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Abstract

Background: Annual pancreatic cancer incidence rates have been increasing. We exam-
ine pancreatic cancer incidence trends by demographics and histologic type.

Methods: Data from the Surveillance, Epidemiology and End Results (SEER)
registries were available to assess temporal trends and pancreatic cancer rates from
1974 to 2013.

Results: Pancreatic cancer incidence rates declined between the 1970s and 1990s but
increased from 1994 to 2013 among White males. Among non-Hispanic White and
Hispanic males, the annual percent change (APC) in incidence between 1992 and 2013
was 0.84% and 0.73%, respectively. Rates also rose among White non-Hispanic, Hispanic
and Asian females (APC =0.81%, 0.56% and 1.23%, respectively) and even more rapidly
among females aged 25-34 years (APC > 2.5%). Rates among Black males and females
remained unchanged, but higher compared with the other racial/ethnic groups. By histo-
logic type, the increases were greatest for non-secretory endocrine cancers (>6%),
followed by ductal adenocarcinomas (~5%) and adenocarcinoma, NOS (~1.4%)—the
largest histologic subgroup of pancreatic cancer. Rates for mucinous adenocarcinomas
and poorly specified pancreatic cancer decreased. Overall, incidence rates during 2000-
13 were higher among males than females [MF incidence rate ratio (IRR) = 1.28]. The IRR
was >1.00 at all ages > 35, but rates among females were higher at younger ages (IRRs
15-24: 0.66, 25-34: 0.81). The MF IRRs for most of the histologic types were elevated
among males apart from solid pseudopapillary adenocarcinoma and cystic carcinomas
(IRR =0.22, confidence interval: 0.14-0.34 and 0.52, 0.41-0.65, respectively).

Conclusion: Pancreatic cancer has been increasing overall, but patterns differ by demo-
graphic group and histologic type. Many of the trends parallel changing prevalence of
lifestyle risk factors such as smoking, overweight and obesity, and diabetes in the USA,
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particularly for pancreatic adenocarcinoma, and improved diagnosis methods during the

past 40 years.
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Key Messages

and globally.

decreased.

types.

¢ Pancreatic cancer is nearly always fatal and overall incidence of the disease has been increasing both within the USA
¢ Our study found differences in rates of pancreatic cancer by race and sex.
* Analyses of pancreatic cancer by histologic type showed rates of non-secretory endocrine, ductal adenocarcinomas

and adenocarcinoma NOS were increasing whereas those for mucinous adenocarcinomas and poorly specified

* Compared with women, men were found to have increased rates of the majority of pancreatic cancer histologic

Introduction

The recent Cancer Statistics Review (CSR) reported in-
creases in pancreatic cancer incidence during 1992-2013."
Pancreatic cancer is currently the third leading cause of
cancer mortality in the USA, and projections to 2030 esti-
mate that the disease will become the second leading
cancer-related cause of death, after lung.'™ In 2016, an
estimated 53 070 new cases of pancreatic cancer were diag-
nosed within the USA and 41780 individuals were ex-
pected to die of the disease.”’ The risk of developing
pancreatic cancer increases with age—90% of cases are
diagnosed after the age of 55 and the median age of diag-
nosis is 71 years.®’ Patients with pancreatic cancer have
very poor survival, with a relative 5-year survival rate of
only 8.2%." Pancreatic cancer rates are higher among
males than females and among Black compared with
White and other racial/ethnic groups. More than 90% of
cases diagnosed are exocrine adenocarcinomas but pancre-
atic neuroendocrine cancer rates have been rising.®
Tobacco use, overweight (including obesity) and dia-
betes are all modifiable risk factors associated with pancre-
B210 Little s

modifiable causes of the less common pancreatic cancer

atic adenocarcinoma. known about
histologic types.® Diabetes mellitus and family history have

been associated with sporadic neuroendocrine tu-
mours.''> Although cigarette-smoking rates are declin-
ing, rates of overweight and obesity and diabetes in the
USA are increasing, and there are differences in the preva-
lence of each of these factors by sex and racial/ethnic
group.'? Rare inherited syndromes also play a role in both

exocrine and endocrine tumours.®

In our study, we examine pancreatic cancer incidence
trends over the past 40 years and patterns by key demo-
graphic groupings, namely sex, age, race and tumour histo-
logic type using data from the National Cancer Institute’s
Surveillance, Epidemiology and End Results (SEER) pro-
gramme and compare them with available data for the
major pancreatic risk factors. The SEER population is
similar to the US population with respect to measures of
poverty and education.'* Only a few studies have carefully
assessed the time trends in pancreatic cancer rates®'’
and, to the best of our knowledge, none has examined
trends within the main histologic subtypes of pancreatic
cancer.

