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Epidemiologic trends and
survival of early-onset
gastroenteropancreatic
neuroendocrine neoplasms
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tDepartment of Gastroenterology, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China, ?Department of Otorhinolaryngology, Union Hospital, Tongji
Medical College, Huazhong University of Science and Technology, Wuhan, China

Background: The epidemiologic trends and survival related to early-onset
gastroenteropancreatic neuroendocrine neoplasms (GEP-NENSs) have not been
well explored.

Methods: Trends in the incidence and incidence-based mortality of early-onset
GEP-NENs between 1975 and 2018 were obtained from the Surveillance,
Epidemiology, and End Results database, and were stratified by age, sex, race,
tumor site, stage, and grade. Associated population data were used to determine
overall survival (OS) and independent prognostic factors for patients with early-
onset GEP-NENSs.

Results: A total of 17299 patients diagnosed with early-onset GEP-NENs were
included in this study. Results revealed an increase in the incidence (5.95% per
year, 95% confidence interval (Cl), 5.75-6.14%) and incidence-based mortality
(4.24% per year, 95% Cl, 3.92-4.56%) for early-onset GEP-NENs from 1975 to
2018, with higher rates of increase than those of later-onset GEP-NENs
(incidence: 4.45% per year, 95% Cl, 4.38-4.53; incidence-based mortality:
4.13% per year, 95% Cl, 3.89-4.37; respectively). Increases in incidence were
observed across all age, races, tumor sites, grades, and stages, except for patients
with unknown stage. Compared to those with later-onset GEP-NENSs, a higher
proportion of female gender (54.5% vs. 49.0%, p <0.001), well-differentiated
tumor (31.1% vs. 28.0%, p <0.05), and localized disease (55.2% vs. 46.7%, p <0.05)
were observed in the cohort of patients with early-onset GEP-NENs. Moreover,
early-onset GEP-NENs exhibited a superior overall survival in comparison to
later-onset GEP-NENSs, irrespective of tumor site, grade, or stage (p <0.0001).
Multivariable survival analysis identified that race, marital status, stage, grade,
chemotherapy, and primary site were significantly correlated with OS in
individuals with early-onset GEP-NENSs.

Conclusions: The incidence and incidence-based mortality rates of early-onset
GEP-NENSs have steadily increased over time, with higher rates of increase than
those of later-onset GEP-NENSs. The clinical characteristics and survival were
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different between early-onset and later-onset GEP-NENs groups. Race, marital
status, stage, grade, chemotherapy, and primary site were independent
prognostic factors for early-onset GEP-NENSs. Further investigations are
warranted to better understand the characteristics of this disease subgroup.

KEYWORDS

early-onset gastroenteropancreatic neuroendocrine neoplasms, epidemiology,
incidence, mortality, survival

Introduction

Recent evidence has revealed a concerning trend indicating an
increase in the incidence of early-onset cancer (cancers diagnosed
<50 years of age) (1). Reported people aged 25-49 years had the
largest proportional rise in the incidence of all cancers in the UK,
representing a 22% increase from 1993 to 2018 (2). The US National
Cancer Institute has highlighted the “early-onset cancer epidemic”
as a research priority in its “Provocative Questions” for 2020-2021
(3). Globally, cancer was the fourth leading cause of death among
individuals aged 15-39 years in 2019 (4). In addition, studies have
demonstrated that survivors of early-onset cancers are susceptible
to various health problems such as second malignant neoplasms,
cardiovascular diseases, gonadal dysfunction, and adverse
pregnancy outcomes (5-7). Early-onset cancer has become a
considerable concern among experts worldwide.

A large, population-based study reported an increase in the
incidence rate of gastroenteropancreatic neuroendocrine neoplasms
(GEP-NENs) among adults aged less than 50 years from 1975 to
2012 (8). The reasons for this rising phenomenon are unknown.
One retrospective study indicated patients aged 60 years or younger
had a 2-fold higher risk of developing NENs than those aged over 60
years (9). In a large cohort of 2.3 million Israeli adolescents, Katz
et al. reported that increased height and weight were correlated with
the risk of gastric NENs (10). A Swedish study reported that
socioeconomic status had an impact on the development of NENs
(11). Multiple studies showed a family history of cancer and
diabetes may be associated with the development of GEP-NENs
(12, 13). Given the rising incidence of early-onset GEP-NENS,
patients with early-onset GEP-NENs represent a small but
increasing and relevant population that needs greater attention
and further study. However, little is known about the epidemiology
and survival of patients with early-onset GEP-NENs due to the
rarity and indolent clinical behaviors.

Therefore, our study aimed to investigate the incidence,
mortality, survival, and prognostic factors of early-onset GEP-
NENSs obtained from a large population-based database in the US.

Abbreviations: GEP-NENS, gastroenteropancreatic neuroendocrine neoplasms;
ICD, International Classification of Diseases; OS, overall survival; SEER,
Surveillance, Epidemiology, and End Results; APC, annual percentage changes;

CI, confidence interval; K-M, Kaplan-Meier.
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Methods

Data source

The Surveillance, Epidemiology, and End Results (SEER)
database is a national cancer database that reports historical
population-based incident malignancies from target geographic
areas, covering nearly 35% of the US population. The SEER
database was utilized to identify patients diagnosed with
primary GEP-NENs between 1975 and 2018. Individuals with
early-onset GEP-NENs were defined as those with an age at
diagnosis of less than 50 years, while the remaining were defined
as later-onset GEP-NENs. Cancers typically affect individuals
aged 50 and older, and the historical guidelines recommended
screening for gastrointestinal cancers starting at 50 years (14-16).
Furthermore, the age of 50 years has been broadly accepted as the
threshold for defining early-onset cancers in the medical
community, facilitating consistent comparisons across various
studies (17-19). Consequently, we selected 50 years as the
threshold for distinguishing between early-onset and later-onset
GEP-NENs.

