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Abstract

Background: As reported in Surveillance, Epidemiology, and End Results (SEER) data, US incidence and prevalence
of neuroendocrine tumors (NET) has increased over recent years. The study objective was to update incidence and
prevalence information for lung NET using administrative claims.

Methods: This descriptive epidemiological study used 2009–2014 data from 2 US claims databases: MarketScan and
PharMetrics. Patients (18–64 years old) had ≥1 inpatient or≥ 2 outpatient claims with NET of bronchus or lung, identified
by International Classification of Diseases, 9th Revision, Clinical Modification diagnosis codes. Prevalence was number of
lung NET patients divided by number of enrollees/year. Incidence was number of patients with a first observed NET
diagnosis who were disease-free for 2 years prior, divided by number of enrollees. Age and gender adjustments
performed.

Results: The annual number of patients with lung NET identified from 2009 to 2014 ranged from 435 to 796
(MarketScan) and 419–648 (PharMetrics). In MarketScan, there was a 7.4% (95%CI 2.1–13.0; p = 0.027) annual
percent change (APC) in the age-adjusted incidence for males and 6.8% (− 0.2–14.3; 0.052) for females. In PharMetrics,
APC was − 2.9% (− 13.8–9.4; 0.395) for males; 14.7% (− 12.9–51.2; 0.165) for females. In MarketScan, APC in age-adjusted
prevalence for males was 9.9% (4.7–15.3; 0.006); 16.2% (11.4-21.1; <.001) for females. For PharMetrics, APCs were 9.5%
(2.3–17.2; 0.021) for males; 16.3% (9.6–23.5; 0.002) for females.

Conclusions: From 2009 to 2014 there was a statistically significant increase in age-adjusted lung NET incidence for
males in MarketScan, and a statistically significant increase in age-adjusted prevalence for both genders in PharMetrics.
Incidence and prevalence changes, to the extent they exist, may be due to better diagnostic methods, increased awareness
of NET among clinicians and pathologists, and/or an actual increase in US disease occurrence. Differences in rates across
databases are difficult to explain. These results suggest the need for awareness of the clinically effective and safe treatment
options available for lung NET patients among healthcare providers.
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Background
Neuroendocrine tumors (NET) comprise a broad family
of rare and often slow growing malignancies. NET can
develop anywhere in the body and arise from neuroen-
docrine cells throughout the endocrine system [1, 2].
Approximately one-quarter to one-third of NET occur
in the lung [3, 4]. NET secrete peptides and neuroamines
that may cause distinct syndromes (e.g., carcinoid syn-
drome, glucagonoma), in which case they are referred to
as “functional” tumors. Clinical presentation depends on
the site of the primary tumor and whether or not they
are functional. Research on risk factors for lung NET is
limited, although the authors of a recent meta-analysis
concluded, “family history of cancer is the most relevant
risk factor for [NET] development at all investigated
sites, followed by BMI and diabetes. Cigarette smoking
and alcohol consumption are potential risk factors for
selected anatomical sites” [5]. Surgery may be curative in
the early stages, but delayed diagnosis is typical.
While rare, the incidence and prevalence of NET appear

to be increasing worldwide [4–10]. In a 2008 study using
the US Surveillance, Epidemiology, and End Results
(SEER) database, the incidence of NET in the US in-
creased from 10.9 cases per million person-years (PMPY)
in 1973 to 52.5 PMPY in 2004 [4] and in a 2017 study to
69.8 PMPY in 2012 [10]. Overall NET prevalence was 350
per 1 million in 2004 [4] and 480 per 1 million in 2012
[10]. Only patients with malignant cancers are included in
the SEER registries, and the separation of NET into
clear-cut benign and malignant categories is not as
straightforward as it is for most epithelial malignancies
[11]. NET that have not invaded adjacent organs or me-
tastasized may not be immediately labeled as malignant.
Thus, many small, benign-appearing tumors may not get
included in SEER [4].
The objective of this study was to update incidence

and prevalence information for lung NET with
non-registry-based data, specifically insurance claims,
using additional data beyond what had previously been
reported.