Methods
Data

The SEER 9 programme includes data for cancer cases
diagnosed during the 40-year period 1974-2013 among
residents of eight registries in Connecticut, Hawaii, lowa,
New Mexico, Utah, Detroit (Michigan), San Francisco-
Oakland (California), Seattle-Puget Sound (Washington)
and Atlanta (Georgia) since 1975." The SEER 13 registries
include the SEER 9 plus four additional registries (Alaska
Natives, Los Angeles, San Jose-Monterey (California) and
rural Georgia) for cases diagnosed since 1992. SEER 18 in-
cludes the SEER 13 plus an additional five registries
(Greater California, Greater Georgia, Kentucky, Louisiana
and New Jersey) for cases diagnosed since 2000; these
registries now include approximately 30% of the US
population.'
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Within the SEER 13 and 18, the race/ethnicity of cases
diagnosed since 1992 was categorized as White non-
Hispanic, White Hispanic, Black, Asian/Pacific Islander
and American Indian/Alaskan Native. Among the latter,
only those living in Contract Health Services Delivery
Areas (CHSDA) were included. Race was categorized as
White and Black during the years prior to 1992 (SEER 9).
The US White non-Hispanic population has changed little
over the past several decades, increasing by 2% in the
SEER 9 and decreasing by 2% in the SEER 13 from 1992
to 2013. In contrast, the White Hispanic population rose
by 61% in the SEER 13 and 116% in the SEER 9 over the
same time period. Thus, the percentage of the White popu-
lation that was Hispanic grew from 9% to 17% in the
SEER 9 and from 20% to 29% in the SEER 13. This
underscores the importance of considering the rates among
White populations according to ethnic origin and compar-
ing the rates among White residents in earlier years with
those among those identified as White non-Hispanic in
more recent years. For age-specific analyses, we used the
age group 0-24, then 10-year age groups (25-34, 35-44,
45-54, 55-64, 65-74, 75-84, 85+), age-adjusting within
each age group.

Within  SEER data, the Manual of Tumor
Nomenclature and Coding (MOTNAC) was used to code
the primary site and histologic type for cases diagnosed
until 1976,'¢ the International Classification of Diseases—
Oncology (ICD-0) for those diagnosed until 1991,'” ICD-
0-2 through 2000'® and ICD-0-3 since 2001."” The
MOTNAC used three digits to classify histologic type,
ICD-O used four digits, and ICD-O-2 and 3 each added
several more specific codes. Prior to the start of this study,
all cases were machine converted to ICD-0-3. We selected
all pancreatic cancers using SEER*Stat 2 site recode ICD-
0-3/WHO 2008: Pancreas (ICD-O-3 site C25). Our ana-
lysis by histologic type included only those cases that were
microscopically confirmed. Using the morphological classi-
fication of pancreatic cancer set out in the International
Classification of Disease for Oncology'® and, on the advice
of Dr Michael Goggins, cases were categorized into the fol-
lowing mutually exclusive groups: adenocarcinoma, not
otherwise specified (NOS) (8140), ductal adenocarcinoma
excluding cystic or mucinous (8255, 8490, 8500, 8507,
8510, 8514, 8521, 8523, 8560, 8570), ductal specified as
mucinous adenocarcinoma (8480, 8481), ductal specified
as cystic adenocarcinoma (8440, 8470, 8504), ductal speci-
fied as arising from an intraductal papillary mucinous neo-
plasm (IPMN) (8144, 8450, 8453, 8471, 8503), endocrine:
non-secretory (8150, 8246), endocrine: secretory (8151,
8152, 8153, 8155, 8156), endocrine: carcinoid (8240,
8241, 8243, 8244, 8245), other specified adenocarcinoma:
(8550, 8551), other solid

acinar  cell specified

pseudopapillary (8452), other specified adenocarcinoma:
other (8145, 8154, 8260, 8574, 8441, 8460) and specified
non-carcinomas (8680-9999); all other cases were catego-
rized as poorly specified type. Only cancers defined as ma-
lignant (behaviour = 3) were included.

