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ABSTRACT

Background. Neuroendocrine tumors (NETs) can secrete hor-
monal peptides that lead to additional symptom burdens. How-
ever, it is largely unknown whether and to what extent the
additional symptom burdens translate into higher costs of care.
This study aimed to examine the cost pattern of elderly NET
patients during the first year of diagnosis, taking into account of
the carcinoid syndrome status.
Methods. We used Surveillance, Epidemiology, and End
Results Medicare data to identify elderly NET patients diag-
nosed between January 2003 and December 2011. Patients
who had at least two claims indicative of carcinoid syn-
drome during the 3 months before and after the NET diag-
nosis were considered to have carcinoid syndrome. We
adopted a payer’s perspective and quantified economic
outcomes using the following three measures: (a) total
Medicare reimbursement amount, (b) inpatient amount,

and (c) outpatient amount. We used a generalized linear
model (GLM) to examine the association between syn-
drome and costs.
Results. Our study cohort included 6,749 elderly NET well-
differentiated and moderately differentiated patients. Of these
patients, 5,633 (83%) were alive 1 year after diagnosis with con-
tinuous enrollment, and 1,116 (17%) died within 1 year. The
multivariable GLM showed significant association between the
syndrome and higher total, inpatient, and outpatient costs
among the group who survived the whole year; the association
was insignificant among the group who died within the first
year of diagnosis.
Conclusion. This population-based study showed that NET
patients with carcinoid syndrome incurred higher costs of care
especially among those who survived the first year of diagnosis.
The Oncologist 2017;22:1451–1462

Implications for Practice: This is the first population-based study that examines the health care costs associated with carcinoid
syndrome among neuroendocrine tumor patients. Among patients alive throughout the first year, the unadjusted analyses showed
that total median monthly costs were above $1,000 higher ($3,801 vs. $2,481) for patients with carcinoid syndrome compared with
patients without. A significant association was found between carcinoid syndrome and higher total inpatient and outpatient costs
among the group that survived the whole year even after controlling for clinical factors, treatment received, and demographics and
neighborhood socioeconomic status; the association was insignificant among the group that died within the first year of diagnosis.

INTRODUCTION

Neuroendocrine tumors (NETs) start from the hormone-
producing cells of the human body’s neuroendocrine system.
They can be found throughout the body and are usually catego-
rized based on either their anatomic location or their embry-
onic origin. The incidence of NETs has been steadily increasing.
The annual age-adjusted incidence of NETs increased more
than fivefold from 1973 (1.09/100,000) to 2004 (5.25/100,000)
[1]. A more recent study [2, 3] showed that the incidence is
continuing to increase, possibly due to advances in diagnostic
techniques such as computerized tomography and endoscopy
and higher awareness among clinicians. Meanwhile, the

prevalence is increasing even more substantially because the
survival of NET patients has improved significantly over time.
Such better survival rates of NET patients may have resulted
from more patients being diagnosed at an early stage and
lower grade, and also from evolution of systemic therapies for
distant stage patients.

NETs can secrete hormonal peptides that lead to a condi-
tion known as carcinoid syndrome [4]. Patients with carcinoid
syndrome bear additional symptom burdens such as flushing,
diarrhea, wheezing, and fibrotic valvular heart disease [5]. The
current recommended treatment for hormone secretion and
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associated symptoms involves the use of somatostatin ana-
logues, which can reduce, but not eliminate, the symptom bur-
den among the majority of patients [6–8]. Given the increasing
survival and prevalence of NETs, a large number of patients suf-
fer the symptom burden of carcinoid syndrome. However, it is
largely unknown whether and to what extent the additional
symptom burdens translate into higher costs of care. This study
aims to examine the cost pattern of elderly NET patients during
the first year of diagnosis, taking into account the presence of
carcinoid syndrome.

MATERIALS AND METHODS

Data Source
We used the Surveillance, Epidemiology, and End Results
(SEER) registry data linked with Medicare claims for this study.
The SEER program of the National Cancer Institute collects inci-
dence and survival data on all cancers in 18 selected geographic
areas and covered approximately 30% of the U.S. population
[9]. The SEER registry data includes information on patient
demographics, primary tumor site, tumor morphology and
stage at diagnosis, first course of treatment, and follow-up for
vital status. Offering linkage to Medicare claims data, the SEER-
Medicare data provides additional information on enrollment
to Medicare plans, the utilization of health care resources,
comorbidities, and other patient information such as neighbor-
hood socioeconomic status (SES). The SEER-Medicare database
is a widely used data source for the study of health care
resource utilizations in oncology and is considered to be repre-
sentative of the U.S. elderly population [10].

