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Abstract
AIM: To examine healthcare resource utilization 
patterns and costs accrued by carcinoid syndrome (CS) 
patients with and without diarrhea.

METHODS: We conducted a retrospective cohort study 
using MarketScan® data from 1/1/2002-12/31/2012. 
Newly diagnosed CS patients had 1 medical claim for 
CS (ICD-9-CM code 259.2) plus either ≥ 1 additional 
claim for CS or for carcinoid tumors (ICD-9-CM 209.
x), and had no evidence of CS for 1 year prior to index 
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INTRODUCTION
Neuroendocrine tumors (NETs), historically known as 
carcinoids, are rare lesions that originate in clusters of 
secretory cells in the gastrointestinal, respiratory, and 
urogenital tracts and are typically indolent in nature[1]. 
These neoplasms produce peptides and neuroamines 
that induce characteristic hormonal syndromes, 
including carcinoid syndrome (CS)[2,3]. NETs comprised 
0.66% of malignancies in the United States from 
1973 to 2004[1]. An analysis of the Surveillance, 
Epidemiology, and End Results (SEER) database found 
that the incidence of NETs has increased from 1.09 
per 100000 individuals in 1973 to 5.25 per 100000 in 
2004, with a prevalence of NETs in the United States 
may exceed 100000[4].

The classic description of CS by Oberndofer[5,6] 
in 1907 included the triad of diarrhea, flushing, and 
bronchospasm. In a prospective single-institution 
database of over 900 patients with NETs, Ter-Minassian 
et al[7] found that diarrhea, abdominal pain, and 
flushing were the most common presenting symptoms. 
Of the myriad of symptoms that afflict patients with 
CS, diarrhea appears to have a particularly profound 
impact on patients’ sense of well-being. Based on 
surveys using the RAND version of the Short Form-36 
(SF-36) and the Patient-Reported Outcomes Measure-
ment Information System (PROMIS-29), patients with 
CS experience worse quality of life (QOL) compared 
to the general population and to other cancer patients 
and survivors. Those with uncontrolled diarrhea have 
reported even poorer QOL[8].

The healthcare and economic burden of diarrhea 
in CS patients has not been previously quantified. The 
goal of the current study was to examine healthcare 
resource utilization (HRU) patterns and healthcare 
costs accrued by CS patients with and without diarrhea 
in an insured United States population.

MATERIALS AND METHODS
Data source
We conducted a cross-sectional, retrospective cohort 
study of newly diagnosed patients with CS using the 
Truven Health Analytics MarketScan® Database, using 
data between January 1, 2002 and December 31, 
2012. In 2007, this claims database contained data for 
approximately 23 million employer-insured beneficiaries 
in the United States. The database includes patient-
level medical and pharmacy claims submitted by large 
employers, managed care organizations, hospitals, 

Broder MS et al . Economic impact of diarrhea in CS

2119 February 14, 2016|Volume 22|Issue 6|WJG|www.wjgnet.com

CS diagnosis, in commercially-insured patients < 65 
years old. Patients were required to have continuous 
enrollment one year prior and after index date (first 
claim with CS diagnosis in the ID period). We identified 
patients with evidence of non-infectious diarrhea (ICD-
9-CM codes 564.5 and 787.91) within one year from the 
index date. Overall and CS-related healthcare resource 
utilization and costs were compared between patients 
with and without non-infectious diarrhea during the 
one year period after the index date. 

RESULTS: There were 2822 newly diagnosed CS 
patients; 534 (18.9%) had evidence of non-infectious 
diarrhea. Compared to patients without non-infectious 
diarrhea, non-infectious diarrhea patients more 
commonly had at ≥ 1 CS-related hospitalization 
(13.7% vs  7.2%), ≥ 1 CS-related ED visit (11.0% vs  
4.4%), and CS-related office visits in one year (6.9 vs  
4.1; all P  < 0.001). After adjusting for demographics, 
region, number of chronic conditions and the Charlson 
Comorbidity Index, the proportions of patients with 
any and with CS-related hospitalizations were 9.7% 
and 6.8% higher, respectively, among non-infectious 
diarrhea patients compared to those with without non-
infectious diarrhea (P  < 0.001). Unadjusted costs were 
significantly higher among non-infectious diarrhea 
patients vs  those without non-infectious diarrhea. The 
non-infectious diarrhea group was also more costly, 
with adjusted mean annual costs of $81610, compared 
to $51719 in the group without non-infectious diarrhea 
(P  < 0.001). 