Statistical analyses

We used SEER*Stat* to calculate incidence counts and
age-adjusted rates (2000 US Standard Population, 19 age
groups), stratified by sex, race/ethnicity, age group and
histologic type. The trends analysis used the SEER 13 data
with detailed racial/ethnic group categories spanning the
22 years 1992-2013 using grouped years of diagnosis
(1992-97, 1998-2003, 2004-08 and 2009-13) and the
SEER 9 data for White and Black males and females span-
ning those years and the additional 18 years 1974-91
(1974-79, 1980-85 and 1986-91).>"*> Temporal trend
figures plotted the period-specific rates at their mid-point,
e.g. 1974-79: 1977.0 and 2009-13 at 2011.5, and used a
semi-logarithmic scale such that a slope of 10 degrees por-
trayed an annual percent change (APC) of 1%.>* The tem-
poral trend APCs were quantified using annual rates
(SEER 13—1992-2013, Table 1) and we include 95% con-
fidence intervals (CIs). To maximize the numbers of cases
available to assess recent patterns, we used the SEER 18
data for cases diagnosed during 2000-13** and incidence
rate ratios (IRRs) were calculated by sex and racial/ethnic
group. The Tiwari method was used to calculate 95% Cls
for the IRRs. These analyses were undertaken using
SEER*Stat (version 8.3.4) (National Cancer Institute,
Bethesda, MD).?° Rates based on <16 cases are not
shown.

We also conducted analyses using the Joinpoint soft-
ware for the SEER 9 and 13 data sets.”>>® The Joinpoint
method did not detect any changes in trends within the
SEER 13 annual age-adjusted rates by gender or racial/eth-
nic group and estimated the same APCs as the SEER*Stat
method. However, some changes in slope were detected in
the longer-term SEER 9 data, and we note those findings in
the text.

Results

Temporal trends

Using data from SEER 9 allowed an exploration of
long-term trends in pancreatic cancer. Incidence rates
among White males declined until 1994 (1975-94, APC
=-0.98%) and subsequently increased during 1994-2013
(APC=0.95%). For White females, rates increased during
1975-84 (APC=1.18%), were stable during 1984-99
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Table 1. Case counts and Annual Percentage Changes (APCs) for pancreatic cancer (total and by histologic type) by racial/ethnic
group, gender, and age group, SEER 13 (1992-2013)

White Non-Hispanic White Hispanic Black Asian/Pacific Islander

Count APC' LCI UCI Count APC LCI UCI Count APC LCI UCI Count APC LCI UCI

Male 33206 0.84 0.67 1.01 4000 0.73 0.04 1.43 5104 -0.31 —-0.82 0.20 4208 0.16 —0.52 0.84
Female 33331 081 0.59 1.03 4364 0.56 0.07 1.05 5899 -0.22 —-0.70 0.26 4389 123 0.74 1.72
Age group

Male

0-24 22 ~ ~ ~ 10 ~ ~ ~ 7 ~ ~ ~ 3 ~ ~ ~
25-34 96 2.54 —-1.11 6.32 24 ~ ~ ~ 33 ~ ~ ~ 22 ~ ~ ~
35-44 753 035 -0.88 1.59 174 0.63 —-2.22 3.58 191 -0.54 -2.62 159 135 341 036 6.56
45-54 3292 0.41 -0.25 1.08 566 1.19 —-0.24 264 779 —-0.98 —-1.91 —-0.04 393 131 —-0.67 3.32
55-64 7066 0.63 0.15 1.12 945 120 0.23 218 1436 0.27 —-0.69 1.24 885 0.22 —-0.65 1.10
65-74 9697 0.71 0.47 095 1181 1.32  0.36 2.28 1461 -0.59 —-1.26 0.09 1180 0.02 —1.02 1.08
75-84 9044 1.08 0.69 147 830 -0.15 -1.28 0.99 926 -0.73 —-1.80 0.35 1116 -0.04 —-1.26 1.19
85 + years 3236 1.15 0.56 1.7§ 270 -0.08 -2.89 2.81 271 0.76 —1.04 2.60 474 —-0.81 —-2.29 0.68
Female

0-24 33 ~ ~ ~ 21 ~ ~ ~ 10 ~ ~ ~ 12 ~ ~ ~
25-34 111 401 0.30 7.86 28 ~ ~ ~ 32~ ~ ~ 25~ ~ ~
35-44 487 2.54 1.44 3.65 127 1.71 —-1.49 $5.01 156 0.42 -2.78 3.73 124 —-1.44 —-424 1.44
45-54 2137  0.81 0.17 1.46 423 034 —-1.43 214 624 0.08 —-1.47 1.66 329 —-0.06 —2.37 2.31
55-64 4964 1.12 0.71 1.54 846 1.47 022 274 1179 -0.42 —-1.35 0.52 706 1.55 0.49 262
65-74 8475 0.47 0.18 0.76 1164 0.09 —-1.04 124 1630 -0.47 —-1.35 0.40 1195 1.06 0.12 2.01
75-84 10764 093 0.56 130 1175 -0.08 —-0.91 0.76 1512 —0.02 -1.05 1.01 1338 1.41 042 2.42
85 + years 6360 0.43 0.00 0.88 580 1.21 —-0.25 269 756 -0.45 -1.73 0.84 660 1.52 0.00 3.06
Histologic type*