Study Cohort
We first selected patients diagnosed with NETs between Janu-
ary 1, 2003, and December 31, 2011, based on the Interna-
tional Classification of Diseases for Oncology, 3rd Edition (ICD-
O-3) codes: 8240, 8241, 8242, 8243, 8244, 8245, 8246, and
8249 (gastrointestinal and pulmonary carcinoids and neuroen-
docrine carcinomas). Then we excluded patients with pancreas
as their primary tumor site because while pancreatic NETs may
secrete hormones that cause secretory syndromes, they may
not produce the typical carcinoid syndrome. We also excluded
patients with stage in situ and patients less than 65 years old at
the time of diagnosis. Further, we required that the patients
have continuous Medicare Parts A and B enrollment and no
Health Management Organization (HMO) enrollment during
the 12 months before and the 12 months after the NETdiagno-
sis to ensure the completeness of medical claims used to cap-
ture patient comorbidities and utilization of health care
services, respectively, because when patients are enrolled in
HMOs, we do not have detailed claims information to capture
their utilization of health care services. Patients with poorly dif-
ferentiated neuroendocrine carcinomas and neuroendocrine
neoplasms of unspecified grade were excluded to provide a
homogeneous population of patients. The final study cohort
included 6,749 patients with well-differentiated and moder-
ately differentiated tumors. Supplemental online Fig. 1 is a
detailed flowchart for the inclusion and exclusion criteria of our
study cohort.

Costs of Care
We adopted a payer’s perspective and examined costs of care
based on Medicare payment amount. We examined three
types of costs: (a) total costs, (b) inpatients costs, and (c) outpa-
tient costs.We studied the average monthly Medicare payment
amount normalized to the first half of 2016 dollars based on
the medical care services consumer price index [11].

Key Explanatory Variable: Presence of Carcinoid
Syndrome
We identified patients with carcinoid syndrome based on the
following International Classification of Disease 9th Revision
(ICD-9) codes: flushing (782.62), diarrhea (564.5, 787.91), and
carcinoid syndrome (259.2). As in prior analyses [12, 13],
patients who had at least two claims with any of the above
mentioned ICD-9 codes during a 6 month time window
between 3 months before and 3 months after the NET diagno-
sis were considered to have carcinoid syndrome.

Other Explanatory Variables
We included clinical factors, treatment received, patient dem-
ographics, comorbidities, and neighborhood SES in our analy-
ses. The clinical factors included stage of the tumor (local/
regional, distant, and unknown), histological grade (well-
differentiated, moderately differentiated), tumor site (larynx,
bronchus, lung, trachea and other respiratory organs; cecum
and appendix; colon; small intestine; and all others). We
included the following four indicators for treatment received:
(a) chemotherapy (yes/no), (b) radiotherapy (yes/no), (c)
resection of primary tumors (yes/no), and (d) resection of
liver metastasis (yes/no). Patient demographics included age
(65–69, 70–74, 75–79, �80), gender (male, female), race/eth-
nicity (non-Hispanic white, non-Hispanic black, Hispanics or all
others), region (Northeast,West, Midwest, South), and urban/
rural status (metropolitan vs. nonmetropolitan). We used the
Deyo-Romano modified Charlson comorbidity score [14–16]
categorized into four groups: (a) zero, (b) one, (c) two, and (d)
at least three. We also considered neighborhood SES based
on three measures in terms of the following quartiles: (a) per-
cent with at least high school education, (b) median house-
hold income, and (c) percent living in poverty.

Statistical Analysis
We provided the descriptive statistics for the study sample by
whether the patients survived throughout the first year of diag-
nosis. We conducted separate analyses for patients who were
alive throughout the year after diagnosis and patients who died
within a year because these patients have very different cost
patterns due to the high cost of terminal care. We compared
the group difference by the presence of carcinoid syndrome
using chi-square statistics. For comparison of costs, we used
the Wilcoxon-Mann-Whitney test; for the occurrence of emer-
gency room (ER) admissions and hospitalizations, we used the
chi-square test.