To maximize the representativeness of our study, we used SEER
8 to calculate the 1975-1999 trends and the SEER 17 database to
calculate the 2000-2018 trends (20, 21). SEER*Stat software (version
8.4.0.1) was employed to compute the incidence and mortality rates.
All rates reported in the SEER database are per 100 000 population
and age-adjusted to the 2000 US standard population. Incidence-
based mortality rates were calculated as the number of early-onset
GEP-NENs deaths among cases diagnosed in the SEER registries,
and the mortality data sourced from the US Mortality Files,
National Center for Health Statistics, Centers for Disease Control
and Prevention.

Histologic codes from the International Classification of Diseases
(ICD) for Oncology, Third Edition (8013, 8150-8156, 8240-8246,
8249, 8574, and 9091; see Supplemental Table 1) and site codes
(stomach, 160-169; small intestine, 170 to 179; pancreas, 250-259;
appendix, 181; colon, 180 and 182 to 189; rectum, 199 and 209) were
utilized to identify all GEP-NENs patients from 1975 to 2018.
Patients with other secondary cancers were excluded. The data are
publicly available and do not require ethical approval for analysis.
The authors obtained limited-use data approval from SEER.

Cause of death was categorized by the ICD 10" code. We
grouped patients into three cause of death categories: death from
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early-onset GEP-NENs, death from other cancers, and death from

noncancer causes.

Demographic characteristics

Patient demographic and clinical characteristics, including age
at diagnosis, race, sex, marital status, primary tumor site, grade,
SEER stage, treatment (surgery, chemotherapy, and radiotherapy),
cause of death, survival time, and outcome were extracted. In terms
of tumor grade, well-differentiated, moderately differentiated,
poorly differentiated, and undifferentiated were defined as grade I,
II, 1II, and IV, respectively. Grade III and grade IV are combined
into one category for all analyses. The survival time was calculated
as the time from the diagnosis of cancer to the death of the patients
due to any cause or the end of follow-up.

Statistical analysis

The Joinpoint Regression Program (version 4.4.0) was used to
calculate the long-term trends in incidence and mortality, with
trends expressed as annual percent changes (APCs) and 95%
confidence interval (CI). T-test was used to determine whether
APCs were significantly different from zero. Kaplan-Meier (K-M)
analysis, and Cox proportional hazards regression models were
calculated with R studio (version 4.1.0), and the two-tailed log-rank
test was used to assess the difference in survival. Statistical
significance was assessed at p <0.05, and all hypotheses were
two-sided.

10.3389/fendo.2023.1241724

Results
Baseline characteristics

A total of 80581 patients diagnosed with GEP-NENs were
identified from the SEER database from 1975 to 2018, of whom
17258 patients were early-onset GEP-NENSs, and the remaining
63323 patients were later-onset GEP-NENs. The demographic and
clinical characteristics of patients with GEP-NENs are shown in
Table 1. In the whole study population, the majority of patients
were White, married, had localized disease, and received surgical
treatment. There were significant differences in patient
characteristics between the two groups. Compared to later-onset
GEP-NEN:S, early-onset GEP-NENSs exhibited a higher proportion
of female gender (54.5% vs. 49.0%, p <0.001), well-differentiated
tumor (31.1% vs. 28.0%, p <0.05), and localized disease (55.2% vs.
46.7%, p <0.05). In addition, early-onset GEP-NENs were more
frequently located in the rectum (27.1% vs. 25.4%, p <0.05) and
appendix (25.3% vs. 6.4%, p <0.05) in comparison to later-onset
GEP-NENSs.

Among the participants included in our study, a total of 29212
deaths occurred, including 3110 patients with early-onset GEP-
NENs and the remaining 26102 patients with later-onset GEP-
NENs. The majority of patients who died were male, White,
married, and had distant metastasis. In terms of tumor location,
patients with early-onset GEP-NENs located in the pancreas
(34.1%) were more likely to die, whereas patients with later-onset
GEP-NENSs located in the small intestine (34.3%) were more likely
to die.

TABLE 1 Baseline clinicopathological Characteristics of gastroenteropancreatic neuroendocrine tumors.

Incidence Incidence-based mortality
Characteristics
Early-onset Later-onset p value Early-onset Later-onset p value
Overall 17258 (100) 63323 (100) 3110 (100) 26102 (100)
Age at diagnosis - -
0-14 327 (1.9) - 11 (0.4) -
15-24 1414 (8.2) - 80 (2.6) -
25-34 2963 (17.2) - 362 (11.6) -
35-44 6617 (38.3) - 1267 (40.7) -
45-49 5937 (34.4) - 1390 (44.7) -
Sex <0.001 0.296
Male 7845 (45.5) 32280 (51.0) 1638 (52.7) 14006 (53.7)
Female 9413 (54.5) 31043 (49.0) 1472 (47.3) 12096 (46.3)
Race <0.001 <0.001
White 12617 (73.1) 47427 (74.9) 2337 (75.1) 20948 (80.3)
Black 2586 (15.0) 9497 (15.0) 523 (16.8) 3538 (13.6)
AI/AN 161 (0.9) 393 (0.6) 30 (1.0) 144 (0.6)
(Continued)
Frontiers in Endocrinology 03 frontiersin.org
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TABLE 1 Continued
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Incidence Incidence-based mortality
Characteristics
Early-onset Later-onset Early-onset Later-onset p value
AP 1347 (7.8) 4663 (7.4) 213 (6.8) 1434 (5.5)
Unknown 547 (3.2) 1343 (2.1) 7(0.2) 38 (0.1)
Marital status <0.001 <0.001
Single 5411 (31.4) 7774 (12.3) 883 (28.4) 2984 (11.4)
Married 8732 (50.6) 35971 (56.8) 1683 (54.1) 14411 (55.2)
Sep/Div/Wid 1156 (6.7) 13041 (20.6) 273 (8.8) 7113 (27.3)
Unknown 1959 (11.4) 6537 (10.3) 271 (8.7) 1594 (6.1)
Grade <0.001 <0.001
I 5367 (31.1) 17722 (28.0) 445 (14.3) 4373 (16.8)
il 1229 (7.1) 4478 (7.1) 237 (7.6) 1707 (6.5)
IV 675 (3.9) 4421 (7.0) 502 (16.1) 3729 (14.3)
Unknown 9987 (57.9) 36702 (58.0) 1926 (61.9) 16293 (62.4)
Stage <0.001 <0.001
Localized 9527 (55.2) 29563 (46.7) 555 (17.8) 6988 (26.8)
Regional 2785 (16.1) 11885 (18.8) 426 (13.7) 4688 (18.0)
Distant 2228 (12.9) 11744 (18.5) 1282 (41.2) 8241 (31.6)
Unknown 2718 (15.7) 10131 (16.0) 847 (27.2) 6185 (23.7)
Surgery <0.001 <0.001
Yes 14071 (81.5) 46420 (73.3) 1891 (60.8) 16622 (63.7)
No 2978 (17.3) 16134 (25.5) 1168 (37.6) 9186 (35.2)
Unknown 209 (1.2) 769 (1.2) 51 (1.6) 294 (1.1)
Chemotherapy 0.005 <0.001
Yes 1649 (9.6) 6516 (10.3) 1097 (35.2) 4808 (18.4)
No/Unknown 15609 (90.4) 56807 (89.7) 2013 (64.7) 21294 (81.6)
Radiation 0.043 <0.001
Yes 342 (2.0) 1416 (2.2) 225 (7.2) 1071 (4.1)
No/Unknown 16916 (98.0) 61907 (97.8) 2885 (92.8) 25031 (95.9)
Primary sites <0.001 <0.001
Appendix 4358 (25.3) 4053 (6.4) 329 (10.6) 1180 (4.5)
Colon 1018 (5.9) 6436 (10.2) 366 (11.8) 3872 (14.8)
Rectum 4683 (27.1) 16078 (25.4) 471 (15.1) 3762 (14.4)
Small intestine 2989 (17.3) 19376 (30.6) 615 (19.8) 8968 (34.3)
Stomach 1425 (8.3) 6568 (10.4) 270 (8.7) 2912 (11.2)
Pancreas 2785 (16.1) 10812 (17.1) 1059 (34.1) 5408 (20.7)

