecticut,

Detroit, Hawaii, New Mexico, Seattle, Utah. and Atlanta).

The International Classification of Diseases for Oncology, third edition (ICD-0O-3) were used to
select all cases reported to the SEER Program from 1973 through 2012 that originated from one of

the following primary sites (and 1ICD-O-3 codes): head of pancreas (C.25.0); body of pancreas



(C.25.1); tail of pancreas (C.25.2); other specified parts of pancreas (C25.7); overlapping lesion of
pancreas (C.25.8); and pancreas, not otherwise specified (C25.9). Only acinar cell carcinomas
(ICD-0-3 code 8550/3) were included. Cases were excluded from the analyses if they were

identified from death certificates only, of unknown age, or were not microscopically confirmed.

All patients with ACC reported during the study period from 1973 to 2012 were characterized
according to sex, race, age at diagnosis, marital status, disease stage and disease site. Tumor-
directed therapy was grouped into 4 categories: none, radiation alone, surgery alone, and surgery
plus radiation. Only patients who were diagnosed from 1983 through 2012 were examined in the
analyses of type of tumor-directed therapy, as treatment information was available from 1983
onward. Cancer staging has undergone multiple changes since the early 1970s; thus we used the
“SEER historic stage A” variable, which covers our entire study period, and whose classification
scheme categorizes cancer cases as localized, regional, distant, or unstaged based on definitions

stated in previous study?® 3°,

Incidence rates of ACC were calculated for the entire study period by sex and race and were
expressed as the number of cases per 1,000,000 person-years accompanied by 95% confidence
intervals (Cls), and age-adjusted to the 2000 US Standard Population. The differences in rates
between men and women and among whites, African Americans, and all other racial groups were
examined by calculating rate ratios (RRs) and the corresponding 95% Cls, as described by Tiwari
et al.l” Trends in incidence were expressed as annual percentage change (APC) estimates with 95%
confidence intervals (Cl) and were examined further using the Joinpoint Regression Program
(Control and Population Sciences, National Cancer Institute, Bethesda, Md). The APC was
calculated by using the calendar year as a regressor variable and fitting a least-squares regression

line to the natural logarithm of the rates. Joinpoint models were further used to analyze the



incidence data,, which were aimed at evaluating longitudinal data for a change in trend. Monte

Carlo permutation method was used to test changes in trend for statistical significance.

The survival of patients with ACC was analyzed using several methods, and the total follow-up
was extended to 10 years (120 months) post-diagnosis. First, we calculated 5-year and 10-year
cumulative observed survival (OS), which definition defined as the proportion of patients who
survived beyond a given interval. Relative survival (RS) were then calculated by dividing OS
among cancer patients by the expected survival in the general population controlling for age, sex,
and race characteristics. In contrast to frequency analyses, which included all records, survival
analyses excluded cases that known to be alive but without documented survival time. The 5-year
and 10-year OS and RS estimates were evaluated overall and by sex and race. In addition, joinpoint
regression was used to examine 5-year RS estimates over time, and the resulting trend was
represented by the APC and its 95% CI. These survival calculations were based on the actuarial

life-table method. Data used for survival analyses extended from 1973 through the end of 2012.

We then constructed Kaplan-Meier curves and performed the corresponding log-rank tests for
statistical significance to examine patient survival according to decade of diagnosis, patient sex,
race, and ACC stage. And the follow-up for survival analyses was limited to 5-years. Further,
multivariable Cox proportional hazards model was used to examine the association between
survival and various disease-related, treatment-related and patient-related characteristics with
primarily focusing on disease stage and treatment type. Other covariates in the Cox proportional
hazards model included age, sex, race, marital status and disease primary site. Adjusted hazard
ratios (HRs) along with the corresponding 95% Cls are reported as the results of these multivariable
models. All models were examined for interactions and colinearity among covariates and

proportional hazard assumptions were tested by examining log-minus-log plots for each variable.*8



The analyses were performed using SAS 9.3 (SAS Institute, Inc., Cary, North Carolina) and

SEER*Stat version 6.4.4 (National Cancer Institute, Bethesda, Md) statistical software packages.