We used a generalized linear model (GLM) with log link
function and gamma distribution for the multivariable regres-
sion analyses of costs. The estimated impact in term of dollars,
the 95% confidence interval, and p values are presented. As
explained above, we separately analyzed the cost pattern of
patients who survived the whole first year after diagnosis and
patients who died within a year.
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Table 1. Description of the study sample by vital status and whether carcinoid syndrome was observed

Alive throughout the first year Dead within the first year

Covariates
With
syndrome

Without
syndrome p value

With
syndrome

Without
syndrome p value

All, n (%) 1,189 (21.11%) 4,444 (78.89%) 296 (26.52%) 820 (73.48%)

Demographic and clinical factors

Age, n (%) .227 .93

<70 315 (21.65%) 1,140 (78.35%) 40 (27.78%) 104 (72.22%)

70–74 310 (20.21%) 1,224 (79.79%) 61 (27.11%) 164 (72.89%)

75–79 259 (19.88%) 1,044 (80.12%) 68 (25.09%) 203 (74.91%)

�80 305 (22.74%) 1,036 (77.26%) 127 (26.68%) 349 (73.32%)

Gender, n (%) .703 .003

Male 481 (20.86%) 1,825 (79.14%) 116 (22.35%) 403 (77.65%)

Female 708 (21.28%) 2,619 (78.72%) 180 (30.15%) 417 (69.85%)

Race, n (%) < .001 .032

Non-Hispanic white 997 (22.42%) 3,450 (77.58%) 249 (28.33%) 630 (71.67%)

Non-Hispanic black 99 (16.50%) 501 (83.50%) 27 (19.85%) 109 (80.15%)

Hispanic or others 93 (15.87%) 493 (84.13%) 20 (19.80%) 81 (80.20%)

Histologic stage, n (%) < .001 < .001

Localized 381 (11.90%) 2,822 (88.10%) 65 (16.09%) 339 (83.91%)

Regional 337 (32.16%) 711 (67.84%) 49 (25.26%) 145 (74.74%)

Distant 290 (43.41%) 378 (56.59%) 94 (34.56%) 178 (65.44%)

Unstaged or unknown 181 (25.35%) 533 (74.65%) 88 (35.77%) 158 (64.23%)

Grade, n (%) .015 .015

Well-differentiated 1,092 (21.55%) 3975 (78.45%) 265 (27.87%) 686 (72.13%)

Moderately differentiated 97 (17.14%) 469 (82.86%) 31 (18.79%) 134 (81.21%)

Census tract % below poverty level in quartile, n (%) .025 .099

1st quartile 293 (20.75%) 1,119 (79.25%) 72 (29.75%) 170 (70.25%)

2nd quartile 343 (23.87%) 1,094 (76.13%) 75 (26.13%) 212 (73.87%)

3rd quartile 276 (19.71%) 1,124 (80.29%) 83 (29.43%) 199 (70.57%)

4th quartile 277 (20.01%) 1,107 (79.99%) 66 (21.64%) 239 (78.36%)

Census tract median income in quartile, n (%) .088 .416

1st quartile 284 (19.57%) 1,167 (80.43%) 81 (25.00%) 243 (75.00%)

2nd quartile 284 (20.13%) 1,127 (79.87%) 74 (25.00%) 222 (75.00%)

3rd quartile 300 (21.69%) 1,083 (78.31%) 70 (26.42%) 195 (73.58%)

4th quartile 321 (23.13%) 1,067 (76.87%) 71 (30.74%) 160 (69.26%)

Census tract % with at least high school
diploma education in quartile, n (%)

.847 .476

1st quartile 290 (20.60%) 1,118 (79.40%) 69 (23.79%) 221 (76.21%)

2nd quartile 298 (21.61%) 1,081 (78.39%) 82 (27.15%) 220 (72.85%)

3rd quartile 307 (21.59%) 1,115 (78.41%) 83 (29.43%) 199 (70.57%)

4th quartile 294 (20.65%) 1,130 (79.35%) 62 (25.62%) 180 (74.38%)

Comorbidity score, n (%) .142 .003

0 593 (22.45%) 2,049 (77.55%) 108 (33.54%) 214 (66.46%)