Male

Adenocarcinoma, 18538 1.33 1.09 1.56 2233 2.02 119 2.85 2899 0.10 —0.60 0.81 2218 0.28 —0.53 1.10
NOS

Ductal 2706 541 462 620 296 522 2.51 8.00 384 3.01 127 478 381 3.55 1.05 6.10
Adenocarcinoma

Ductal specified 1254 —-3.47 —494 —-1.99 143 —-489 -7.75 —-195 170 —-3.80 —6.08 —-1.46 140 -2.09 —4.85 0.76
as Mucinous

Endocrine: Non- 1270  6.02 496 7.10 141 ~ ~ ~ 163 ~ ~ ~ 147 6.83 3.32 10.46
Secretory

Poorly Specified 2601 —1.92 —-2.64 —1.20 369 -1.90 —-3.96 0.21 481 —1.92 —4.43 0.64 356 0.17 —1.87 2.24

Female

Adenocarcinoma, 17088 1.45 1.11 1.79 2236 0.83 —0.02 1.68 3183 0.89 0.26 1.52 2231 1.79 1.04 2.54
NOS

Ductal 2546 494 391 599 318 7.0 4.51 9.75 418 331 1.75 4.89 437 547 3.58 7.40
Adenocarcinoma

Ductal specified 1236 —-2.28 —-3.63 —0.90 189 -3.14 -5.54 —-0.68 198 —-2.99 —-5.31 -0.61 156 -2.39 —4.87 0.17
as Mucinous

Endocrine: Non- 870 6.18 485 7.53 124 ~ ~ ~ 160 ~ ~ ~ 131 734 3.60 11.22
Secretory

Poorly Specified 2360 —1.21 -2.18 -0.22 370 -0.88 -2.51 0.78 472 -3.54 -5.02 -2.05 322 -1.42 -3.11 0.31

APC = Annual percent change; LCI, UCI = lower, upper 95% confidence interval.

TAPCs were calculated using weighted least squares method, based on rates per 100 000 person-years, age-adjusted to the 2000 US Standard Population (19
age groups - Census P25-1130).

~Excludes 74 male and 89 female American Indian/Alaskan Native cases who live outside a CHSDA area.

~Statistic could not be calculated because at least one year had zero cases.

*Includes microscopically confirmed cases only.

The numbers of cases were too few for temporal trends analysis by histologic type groups: cystic (n = 325), papillary (361), endocrine: secretory (n=160) and
carcinoid (n=457) as well for the other specified adenocarcinoma: acinar cell (196), solid pseudopapillary (77), serous (n=9) and other (84).
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Figure 1. Pancreatic cancer incidence trends by sex and racial/ethnic group—SEER 9 (1974-2013) for Black and White populations and SEER 13

(1992-2013) for detailed racial/ethnic categories.

(APC=-0.34%) and increased during 1999-2013
(APC=1.29%). In contrast, the rates among Black males
decreased during 1975-2013 (APC=-0.45%) and re-
mained unchanged (APC=0.17%) among Black females
in the same time period.

Utilizing the more detailed racial and ethnic categories
available within SEER 13 (1992-2013), we further
explored the above trends (Figure 1 and Table 1). Among
White non-Hispanic and Hispanic men, rates of pancreatic
cancer increased during 1992-2013 (APC=0.84% and
0.73%, respectively), whereas rates for Black and Asian/
Pacific Islander males remained unchanged. Incidence rose
among White non-Hispanic, White Hispanic and Asian/
(APC=0.81%, 0.56% and
1.23%, respectively), but not Black females.

Pacific Islander females

The rising rates among White non-Hispanic males were
due to increases among those aged >55 years, with APCs
of 0.63%, 0.71%, 1.08% and 1.15%, respectively, for the
10-year age groups 55-64 up to 85+ (Table 1 and Figure
2). Among White Hispanic males, rates rose in the two
middle age categories—aged 55-64 and 65-74
(APC=1.20% and 1.32%). There was also an increase in
incidence among Asian/Pacific Islander males aged 35-44
(APC =3.41%) (Table 1).

Within SEER 13, among White non-Hispanic females,
the rate rose most rapidly among those aged 25-34 and
35-44 (APC=4.01% and 2.54%, respectively) and more

modestly among those aged 45-84 years (APC=0.47-
1.12%) (Table 1). Age-specific rates also rose among
White Hispanic females aged 55-64 years (APC=1.47%)
and among Asian females in the three age groups 55-84
years (APCs=1.55%, 1.06% and 1.41%, respectively). It
was not possible to calculate APCs among White Hispanic,
Black and Asian/Pacific Island cases aged 25-34, as there
was at least 1 year with zero cases. Further analyses were
performed to explore potential cohort effects, but no sub-
stantive results were found for either males or females (re-
sults not shown).