CONCLUSION: Diarrhea is burdensome and costly 
in CS patients. Reduction of CS-related healthcare 
expenditures may be achievable through preventive 
treatment and appropriate management of diarrhea in 
CS.

Key words: Carcinoid; Neuroendocrine tumor; Diarrhea; 
Cost; Healthcare resource utilization

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Healthcare resource utilization patterns and 
costs accrued by carcinoid syndrome (CS) patients with 
and without diarrhea have not been well described. 
We examined newly diagnosed CS patients using 
MarketScan® commercial claims data from 2003-2012 
and found that non-infectious diarrhea (NID) is 
particularly burdensome and costly in CS patients. 
The adjusted proportions of patients with any and 
with CS-related hospitalizations were 9.7% and 6.8% 
higher in patients with NID than in those with no NID, 
respectively (P  < 0.001). The NID group was also 
significantly more costly, with adjusted mean annual 
healthcare costs of $81610, compared to $51719 in the 
no NID group (P  < 0.001). 
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and Medicare and Medicaid programs. It contains 
longitudinal records of reimbursable services by 
insurance, including medical claims (hospital stays, 
outpatient visits, emergency department visits, home 
care services, laboratory and imaging services) and 
pharmacy claims (outpatient prescription drug claims). 
Claims include information on each physician visit, 
medical procedure, hospitalization, drugs dispensed, 
dates of service, number of days of medication 
supplied, test performed, and complete payment 
information. Each medical claim has a principal 
diagnosis and secondary diagnoses codes associated 
with it. Available patient demographic information 
includes age, gender, and geographic region. The 
database also includes enrollment information such as 
date of enrollment and disenrollment. The database is 
fully compliant with the Health Insurance Portability and 
Accountability Act (HIPAA) and meets the criteria for 
a limited-use dataset. Since the patient and provider 
data included in this analysis were fully de-identified, 
this study was considered exempt from approval by the 
Institutional Review Board.

Cohort selection
The study cohort comprised newly diagnosed patients 
with CS. Patients with a diagnosis of CS were identified 
if they had a medical claim for CS [International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) code 259.2] between January 
1, 2003 and December 31, 2011 [the identification 
(ID) period][9]. A single diagnosis code in claims may 
represent services provided to rule out a diagnosis. 
To increase the specificity of our cohort selection 
algorithm, we further required that eligible patients 
have either at least one additional claim for (1) CS; 
or (2) carcinoid tumors (ICD-9-CM 209.x), in any 
diagnostic field during the ID period. The date of the 
first claim with a diagnosis code for CS in the ID period 
was defined as the index date. To ensure the study 
population only included newly diagnosed cases of 
CS, patients were required to have no claims with a 
diagnosis code for CS during the year prior to the index 
date (disease-free period). All patients were followed 
for one year after the index date (study period). 
Patients were excluded if they were not continuously 
enrolled both during the disease-free period and for 
one year following the index date. 

Study measures
Among all identified newly diagnosed CS patients, 
we identified patients with at least one claim for 
non-infectious diarrhea (ICD-9-CM codes 564.5 and 
787.91) in any diagnosis field. We grouped CS patients 
according to whether or not they had experienced non-
infectious diarrhea. 

Patient demographic characteristics (age, gender, 
United States census region) were derived from the 
enrollment files. Baseline measures of disease burden 
were also included in the analysis. First, we calculated 

the Charlson Comorbidity Index by examining the 
ICD-9-CM diagnostic codes appearing in medical 
claims within one-year prior to the index date[10]. 
The Charlson Comorbidity Index is calculated using 
weights for comorbidities derived from medical claims 
through a validated prediction formula for 1-year 
mortality. Second, the number of chronic conditions 
experienced by each patient within one-year prior to 
the index date was calculated using the Healthcare 
Cost and Utilization Project Chronic Condition Indicator 
(CCI)[9,11]. The CCI is a validated index which captures 
chronic conditions that last at least one year, and place 
limitations on self-care, independent living, and social 
interactions, or require ongoing medical care or special 
equipment.

HRU, including hospitalizations, emergency 
department (ED) visits, and physician office visits, was 
identified in medical claims during the study period. 
We examined the overall annual HRU related to any 
diagnosis occurring in the same period. In addition, we 
identified HRU related to CS based on claims with a 
primary diagnosis associated with carcinoid syndrome, 
CS-related symptoms, or carcinoid tumor progression. 
CS-related symptoms were identified with claims for 
non-infectious diarrhea (564.5, 787.91), nausea/
vomiting (787.0x), flushing (782.62), asthma (493.
x), dyspnea/wheezing (786.0x), cardiac palpitations 
(785.1), hypotension (458.0x), asthenia/fatigue 
(728.87, 780.71, 780.79), and dizziness (780.4). 
Carcinoid tumor progression was identified with claims 
for intestinal obstruction (560.0, 560.2, 560.9). 