1 307 (19.72%) 1,250 (80.28%) 74 (26.91%) 201 (73.09%)

2 144 (20.25%) 567 (79.75%) 37 (20.90%) 140 (79.10%)

�3 145 (20.06%) 578 (79.94%) 77 (22.51%) 265 (77.49%)

Region, n (%) .093 .182

Midwest 146 (18.67%) 636 (81.33%) 40 (23.39%) 131 (76.61%)

Northeast 247 (21.24%) 916 (78.76%) 58 (29.59%) 138 (70.41%)

(continued)
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To examine the time trend of incurred cost during the year,
we provided figures showing the total, inpatient, and outpa-
tient costs incurred in each month after diagnosis for the fol-
lowing five groups of NET patients: (a) patients who were alive
throughout the whole year, (b) patients who died within 3
months, (c) patients who died within 6 months, (d) patients

who died within 9 months, and (e) patients who died within 12
months.

All statistical analyses were conducted in SAS Enterprise
Guide 6.1 (analytical software; SAS Institute, Cary, NC, http://
www.sas.com).The Institutional Review Board at The University
of Texas MD Anderson Cancer Center exempted this study for

Table 1. (continued)

Alive throughout the first year Dead within the first year

Covariates
With
syndrome

Without
syndrome p value

With
syndrome

Without
syndrome p value

South 291 (20.11%) 1,156 (79.89%) 91 (29.84%) 214 (70.16%)

West 505 (22.53%) 1,736 (77.47%) 107 (24.10%) 337 (75.90%)

Site, n (%) < .001 < .001

Cecum and appendix 75 (36.76%) 129 (63.24%) 18 (40.00%) 27 (60.00%)

Colon 102 (10.79%) 843 (89.21%) 22 (23.16%) 73 (76.84%)

Larynx, bronchus, 149 (9.55%) 1,412 (90.45%) 31 (12.02%) 227 (87.98%)

Others 248 (24.48%) 765 (75.52%) 124 (40.52%) 182 (59.48%)

Small intestine 614 (32.28%) 1,288 (67.72%) 101 (24.75%) 307 (75.25%)

Urban/rural status, n (%) .138 .806

Metropolitan 1,011 (21.46%) 3,699 (78.54%) 248 (26.38%) 692 (73.62%)

Nonmetropolitan 178 (19.28%) 745 (80.72%) 48 (27.27%) 128 (72.73%)

Chemotherapy, n (%) < .001 .246

Yes 212 (34.87%) 396 (65.13%) 49 (30.25%) 113 (69.75%)

No 977 (19.44%) 4,048 (80.56%) 247 (25.89%) 707 (74.11%)

Radiotherapy, n (%) .149 .074

Yes 53 (17.79%) 245 (82.21%) 19 (19.00%) 81 (81.00%)

No 1,136 (21.29%) 4199 (78.71%) 277 (27.26%) 739 (72.74%)

Resection of liver metastasis, n (%) < .001 .591

Yes 50 (50.51%) 49 (49.49%) Maskeda Maskeda

No 1,139 (20.58%) 4395 (79.42%) 292 (26.45%) 812 (73.55%)

Resection of primary tumors, n (%) .005 .045

Yes 819 (20.16%) 3,244 (79.84%) 120 (23.62%) 388 (76.38%)

No 370 (23.57%) 1200 (76.43%) 176 (28.95%) 432 (71.05%)

Total monthly costs < .0001 .411

Mean (SD) 4,658.18
(3,730.74)

3,170.32
(3,254.10)

17,427.40
(16,658.5)

18,058.28
(18,760.7)

Median 3801.85 2481.17 13,164.34 12392.73

Outpatient monthly costs < .0001 .0002

Mean (SD) 1,834.62
(1,768.50)

1,041.62
(1,174.87)

2,430.34
(2,538.51)

2,100.98
(2,531.48)

Median 1,150.93 678.63 1,966.77 1258.73

Inpatient monthly costs < .0001 .6064

Mean (SD) 2,823.56
(3,058.87)

2,128.70
(2,759.83)

14,997.06
(17,165.3)

15,957.30
(19,348.3)

Median 2,254.41 1625.35 10,665.19 10030.16

Any ER admissions, n (%) < .001 .068

Yes 496 (26.78%) 1356 (73.22%) 201 (28.35%) 508 (71.65%)

No 693 (18.33%) 3088 (81.67%) 95 (23.34%) 312 (76.66%)

Any hospitalizations, n (%) < .001 .007

Yes 947 (23.39%) 3102 (76.61%) 263 (28.10%) 673 (71.90%)

No 242 (15.28%) 1342 (84.72%) 33 (18.33%) 147 (81.67%)
aMasked per Surveillance, Epidemiology, and End Results-Medicare user agreement for confidentiality.
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approval because all patients in the database had been
deidentified.