AI/AN, American Indian/Alaska Native; AP, Asian or Pacific Islander; Sep/Div/Wid, Separated/Divorced/Widowed.
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Disparities in the incidence, mortality, and
survival between early-onset and later-
onset GEP-NENs

As shown in Figure 1A, the incidence of all GEP-NEN cases
increased throughout the study period (APC, 4.83; 95% CI, 4.76-
4.89). The incidence of early-onset GEP-NENSs ranged from 0.46 to
2.34 per 100 000 persons from 1975 to 2018, while the incidence of
later-onset GEP-NENs ranged from 2.97 to 15.24 per 100 000
persons. The incidence of early-onset GEP-NENs (APC, 5.95; 95%
CI, 5.75-6.14) exhibited a greater increase than that of later-onset
GEP-NENs (APC, 4.45; 95% CI, 4.38-4.53).

Regarding incidence-based mortality, there was a steady
increase in overall GEP-NENs (from 0.35 per 100 000 in 1975 to
2.10 per 100 000 in 2018), increasing by 4.15% (95% CI, 3.90-4.40)
per year (Figure 1B). Similar to the trend observed in the incidence,
the increase in incidence-based mortality was higher for early-onset
GEP-NENs (APC, 4.24; 95% CI, 3.92-4.56) than for later-onset
GEP-NENs (APC, 4.13; 95% CI, 3.89-4.37).

The results of K-M survival analysis indicated that the
prognosis of early-onset GEP-NENs was significantly superior to
that of later-onset GEP-NENSs (Figure 1C), regardless of the tumor

A Incidence B

Mortality c
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site (Figures 1D-I), stage (Supplementary Figures 1A-D), or grade
(Supplementary Figures 1E-H) (all p <0.0001).

Incidence of early-onset GEP-NENs by
age, sex, race, tumor site, stage, and grade

Age-specific incidence rates for early-onset GEP-NENs were
calculated, and the results showed that the incidence among
patients aged 0-14 years increased most significantly, from 0.04 in
1975 to 0.28 per 100 000 persons in 2018 (APC, 18.08; 95% CI,
14.91-21.34) (Figure 2A). Regarding sex, female patients exhibited a
higher absolute incidence (2.73 per 100,000 persons) and rate of
increase (APC, 6.24; 95% CI, 5.99-6.48) than male patients (1.97 per
100 000 persons; APC, 5.54; 95% CI, 5.38-5.70) (Figure 2B). Among
race groups, the long-term trends suggested that the incidence
increased the most among White patients (APC, 6.24; 95% CI,
6.01-6.46) (Figure 2C).

The trends in the incidence of early-onset GEP-NENs were
further explored for different primary sites, stages, and grades.
The increase in the incidence occurred across all tumor sites, with
APC:s for various sites ranging from 3.81 (95% CI, 2.98-4.65) for
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Incidence (A) and incidence-based mortality (B) trends of GEP-NENs over time (1975-2018) in the United States according to age. (C-I) The overall
survival between early-onset GEP-NENs and later-onset GEP-NENs by primary site, (C) total, (D) appendix, (E) colon, (F) small intestine, (G) stomach,

(H) rectum, (I) pancreas.
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Incidence rates of early-onset GEP-NENs over time (1975-2018) in the United States by (A) age, (B) sex, (C) race, (D) primary site, (E) SEER stage,

and (F) grade.

the colon to 8.86 (95% CI, 7.83-9.91) for the stomach (Figure 2D).
Significant increases in the incidence over time were observed in
localized, regional, and distant disease (Figure 2E), with the
incidence of regional early-onset GEP-NENs showing
the greatest increase (APC, 16.09; 95% CI, 13.82-18.40), while
the incidence in the unknown stage group decreased by 4.26 (95%
CI, 3.79-6.07). As for different grades, the incidence increased the
most for grade II early-onset GEP-NENS, from 0.01 per 100 000
persons to 0.26 per 100 000 persons (APC, 30.31; 95% CI, 27.13-
33.56) (Figure 2F).