Within SEER 13 (1992-2013), 72614 (77%) of the
94 501 pancreatic cancer cases diagnosed were microscop-
ically confirmed, which represents an increase compared
with the 73% confirmed during the mid-1970s (results not
shown). There were five major histologic-type groups with
adequate numbers of cases for temporal trends analysis
(Table 1 and Figure 3). The numbers of cases were too few
for temporal trends analysis by histologic-type groups: cys-
tic (n = 3235), ductal specified as arising from an IPMN
(211), endocrine: secretory (n = 160) and carcinoid (7 =
457) as well for the other specified adenocarcinoma: acinar
cell (196), solid pseudopapillary (77), serous (n = 9) and
other (243). Rates for the largest histologic type of pancre-
atic cancer, adenocarcinoma, NOS rose more rapidly dur-
ing 1992-2013 than the overall pancreatic cancer rate
among White non-Hispanic and Hispanic populations.
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Figure 2. Pancreatic cancer incidence trends by sex, racial/ethnic group and age at diagnosis, SEER 9 (1974-91) and 13 (1992-2013).

Among the major histologic types, the rates among all ra-
cial/ethnic groups rose for ductal adenocarcinoma, NOS
not further specified (APC=3.01% to 5.41% among
males and 3.31% to 7.10% among females), but decreased
for mucinous adenocarcinoma (APCs=-2.09% to -
4.89% among males and -2.28% to -3.14% among

females). The rates for endocrine: non-secretory pancreatic
cancer rose among all four racial/ethnic groups (Figure 3),
and the change in annual incidence for White non-
Hispanic and Asian/Pacific Islander males and females was
>6.00% (Table 1). There were too few cases among the
American Indian/Alaskan Native population to calculate
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Figure 3. Pancreatic cancer incidence trends by sex, racial/ethnic group and histological type, SEER 9 (1974-91) and 13 (1992-2013).



434

International Journal of Epidemiology, 2018, Vol. 47, No. 2

annual incidence by histologic type. Rates for the poorly
specified group fell among almost all racial/ethnic groups.

Recent rates and male-to-female IRRs

During 2000-13, there were 138 597 cases of pancreatic
cancer diagnosed among residents of the SEER 18 (69 049
among males and 69 548 among females) (Table 2)—con-
siderably more than the 95412 diagnosed among residents
of the SEER 13 during the same time period (46959
among males and 48454 among females). Despite the
larger number of cases among females, rates were higher
among males (M/F IRR: 1.28, 95% CI 1.26-1.29). Rates
among males compared with females were higher among
those aged 35 and older (all IRRs > 1.00); in contrast, rates
among women were higher among those younger than age

35 (IRR = age 0-24 years: 0.66 and age 25-34: 0.81).
Most cancers were specified only as adenocarcinoma, NOS
(~70%), for which males had an excess (IRR: 1.32).
About 15% of pancreatic cancers were ductal adenocarcin-
omas, with the IRR slightly higher for those specified as
arising from an IPMN and slightly lower for those speci-
fied as mucinous. In contrast, there was a female excess for
ductal adenocarcinoma specified as cystic (IRR: 0.52).
About 20% of the cancers were of endocrine origin, and
the IRR was higher for non-secretory cancers (IRR 1.47)
than for the secretory cancers (IRR: 0.94, CI: 0.69-1.28)
and intermediate for the carcinoids (IRR: 1.31). Among
the rare other specified adenocarcinoma types, rates
among males were elevated for acinar cell adenocarcinoma
(IRR: 2.85) and lower for solid pseudopapillary adenocar-
cinomas (IRR: 0.22).

Table 2. Pancreatic cancer counts, rates, and male/female incidence rate ratios overall, by age group and histologic type, SEER

18 (2000-2013)"