Results
Table 1 provides the descriptive statistics of the study sample by
vital status and whether carcinoid syndrome was present. There
were 5,633 patients who were alive throughout the first year
and 1,116 patients who died within the first year of diagnosis.
Among the patients that survived the whole first year after diag-
nosis, 1,189 (21%) had carcinoid syndrome; there were group
differences in terms of the presence of carcinoid syndrome by
gender; race; histologic stage; grade; primary tumor site; and
treatment received, including chemotherapy, radiotherapy, and
resection of liver metastasis. Among the group who died within
the first year, 296 (26.5%) had carcinoid syndrome. In this
group, we found differences in the proportion with carcinoid
syndrome by gender, comorbidities, histologic stage, grade, pri-
mary tumor site, radiotherapy, and resection of primary tumors.

More importantly, Table 1 shows that there are significant
differences in terms of costs for patients with and without car-
cinoid syndrome. Among the cohort who survived the whole
first year after diagnosis, the patients with carcinoid syndrome
had a median monthly total cost of $3,802, which is signifi-
cantly higher (p< .0001) than $2,481 for patients without syn-
drome. Both outpatient and inpatient median monthly costs
were also significantly higher (p< .0001) for patients with car-
cinoid syndrome compared with those without syndrome
($1,151 vs. $679 and $2,254 vs. $1,625, respectively). Similarly,
among patients who died within the first year, the presence of
carcinoid syndrome was associated with higher costs. Patients
who died within the year had much higher monthly costs than
patients who survived the first year as expected.We also found
that among patients who survived the first year, those with the
syndrome were significantly (p< .001) more likely to have ER
admissions and hospitalization; among patients who died
within the first year, the association remained significant

Figure 1. (A): Total costs by month after diagnosis. (B): Inpatient costs by month after diagnosis. (C): Outpatient costs by month after diagnosis.
Abbreviations: syndrome, carcinoid syndrome.
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(p 5 .007) for hospitalizations but was insignificant (p 5 .068)
for ER admissions.

The results from the multivariable GLM analyses are pre-
sented in Table 2 and Table 3 for the cohort alive throughout
the first year and the cohort who died within the first year,
respectively. Among patients alive throughout the first year of
diagnosis, carcinoid syndrome was associated with significantly
higher total costs ($505), higher inpatient costs ($188), and
higher outpatient costs ($294), with p values less than .005
even after controlling for clinical factors, treatment received,
patient demographics, comorbidities, and neighborhood SES.
The analyses also showed that the comorbidities had a large
impact on the health care costs. Patients who had a comorbid-
ity score above two were estimated to incur $594 more total
monthly costs compared with patients who had zero comorbid-
ity. Patients with distant stage NET had higher overall, inpatient,
and outpatient costs than patients who had local or regional
stage disease ($532, p< .001; $242, p 5 .002; and $303,
p< .001, respectively).

Among the group who died within the first year of diagno-
sis, the association between carcinoid syndrome and costs
were much less prominent. The associations for total, inpatient,
and outpatient monthly costs were no longer significant at p

values of 0.535, 0.669, and 0.1, respectively.
Figure 1A–1C depict the time trend pattern of monthly

costs during the first year of diagnosis for total, inpatient,
and outpatient costs. Figure 1A shows that all patients
incurred high costs in the initial months; patients who sur-
vived the whole year had much lower costs after the initial
time period, while patients who died within the first year
incurred high costs towards the end of life and showed a
classic U-shape with high costs during initial and terminal
phases. Figure 1A also shows that patients with carcinoid
syndrome had higher costs than patients without. Figure 1B
showed a similar time trend for inpatient costs. Patient
who survived the whole year had a downward trend in
inpatient costs, while patients who died had a U-shaped
curve. The difference between patients with and without
syndrome was not as obvious as in Figure 1A. Figure 1C
shows the pattern for outpatient costs. It is interesting that
among patients alive throughout the first year, those with-
out the syndrome had a substantial drop in outpatient
costs, while patients with the syndrome maintained a stable
outpatient cost during the year. Figure 1C also showed that
the outpatient costs for patients who died within the year

did not show the U-shape observed in total and inpatient
costs.