Methods
Design and data source
This was a descriptive epidemiological study using insur-
ance claims data from January 1, 2009 to December 31,
2014. The data were from two large US commercial
claims databases: Truven Health MarketScan Commer-
cial Claims and Encounters Database, and IMS Health
PharMetrics. The MarketScan database has information
from more than 100 payers of private health insurance
for employees and their dependents, covering more than
25 million lives annually. The PharMetrics database is a
nonpayer owned integrated claims database of commer-
cial insurers that includes medical and pharmacy claims

for more than 70 million unique individuals across the
US. Both databases contain de-identified adjudicated
medical claims (e.g., inpatient and outpatient services)
and pharmacy claims (e.g., outpatient prescriptions).
Payments to providers, healthcare facilities, and phar-

macies for the 66% of the US population with commercial
insurance are contingent on submission of claims for ser-
vices [12]. These insurance claims contain information
about diagnoses (International Classification of Diseases,
9th Revision, Clinical Modification [ICD-9-CM] diagnosis
codes) and procedures (Current Procedural Terminology
4 [CPT-4] and ICD-9-CM procedure codes). Information
on each physician visit, medical procedure, hospitalization,
drug dispensed, date of service, number of days of medica-
tion supplied, test performed, as well as complete payment
information, is available for covered individuals from their
insurance claims. Available patient demographic informa-
tion is limited to age, gender, and broad geographic region.
An “enrollment” file provides information on each individ-
uals’ dates of coverage—the dates for which we can find
their insurance claims. No information is available about
individuals for dates outside their dates of enrollment. In-
formation about death, including date or cause, is not
available. Privacy restrictions make it impossible to con-
tact patients or review their detailed medical records to
obtain additional clinical or demographic information
such as health behaviors, tumor size/stage, or race/ethni-
city. In the US, individuals may change their insurance
coverage over time, and thus the number of individuals
enrolled in a given plan changes from year to year. For this
study, we were provided the total number of individuals in
each database each year, broken down by age and gender.
Both databases contain a limited number of individuals
≥65 years old. US individuals ≥65 who have commercial
insurance are not representative of the broader age group,
a large majority of whom are insured through the Federal
Medicare program. Therefore, the analysis was restricted
to individuals < 65. Analyses were performed separately
using each database and results were compared to check
consistency. As the data were de-identified, this study was
considered exempt from approval by the Institutional Re-
view Board.

Cohort selection
Individuals at least 18 years of age were identified as
having lung NET if, during a single calendar year, they
had at least 1 claim from a hospital setting, or at least 2
claims from the outpatient setting, that included an
ICD-9-CM diagnosis code for lung NET (that is, either
209.21 malignant carcinoid tumor of bronchus and lung,
or 209.61 benign carcinoid tumor of bronchus and lung).
Coding of inpatient claims in the US is usually per-
formed by professional coders and is thus more reliable
than claims from the outpatient setting, which may be
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recorded by a variety of staff with limited clinical train-
ing. A limitation of using claims data to estimate disease
incidence is the inability to know with certainty that the
first diagnosis seen in the data represents the first clin-
ical diagnosis of the condition. Therefore, for incident
cases, we required individuals to have been continuously
enrolled for 3 years: the specific calendar year of diagno-
sis and 2 years prior, with no evidence of disease in the
prior 2 years. For example, a cohort of individuals identi-
fied with lung NET in 2011 must have been enrolled
during the entire 2009 to 2011 period, with their lung
NET diagnosis in 2011.

Statistical analysis
For each calendar year, we reported the distribution of
patient demographics, summarizing continuous variables
with means, and categorical variables with patient
counts and percentages. Incidence rate was calculated as
the number of individuals with lung NET in a particular
year divided by the number of all individuals who were
continuously enrolled (that is, for whom we had data for
the entire year) across the three-year period (year of
diagnosis and 2 prior disease-free years) and reported as
per million person-years (PMPY). Prevalence was calcu-
lated as the number of lung NET patients in a particular
year divided by the total number of individuals continu-
ously enrolled for that calendar year and reported as pa-
tients per million. For both incidence and prevalence,
rates were reported overall and by sex and age categories
(18–24, 25–34, 35–44, 45–54, and 55–64 years). To
allow comparisons within genders and between data-
bases over time, we calculated adjusted (gender-specific)
rates by standardizing the age distribution for each gen-
der based on the distribution of ages (in those same 4
age categories) from both databases in 2014. Similarly,
we calculated overall adjusted rates by standardizing to
the age and gender distribution from both databases in
2014. The enrollment requirements for inclusion in the
incidence and prevalence denominators differed (3 years
of enrollment for incidence and a single calendar year
for prevalence), and the denominator drops substantially
when the continuous enrollment criteria is added. We
believe the underlying US commercially insured popula-
tion is more similar to the one used for calculating
prevalence; therefore, to calculate standardized rates for
both incidence and prevalence, we used the age and gen-
der distribution from the prevalent population in 2014.
We used annual percent change (APC) to study trends

over time [13, 14]. APC was calculated by least-squares
linear regression on a log-linear model to characterize
trends in rates over calendar year. With this approach,
each rate is assumed to change at a constant percentage
of the previous year’s rate. Because each database had a
different denominator, results are reported separately by

database. All data transformations and statistical analysis
were performed using SAS® version 9.4 (SAS Institute,
Cary, NC).