Incidence-based mortality rates and causes
of death of early-onset GEP-NENs

The incidence-based mortality of early-onset GEP-NENs
increased, rising from 0.04 per 100 000 in 1975 to 0.25 per 100
000 in 2018 (Figure 1B). Positive APCs in the incidence-based
mortality rates were observed across all subgroups categorized by
sex, race, tumor site, stage, and grade (Figures 3A-F). The only
exception was among patients with unknown stage, which showed a
significant decrease in mortality rates by 4.52% (95% CI, 3.74-5.29).

Race

Incidence-based mrtaity per 100 000

Primary site

FIGURE 3

Incidence-based mortality rates of early-onset GEP-NENs over time (1975-2018) in the United States by (A) age, (B) sex, (C) race, (D) primary site, (E)

SEER stage, and (F) grade.
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Figure 4A displayed the cumulative mortality attributed to
diverse causes of death among patients with early-onset GEP-
NENs. At 400 months of follow-up, the cumulative mortality for
early-onset GEP-NENS, other cancers, and other noncancer deaths
were 13.14%, 1.80%, and 5.09%, respectively.

Survival

Overall, the median overall survival (OS) for all patients was 420
months (range, 383-454 months). Patients with early-onset GEP-
NENSs in the appendix (median OS, not reached [NR]) or rectum
(median OS, 488 months) had the best median OS among the
tumor site groups, while patients with early-onset GEP-NENSs in the
pancreas (134 months) had the worst median OS (p <0.0001)
(Figure 4B). Patients with localized early-onset GEP-NENs had
the best median OS (NR) compared to those with regional (261
months) and distant (53 months) early-onset GEP-NENs
(p <0.0001) (Figure 4C).

Survival patterns were further assessed based on primary sites
and stages, as presented in Supplemental Table 2. Among patients
with localized early-onset GEP-NENSs, the median OS was not

10.3389/fendo.2023.1241724

reached for all sites. Regional early-onset GEP-NENs in the
rectum exhibited the poorest median OS (147 months), followed
by the pancreas (261 months), while the median OS for other sites
was not reached. For patients with distant early-onset GEP-NENS,
the small intestine demonstrated the most favorable median OS
(174 months), whereas the colon (13 months), stomach (14
months), and rectum (15 months) had the worst median OS
(p <0.0001).

Finally, Cox proportional hazards regression was conducted
to explore the independent prognostic risk factors for patients
with early-onset GEP-NENs. The results of the univariate
analysis revealed that sex, race, marital status, grade, SEER
stage, radiation, chemotherapy, and primary site were
significantly associated with OS (Supplemental Table 3).
Multivariable survival analysis identified that race, marital
status, grade, SEER stage, chemotherapy, and primary site were
independent prognostic factors of early-onset GEP-NENs
(Figure 5). Compared to early-onset GEP-NENSs located in the
stomach, those located in the small intestine (HR, 0.83; 95% CI,
0.78-0.90; p <0.001), colon (HR, 0.78; 95% CI, 0.70-0.86; p
<0.001) or rectum (HR, 0.86; 95% CI, 0.80-0.92; p <0.001)
showed better survival, while appendiceal early-onset GEP-

@ ooy o SmaEh < o+ Rectum Stage ~+ Localized ~+ Regional ~+ Distnt ~ Unkown
S Early-onset GEP-NEN death MY o Smallinestine ~+ Appendix ~+ Pancreas
- Other cancer death 100 100
- Other noncancer death
Z o
g S 075
5 © _o7s k]
3 S 2
= = E
& 5 a
s Boe] o NS ey 2050
2 g | Zoso -
3 o e o i ° :
= ' o o
2 H i a H H
025 i : 025 i ]
p<0.0001} P p <0.0001 i
g | : ; | 1
2 T T T T i i
0 100 200 300 400 000 oo
0 100 200 300 400 500 0 100 200 300 400 500

Follow up time (months)

FIGURE 4

Overall survival (months)

Overall survival (months)

(A) Cumulative mortality for all causes of death in early-onset GEP-NENs patients. (B, C) Survival analysis of early-onset GEP-NENSs by primary site

(B) and SEER stage (C).

Characteristics HR (95% CI)
reference

1.03(0.99 - 1.06)

Male
Female
White

Sex

reference
1.03 (0.98 - 1.08)
109 (1.03 - 1.16)
175(160-192)
reference
122(147-127)
1.06 (0.99 - 1.14)
Unknown 125(119-133)
Grade | reference
1 0.67 (0.81-093)
(% 052 (0.44 - 0.60)
Unknown 059 (0.56 - 0.61)
Localized reference
Regional 0.95(0.90 - 1.00)
Distant 0.81(0.75 - 0.88)
Unknown
Yes
No/Unknown
Yes
No/Unknown

Race
Black.

AIAP
Unknown
Married
Single.
Sep/DivANid

Marital status

SEER stage

Chemotherapy reference
112(1.01-123)
reference
088 (0.81-119)
reference
083 (0.78 - 0.90)
0.78 (0.70 - 0.86)
1.30 (1.21-1.39)
0.86 (0.80 - 0.92)
0.98 (0.80 - 1.06)

Radlation

Stomach
‘Small Intestine
Colon
Appendix
Rectum
Pancreas

Primary site

FIGURE 5
Multivariable regression analysis for early-onset GEP-NENSs.

Frontiers in Endocrinology

0.20(0.19 - 0.21) i

07

0.267
0.004
<0.001

<0.001
0.094
<0.001

<0.001
<0.001
<0.001

0039
<0.001
<0.001

0024

0.867

<0.001
<0.001
<0.001
<0.001
0.545

frontiersin.org


https://doi.org/10.3389/fendo.2023.1241724
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yao et al.

NENs demonstrated the worse OS (HR, 1.30; 95% CI, 1.21-1.39;
p <0.001).

Discussion

Given the prevalence of early-onset cancer and the extension of
lifespan, heightened attention must be paid to early-onset cancers
(22-24). The incidence of GEP-NENs has been increasing for
decades worldwide (20). Currently, more studies tend to focus on
GEP-NENSs, and few studies have focused on early-onset GEP-
NENs. Here, we conducted the largest population-based
epidemiological study of early-onset GEP-NENs from 1975 to
2018, and illustrated the incidence, mortality trends, and survival
for the first time.