DISCUSSION

This study is the first one in the literature that examines the
health care costs associated with carcinoid syndrome among
NET patients. We compared the overall, inpatient, and outpa-
tient costs between patients with and without the syndrome
from the payer’s perspective. We separately analyzed patients
who survived the first year of diagnosis and patients who died
within the first year. Among patients alive throughout the first
year, the unadjusted analyses showed that total median
monthly costs were above $1,000 higher ($3,801 vs. $2,481)
for patients with the syndrome compared with patients with-
out, with approximately half of the difference each coming
from inpatient and outpatient costs. We found that carcinoid
syndrome was significantly associated with higher health care
costs including overall, inpatient and outpatient costs even
after controlling for clinical factors, treatment received, demo-
graphics, and neighborhood SES among patients alive through-
out the first year. We found that patients with a comorbidity
score above two incurred much higher costs compared to
patients who had no comorbidities. This finding is consistent
with the literature on the impact of comorbidities on health
care costs among cancer patients. For example, one study on
newly diagnosed cancer patients found that patients with four
or more comorbid conditions were much more likely (OR5 2.5,
95% CI: 2.26 to 2.76) to be in the top 10% in terms of health
spending [17]. Another study estimated that the increase in
cancer treatment cost associated with the chronic conditions
during the first 6 months after cancer diagnosis ranged from
$4,385 for cardiac disease to $11,009 for mental health disor-
ders [18]. Our estimates of increase in health care costs per
month ranging from $296 to $1,359 depending on the number
of comorbidities is in line with the above estimates and con-
firms the large impact of comorbidities on health care costs in
the NETpopulation.

As patients with the syndrome were much more likely to
receive somatostatin analog, which could be a major source of
higher cost, we further examined the overall, inpatient, and
outpatient costs, excluding somatostatin analog related claims.
We identified claims related to somatostatin analog usage
based on Healthcare Common Procedure Coding System codes
(J-2353, J-2352, J-1930) and National Drug Code codes

Table 4. Comparison of the non-somatostatin-analogue-related costs between patients with or without syndrome in the
cohort alive throughout the first year

With syndrome (n 5 1,092) Without syndrome (n 5 3,975) p value

Total monthly costs excluding somatostatin-analogue-related costs ($) < .0001

Mean (SD) 4,073.78 (3,501.48) 3,121.87 (3,232.27)

Median 3,318.23 2,437.81

Outpatient monthly costs excluding somatostatin-analogue-related costs ($) < .0001

Mean (SD) 1,252.69 (1,289.17) 993.32(1,127.85)

Median 868.41 664.08

Inpatient monthly costs excluding somatostatin-analogue -related costs ($) < .0001

Mean (SD) 2,821.09 (3,051.76) 2,128.55 (2,759.75)

Median 2,251.39 1,625.35
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(00078034061, 00078034084, 00078034161, 00078034184,
00078034261, 00078034284, 15054006001, 15054009001,
15054012001, 15054012002). The detailed results are pre-
sented in Table 4. We found that the median overall monthly
cost of patients with the syndrome was reduced by about $600
a month after excluding somatostatin analog-related costs with
most of the difference originating from outpatient costs, while
the median costs for patients without the syndrome did not
change much after the exclusion. After excluding somatostatin
analog-related costs, the difference in outpatient costs was
much smaller at around $200. However, patients with the syn-
drome still had higher inpatient costs than patients without the
syndrome. It suggests that patients with the syndrome have a
higher disease burden even after controlling for the use of
symptom control drugs, or that initial therapy involves more
frequent use of surgery and/or selective internal radiotherapy
in the inpatient setting to reduce symptom burden in patients
with carcinoid syndrome. This is in line with our finding in Table
1 that patients with the syndrome were much more likely to
have ER admission and hospitalizations. This could be related to
delayed initiation of somatostatin analogue therapy after diag-
nosis. Secondly, even in patients initiated on somatostatin ana-
logue therapy, they could be on subtherapeutic doses. In fact,
we have previously shown that the majority of elderly patients
with carcinoid syndrome do not have somatostatin analogue
therapy initiated within the first 6 months after diagnosis [19],
and even in those who received somatostatin analogue ther-
apy, 36% received dosages lower than the recommended
20 mg per 28 days [20]. Further, data from clinical studies of
octreotide showed that patients who received appropriate
therapy may have improved but still residual diarrhea [8].
Finally, these inpatient admissions and ER visits could be
related to other complications of carcinoid syndrome, such as
abdominal cramping or carcinoid heart disease.