Male and Female Male Female Male/Female
Count % oftotal Count % oftotal Rate  Count % oftotal Rate IRR LCI UCI
Total Pancreas 138597  100.00 69049  100.00 13.70 69548 100.00 10.70 1.28 1.26 1.29
Age Group
0-24 160 0.12 66 0.10 0.06 94 0.14 0.09 0.66 0.48 0.92
25-34 523 0.38 237 0.34 0.29 286 0.41 0.36 0.81 0.68 0.97
35-44 3069 2.22 1726 2.50 2.02 1343 1.93 1.56 1.29 1.20 1.39
45-54 13138 9.49 7718 11.18 9.43 5420 7.79 6.42 1.47 142 1.52
55-64 28265 20.40 16222 23.49 28.01 12043 1732 19.28 145 1.42 1.49
65-74 37137 26.80 19587 28.37 59.17 17550 2523 4493 132 129 1.34
75-84 38120 27.50 17228 24.95 90.10 20892 30.04 75.61 1.19 1.17 1.22
85 +years 18185 13.11 6265 9.07  107.02 11920 17.14 9695 1.10 1.07 1.14
Histologic type*
Total 108952  100.00 56202  100.00 10.89 52750  100.00 829 1.31 1.30 1.33
Adenocarcinoma, NOS 75466 69.27 38943 69.29 7.56 36523 69.24 573 1.32 130 1.34
Ductal Adenocarcinoma 11189 10.27 5661 10.07 1.09 5528 10.48 0.87 124 120 1.29
Ductal specified as Mucinous 4603 4.22 2239 3.98 0.44 2364 4.48 0.37 1.17 1.10 1.24
Ductal specified as Papillary 522 0.48 256 0.46 0.05 266 0.50 0.04 1.18 0.99 1.41
Ductal specified as Cystic 371 0.34 109 0.19 0.02 262 0.50 0.04 0.52 0.41 0.65
Endocrine: Non-Secretory 4892 4.49 2746 4.89 0.51 2146 4.07 0.34 1.47 139 1.56
Endocrine: Secretory 174 0.16 80 0.14 0.01 94 0.18 0.02 0.94 0.69 1.28
Endocrine: Carcinoid 756 0.69 400 0.71 0.07 356 0.67 0.06 1.31 1.13 1.51
Other Specified Adenocarcinoma: 305 0.28 213 0.38 0.04 92 0.17 0.01 2.85 2.21 3.68
Acinar cell
Other Specified Adenocarcinoma: 157 0.14 27 0.05 0.00 130 0.25 0.02 0.22 0.14 0.34
Solid Pseudopapillary
Other Specified Adenocarcinoma: 188 0.17 113 0.20 0.02 75 0.14 0.01 1.94 141 267
Other
Specified Non-Carcinomas 193 0.18 103 0.18 0.02 90 0.17 0.01 1.35 1.00 1.82
Poorly Specified Type 10136 9.30 5312 9.45 1.06 4824 9.15 0.75 1.41 1.36 1.47

'Rates are per 100 000 person-years, age-adjusted to the 2000 US Standard Population (19 age groups - Census P25-1130).
IRR = Incidence Rate Ratios (based on unrounded rates); LCI, UCI = lower, upper 95% confidence interval.

Confidence intervals (Tiwari mod) are 95% for the ratios.
*Includes microscopically confirmed cases only.
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Recent IRRs by racial/ethnic group

Among residents of the SEER 18 during 2000-13, Black
males and females had higher pancreatic cancer rates com-
pared with those who were White non-Hispanic
(IRR=1.24 and 1.37, respectively) (Table 3). In contrast,
compared with those identified as White non-Hispanic,
rates were lower among Asian/Pacific Islander residents
(IRR: males 0.78 and females 0.85), White Hispanic males
(IRR=0.88) and American Indian/Alaskan Native males
(IRR =0.79). The rates among White non-Hispanic and
White Hispanic females were similar.

Discussion

Our analysis showed increases in pancreatic cancer rates
since the 1990s though 2013 and found important differ-
ences by gender, race/ethnicity, age and histologic subtype.
Pancreatic cancer incidence rates rose among White non-
Hispanic and White Hispanic males and females, and
Asian/Pacific Islander females but not Black or American
Indian/Alaskan Native individuals, although rates of pan-
creatic cancer consistently were higher overall among the
Black population. The overall increases in incidence were
primarily due to pancreatic adenocarcinoma, which repre-
sents most cases. However, the most rapid increases were
in the non-secretory endocrine cancers but, because of their
rarity, they accounted for only a small proportion of the
overall increases. Such increases in rates of pancreatic can-

2728 and, al-

cer have also been observed internationally
though a number of studies have demonstrated increasing
incidence for pancreatic cancer by histologic type,”’ fur-
ther exploration of pancreatic cancer by detailed groupings
globally would enable a greater understanding of the
changing rates of the disease.