Results
On average, in each year from 2009 to 2014, 631 pa-
tients were identified as having lung NET in the Market-
Scan database. The annual number ranged from 435 in
2009 to low of 435 in 2009 to a high of 796 in 2012. In
the PharMetrics database, the range was 419 in 2009 to
648 in 2014, with a mean of 559. In the MarketScan and
PharMetrics databases, 65.2 and 64.0% of cases were fe-
male, respectively (ranging from 59.8 to 69.4%). More
than half of the cases (53.0 to 61.7%) were patients be-
tween 55 and 64 years old (Table 1).
Generally, in every year and for both databases, un-

adjusted incidence was higher for each successive age
group. Incidence was highest in the two oldest groups:
12.2–27.8 PMPY (depending on year and gender) in in-
dividuals aged 45–54, compared to 25.7–53.6 PMPY in
individuals aged 55–64 in MarketScan; and 8.2–19.5
PMPY in individuals 45–54 compared to 20.6–55.4 in
55–64 year olds in PharMetrics (Tables 2 and 3).
After adjustment for age and gender, in the Market-

Scan database combined (males and females) incidence
increased from 14.4 PMPY in 2011 and to 17.5 in 2014,
an annual percent change (APC) (95% CI; P value) of
7.0% (4.3–9.8; 0.008). The gender-specific incidence (ad-
justed for age) showed a statistically significant change
for males: 7.4% (2.1–13.0; 0.027); and a similar (but not
statistically significant) change for females: 6.8% (− 0.2–
14.3; 0.052). In the PharMetrics database, the overall age
and gender-adjusted incidence was 11.7 PMPY in 2011,
13.8 in 2012, 15.2 in 2013 and 14.6 in 2014, an APC of
7.8% (− 5.7–23.4; 0.137) (Fig. 1, Tables 2 and 3). The
APC was not statistically significant for males (− 2.9%
[− 13.8–9.4; 0.395]) or females (14.7% [− 12.9–51.2;
0.165]) individually. When data from MarketScan and
PharMetrics were combined and adjusted to the
age-gender distribution for 2014, incidence rose from
13.0 PMPY in 2011 to 16.2 PMPY in 2014, an overall
APC of 7.7% (1.3–14.4; 0.035). However, the combined
result masks differences in results across the 2 databases,
as described above.
With few exceptions, in each year and for both databases,

unadjusted prevalence was higher for each successive age
group. Prevalence was highest in 55–64 year olds (between
25.1 and 102.3 per million, depending on year, gender, and
database). With few exceptions, unadjusted prevalence was
higher in females than in males in every age category (Ta-
bles 4 and 5). After age and gender adjustment, prevalence
for males and females combined rose from 16.0 per million
in 2009 to 30.7 in 2014 in the MarketScan database, an
APC of 14.0% (10.2–17.9; <.001). The age-adjusted APC in

Broder et al. BMC Pulmonary Medicine  (2018) 18:135 Page 3 of 11



Table 1 Patients with lung NET, Na

MarketScan PharMetrics

2009 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014

N 435 521 681 796 667 687 419 510 563 598 616 648

Age, year, no. (%)

18–24 9 (2.1) 6 (1.2) 9 (1.3) 9 (1.1) 7 (1.0) 2 (0.3) 7 (1.7) 5 (1.0) 10 (1.8) 10 (1.7) 7 (1.1) 9 (1.4)

25–34 16 (3.7) 27 (5.2) 26 (3.8) 37 (4.6) 26 (3.9) 30 (4.4) 29 (6.9) 18 (3.5) 23 (4.1) 19 (3.2) 27 (4.4) 17 (2.6)

