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Abstract Descriptive studies of pancreatic cancer inci-

dence have been sparse particularly in terms of tumor

histology and stage. The purpose of this study was to

examine the incidence rate trends of exocrine and endo-

crine pancreatic cancers by demographic and tumor char-

acteristics using data from the Surveillance, Epidemiology,

and End Results (SEER) program from 1977 to 2005.

During this period, the incidence of exocrine pancreatic

cancer generally decreased whereas the incidence of

endocrine pancreatic cancer increased. This difference in

trends by histology was evident across age, gender, and

racial groups. It was also evident among different racial/

ethnic groups using data from 1992 to 2005. Variation in

trends was observed by stage. The incidence of exocrine

cancers declined for all stages except regional. Endocrine

cancer incidence increased for all tumor stages, and the

increase was most prominent for localized tumors. When

exocrine tumors were stratified by tumor subsite, the

incidence of cancers in the tail and body regions increased

while the incidence in other regions decreased. While

better detection and classification of tumors through

improved diagnostic procedures may be related to these

changing trends, etiologic factors warrant study.
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Introduction

Pancreatic cancer is among the most fatal of all major

epithelial cancers with an incidence rate that approximates

its mortality rate [1]. In 2009, the American Cancer Society

estimated that 42,470 new patients were diagnosed with

and 35,240 deaths resulted from pancreatic cancer in the

U.S., making it the 4th leading cause of cancer mortality

among both sexes [2]. Pancreatic cancer is often asymp-

tomatic, especially for early-stage tumors, and there is no

established population-based screening method. As a

result, less than 10% of pancreatic cancers are detected

during the early potentially curable stage of disease and the

overall 5-year survival rate is only about 5% [2].

The incidence of pancreatic cancer varies by demo-

graphic characteristics. Pancreatic cancer occurs predomi-

nantly among the elderly; the median age at diagnosis

occurs in the seventh decade [3]. The incidence rate of

pancreatic cancer is approximately 30% higher among men

than women and 50% higher among blacks than whites and

people of other races [2, 4]. Age-adjusted incidence rates

appear to be declining, more so for men than women [5].
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Although the observed decreases in incidence are

encouraging, it is important to note that pancreatic cancer

represents a heterogeneous disease with two general cate-

gories: exocrine ductal epithelial adenocarcinoma and islet

cell or endocrine cancer. These two histologic types have

distinctly different biology, clinical presentation and natural

history, and therefore may display different epidemiological

distributions. Exocrine pancreatic cancer constitutes the

majority ([95%) of pancreatic malignancy [6]; therefore,

when studied together, trends in exocrine pancreatic cancer

incidence may mask differential trends in endocrine pan-

creatic cancer incidence. Although epidemiological studies

have found increasing rates of pancreatic endocrine cancer

[7–11], none have investigated histology-specific trends by

race/ethnicity, tumor stage at diagnosis and tumor subsite,

which may provide insights into the etiology of the observed

trends. To address these issues, we conducted a more in-

depth analysis of pancreatic cancer incidence trends from

1977 to 2005, using data from the Surveillance, Epidemiol-

ogy, and End Results (SEER) program of the National

Cancer Institute. We investigated temporal trends in histol-

ogy-specific incidence rates overall and stratified by age,

gender, race/ethnicity, stage at diagnosis, and tumor subsite.

Materials and methods

Data were derived from the National Cancer Institute’s

SEER program. The SEER program began collecting data

in the early 1970s from nine population-based registries:

Connecticut, Iowa, New Mexico, Utah, Hawaii, and the

metropolitan areas of Detroit, San Francisco-Oakland,

Atlanta, and Seattle-Puget Sound (SEER-9) [12]. These

registries represent approximately 10% of the total United

States population. In 1992, the SEER program was

expanded to increase the coverage of minority populations,

especially Hispanics, by adding four registries: San Jose-

Monterey, Los Angeles, rural Georgia, and Alaskan

Natives (SEER-13), amounting to a representation of about

14% of the U.S. population. Race was determined from

medical records and registration information, and Hispanic

ancestry was determined using algorithms that identify

Spanish surnames [13]. Our analysis included data avail-

able for the racial categories of white, black and other

(American Indian/Alaskan Native and Asian/Pacific Islan-

der) since the early years of the SEER-9 registries. Non-

Hispanic white, Hispanic white, non-Hispanic black, and

Asian/Pacific Islander (API) were included in the analysis

using data from the SEER-11 registries (SEER-13 regis-

tries excluding the Alaska Native and rural Georgia reg-

istries since these two registries included relatively few

APIs or Hispanics). Analyses of Hispanic blacks and His-

panic APIs were not conducted due to insufficient numbers.