RESULTS

In total, 396 patients with ACC were identified in the 18 SEER registries from 1973 through the
end of 2012. Men accounted for 67.7% of ACC cases, approximately 84% of all patients were white
and 10% were black, 65.2% of patients were married (Table 1). Nearly half of all patients (48.2%)
were between ages 50 and 70 years, 38.1% of patients were over 70 years of age, and patients under
the age of 50 years contributed only 13.6%. Approximately half of patients (43%) presented with
a tumor originating in the head of pancreas. The distributions of patient demographic characteristics
and cancer primary site did not differ appreciably over time. By contrast, there was evidence that
the proportion of male ACC cases increased over time from 50.7% from 1973 to 1992, up to 67.7%
from 1993 to 2002, and up to 72.9% from 2003 to 2012. The proportion of ACC cases originating
in the head of pancreas also changed from 27.5% in 1973-1992, up to 49.0% in1993-2002, and
down to 44.9% in 2003-2012. The stage distribution in the earlier 10-year interval (1973-1982)

could not be assessed, because all cases in the time period were “unstaged”.

As shown in Figure 1, there was no statistically significant time trend in the overall incidence of
ACC between 1973 and 2010 (APC=0.8; 95% CI: -0.6, 2.3). There appeared to be an inflexion
point after 2010; however the post-inflexion time trend was also not significant (APC=50.6; 95%
Cl: -29.3, 221.0). The rates of ACC in women were significantly lower than the corresponding rates
among men (RR 0.46; 95% CI: 0.34-0.62). Compared to whites, the incidence was higher among
African-Americans (RR 1.30; 95% CI, 0.78-2.06) and lower among individuals of all other racial

groups (RR, 0.48; 95% CI: 0.21-0.94).

Overall, the 5-year and 10-year OS estimates were 19.0% (95% Cl, 14.5%-23.9%) and 10.8% (95%



Cl, 7.0%-15.6%), respectively (Table 2). The corresponding 5-year and 10-year RS estimates were
21.0% (95% CI, 16.1%-26.5%) and 13.5% (95% CI, 8.7%-19.3%). The OS and RS estimates
generally were higher in women than in men and were higher among African American and other
races than among whites (Table 2). The Kaplan-Meier curves (Figure 2) demonstrated that the
survival of ACC patients was lower for persons who were diagnosed in the earliest decade (1973-
1992) than for those who were diagnosed after 1992; however, subsequent time periods (1993-
2002, and 2003-2012) demonstrated no discernible difference. Survival differed significantly by
race, and sex (P<.05 for both), (Figures 3-4). Patients with early stage disease had better survival

than those with advanced stage disease (P<.001), (Figure 5).

The independent associations of disease stage and treatment with survival, after controlling for
patient demographic characteristics, are presented in Table 3. Compared with patients who had
localized ACC, those with distant disease had significantly elevated mortality (lower survival),
with an HR of 3.26 (95% CI, 2.00-5.31). Other factors associated with higher mortality included
older age and tumor-directed treatment (Table 3). After adjusting for sex, race, marital status,
disease stage, and tumor site, mortality among patients with ACC aged greater than 70 relative to
those aged less than 50 counterparts was increased by 72% (95% ClI, 1.05-2.82). Compared to
patients who received no tumor-directed therapy mortality among those who underwent surgery
HR of 0.47 (95% Cl, 0.30-0.72) for patients treated by surgery only and HR of 0.41 (95% ClI, 0.22-
0.77) for patients treated by both surgery and radiation. By contrast, sex, race, marital status, and

primary tumor site did not appear to be related to survival.

DISCUSSION
The current results demonstrate that the head of pancreas was the most common primary site of

ACC followed by the tail of pancreas and body of pancreas, with a peak age-specific incidence



between ages 50 and s and 70s. We observed a modest but not statistically significant increase in
the overall incidence of ACC. Although the joinpoint analyses data indicated a possible upward
inflection of the trend, the inflexion was not statistically significant and may be attributable to
random fluctuation of the rates over time. Additional years of data may be able to The majority of
patients with ACC were men, and the age-adjusted incidence of disease found to be higher in males

than in females and in whites and Blacks than in person of other racial groups.

Our results are consistent with those from earlier studies that demonstrated a preponderance of
pancreatic acinar cell cancer in men, with predominantly head of pancreas involvement.® Unlike
other reports, however, ours focused exclusively on pancreatic acinar cell histology and
encompassed more extensive and contemporary data from SEER. There is other SEER-based study,
which have reviewed data on ACC but also included other histologies.® To our knowledge, this

study is the first SEER-based analysis focusing exclusively on ACC in the general population.

We also found that the 5-year survival of ACC patients was associated with age and disease stage
after controlling for sex, race, marital status, disease site and treatment method. Patients older than
70 and with advanced stage disease had lower 5-year survival rate than their younger counterparts.
The combination of radiation therapy and surgery and surgery alone in our data demonstrated

superiority compared with radiation alone, which is accordance with previous studies.?®

However, it is important to keep in mind that the analyses by treatment may have been affected by
immortal time in one or more of the groups. For example patients who received surgery had to
survive to the procedure and their follow up time incorporated an interval between diagnosis and
surgery during which they could not have died. On the hand, patients who did not receive surgery
did not have the corresponding “immortal” time interval. For this reason the observed benefit of

surgery may be explained at least in part by the “immortal time bias”.??