Our analysis indicated a notable rise in the incidence of early-
onset GEP-NENSs over the past few decades, surpassing the rate of
increase observed for later-onset GEP-NENs. The factors driving
these escalating trends might be multifaceted. Approximately 5% of
GEP-NENSs occur in the setting of inherited tumor syndromes, in
which patients usually present at an earlier age at onset (under the
age of 40). The main genetic syndromes include multiple endocrine
neoplasia type 1 and multiple endocrine neoplasia type 4, associated
with GEP-NENSs; von Hippel-Lindau syndrome, tuberous sclerosis,
neurofibromatosis type 1, and glucagon cell hyperplasia neoplasia,
associated with pancreatic NENs (25-27). Besides, studies have
suggested that a family history of cancer is the most relevant risk
factor for NEN development (28). Neklason et al. found that the
siblings and parents of patients with small intestine NENs have a
13.4-fold and 6.5-fold higher relative risks of developing GEP-
NENS, respectively, compared to controls (29). In a population-
based study that included 108 patients with early-onset lung or
digestive NENs, 15.7% of patients had germline pathogenic
variants, and these patients more often had a family history of
cancer (30). Significant advancements have occurred in genotyping,
genetic counselling, family screening, and various relevant
biomarkers developing over the past years (31). Moreover,
individuals carrying certain cancer predisposing genes have an
increased chance of reproducing and passing variants to the next
generation owing to advances in medicine (1). The aforementioned
factors may contribute to an elevated prevalence of inherited tumor
syndromes among young adults, ultimately leading to an increased
occurrence of GEP-NENS in the young age group.

Although genetic factors play an important role in early-onset
GEP-NENS, it must be acknowledged that the majority of patients
have sporadic disease, which means that environmental and
behavioral factors might also play a role in the increasing
incidence. Obesity and diabetes are consistently recognized as risk
factors for site-specific GEP-NENs (32, 33). Worldwide trends
revealed that the prevalence of obesity among adults increased
from 3.2% to 10.8% for men, and from 6.4% to 14.9% for women
during 1975-2014 (34). Similarly, the prevalence of diabetes among
children and adults has increased in multiple countries over the past
several decades (35, 36). In addition, smoking and alcohol
consumption were positively associated with the development of
pancreatic NENs, whereas smoking only and alcohol only were
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associated with small intestine and rectal NENS, respectively (36,
37). Globally, the prevalence of smoking among individuals aged 15
years and older was 32.7% among males and 6.62% among females
(38). Of the 1.34 billion individuals who consumed alcohol in 2020,
59.1% were 15 to 39 years old (39). Taken together, these data
suggest that changes in environment and lifestyles are possible
causes of the shift in the burden of GEP-NENs to the
younger population.

A previous US study reported that the incidence of GEP-NENs
in the rectum showed the most significant increase among site
groups (21). However, in our study, we found that the increase was
greatest in the stomach, which may be attributed to the increased
availability of routine monitoring and endoscopy in clinical practice
(40). The incidence increased across all stages except the unknown
stage, consistent with other studies (8), which may be associated
with advancements in imaging, the adoption of standardized
staging system and pathology guidelines, and increased awareness
of NENs.

Current evidence suggests that clinical and tumor
characteristics exhibit differences among certain early-onset and
later-onset cancer types (1). Shig et al. found that early-onset
prostate cancer was resistant to androgen-deprivation therapy
and had a poorer survival outcome (41). Early-onset colorectal
cancer is more likely to be diagnosed at advanced disease stages and
display aggressive tumor phenotypes (42). In this study, our
investigation revealed that the clinical characteristics exhibited
differentials among early-onset and later-onset GEP-NENs. In
contrast to later-onset GEP-NEN, early-onset GEP-NEN
demonstrated a higher incidence of female gender, well-
differentiated tumor, and localized disease. In addition, the
survival of patients with early-onset GEP-NENs was better than
that of patients with later-onset GEP-NENS, regardless of the tumor
site, grade, or stage. We further explored the factors that were
independently associated with the risk of survival. The
multivariable Cox proportional hazards regression analysis
revealed that race, marital status, grade, stage, chemotherapy, and
primary site were significantly associated with the survival of early-
onset GEP-NENSs patients. The above evidence suggests that early-
onset and late-onset GEP-NENs might have differential
mechanisms of carcinogenesis, and in-depth investigations on the
molecular pathology, genomics, and multi-omics features of early-
onset GEP-NENSs could enhance the understanding of the etiologies
and guide strategies for the prevention, early detection and
treatment of both early-onset and later-onset GEP-NENSs.

Our study also analyzed the incidence-based mortality for early-
onset GEP-NENs, and found that it has continued to increase over
the study period. Sun et al. reported that the highest cumulative
mortality of GEP-NENs was caused by primary cancer during the
early follow-up period, whereas that of other cancers and noncancer
diseases exceeded that of primary cancer at approximately 90 and
170 months after diagnosis, respectively (43). In our study, the
cumulative mortality of early-onset GEP-NENs was the highest
across all follow-up periods. This result highlights the importance of
early detection and treatment for early-onset GEP-NENS.

The current study has several limitations. First, selection bias
was not avoided in a retrospective and population-based study.
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Second, benign tumors are not captured by the SEER database,
which could potentially lead to an underestimation of the true
incidence of early-onset GEP-NENs. Third, the absence of
information pertaining to the Ki-67 index, morphological
characteristics, novel precise grading, and chemotherapy regimen
within the SEER database could potentially limit the generalizability
of the findings. Finally, we acknowledge the limitation associated
with employing a binary age classification at 50 years, and
heterogeneity within this group should be considered. The
optimal screening and treatment approaches for various age
groups should be customized to the organ site as the age at
cancer diagnosis can vary across different organ sites.
Nonetheless, the cut-off value of 50 years was made to ensure
uniformity in the collection and interpretation of current evidence
pertaining to early-onset cancers.