Cumulative annual healthcare costs were summed 
up for each patient from the index date. Costs were 
reported as total costs. In addition, we disaggregated 
the costs into medical costs (defined as costs related 
to medical claims), pharmacy costs (defined as related 
to pharmacy claims), inpatient hospitalization costs, 
ED visit costs, and outpatient (non-ED) costs.

Analyses
Descriptive statistics were conducted for all study 
measures. We reported means and SDs for continuous 
variables, and patient counts and percentages for 
categorical variables. To compare differences between 
groups with and without non-infectious diarrhea, 
χ 2 tests or t-tests were used for categorical and 
continuous variables, respectively. Our three key 
outcomes of interest were overall and CS-related 
hospitalizations, and total healthcare costs. We 
conducted multivariate analyses to compare the risk 
of overall and CS-related hospitalizations, and total 
healthcare costs between patients with and without 
non-infectious diarrhea. To model number of inpatient 
hospitalizations and number of ED visits, we used 
negative binomial models. All models were adjusted 
for age, gender, CCI, Charlson comorbidity index, and 
census region. 

Costs were adjusted to 2012 United States dollars 
(the latest year of data in the study database) using 
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Of the total study cohort, 534 patients (18.9%) had at 
least one claim associated with non-infectious diarrhea. 
There were no significant differences between those 
with non-infectious diarrhea and those without when 
considering age, geographic region and Charlson 
Comorbidity Index. A significantly higher number of 
chronic conditions was observed among those with 
diarrhea compared to those without (4.0 vs 3.4, p < 
0.001). Additionally, a higher percentage of patients 
with diarrhea were female compared to those without 
(62.4% vs 55.6%, p = 0.005) (Table 1).

Unadjusted healthcare resource utilization and costs
CS patients with diarrhea had significantly higher rates 
of unadjusted healthcare resource utilization compared 
to patients without diarrhea (Table 2). In comparison 
to those without diarrhea, those with diarrhea more 
commonly had at least one hospitalization (49.6% 
vs 39.6%, p < 0.001), at least one ED visit for any 
cause (37.6% vs 20.9%, p < 0.001), as well as more 
all-cause office visits in one year (25.5 vs 18.7, p 
< 0.001). Moreover, the mean duration of all-cause 
hospitalization among patients with diarrhea was 
longer than in those without diarrhea (11.6 d vs 8.0 d, 
p < 0.001).

Similar trends were observed in unadjusted CS-
related healthcare resource utilization. Compared to 
patients without diarrhea, patients with diarrhea more 
commonly had at least one CS-related hospitalization 
(13.7% vs 7.2%, p < 0.001), at least one CS-
related ED visit (11.0% vs 4.4%, p < 0.001), as well 

the medical care components of the Consumer Price 
Index. All reported p values are two-sided with a 
significance level of 0.05. To compare costs between 
patients with and without non-infectious diarrhea, 
we used multivariate analyses to adjust for baseline 
characteristics, including age, gender, region, number 
of chronic conditions and the Charlson Comorbidity 
Index. We used linear regression models to estimate 
overall healthcare costs, pharmacy costs, non-
pharmacy costs, outpatient non-ED costs, and number 
of office visits, and logistic regression models for 
risk of inpatient hospitalization and ED visits. As the 
majority patients had no hospitalization or ED visit, we 
used a 2-step approach to estimate adjusted inpatient 
and ED costs. We first conducted logistic regression 
models to estimate the risk of an event then used 
linear regression to estimate the adjusted costs among 
patients who had such event. Data transformations 
and statistical analyses were performed using SAS® 
version 9.4 (SAS Institute, Cary, NC).

RESULTS
Baseline characteristics
The overall study cohort included 2822 patients newly 
diagnosed with CS (Figure 1). Mean age among 
patients was 51.5 years, 56.9% were women and 
43.0% lived in the southern United States. Patients 
had a mean Charlson Comorbidity Index of 3.6 and 
were diagnosed with a mean 3.5 chronic conditions. 
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12279 Patients with at least one  
medical claim with diagnosis 

for carcinoid syndrome in 
2003-2011

7253 Eligible for inclusion

 6991 Eligible for inclusion

Study Cohort (n  = 2822)

5026 Patients had no additional 
medical claim with diagnosis for 
carcinoid syndrome or carcinoid 

tumor

262 Patients were not newly 
diagnosed with carcinoid 

syndrome

4169 Patients were not 
continuously enrolled starting 

from 1 yr pre-index date to 1 yr 
after the index date1

Figure 1  Flow diagram of study cohort. 1The first claim with a diagnosis 
code for carcinoid syndrome during 2003-2011 was defined as the index date.