35–44 44 (10.1) 57 (10.9) 67 (9.8) 75 (9.4) 68 (10.2) 79 (11.5) 38 (9.1) 59 (11.6) 46 (8.2) 61 (10.2) 65 (10.6) 60 (9.3)

45–54 117 (26.9) 152 (29.2) 205 (30.1) 217 (27.3) 182 (27.3) 198 (28.8) 123 (29.4) 136 (26.7) 156 (27.7) 166 (27.8) 165 (26.8) 162 (25.0)

55–64 249 (57.2) 279 (53.6) 374 (54.9) 458 (57.5) 384 (57.6) 378 (55.0) 222 (53.0) 292 (57.3) 328 (58.3) 342 (57.2) 352 (57.1) 400 (61.7)

Female 260 (59.8) 340 (65.3) 445 (65.3) 515 (64.7) 463 (69.4) 459 (66.8) 258 (61.6) 315 (61.8) 352 (62.5) 392 (65.6) 403 (65.4) 435 (67.1)
a Adult patients (age 18 years or older) with ≥1 inpatient or ≥ 2 outpatient claims for lung NET in a calendar year. Patients may have been identified in multiple
calendar years. Continuous enrollment not required

Table 2 MarketScan Database: Lung NET Incidence Rate, Cases per Million Person-Yearsa

No. Of Cases Per Million Person-Years (Numerator/Denominator)

2011 2012 2013 2014

Gender Age

Female 18–24 0.0 (0 /629,902) 2.6 (2 /761,959) 2.5 (2 /806,972) 0.0 (0 /791,556)

25–34 5.8 (5 /857,782) 4.4 (4 /905,705) 2.7 (2 /751,148) 1.4 (1 /711,916)

35–44 10.3 (14 /1,361,165) 7.5 (11 /1,460,802) 12.7 (16 /1,264,584) 11.6 (14 /1,203,355)

45–54 15.8 (28 /1,767,104) 23.3 (44 /1,889,625) 26.7 (44 /1,645,900) 27.8 (43 /1,547,477)

55–64 49.2 (76 /1,545,517) 44.5 (75 /1,687,254) 49.0 (75 /1,531,896) 53.6 (78 /1,454,099)

All Female 20.0 (123 /6,161,470) 20.3 (136 /6,705,345) 23.2 (139 /6,000,500) 23.8 (136 /5,708,403)

Male 18–24 1.6 (1 /632,342) 0.0 (0 /768,240) 0.0 (0 /829,650) 0.0 (0 /813,048)

25–34 1.3 (1 /741,337) 2.6 (2 /775,911) 6.2 (4 /648,646) 1.6 (1 /626,307)

35–44 5.7 (7 /1,221,845) 6.2 (8 /1,294,055) 5.4 (6 /1,120,973) 7.5 (8 /1,066,055)

45–54 12.2 (19 /1,562,471) 13.9 (23 /1,656,616) 14.5 (21 /1,446,886) 16.8 (23 /1,365,158)

55–64 25.7 (35 /1,363,927) 28.8 (42 /1,458,077) 27.2 (36 /1,323,391) 31.8 (40 /1,256,884)

All Male 11.4 (63 /5,521,922) 12.6 (75 /5,952,899) 12.5 (67 /5,369,546) 14.0 (72 /5,127,452)

All Gender 18–24 0.8 (1 /1,262,244) 1.3 (2 /1,530,199) 1.2 (2 /1,636,622) 0.0 (0 /1,604,604)

25–34 3.8 (6 /1,599,119) 3.6 (6 /1,681,616) 4.3 (6 /1,399,794) 1.5 (2 /1,338,223)

35–44 8.1 (21 /2,583,010) 6.9 (19 /2,754,857) 9.2 (22 /2,385,557) 9.7 (22 /2,269,410)

45–54 14.1 (47 /3,329,575) 18.9 (67 /3,546,241) 21.0 (65 /3,092,786) 22.7 (66 /2,912,635)

55–64 38.2 (111 /2,909,444) 37.2 (117 /3,145,331) 38.9 (111 /2,855,287) 43.5 (118 /2,710,983)

All Patients 15.9 (186 /11,683,392) 16.7 (211 /12,658,244) 18.1 (206 /11,370,046) 19.2 (208 /10,835,855)