Conclusions

In summary, both the incidence and incidence-based mortality
rates of early-onset GEP-NENs have continued to grow over the
years, and rates of increase were greater than later-onset GEP-
NENSs. Genetic alterations, environmental factors, and lifestyle
factors are possible causes driving these escalating trends. The
clinical characteristics and survival exhibit differences among
patients with early-onset and later-onset GEP-NENs. Race,
marital status, grade, stage, chemotherapy, and primary site were
identified as independent prognostic factors for early-onset GEP-
NENSs. Future studies on etiologic factors are warranted to better
understand the survival and increasing incidence disparities
between early-onset and later-onset GEP-NENS.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found here: www.seer.cancer.gov.

Ethics statement

Data are publicly available and do not require ethical approval
for analysis. Authors obtained Limited-Use Data Agreements
from SEER.

Author contributions

HY: Data collection, analysis and wrote the manuscript. GH:
Data collection, analysis and wrote the manuscript. HS: Designed
and supervised the study. RL: Designed and supervised the study.
CJ: Data collection and analysis. MF: Data collection and analysis.

Frontiers in Endocrinology

09

10.3389/fendo.2023.1241724

LY: Advised on analyses. The work reported in the paper has
been performed by the authors, unless clearly specified in the
text. All authors contributed to the article and approved the
submitted version.

Funding

Supported by the National Natural Science Foundation of
China (Nos. 82100569 and 82170571), and the Natural Science
Foundation of Hubei Province of China (2022CFA009). The
funding body had no part in the design of the study and
collection, analysis, and interpretation of data and in writing
the manuscript.

Acknowledgments

The authors wish to acknowledge all participants in this study
and everybody involved in the set-up and implementation of
the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1241724/
full#supplementary-material

SUPPLEMENTARY FIGURE 1

(A—D) The overall survival between early-onset GEP-NENs and later-onset
GEP-NENs groups by stage, (A) localized, (B) regional, (C) distant, (D)
unknown stage. (E—H) The overall survival between early-onset GEP-NENs
and later-onset GEP-NENs groups by grade, (E) grade |, (F) grade Il, (G) grade
[+1V, (H) unknown grade.

frontiersin.org


http://www.seer.cancer.gov
https://www.frontiersin.org/articles/10.3389/fendo.2023.1241724/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1241724/full#supplementary-material
https://doi.org/10.3389/fendo.2023.1241724
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yao et al.

References

1. Ugai T, Sasamoto N, Lee HY, Ando M, Song M, Tamimi RM, et al. Is early-onset
cancer an emerging global epidemic? Current evidence and future implications. Nat
Rev Clin Oncol (2022) 19(10):656-73. doi: 10.1038/s41571-022-00672-8

2. Cancer research UK 2020. Available at: https://www.cancerresearchuk.org/health-
professional/Cancer-statistics-for-the-UK.

3. NIH. Provocative questions 2022. Available at: https://provocativequestions.
cancer.gov/home.

4. Collaborators GBDAYAC. The global burden of adolescent and young adult
cancer in 2019: a systematic analysis for the Global Burden of Disease Study 2019.
Lancet Oncol (2022) 23(1):27-52. doi: 10.1016/S1470-2045(21)00581-7

5. Lee JS, DuBois SG, Coccia PF, Bleyer A, Olin RL, Goldsby RE. Increased risk of
second Malignant neoplasms in adolescents and young adults with cancer. Cancer
(2016) 122(1):116-23. doi: 10.1002/cncr.29685

6. Chao C, Xu L, Bhatia S, Cooper R, Brar S, Wong FL, et al. Cardiovascular disease
risk profiles in survivors of adolescent and young adult (AYA) cancer: the kaiser
permanente AYA cancer survivors study. J Clin Oncol (2016) 34(14):1626-33.
doi: 10.1200/JC0O.2015.65.5845

7. van Dorp W, Haupt R, Anderson RA, Mulder RL, van den Heuvel-Eibrink MM,
van Dulmen-den Broeder E, et al. Reproductive function and outcomes in female
survivors of childhood, adolescent, and young adult cancer: A review. J Clin Oncol
(2018) 36(21):2169-80. doi: 10.1200/JCO.2017.76.3441

8. Lee MR, Harris C, Baeg KJ, Aronson A, Wisnivesky JP, Kim MK. Incidence trends
of gastroenteropancreatic neuroendocrine tumors in the United States. Clin
Gastroenterol Hepatol (2019) 17(11):2212-7 el. doi: 10.1016/j.cgh.2018.12.017

9. Hassan MM, Phan A, Li D, Dagohoy CG, Leary C, Yao JC. Risk factors associated
with neuroendocrine tumors: A U.S.-based case-control study. Int J Cancer (2008) 123
(4):867-73. doi: 10.1002/ijc.23529

10. Katz LH, Levi Z, Twig G, Kark JD, Leiba A, Derazne E, et al. Risk factors
associated with gastroenteropancreatic neuroendocrine tumors in a cohort of 2.3
million Israeli adolescents. Int J Cancer (2018) 143(8):1876-83. doi: 10.1002/
ijc.31589

11. Hemminki K, Li X. Incidence trends and risk factors of carcinoid tumors: a
nationwide epidemiologic study from Sweden. Cancer (2001) 92(8):2204-10.
doi: 10.1002/1097-0142(20011015)92:8<2204::aid-cncr1564>3.0.co;2-r

12. Hassan MM, Phan A, Li D, Dagohoy CG, Leary C, Yao JC. Family history of
cancer and associated risk of developing neuroendocrine tumors: a case-control study.
Cancer Epidemiol Biomarkers Prev (2008) 17(4):959-65. doi: 10.1158/1055-9965.EPI-
07-0750

13. Cross AJ, Hollenbeck AR, Park Y. A large prospective study of risk factors for
adenocarcinomas and Malignant carcinoid tumors of the small intestine. Cancer Causes
Control (2013) 24(9):1737-46. doi: 10.1007/s10552-013-0251-8

14. European Colorectal Cancer Screening Guidelines Working G, von Karsa L,
Patnick J, Segnan N, Atkin W, Halloran S, et al. European guidelines for quality
assurance in colorectal cancer screening and diagnosis: overview and introduction to
the full supplement publication. Endoscopy (2013) 45(1):51-9. doi: 10.1055/s-0032-
1325997