The SEER program coded tumor site and histology

according to the International Classification of Diseases for

Oncology (ICD-O) since 1977 [14]. Incident cases diag-

nosed between 1992 and 2000 were classified according to

the second edition (ICD-O-2) [15], and cases diagnosed

after 2000 were classified according to the third edition

(ICD-O-3) [16]. All cases diagnosed before 2001 were

converted to ICD-O-3. The SEER program coded histo-

logic type using the Manual of Tumor Nomenclature

between 1973 and 1976; and many of these codes cannot

be updated to an ICD-O-3 code [17]. Therefore, we

excluded data collected prior to 1977. All malignant

tumors of the pancreas with the ICD-O-3 site codes C250–

C254 and C257–C259 were included in the analysis; 75%

were microscopically confirmed. Pancreatic cancers were

further divided into two groups based on ICD-O-3 histol-

ogy codes: (a) exocrine pancreatic cancer (8000–8149,

8156–8239, 8247–9970) and (b) endocrine pancreatic

cancer (8150–8155, 8240–8246) [6]. Tumor stage at

diagnosis was based on the general summary stage variable

(localized, regional, distant, and unstaged) recorded by the

SEER program. A localized cancer was defined as a

malignancy limited to the organ of origin; distant metas-

tases were defined when cancer cells had broken away

from the primary tumor, had travelled to other parts of the

body, and had begun to grow at the new location. Regional

stage was defined as a tumor that extended beyond the

limits of the organ of origin but had not metastasized [18].

We used SEER*Stat (version 6.3.6) software to obtain

age-standardized incidence rates (calculated as the number

of new cases per 100,000 person-years) adjusted to the

2000 U.S. standard population. The majority of pancreatic

cases occur after the age of 60 [5], and early onset cancers

are more likely to be related to a positive family history;

therefore, histology-specific incidence rates were computed

for persons \60 and C60 years of age, respectively.

Analyses were also conducted stratified by gender, race/

ethnicity, stage at diagnosis, and tumor subsite. Where

sufficient numbers were available, analyses were con-

ducted stratified by multiple characteristics simultaneously.

In trend analysis, year of diagnosis was grouped into six

calendar-year categories (1977–1981, 1982–1986, 1987–

1991, 1992–1996, 1997–2001, 2002–2005) for the long-

term period (SEER-9) and three calendar-year categories

(1992–1996, 1997–2001, 2002–2005) for the short-term

period (SEER-11). Incidence rates were calculated when

there were at least ten cases in a given age, gender, race/

ethnicity, tumor stage, tumor subsite, or time category, and

trend lines were plotted if at least two consecutive cate-

gories met this criterion. Incidence trends were plotted

using semi-logarithmic plots so that rates of change could

be compared [19]. The percent changes between the first

and last calendar-year categories were calculated as were
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odds ratios (ORs) and 95% confidence intervals (CIs)

comparing the incidence rates by age, gender, race/eth-

nicity, tumor stage at diagnosis, and tumor subsite.

Results

Age-standardized incidence rates of exocrine and endo-

crine pancreatic cancers by age, gender, and race/ethnicity

for the long-term period and short-term period are pre-

sented in Tables 1 and 2, respectively. Exocrine cancer

accounted for the majority (97%) of the pancreatic cancers.

The incidence rates of exocrine and endocrine pancreatic

cancers increased significantly with age; incidence rates

among older adults (C60) were 14–28 times higher for

exocrine cancer and 3–8 times higher for endocrine cancer

than that among younger adults (p-values \ 0.01). The

incidence of exocrine cancer was generally higher among

men than women across racial/ethnic groups, especially

among those aged \60 (ORs ranged 1.1–1.7; p-values

\ 0.01). However, there was no gender difference in the

incidence of exocrine cancer among older non-Hispanic

blacks or Hispanic whites (Table 2). Additionally, exocrine

cancer rates were significantly higher among blacks than

whites and other races (ORs ranged 1.4–2.1, p-values

\ 0.01; Table 1); and higher among non-Hispanic blacks

than non-Hispanic whites, Hispanic whites, and APIs (ORs

ranged 1.3–2.3, p-values \ 0.01; Table 2). Gender and

racial differences were less consistent for endocrine cancer.