Adjusted Rate (No. Of Cases Per Million Person-Years)b

All Femalec 18.3 18.6 21.3 21.8

All Maled 10.3 11.4 11.7 12.9

All Patientse 14.4 15.2 16.6 17.5
a Cases (adults with ≥1 inpatient or ≥ 2 outpatient claims for lung NET in listed year and continuous enrollment in year listed and two years prior) ÷ number of
members with continuous enrollment in same period
bAPC (95% CI; P value): female 6.8% (−0.2–14.3; 0.052); male 7.4% (2.1–13.0; 0.027); all patients 7.0% (4.3–9.8; 0.008)
cAdjusted based on distribution of age among male from both databases in 2014
dAdjusted based on distribution of age among female from both databases in 2014
eAdjusted based on combined distribution of age among male from both databases in 2014
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prevalence for females was 16.2% (11.4–21.1; <.001) and for
males was 9.9% (4.7–15.3; 0.006). The age- and
gender-adjusted APC in the PharMetrics database was
13.9% (7.4–20.9; 0.004); 16.3% (9.6–23.5; 0.002) for females
and 9.5% (2.3–17.2; 0.021) for males. (Fig. 2, Tables 4 and
5). When both datasets were combined and adjusted for
age and gender, prevalence rose from 14.6 cases per million
in 2009 to 28.5 per million in 2014, an APC of 14.2%
(9.5–19.0; <.001) overall (16.5% [10.9–22.3; 0.001] for
females and 9.9% (5.6–14.3; 0.003) for males.

Discussion
From 2009 to 2014 there was a statistically significant in-
crease in age-adjusted lung NET incidence for males in
the MarketScan database. Incidence increased at an an-
nual age and gender-adjusted rate of 7.0% per year, reach-
ing an overall 17.5 PMPY by 2014. In the same database,
prevalence rose at an annual age- and gender-adjusted

rate of 14.0% per year, reaching 30.7 cases per million per
year. The number of cases identified, incidence, and
prevalence were all higher in the MarketScan database
than in the PharMetrics database. In the PharMetrics
database, incidence increased 7.8% per year, but this
change was not statistically significant, while age- and
gender-adjusted prevalence increased 13.9% per year
(p < .001). A study using older data recently reported the
incidence of NET in the US increased from 3 cases PMPY
in 1973 to 16 PMPY in 2012 [10]. The preponderance of
female cases has been observed in prior studies using
these and other data sources [4, 9, 15].
There are many possible reasons for the observed

changes in incidence and prevalence, although determin-
ing which reason or reasons are most important was be-
yond the scope of this study. First, more tumors may be
found incidentally over time. Rates of both CT and MRI
use in the general population have been steadily

Table 3 PharMetrics Database: Lung NET Incidence Rate, Cases per Million Person-Yearsa

No. Of Cases Per Million Person-Years (Numerator/Denominator)

2011 2012 2013 2014

Gender Age

Female 18–24 2.5 (2 /809,900) 1.2 (1 /803,203) 0.0 (0 /844,220) 1.5 (1 /670,429)

25–34 5.5 (5 /915,829) 4.7 (4 /846,136) 3.5 (3 /851,694) 1.5 (1 /659,964)

35–44 2.2 (3 /1,387,525) 7.0 (9 /1,280,702) 12.8 (16 /1,249,676) 10.3 (10 /972,515)

45–54 10.0 (19 /1,902,036) 18.9 (33 /1,747,518) 18.9 (32 /1,688,747) 19.5 (25 /1,282,436)

55–64 37.6 (68 /1,809,406) 47.4 (81 /1,708,362) 55.4 (94 /1,697,399) 51.9 (67 /1,290,342)

All Female 14.2 (97 /6,824,696) 20.0 (128 /6,385,921) 22.9 (145 /6,331,736) 21.3 (104 /4,875,686)

Male 18–24 1.2 (1 /828,261) 3.6 (3 /823,432) 2.3 (2 /875,326) 1.4 (1 /698,342)

25–34 2.4 (2 /839,247) 1.2 (1 /800,680) 0.0 (0 /818,984) 1.5 (1 /662,957)

35–44 5.5 (7 /1,266,850) 5.1 (6 /1,185,774) 3.4 (4 /1,164,816) 6.4 (6 /935,200)

45–54 10.5 (18 /1,713,588) 11.9 (19 /1,599,135) 12.8 (20 /1,556,840) 8.2 (10 /1,218,043)

55–64 28.7 (47 /1,637,294) 20.6 (32 /1,552,538) 23.2 (36 /1,551,338) 26.3 (32 /1,216,691)