Pancreatic cancer rates were notably higher among

males than females overall and within most age groups,

although a female predominance at ages <35 years was ap-
parent. Similar gender differences have been found in stud-
ies that explored pancreatic cancer in FEurope and
Asia.?” Rates for most histologic types were higher
among males, except for solid pseudopapillary adenocar-
cinomas, cystic adenocarcinomas and secretory endocrine
cancers. The excess in young women is likely due to
solid pseudopapillary pancreatic cancer and cystic
adenocarcinoma—the types for which women were found
to have an overall excess compared with men. Case series
of solid pseudopapillary pancreatic cancer have reported
nearly 90% occurring in females with a F:M ratio of close
to 10:1 and a majority diagnosed at ages less than 35
years.>"3> Within this current study, we also found the ma-
jority of solid pseudopapillary cases were diagnosed in
women, with 84% diagnosed at ages <45 years. In our
analysis using SEER 18 data, females also have an excess
incidence of cystic adenocarcinoma compared with males
at all ages except 85 years or older, with peak incidence be-
tween 65 and 84 years old (data not shown), and our re-
sults are also mostly consistent with previous reports. A
systematic review of 52 papers published between 1970
and 2015 showed mucinous cystic neoplasm occurring
more in middle-aged women (F:M 20:1) with a peak inci-
dence in the fifth decade of life.**

Rates for secretory endocrine tumours were similar
among men and women. Secretory endocrine tumours are
functional neuroendocrine tumours and are extremely
rare, representing 0.16% of total pancreatic cancer; little is
known about their epidemiology and aetiology.****
Similarly, acinar cell cancer of the pancreas is a rare tu-
mour, accounting for 0.3% of all histologically confirmed
cases. Rare familial susceptibility syndromes may contribu-
ting to acinar cell cancer;*® however, beyond this, there is
a paucity of evidence related to its causes. The excess aci-
nar cell carcinomas among males is consistent with results

of an earlier study that showed a M:F ratio of 2:1.37>*8

Table 3. Pancreatic cancer counts, rates, and incidence rate ratios by gender and racial/ethnic group, SEER 18 (2000-2013)"

Total pancreas

Male

Female

Count Rate IRR LCI UCI Count Rate IRR LCI UCI
White Non-Hispanic 50429 13.85 49136 10.50
White Hispanic 5967 12.25 0.88 0.86 0.91 6393 10.73 1.02 0.99 1.05
Black 7726 17.12 1.24 1.20 1.27 8730 14.38 1.37 1.34 1.40
Asian/Pacific Islander 4386 10.73 0.78 0.75 0.80 4735 8.94 0.85 0.83 0.88
American Indian/Alaskan Native (CHSDA)” 284 10.98 0.79 0.69 0.90 295 9.47 0.90 0.80 1.02

Rates are per 100 000 person-years, age-adjusted to the 2000 US Standard Population (19 age groups - Census P25-1130).

IRR = Incidence Rate Ratios (based on unrounded rates); LCI, UCI = lower, upper 95% confidence interval.

Confidence intervals (Tiwari mod) are 95% for the ratios.

AExcludes 74 male and 89 female American Indian/Alaskan Native cases who live outside a CHSDA area.

The reference group is White non-Hispanic.
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Cigarette smoking is an established risk factor for pan-
creatic adenocarcinoma.>”*® The decreases in pancreatic
cancer incidence since 1974 through the early 1990s may
in part be explained by the dramatic decline in cigarette
smoking in the USA since the mid-1960s.*' Smoking rates
among White and Black males were 50% and 59%, re-
spectively, in the 1960s and consistently declined to a re-
cent low of 22% among both racial groups.** Smoking
rates among White and Black females exceeded 30%
through the mid-1970s and then declined to recent rates of
19% and 15%, respectively.'” Asian females presently
have the lowest current smoking rates compared with
women of other racial/ethnic groups, whereas Asian men
have the second lowest rate after Hispanic men, which
may contribute to their lower pancreatic cancer rates.'?
The notable declines in smoking rates among all racial/eth-
nic groups and most age groups, in recent decades, con-
trasts with the stable or rising rates of pancreatic cancer in
recent years. In terms of histologic type, the evidence for a
positive association between smoking and adenocarcin-
oma, NOS and ductal adenocarcinoma appears consistent,
whereas limited earlier evidence for cystic or mucinous
pancreatic cancer is suggestive of no association.**~*