15. Force USPST, Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW,
Epling JW Jr., et al. Screening for colorectal cancer: US preventive services task force
recommendation statement. JAMA (2016) 315(23):2564-75. doi: 10.1001/
jama.2016.5989

16. Heisser T, Kretschmann J, Hagen B, Niedermaier T, Hoffmeister M, Brenner H.
Prevalence of colorectal neoplasia 10 or more years after a negative screening
colonoscopy in 120 000 repeated screening colonoscopies. JAMA Intern Med (2023)
183(3):183-90. doi: 10.1001/jamainternmed.2022.6215

17. Kolb JM, Han S, Scott FI, Murphy CC, Hosokawa P, Wani S, et al. Early-onset
esophageal adenocarcinoma presents with advanced-stage disease but has improved
survival compared with older individuals. Gastroenterol (2020) 159(6):2238-40 e4.
doi: 10.1053/j.gastro.2020.08.002

18. Lumish MA, Cercek A. Practical considerations in diagnosing and managing
early-onset GI cancers. ] Clin Oncol (2022) 40(24):2662-80. doi: 10.1200/JCO.21.02708

19. Ben-Aharon I, van Laarhoven HWM, Fontana E, Obermannova R, Nilsson M,
Lordick F. Early-onset cancer in the gastrointestinal tract is on the rise-evidence and
implications. Cancer Discov (2023) 13(3):538-51. doi: 10.1158/2159-8290.CD-22-
1038

20. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, et al. Trends in the
incidence, prevalence, and survival outcomes in patients with neuroendocrine tumors
in the United States. JAMA Oncol (2017) 3(10):1335-42. doi: 10.1001/
jamaoncol.2017.0589

21. Xu Z, Wang L, Dai S, Chen M, Li F, Sun J, et al. Epidemiologic trends of and
factors associated with overall survival for patients with gastroenteropancreatic
neuroendocrine tumors in the United States. JAMA Netw Open (2021) 4(9):
€2124750. doi: 10.1001/jamanetworkopen.2021.24750

22. Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer trends among young
adults in the USA: analysis of a population-based cancer registry. Lancet Public Health
(2019) 4(3):e137-e47. doi: 10.1016/52468-2667(18)30267-6

Frontiers in Endocrinology

10.3389/fendo.2023.1241724

23. Jayakrishnan T, Nair KG, Kamath SD, Wei W, Estfan BN, Krishnamurthi SS,
et al. Comparison of characteristics and outcomes of young-onset versus average onset
pancreatico-biliary adenocarcinoma. Cancer Med (2023) 12(6):7327-38. doi: 10.1002/
cam4.5418

24. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer ] Clin (2018) 68
(1):7-30. doi: 10.3322/caac.21442

25. Couvelard A, Scoazec JY. [Inherited tumor syndromes of gastroenteropancreatic
and thoracic neuroendocrine neoplasms]. Ann Pathol (2020) 40(2):120-33.
doi: 10.1016/j.annpat.2020.01.002

26. Ruggeri RM, Benevento E, De Cicco F, Fazzalari B, Guadagno E, Hasballa I, et al.
Neuroendocrine neoplasms in the context of inherited tumor syndromes: a reappraisal
focused on targeted therapies. ] Endocrinol Invest (2023) 46(2):213-34. doi: 10.1007/
s40618-022-01905-4

27. Araujo-Castro M. Indications for genetic study in gastro-entero-pancreatic and
thoracic neuroendocrine tumors. Endocrinol Diabetes Nutr (Engl Ed) (2023) 70 Suppl
1:63-73. doi: 10.1016/j.endien.2022.11.014

28. Leoncini E, Carioli G, La Vecchia C, Boccia S, Rindi G. Risk factors for
neuroendocrine neoplasms: a systematic review and meta-analysis. Ann Oncol (2016)
27(1):68-81. doi: 10.1093/annonc/mdv505

29. Neklason DW, VanDerslice ], Curtin K, Cannon-Albright LA. Evidence for a
heritable contribution to neuroendocrine tumors of the small intestine. Endocr Relat
Cancer (2016) 23(2):93-100. doi: 10.1530/ERC-15-0442

30. Riechelmann RP, Donadio MDS, Jesus VHF, de Carvalho NA, Santiago KM,
Barros MJ, et al. Germline pathogenic variants in patients with early-onset
neuroendocrine neoplasms. Endocr Relat Cancer (2023) 30(6):e220258. doi: 10.1530/
ERC-22-0258

31. Eftraimidis G, Knigge U, Rossing M, Oturai P, Rasmussen AK, Feldt-Rasmussen
U. Multiple endocrine neoplasia type 1 (MEN-1) and neuroendocrine neoplasms
(NENSs). Semin Cancer Biol (2022) 79:141-62. doi: 10.1016/j.semcancer.2021.04.011

32. Natalicchio A, Faggiano A, Zatelli MC, Argentiero A, D’Oronzo S, Marrano N,
et al. Metabolic disorders and gastroenteropancreatic-neuroendocrine tumors (GEP-
NETs): How do they influence each other? An Italian Association of Medical Oncology
(AIOM)/Italian Association of Medical Diabetologists (AMD)/Italian Society of
Endocrinology (SIE)/Italian Society of Pharmacology (SIF) multidisciplinary
consensus position paper. Crit Rev Oncol Hematol (2022) 169:103572. doi: 10.1016/
j.critrevonc.2021.103572

33. Modica R, La Salvia A, Liccardi A, Cannavale G, Minotta R, Benevento E, et al.
Lipid metabolism and homeostasis in patients with neuroendocrine neoplasms: from
risk factor to potential therapeutic target. Metabolites (2022) 12(11):1057-67.
doi: 10.3390/metabo12111057

34. Collaboration NCDRF. Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 128.9 million children, adolescents, and adults. Lancet (2017)
390(10113):2627-42. doi: 10.1016/S0140-6736(17)32129-3

35. Fazeli Farsani S, van der Aa MP, van der Vorst MM, Knibbe CA, de Boer A.
Global trends in the incidence and prevalence of type 2 diabetes in children and
adolescents: a systematic review and evaluation of methodological approaches.
Diabetologia (2013) 56(7):1471-88. doi: 10.1007/s00125-013-2915-z

36. Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L, et al.
Incidence trends of type 1 and type 2 diabetes among youths, 2002-2012. N Engl ] Med
(2017) 376(15):1419-29. doi: 10.1056/NEJMoal610187

37. Haugvik SP, Hedenstrom P, Korsaeth E, Valente R, Hayes A, Siuka D, et al.
Diabetes, smoking, alcohol use, and family history of cancer as risk factors for
pancreatic neuroendocrine tumors: a systematic review and meta-analysis.
Neuroendocrinology (2015) 101(2):133-42. doi: 10.1159/000375164

38. Collaborators GBDT. Spatial, temporal, and demographic patterns in prevalence
of smoking tobacco use and attributable disease burden in 204 countries and territories,
1990-2019: a systematic analysis from the Global Burden of Disease Study 2019. Lancet
(2021) 397(10292):2337-60. doi: 10.1016/S0140-6736(21)01169-7

39. Collaborators GBDA. Population-level risks of alcohol consumption by amount,
geography, age, sex, and year: a systematic analysis for the Global Burden of Disease
Study 2020. Lancet (2022) 400(10347):185-235. doi: 10.1016/S0140-6736(22)00847-9

40. Fraenkel M, Kim M, Faggiano A, de Herder WW, Valk GD, Knowledge N.
Incidence of gastroenteropancreatic neuroendocrine tumours: a systematic review of
the literature. Endocr Relat Cancer (2014) 21(3):R153-63. doi: 10.1530/ERC-13-0125

41. Shih HJ, Fang SC, An L, Shao YJ. Early-onset prostate cancer is associated with
increased risks of disease progression and cancer-specific mortality. Prostate (2021) 81
(2):118-26. doi: 10.1002/pros.24087

42. Holowatyj AN, Lewis MA, Pannier ST, Kirchhoff AC, Hardikar S, Figueiredo JC,
et al. Clinicopathologic and racial/ethnic differences of colorectal cancer among
adolescents and young adults. Clin Transl Gastroenterol (2019) 10(7):e00059.
doi: 10.14309/ctg.0000000000000059

43. Sun S, Wang W, He C. Cardiovascular mortality risk among patients with
gastroenteropancreatic neuroendocrine neoplasms: A registry-based analysis. Oxid
Med Cell Longev (2021) 2021:9985814. doi: 10.1155/2021/9985814

frontiersin.org


https://doi.org/10.1038/s41571-022-00672-8
https://www.cancerresearchuk.org/health-professional/Cancer-statistics-for-the-UK
https://www.cancerresearchuk.org/health-professional/Cancer-statistics-for-the-UK
https://provocativequestions.cancer.gov/home
https://provocativequestions.cancer.gov/home
https://doi.org/10.1016/S1470-2045(21)00581-7
https://doi.org/10.1002/cncr.29685
https://doi.org/10.1200/JCO.2015.65.5845
https://doi.org/10.1200/JCO.2017.76.3441
https://doi.org/10.1016/j.cgh.2018.12.017
https://doi.org/10.1002/ijc.23529
https://doi.org/10.1002/ijc.31589
https://doi.org/10.1002/ijc.31589
https://doi.org/10.1002/1097-0142(20011015)92:8%3C2204::aid-cncr1564%3E3.0.co;2-r
https://doi.org/10.1158/1055-9965.EPI-07-0750
https://doi.org/10.1158/1055-9965.EPI-07-0750
https://doi.org/10.1007/s10552-013-0251-8
https://doi.org/10.1055/s-0032-1325997
https://doi.org/10.1055/s-0032-1325997
https://doi.org/10.1001/jama.2016.5989
https://doi.org/10.1001/jama.2016.5989
https://doi.org/10.1001/jamainternmed.2022.6215
https://doi.org/10.1053/j.gastro.2020.08.002
https://doi.org/10.1200/JCO.21.02708
https://doi.org/10.1158/2159-8290.CD-22-1038
https://doi.org/10.1158/2159-8290.CD-22-1038
https://doi.org/10.1001/jamaoncol.2017.0589
https://doi.org/10.1001/jamaoncol.2017.0589
https://doi.org/10.1001/jamanetworkopen.2021.24750
https://doi.org/10.1016/S2468-2667(18)30267-6
https://doi.org/10.1002/cam4.5418
https://doi.org/10.1002/cam4.5418
https://doi.org/10.3322/caac.21442
https://doi.org/10.1016/j.annpat.2020.01.002
https://doi.org/10.1007/s40618-022-01905-4
https://doi.org/10.1007/s40618-022-01905-4
https://doi.org/10.1016/j.endien.2022.11.014
https://doi.org/10.1093/annonc/mdv505
https://doi.org/10.1530/ERC-15-0442
https://doi.org/10.1530/ERC-22-0258
https://doi.org/10.1530/ERC-22-0258
https://doi.org/10.1016/j.semcancer.2021.04.011
https://doi.org/10.1016/j.critrevonc.2021.103572
https://doi.org/10.1016/j.critrevonc.2021.103572
https://doi.org/10.3390/metabo12111057
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1007/s00125-013-2915-z
https://doi.org/10.1056/NEJMoa1610187
https://doi.org/10.1159/000375164
https://doi.org/10.1016/S0140-6736(21)01169-7
https://doi.org/10.1016/S0140-6736(22)00847-9
https://doi.org/10.1530/ERC-13-0125
https://doi.org/10.1002/pros.24087
https://doi.org/10.14309/ctg.0000000000000059
https://doi.org/10.1155/2021/9985814
https://doi.org/10.3389/fendo.2023.1241724
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Epidemiologic trends and survival of early-onset gastroenteropancreatic neuroendocrine neoplasms
	Introduction
	Methods
	Data source
	Demographic characteristics
	Statistical analysis

	Results
	Baseline characteristics
	Disparities in the incidence, mortality, and survival between early-onset and later-onset GEP-NENs
	Incidence of early-onset GEP-NENs by age, sex, race, tumor site, stage, and grade
	Incidence-based mortality rates and causes of death of early-onset GEP-NENs
	Survival

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