All Male 11.9 (75 /6,285,240) 10.2 (61 /5,961,559) 10.4 (62 /5,967,304) 10.6 (50 /4,731,233)

All Gender 18–24 1.8 (3 /1,638,161) 2.5 (4 /1,626,635) 1.2 (2 /1,719,546) 1.5 (2 /1,368,771)

25–34 4.0 (7 /1,755,076) 3.0 (5 /1,646,816) 1.8 (3 /1,670,678) 1.5 (2 /1,322,921)

35–44 3.8 (10 /2,654,375) 6.1 (15 /2,466,476) 8.3 (20 /2,414,492) 8.4 (16 /1,907,715)

45–54 10.2 (37 /3,615,624) 15.5 (52 /3,346,653) 16.0 (52 /3,245,587) 14.0 (35 /2,500,479)

55–64 33.4 (115 /3,446,700) 34.7 (113 /3,260,900) 40.0 (130 /3,248,737) 39.5 (99 /2,507,033)

All Patients 13.1 (172 /13,109,936) 15.3 (189 /12,347,480) 16.8 (207 /12,299,040) 16.0 (154 /9,606,919)

Adjusted Rate (No. Of Cases Per Million Person-Years)b

All Femalec 12.8 18.0 20.6 19.3

All Maled 10.6 9.3 9.3 9.6

All Patientse 11.7 13.8 15.2 14.6
a Cases (adults with ≥1 inpatient or ≥ 2 outpatient claims for lung NET in listed year and continuous enrollment in year listed and two years prior) ÷ number of
members with continuous enrollment in same period
bAPC (95% CI; P value): female 14.7% (−12.9–51.2; 0.165); male −2.9% (−13.8–9.4; 0.395); all patients 7.8% (−5.7–23.4; 0.137)
cAdjusted based on distribution of age among male from both databases in 2014
dAdjusted based on distribution of age among female from both databases in 2014
eAdjusted based on combined distribution of age among male from both databases in 2014
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increasing, as has the accuracy of these tests [16]. Some
patients may have their tumors detected simply because
they have a chest imaging study for another reason. Sec-
ond, screening for lung cancer appears to be rising [17].
As screening rates increase, more lung NET may be de-
tected. Third, in the last decade, high sensitivity assays
for 5-hydroxyindoleacetic acid (5-HIAA) and chromo-
granin A, both markers for certain NET, have come into
more common use. Increased use of these tests may
have improved identification of previously undetected
tumors [18]. Fourth, pathologists may be improving their
ability to identify NET. Finally, the underlying rate of
the development of NET may be increasing. The in-
creased prevalence would be expected from the combin-
ation of increasing incidence [4, 10] and improved
survival [19, 20]. Incidental identification of lung NET
might also partially explain the finding that prevalence
increased more than incidence during the period stud-
ied. If earlier tumors were being identified, survival

would appear to increase, which in turn would increase
prevalence. We could not test this theory in the current
study, as data on disease stage is lacking. A recent ana-
lysis of pancreatic NET using the SEER database found
increases in both incidence and survival and concluded
that stage migration, or an increased detection of local-
ized disease, explained at least part of these observations
[21]. In the current study, although the adjusted annual
percent change differed between the PharMetrics and
MarketScan databases, these between-database differ-
ences were not statistically significant (e.g., the 95% CI
overlapped) and the estimate from the combined data-
bases was consistent with the individual ones. Both data-
bases are derived from wide geographic regions,
encompass diverse practice types, and represent multiple
insurance plan types, between-database differences on
any of these individual factors may explain why the esti-
mates are numerically different between PharMetrics
and MarketScan.

Fig. 1 Lung NET Incidence Rate, Cases per Million Person-Yearsa. a In the combined database (adjusted for age and gender) the no. of cases per
million person-years was 13.0 (2011), 14.5 (2012), 15.9 (2013), and 16.2 (2014) for all patients. b Adjusted based on distribution of age among males
from both databases in 2014. c Adjusted based on distribution of age among females from both databases in 2014
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Estimates from the current study are consistent with
that reported from SEER for 2012 [10]. The incidence of
all NET was reported as 69.8 PMPY for 2012 and lung
NET as 16.3, and our combined, adjusted estimate was
16.2 PMPY in 2014 (although this rate from the combined
databases should be interpreted with caution since it ob-
scures differences between different sources). Although
these numbers are quite similar, comparing our results
directly to prior estimates presents several challenges.
First, we were able to use data through 2014, 2 years more
recent than SEER. Second, SEER, the source of data for
the 2008 and 2017 studies, is a coordinated system of
population-based cancer registries located across the US.
The SEER Program collects cancer incidence and survival
data from 18 geographic areas, together representing
about 1/4 of the US population [22]. The insurance claims
used in the present study, in contrast, are a convenience
sample, albeit an extremely large one. Based on informa-
tion provided by MarketScan and PharMetrics, the