Sex and age-specific time trends

For both the long-term and short-term periods, the inci-

dence rates for exocrine pancreatic cancer tended to

decrease over time, whereas the incidence rates for endo-

crine pancreatic cancer increased (Fig. 1). From 1977–

1981 to 2002–2005, the incidence rate for exocrine cancer

decreased about 19% among men and 5% among women

while rates for endocrine cancer rose about 106% among

men and 125% among women (p-values \ 0.05).

From 1977–1981 to 2002–2005, the incidence of

exocrine cancer decreased about 11% in both age groups

(p-values \ 0.01, Fig. 1). The incidence rates of endocrine

cancer rose 90% for younger adults and 149% for older

adults (p-values \ 0.01). When age comparisons were

further stratified by race/ethnicity, similar findings were

found among whites and non-Hispanic whites, which were

the only two groups with sufficient numbers to conduct the

analyses (data not shown).

Race/ethnicity-specific time trends

Slight decreases in the incidence of exocrine cancer and

increases in the incidence of endocrine cancer were also

observed when trends were stratified by race/ethnicity

(Fig. 2). For example, among whites from 1977–1981 to

2002–2005, the incidence rate of exocrine cancer decreased

11% while the rate of endocrine cancer rose 138%

(p-values \ 0.01); among blacks, the incidence rate of

exocrine cancer decreased 17% (p-value \ 0.01) and the

rate of endocrine cancer increased 50% (p-value = 0.16).

From 1992–1996 to 2002–2005, the greatest changes were

observed among non-Hispanic blacks where the incidence

of exocrine cancer decreased 14% and the incidence of

endocrine cancer increased 175% (p-values \ 0.01). In

comparison, among the other racial/ethnic groups less

dramatic changes were observed for exocrine (decreased

0.2–3%) and endocrine cancers (increased 43–57%).

Table 1 Incidence rates of pancreatic cancer by age, gender, race, and histology 1977–2005, SEER-9 registries

Histology Black White Other races*

Men Women Men Women Men Women

Rate Count Rate Count Rate Count Rate Count Rate Count Rate Count

Exocrine tumors

\60 Years 4.85 1,116 2.99a 809 2.71b 5,862 1.67a,b 3,733 2.28b 493 1.61a,b 396

60? Years 68.43 2,066 61.64a 2,713 50.62b 18,515 40.61a,b 21,637 47.44b 1,576 36.01a,b 1,467

Endocrine tumors

\60 Years 0.16 41 0.17 51 0.15 321 0.13a 281 0.12 26 0.10b 24

60? Years 0.52 18 0.76 35 0.80 314 0.46a,b 240 0.65 23 0.42 18

Rates are per 100,000 person-years and age-adjusted to the 2000 U.S. standard population (19 age groups—census P25-1130)

* American Indian/Alaskan native, Asian/Pacific islander
a p \ 0.05 comparing same race women to men
b p \ 0.05 comparing same gender whites and other races to blacks
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Stage-specific time trends

The most common tumor stage at diagnosis was distant

(exocrine: 50%, endocrine: 62%), followed by regional

stage (exocrine: 23%; endocrine: 20%, Fig. 3). Variation in

trends by stage was observed among exocrine cancer. The

incidence rates of localized and distant stage exocrine can-

cers decreased from 1977–1981 to 1987–1991 (-42 and

-12%, p-values \ 0.01) and then stabilized. In contrast, the

incidence rate of unstaged exocrine cancer increased from

Table 2 Incidence rates of pancreatic cancer by age, gender, race/ethnicity, and histology 1992–2005, SEER-11 registries*

Histology Non-Hispanic black Non-Hispanic white Hispanic white Asian or Pacific Islander

Men Women Men Women Men Women Men Women

Rate Count Rate Count Rate Count Rate Count Rate Count Rate Count Rate Count Rate Count

Exocrine tumors

\60 Years 4.56 831 2.70a 582 2.61b 3,619 1.59a,b 2,225 1.99b 502 1.56a,b 410 1.95b 416 1.36a,b 329

60? Years 60.79 1,413 61.74 2,146 46.53b 11,099 39.53a,b 13,614 46.42b 1,177 43.44b 1,533 45.28b 1,420 34.56a,b 1,411