Patients who died within the first year incurred much
higher costs, with total monthly costs above $15,000 regardless
of carcinoid syndrome presence. Among this group, after
adjusting for clinical factors, treatment received, demographics,
and neighborhood SES, the significant association between car-
cinoid syndrome and costs vanished. This is probably due to the
overwhelmingly higher cost of terminal care, which is often
accompanied by more frequent hospital admissions than ear-
lier phases of disease.

Additionally, we showed the time pattern of health care
costs incurred during the first year. All NET patients incurred
very high costs during the initial months, when a substantial
amount of diagnostic testing and possible interventions (such
as surgeries) occur. The total cost in the first month was above
$10,000 for almost all patients and was above $30,000 for
some groups. Patients who survived had a clear downward
trend in total costs, stabilizing around $3,000 in later months,
while patients who died had the typical U-shaped curve show-
ing high terminal care costs. The figures also showed that the
high terminal care was mostly originated from high inpatient
costs, while outpatient costs were much lower. One interesting
observation is that among patients who survived the whole
year, outpatient costs dropped significantly towards the later
months for those who did not have carcinoid syndrome, while
outpatient costs remained high during the whole year for
those who had carcinoid syndrome. This is probably because

some patients who did not have syndrome might have been
on active surveillance without much need for office visits,
while patients with the syndrome visited the physician’s office
regularly for somatostatin analogues treatment to control the
symptoms. Additionally, since carcinoid syndrome is generally
associated with more advanced stages of disease, it is possible
that patients with carcinoid syndrome were seen more often
due to complications of more advanced disease.

Our study is based on SEER-Medicare data and, therefore,
has the limitations common among observational studies. First,
the presence of carcinoid syndrome was derived from Medi-
care claims. It is possible that there might be miscoding and
inaccuracies in the claims. Second, in this study we focused on
the health care costs of NET patients during the first year after
diagnosis, for which we have sufficient complete data. In exam-
ining the health care cost time pattern for patients who sur-
vived the full year and patients who died within the year, we
found that patients who survived the first year had relatively
stable costs during the second half of the year, while patients
who died showed high terminal care costs. Therefore, we expect
that patients who survived for more than 1 year will continue to
have reasonably stable health care costs at a level close to the
end of the first year until they reach their terminal phase when
the costs rise up again. Last, we focused on elderly patients
because the data source used was SEER-Medicare and the Med-
icare program mainly covers patients above 65 years old. This
may limit the generalizability of this study to younger groups
who are more likely to have private insurance, possibly of great-
est relevance in thymic and appendiceal NETs, which have
younger median ages of diagnosis. Nevertheless, as Medicare is
the single largest payer for health care in the U.S. and Medicare
reimbursement rate is widely accepted as a benchmark in the
industry, studying the health care costs from the perspective of
Medicare is common and widely accepted in the literature [21].

Of particular note, the temporal pattern of resource utiliza-
tion is different for patients with carcinoid syndrome as com-
pared with that of patients with nonfunctional tumors.
Therefore, it is less likely that patients with carcinoid syndrome
merely represent a more advanced stage of the same disease,
and, rather, suggests that carcinoid syndrome is an independ-
ent predictor of health care costs. An economic argument for
improved carcinoid syndrome control is therefore feasible,
depending upon the cost of any intervention to further reduce
symptom burden and the resultant health care costs.

CONCLUSION
This study demonstrated and quantified for the first time in the
literature the additional costs associated with carcinoid syn-
drome in elderly NET patients during the first year of diagnosis.
Such information may help stakeholders in the health care
industry to efficiently allocate resources for NET patients.
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