Other shortcomings of the present analysis are related to the limitations of the SEER data. As
previously reviewed elsewhere®-®, the main limitations of SEER data pertain to the lack of data
on certain important demographic and clinical variables. Although SEER data on radiation and
surgery are reasonably complete, the information pertaining to systemic treatment such as
chemotherapy is usually missing and is not included in the public use files. In addition, SEER data
do not contain information on additional important determinants of survival including health
insurance, comorbidities and socioeconomic status. Another important data item that may need to
be considered is the effect of facility-related and provider characteristics that cannot be addressed

using SEER data.

On the other hand SEER-based studies often have good statistical power for detecting relatively
moderate associations and allow relatively complex multivariable analyses. In contrast to
institution-based, the population-based identification of patients increases the external validity of

results, and the active follow-up of patients improves the accuracy of survival analyses.3!-%

In conclusion, we observed that in recent years there has been an increase in the proportion of male
ACC patients and in the percentage of ACC cases originating in the head of pancreas. Age-adjusted
disease incidence appears to be higher in men than in women and in whites and American Africans
compared to persons of other racial groups. Worse survival following ACC diagnosis is associated
with older age and advanced disease stage. The current findings demonstrate that surgical tumor
directed treatment may be associated with improved survival, although this observational can be

attributed at least in part to the “immortal time bias”.
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Tables

Table 1. Characteristics of Patients With Acinar Cell Carcinoma of the Pancreas by Decade: 18
Surveillance, Epidemiology, and End Results Registries, 1973 to 2012

No. of Patients (%)

Patient Characteristic All Patients, 1973-1992, 1993-2002, 2003-2012,
N =396 N=69 N= 102 N= 225
N (%) N (%) N (%) N (%)

Sex

Male 268 (67.7) 35 (50.7) 69 (67.7) 164 (72.9)

Female 128 (32.3) 34 (49.3) 33(32.4) 61 (27.1)
Race

White 331 (83.6) 58 (84.1) 80 (78.4) 193 (85.8)

Black 41 (10.4) 9 (13.0) 13 (12.8) 19 (8.4)

Other? 24 (6.1) 2(2.9) 9(8.8) 13 (5.8)
Marital Status

Married 258 (65.2) 43 (62.3) 66 (64.7) 149 (66.2)

Unmarried 125 (31.6) 22 (31.9) 35 (34.3) 68 (30.2)

Unknown 13 (3.3) 4 (5.8) 1(1.0) 8 (3.6)
Age, y

<50 54 (13.6) 11 (15.9) 18 (17.7) 25 (11.1)

50-70 191 (48.2) 38 (55.1) 44 (43.1) 109 (48.4)

>70 151 (38.1) 20 (29.0) 40 (39.2) 91 (40.4)
Disease stage

Localized 62 (15.7) 9 (13.0) 14 (13.7) 39 (17.3)

Regional 122 (30.8) 16 (23.2) 34 (33.3) 72 (32.0)

Distant 193 (48.7) 37 (53.6) 50 (49.0) 106 (47.1)

Untagged 19 (4.8) 7 (10.1) 4 (3.9 8 (3.6)
Disease site

Head of pancreas 170 (42.9) 19 (27.5) 50 (49.0) 101 (44.9)

Body of pancreas 32 (8,1) 10 (14.5) 6 (5.9) 16 (7.1)

Tail of pancreas 77 (19.4) 7 (10.1) 23 (22.6) 47 (20.9)

Others 117 (29.6) 33 (47.8) 23 (22.6) 61 (27.1)

a Other races included Asian or Pacific Islander, American India, Alaska Native, or unspecified



Table 2. The survival of patients with Acinar cell carcinoma is illustrated over time and by sex
and race (18 Survival, Epidemiology, and End Results registries, 1973-2012). APC indicates
annual percentage; Cl, confidence interval; OS, Observed survival; RS, relative survival.