Endocrine tumors

\60 Years 0.15 29 0.15 35 0.20 270 0.15b 210 0.11 31 0.07b 24 0.11 24 0.13 32

60? Years 0.82 21 0.97 34 1.04 259 0.54a,b 172 0.66 20 0.57 22 0.80 25 0.49b 22

*SEER-13 registries excluding the Alaska native and rural Georgia registries

Rates are per 100,000 person-years and age-adjusted to the 2000 U.S. standard population (19 age groups—census P25-1130)
a p \ 0.05 comparing same race women to men
b p \ 0.05 comparing same gender non-Hispanic whites, Hispanic whites and Asian/Pacific Islander to non-Hispanic blacks

Fig. 1 Incidence rates of

exocrine and endocrine

pancreatic cancers between

1977–1981 and 2002–2005 by

gender and age at diagnosis in

SEER-9. Age-adjusted rates per

100,000 person-years using the

2000 US standard population

(19 age groups—census P25-

1130). Each point represents 4

or 5 years
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1977–1981 to 1987–1991 (23%, p-value \ 0.01) and then

decreased thereafter (-48%, p-value \ 0.01). Additionally,

regional stage exocrine cancer rose 32% from 1977–1981 to

2002–2005 (p-value \ 0.01). Further analyses confined to

each racial/ethnic group showed similar patterns for exo-

crine cancer (data not shown). Increases in the incidence rate

of endocrine cancer were observed regardless of stage;

however, the increase was most prominent for localized

tumors. The incidence of localized endocrine cancer rose

400% (p-value \ 0.01) from 1977–1981 to 2002–2005. In

comparison, the increase in the incidence rate of regional

stage (25%; p-value = 0.09) and distant stage (137%;

p-value \ 0.01) was less dramatic. No consistent trends

were observed for unstaged endocrine cancer. Further

analyses stratified by race/ethnicity were not conducted due

to insufficient numbers of endocrine cancer.

Exocrine subsite-specific time trends

Variation in trends was observed when exocrine tumors

were stratified by tumor subsite (Fig. 4). Over the long-

time period incidence rates of exocrine cancer decreased

for the head region (men: -17%, p-value \ 0.01; women:

-2%, p-value = 0.63), overlapping regions (men: -42%;

women: -32%, p-values \ 0.01), and unspecified regions

(men: -38%, women: -23%, p-values \ 0.01), but the

incidence increased for the tail region (men: 69%, women:

68%, p-values \ 0.01). Incidence rates for the body region

decreased until about early 1990s (men: -21%, p-value

\ 0.01, women: -10%, p-value = 0.21), and then

increased starting in 1997–2001 among men and starting in

1992–1996 among women (26 and 32%, respectively,

p-values \ 0.05). Similar patterns were observed when

stratified by age and race (data not shown). Variations in

incidence rates were observed for these subsites when the

analyses were further stratified by stage at diagnosis.

Incidence rates of tumors in the tail region increased for

localized, regional, and distant stages over the whole

period (150, 100, and 73%, respectively, p-values \ 0.01),

but decreased for unstaged tumors (-33%, p-value =

0.33). Similarly, since the early 1990s the incidence rates

of tumors in the body region also increased for localized,

regional, and distant stages (17, 73, and 31%, respec-

tively, p-values \ 0.01), and decreased for the unstaged

tumors (-57%, p-value \ 0.01). Incidence rates for the

tumors in overlapping regions and unspecified regions

generally decreased for all stages; and incidence rates for

the tumors in the head region increased for the regional

and distant stages and decreased for the localized and

unstaged tumors. Analyses among other subsites of the

exocrine pancreatic cancer (pancreatic duct, islets of

langerhans, other specified parts of pancreas) and on

endocrine cancer were not conducted due to insufficient

numbers.

Fig. 2 Incidence rates of exocrine and endocrine pancreatic cancers

between 1977–1981 and 2002–2005 by race/ethnicity. Age-adjusted

rates per 100,000 person-years using the 2000 US standard population

(19 age groups—census P25-1130). Each point represents 4 or 5

years. SEER-9: a, b, c; SEER-11: d, e, f, g
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Discussion

This study found that time trends in pancreatic cancer

incidence varied by histologic type. The incidence rates of

exocrine pancreatic cancer generally decreased overtime,

whereas the incidence rates of endocrine pancreatic cancer

increased. These trends were consistently observed when

stratified by age, gender, and race/ethnicity. The decrease

in the incidence of exocrine cancer was stage- subsite- and

time-dependent. Decreases in disease incidence were

observed during early years for localized and distant stage

tumors and during later years for unstaged tumors, whereas

increases in incidence were observed for regional tumors

across all years studied. Decreasing trends were observed

for the head, overlapping, and unspecified regions, but

increasing trends were observed for the tail region over the

whole study period and for the body region since early

1990s. For endocrine cancer, the increasing incidence

trends were observed among all stages of disease; however,

the increase was most prominent for localized tumors.