combined databases have claims for a geographically dis-
persed sample representing about 1/3 of the US popula-
tion. Third, SEER includes patients of all ages; the current
study only included individuals 18–64 years of age. About
95% of individuals ≥65 are covered by Medicare [12]. A
small number of individuals in this age group would have
been available for inclusion in our study (e.g. they had
commercial insurance as the primary payer, and therefore,
their data were included in our databases), but they do
not represent typical Medicare-age individuals, and thus
were excluded from analysis. The incidence of NET is
twice as high in individuals ≥65 compared to those 50–64
[10]. Our estimates are thus likely to understate the actual
incidence and prevalence. Fourth, SEER registrars are
trained and provided with software to improve their ability
to accurately code reportable cancers. Claims coding is
performed by a mix of care providers and professional
coders. Fourth, the coding systems differ between SEER
and insurance claims. SEER currently uses the

Fig. 2 Lung NET Prevalence, Cases per Million/Yeara. a In the combined database (adjusted for age and gender) the no. of cases per million per year
was 14.6 (2009), 18.4 (2010), 21.3 (2011), 24.6 (2012), 26.9 (2013), and 28.5 (2014) for all patients. b Adjusted based on distribution of age among males
from both databases in 2014. c Adjusted based on distribution of age among females from both databases in 2014
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International Classification of Diseases for Oncology sys-
tem (ICD-O-3), whereas claims use ICD-9-CM (since
2015, ICD-10). While the systems can be mapped to each
other, the mapping is not one-to-one. NET represent an
unusual tumor type for which the traditional labels of be-
nign and malignant are a poor fit. While classification has
evolved considerably in the last several decades, NET are
now generally described by their anatomic location (e.g.,
GI or lung), degree of differentiation (either “well” or
“poorly”), and proliferative index (mitotic activity). Small,
well differentiated NET may thus have been overlooked
for inclusion into SEER [4]. Insurance claims, relying as
they do on ICD-9-CM codes, cannot be used to identify
stage or tumor size. Claims data cannot be used to identify
with certainty whether a case is truly incident or repre-
sents a patient who simply did not present for care for a
prolonged period. We required continuous enrollment for
2 years before the first NET claim to reduce this source of
uncertainty. Prevalent patients would have to have had no
care for their condition for more than 2 years to have been
incorrectly counted as incident cases. Other limitations of
insurance claims include the lack of information on race/
ethnicity or health behaviors that might explain the ob-
served rise in lung NET. Finally, we had no information
on occurrence of, timing, or cause of death, making it im-
possible to comment on survival.
Despite these differences and data limitations, both

the prior SEER study and the current study have identi-
fied some, although not entirely consistent, evidence of
increasing incidence and prevalence of lung NET. The
consistent pattern in 3 databases over more than 4 de-
cades strongly suggests the increase in lung NET cases is
not an artifact of the database chosen, the method used,
or changes in patient enrollment over time. Recent in-
creases in other cancer types have a variety of explana-
tions. At least some portion of the recent increases in
thyroid cancer appears to result from improved screen-
ing [23], but there also appears to be an underlying in-
crease in disease incidence as well [24]. In NET, multiple
mechanisms may be operating, and studies using other
sources of data will be required to determine the extent
to which each contributes to the observed rise.

Conclusions
The incidence and prevalence of lung NET appears to be
increasing over time, although in the current study the
gender- and database-specific findings are inconsistent.
Although lung cancer overall appears to be on the de-
cline in the US [25], an increase in NET in multiple ana-
tomic locations, including lung NET, has been observed
[10]. Pulmonologists, gastroenterologists, oncologists,
and other physicians may see patients with these tumors
with increasing frequency in years to come and may thus
need to become more familiar with its presentation and

treatment. Health plans will also see an increase in this
previously rare disease and should consider ways to ef-
fectively manage this population. Finally, because higher
incidence brings higher costs, studies assessing the in-
creasing economic burden of this disease are warranted.
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