Whereas smoking has decreased, the prevalence of over-
weight and obesity have been increasing in the USA since
the 1970s'%? across all racial/ethnic groups** and may in
part account for the recent rising pancreatic cancer rates.*®
Because of the rarity of some histologic types, there is a pau-
city of evidence regarding how overweight and obesity im-
pact disease risk.”” Among males, overweight/obesity rates
have been highest among Hispanic (including Black and
White) and similar among White non-Hispanic and Black
individuals—trends that are in contrast with pancreatic can-
cer rates (highest among Black, and lower among Hispanic,
compared with White non-Hispanic males). The prevalence
of overweight adults is substantially higher among Black
and Hispanic females compared with White*” and this is re-
flected in their pancreatic cancer rates. Similarly, Asian
populations have the lowest prevalence of overweight and
obesity compared with the other racial groups, which may
be a factor contributing to their lower pancreatic cancer
rates.”” The prevalence of diabetes mellitus has also
increased, with rates higher among males than females and
among Black and Hispanic individuals compared with non-
Hispanic White persons** and is likely to be another factor
contributing to the pancreatic cancer trends in recent dec-
ades. Similarly, the prevalence of prediabetes has also been
increasing, with an estimated 37% of US adults living with
the condition,*® and is thought to also be a risk factor for
pancreatic cancer.*” Changing rates and trends of such life-
style factors likely explain some of the differences in rates of
pancreatic cancer by racial/ethnic group.’®

Our findings also contrast with an earlier study that
showed increasing pancreatic cancer mortality rates among
the US Black population from 1970 to the late 1980s
(women) or early 1990s (men)—trends that were not
observed in our current incidence study.’' As there is no
cure for pancreatic adenocarcinoma, which represents the
majority of pancreatic cancer, incidence and mortality
trends should have similar patterns. The mortality analyses
were based on national mortality data so have more power
to detect changing trends compared with our analyses of
SEER, which are based on smaller proportions of the US
population. In addition, the former started in the early
1970s, whereas our analysis started in the mid-1970s. The
recent CSR also shows increases in national pancreatic
cancer mortality rates during 1975-89 among Black men
and 1975-86 among women, in contrast to decreases
among Black men and no change in rates among women in
SEER 9 incidence during 1975-2013.°%

The rates of mucinous adenocarcinoma have declined
since 1992 (Figure 3), as have those for cystic mucinous
adenocarcinoma (data not shown). Classification of these
tumours has also improved since the 1990s.°® Improved
diagnostic imaging in recent years may have enabled the
detection and treatment of cystic or mucinous precursor le-
sions prior to malignant transformation.’* Only patients
with malignant lesions are included in our analysis.
Alternatively, cases that previously were described as inva-
sive mucinous ductal adenocarcinoma more recently may
be described only as ductal adenocarcinoma or adenocar-
cinoma, although this seems unlikely as the tendency gen-
erally is towards more detailed specificity.

Finally, non-secretory endocrine tumour rates rose
among all demographic groups, with the increases among
White non-Hispanic and Asian/Pacific Islander males and
females exceeding 6% per year. This may be at least par-
tially related to increases in imaging and subsequent diag-
nosis. This histologic type includes primarily non-
functional neuroendocrine tumours (4.5% of histologically
confirmed pancreatic cancer in SEER 18) and are indolent.
Hereditary syndromes such as multiple endocrine neopla-
sia, Type 1 (MENT1) increase susceptibility for neuroendo-
crine tumours, whereas the aetiology of sporadic tumours
is largely unknown.''~*’

The key strengths of our study were the use of large
population-based datasets, with SEER 18 covering 30% of
the US population, which allowed the analysis of recent
pancreatic cancer rates by histologic type. Studies that re-
port only total pancreatic cancer may miss important differ-
ences for less frequent histologic types—this is particularly
relevant when seeking to explore the associations of life-
style risk factors by detailed histologic type. Our study also
has limitations. We can only speculate about the aetiology
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of the trends—this is particularly true of the rarer types of
pancreatic cancer for which risk factors and aetiology are
largely unknown. Although we suggest that coinciding
changes in the prevalence of cigarette smoking, overweight
and obesity, and diabetes may account for pancreatic can-
cer trends over the past 40 years, unknown factors are also
likely to be involved. Heavy alcohol use, high meat and fat
intake, and dietary patterns suspected to be associated with
exocrine pancreatic cancer that lack reliable long-term data
could additionally be contributing to trends in the dis-
ease.”>’ The inclusion of only those cases that were
microscopically confirmed within our analysis of pancreatic
cancer by histologic type increases the validity of case diag-
noses but may have excluded cases of more severe or ag-
gressive disease. Nonetheless, the SEER registry data are of
good quality, and population-based statistics reveal risk
patterns and trends over time.

Conclusion

Pancreatic cancer incidence rates have been increasing in
recent years in the USA. Our study reveals differing pat-
terns by sex, race, age and histologic type. The secular
trends in the incidence of pancreatic cancer match trends
in the prevalence in known risk factors for pancreatic
adenocarcinoma such as smoking, overweight and obesity,
and diabetes particularly for pancreatic adenocarcinoma,
as well as improvements in detection, diagnosis and classi-
fication accuracy for rarer tumour types such as endocrine
cancers and those specified as cystic.
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