Until now, only a few studies have evaluated time trends

in pancreatic cancer incidence in the United States [4, 5, 7–

9]. Our study adds to the existing published SEER data.

Zhang et. al. [5] reported an overall decreasing trend in

pancreatic cancer incidence for both men and women.

Shaib et. al. [4] found that the proportion of localized

tumors decreased whereas regional tumors increased and

metastatic disease remained relatively stable from 1977–

1981 to 1997–2001. However, these two previous studies

did not investigate the trends for exocrine or endocrine

cancers separately. The incidence trends for exocrine

cancer observed in the current study, which accounted for

about 97% of all pancreatic cancer cases, were similar to

these previous findings and the overall decreases were

shown to be consistent across age, gender, and racial/ethnic

groups. Additionally, although the increasing incidence of

endocrine cancer has previously been observed in the

United States [7–9] and Europe [10, 11], our results dem-

onstrated that the increases occur across different demo-

graphic groups and tumor stages.

Secular trends in cancer incidence may be affected by

multiple factors, including improvements in cancer detec-

tion and diagnosis, classification accuracy, and changes in

the exposure to risk factors. The changes in disease inci-

dence likely reflect the combined impact of these factors.

Improvements in detection and diagnosis may have influ-

enced the incidence of pancreatic cancer. The diagnosis of

pancreatic cancer is more difficult than other digestive tract

cancers since the pancreas is not easily accessible [20]. The

increased use of cross-sectional imaging (CT and MRI) and

endoscopic ultrasound (EUS) over the past two decades

have contributed to improved detection and diagnostic

accuracy of pancreatic cancer [21, 22].

The impact of diagnostic technological advances on the

overall incidence of pancreatic cancer may have varied

according to histologic type. The introduction of EUS-

guided fine needle aspiration (FNA) biopsy and multi-

detector spiral CT likely accounted for better diagnostic

accuracy resulting in the decreased incidence of unstaged

exocrine cancer since the 1990s [23, 24]. Therefore, while

the overall rates of exocrine cancer might have declined

Fig. 3 Incidence rates of exocrine and endocrine pancreatic cancers

between 1977–1981 and 2002–2005 by tumor stage in SEER-9. Age-

adjusted rates per 100,000 person-years using the 2000 US standard

population (19 age groups—census P25-1130). Each point represents

4 or 5 years
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due to decreased exposure to risk factors, such as smoking

as described below, the inclusion of previously unstaged

tumors in a known stage category might have resulted in

the stabilization of an earlier decline or a slight increase in

incidence within the known stage categories. For endocrine

cancer, the biggest impact of the technological advances

might have been the improved detection. Non-functional

endocrine tumors are harder to diagnose than functional

tumors because they are not associated with a distinct

clinical syndrome [25], but the widespread use of medical

imaging has led to an increase in their incidental detection.

A recent study demonstrated that 88% of non-functioning

pancreatic endocrine tumors were detected incidentally by

imaging [21]. Another study identified a high proportion

(19%) of incidental pancreatic lesions as endocrine tumors;

63% were localized [26]. Additionally, functional endo-

crine cancers often are small; thereby the increased use of

imaging and improvements in pathological diagnosis (e.g.,

immunohistochemistry) may have led to improved detec-

tion and diagnosis of early-stage tumors [25, 27].

The impact of improved diagnostic procedures may also

have varied by tumor subsite. Early diagnosis of tumors in

the body and tail regions has historically been more diffi-

cult since physical examination and blood test results are

often normal, and they do not cause obstructive jaundice

like tumors occurring in the head region [28]. Thus, in the

past, at the time of diagnosis tumors that originated in the

body and tail regions may have already spread to other

pancreatic regions or metastasized [28]. Therefore,

advanced imaging may have improved the early detection

of tumors in the body and tail regions thereby increasing

their incidence while decreasing the incidence of tumors in

overlapping and/or unspecified regions.