Patient characteristics

Survival interval

0S (95% CIy*

RS (95% CI)**

Male

Female

5-yr
10-yr
5-yr
10-yr

16.3 (11.2, 22.2)
7.0 (3.4, 12.4)

24.2 (16.0,33.4)

17.3 (9.7, 26.7)

185 (12.7, 25.2)#
9.0 (4.3, 15.8)#
25.8 (17.0, 35.5)#
20.3 (11.3, 3L.1)#

White

Black

Other

5-yr
10-yr
S-yr
10-yr
S-yr
10-yr

16.6 (12.2, 22.1)
10.1 (6.1, 15.3)
18.3 (7.1, 33.7)
7.3 (1.3, 20.6)
50.2 (25.4, 70.6)
32.2 (10.1, 57.1)

18.7 (13.6, 24.5)#
12.8 (7.7, 19.4)#
20.6 (7.8, 37.6)#
9.4 (1.6, 25.8)#
52.2 (26.0, 73.1)#
35.1 (10.6, 61.4)#

All groups

5-yr
10-yr

19.0 (14.5, 23.9)
10.8 (7.0, 15.6)

21.0 (16.1, 26 5)#
13.5 (8.7, 19.3)#

* OS = percent of patients surviving beyond a given interval
** RS = OS of cancer patients divided by the expected survival in population with the same
race, age, and gender characteristics.

# Relative survival increased from a prior interval and has been adjusted




Table 3.Multivariable Analyses Looking at the Association Between Mortality-, Patient-,
Disease-, and Treatment-Related Characteristics Among Patients With Acinar Cell Carcinoma of
Pancreas: 18 Surveillance, Epidemiology, and End Results Registries, 1998-2012

Patient Characteristic HR 95% CL P
Sex

Male 1.00 Ref

Female 0.78 0.55,1.11 162
Race

White 1.00 Ref

Black 1.45 0.87,2.43 154

Other? 1.06 0.48, 2.35 .878
Marital status

Other® 1.00 Ref

Married 0.93 0.65, 1.34 .702
Age,y

<50 1.00 Ref

50-70 1.05 0.63, 1.75 .865

>70 1.72 1.05, 2.82 .030
Disease stage

Localized 1.00 Ref

Regional 1.52 0.92, 2.53 105

Distant 3.26 2.00, 5.31 <.001
Disease site

Head of pancreas 1.00 Ref

Body of pancreas 1.20 0.67,2.15 .538

Tail of pancreas 1.23 0.80,1.89 .336

Others 1.03 0.72,1.48 877
Tumor-directed treatment

None 1.00 Ref

Surgery only 0.47 0.30,0.72 <.001

Radiation only 0.98 0.57,1.70 .948

Surgery and radiation 0.41 0.22,0.77 .005

@ Other = American Indian/AK Native, Asian/Pacific Islander

bOther = Single, Seperated, Divorced, Widowed, Unmarried or Domestic
Partner

Abbreviations: CL, confidence limits; HR, hazard ratio; Ref, referent

category.
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2000 2004 2008 2012

Population groups Rate (95% CI)* Rate Ratio (95% CI; p-value)
Male 0.31 (0.26, 0.37) Reference

Female 0.14 (0.11, 0.18) 0.46 (0.34, 0.62; p<0.001)
White 0.22 (0.19, 0.25) Reference

Black 0.28 (0.17, 0.43) 1.30 (0.78, 2.06)

Other 0.10 (0.05, 0.20) 0.48 (0.21, 0.94; p=0.028)
All groups 0.21 (0.19, 0.25)

* Rates are per 1,000,000 and age-adjusted to the 2000 US Population
Figure 1. Age adjusted rates of Acinar Cell Carcinoma over time and by sex and race (9

Surveillance, Epidemiology, and End Results registries, 1973-2012), APC indicates annual
percentage change; Cl, confidence interval.
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Figure 2. The survival of patients with Acinar cell carcinoma is illustrated by decade (18
Surveillance, Epidemiology, and End Results registries, 1973-2012).
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Figure 3. The survival of patients with Acinar cell carcinoma is illustrated by race (18
Surveillance, Epidemiology, and End Results registries, 1973-2012).



+ Censored

0.8 Log-rank p-value <.001
L
o
S 06 Localized
© 1
_g i =
(_>ﬂ ]- ‘_+—L‘— .
2 04 L, .
@ . .
+. L Regional
oy b = b = o — —+
_l W
0.2 T
Feer,
Distant ' ~—+. —
—_— - _+_ - I _-‘-
0.0
10 20 30 40 50 60
Survival months
Figure 4. The survival of patients with Acinar cell carcinoma is illustrated by stage (18
Surveillance, Epidemiology, and End Results registries, 1973-2012).
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Figure 5. The survival of patients with Acinar cell carcinoma is illustrated by sex (18
Surveillance, Epidemiology, and End Results registries, 1973-2012).