The magnitude of the effects of improved technologies

may have also varied by histologic type. The number of

endocrine cancer is relatively small (\5% of all pancreatic

cancers); therefore, increased detection through improved

diagnostic capability would manifest in a relatively greater

percentage change in the incidence rate for endocrine

cancer than for exocrine cancer.

Accurate differentiation between endocrine and exo-

crine cancer can now be achieved using improved diag-

nostic tools, such as the percutaneous core and EUS-guided

FNA biopsy [23, 29–31]. As clinicians and pathologists

were more familiar with the more common exocrine than

non-functional endocrine cancer, in the past they might

have been more likely to arrive at a diagnosis of exocrine

cancer [25]. But now with improved diagnostic modalities,

Fig. 4 Incidence rates of exocrine pancreatic cancer between 1977–

1981 and 2002–2005 by tumor subsite, gender and tumor stage in

SEER-9. Age-adjusted rates per 100,000 person-years using the 2000

US standard population (19 age groups—census P25-1130). Each

point represents 4 or 5 years
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and increasing awareness of and familiarity with both

diseases, an increased proportion of endocrine tumors,

particularly non-functional endocrine tumors, are being

correctly diagnosed. Such relatively recent advances in

pancreatic oncology could partly explain the increased

incidence of endocrine cancer.

The change in observed incidence of endocrine cancer

may also have been affected by diagnostic criteria. It is

well known that the diagnosis of endocrine cancer is

challenging [32]. Recently, a new WHO classification

system for endocrine (or neuroendocrine) cancer has been

developed based on a series of histopathological and bio-

logical characteristics [33]. This classification enables

endocrine cancer to be diagnosed more accurately [32] and

therefore may have increased the incidence rates of endo-

crine cancer.

Our knowledge about the risk factors for pancreatic

cancer is generally limited particularly for endocrine can-

cer [20, 34]. Cigarette smoking is the only risk factor that

has been consistently shown to increase the risk of pan-

creatic cancer, accounting for about 25% of the cases [20].

The increased risk is about twofold when smokers were

compared to non-smokers [35, 36]. In the United States,

cigarette smoking among persons 18 years of age or older

rose rapidly from the 1930s to the 1950s, peaked in the

early 1960s, and started to decline since the early 1970s

[37]. The prevalence of smoking dropped more rapidly

among men than women. Our findings of decreasing inci-

dence trends in exocrine pancreatic cancer, which again

represents the majority of pancreatic cases, paralleled the

decreasing overall and gender-specific smoking trends,

with a possible lag of several years. This may at least

partially explain why the incidence of exocrine cancer

decreased. Studies have also suggested possible associa-

tions between pancreatic cancer and other factors such as

dietary factors and obesity [20, 38, 39]. It is unclear whe-

ther these factors were related to the trends in pancreatic

cancer incidence. The impact of risk exposures on the

incidence of endocrine cancer is difficult to infer because

few studies have specifically investigated risk factors for

this histologic type [20, 34].

Our results on age, gender, and racial differences for the

overall incident rates of pancreatic cancer are consistent

with previous studies [4]. Demographic characteristics are

complex variables, implying possible differences in the

exposure to many potential risk factors. Older people, men,

and blacks may be more likely to be exposed to some risk

factors than younger people, women, and other racial

groups. Genetic background may also play a key role. For

example, in comparison with whites, blacks are more likely

to have K-ras mutations, which may be related to pan-

creatic cancer [40].

One potential limitation of the study is that 25% of the

diagnosed cancers were microscopically unconfirmed.

These patients were not excluded from the study because

non-microscopic methods are usually sufficient for the

diagnostic confirmation of pancreatic cancer [28, 41].

Nevertheless, we do not rule out possible misdiagnoses

among patients without microscopic confirmation [42]. Our

analysis showed that only 2% of endocrine tumors were not

microscopically confirmed while the proportion was 25%

for exocrine cancers. Therefore, the possible impact of

misdiagnosis might be minimal for endocrine cancer and

more substantial for exocrine cancer. However, most exo-

crine tumors are aggressive and can be diagnosed accu-

rately even without microscopic confirmation [28].

Another limitation of the study was small sample size,

especially for endocrine cancer, which limited the ability to

study incidence trends by functional and non-functional

cancers separately and by multiple demographic factors

and tumor characteristics simultaneously.

In conclusion, this study found differences in epidemi-

ological patterns between exocrine and endocrine cancers

of the pancreas in the United States. While better detection

and classification of tumors through improved diagnostic

procedures may be related to the changing trends, other

etiologic factors warrant further study.
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