Table 1  Baseline characteristics of patients with carcinoid 
syndrome, stratified by evidence of non-infectious diarrhea

With non-
infectious 
diarrhea

Without non-
infectious 
diarrhea

All newly 
diagnosed CS 

patients

P  value

n  = 534 n  = 2288 n  = 2822

Age, yr 51.3 ± 9.9 51.6 ± 10.1 51.5 ± 10.1    0.639
Charlson 
comorbidity 
index

  3.7 ± 3.9 3.6 ± 3.8 3.6 ± 3.8    0.643

No. of chronic 
conditions

  4.0 ± 2.4 3.4 ± 2.0 3.5 ± 2.1 < 0.001

Age group, yr    0.120
   ≤ 17   1 (0.2)   22 (1.0)   23 (0.8)
   18-24   8 (1.5)   30 (1.3)   38 (1.3)
   25-34 33 (6.2) 114 (5.0) 147 (5.2)
   35-44   80 (15.0)   279 (12.2)   359 (12.7)
   45-54 157 (29.4)   752 (32.9)   909 (32.2)
   55-64 255 (47.8) 1091 (47.7) 1346 (47.7)
Sex    0.005
   Female 333 (62.4) 1273 (55.6) 1606 (56.9)
Region    0.961
   North Central 134 (25.1)   563 (24.6)   697 (24.7)
   Northeast   86 (16.1)   358 (15.6)   444 (15.7)
   South 224 (41.9)   989 (43.2) 1213 (43.0)
   West   90 (16.9)   378 (16.5)   468 (16.6)

Data are expressed as absolute numbers (percentage) or mean ± SD. CS: 
Carcinoid syndrome.
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as more CS-related office visits in one year (6.9 vs 
4.1, p < 0.001). The mean duration of CS-related 
hospitalization among patients with diarrhea was also 
longer than in those without diarrhea (7.4 d vs 5.5 d, 
p = 0.029).

Unadjusted healthcare costs - both in total, and 
divided into medical and pharmacy costs-were also 
significantly higher among patients with diarrhea 
compared to those without (Table 2). CS patients 
with diarrhea incurred $82032 in annual total costs, 
58.9% higher than the $51621 among those without 
diarrhea (p < 0.001). In the one-year post index date, 
those with diarrhea also had higher medical ($74654 
vs $47083, p < 0.001) and pharmacy costs ($7378 
vs $4538, p < 0.001) compared to those without 
diarrhea. Components of medical cost also differed 

significantly between groups. Inpatient costs were 
$27018 in patients with diarrhea compared to $16609 
in those without (p < 0.001). Outpatient medical costs 
were $46917 vs $30140 (p < 0.001), and ED costs 
were $719 vs $334 (p < 0.001) in CS patients with vs 
without diarrhea.

Adjusted healthcare resource utilization and costs
After adjusting for age, gender, geographic region, 
number of chronic conditions and the Charlson 
Comorbidity Index, the differences in our primary 
outcomes of interest were still significant in the one-
year post index date. The odds of any hospitalization 
were 1.48 (95%CI: 1.22-1.80, p < 0.001) (Table 3) 
times greater among those with diarrhea compared to 
those without. The adjusted proportion of patients with 
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Table 2  Annual unadjusted healthcare utilization and costs in patients with carcinoid syndrome, stratified by evidence of non-
infectious diarrhea

With non-infectious diarrhea Without non-infectious diarrhea P  value

n  = 534 n  = 2288

Overall healthcare utilization
   Patients with hospitalizations 265 (49.6) 907 (39.6) < 0.001
   Average LOS among hospitalized patients (d) 11.6 ± 13.4 8.0 ± 9.2 < 0.001
   Patients with ED visits 201 (37.6) 479 (20.9) < 0.001
   Outpatient physician visits 25.5 ± 18.4 18.7 ± 15.8 < 0.001
CS-related utilization1

   Patients with hospitalizations 73 (13.7) 165 (7.2) < 0.001
   Average LOS among hospitalized patients (d) 7.4 ± 7.1 5.5 ± 3.6    0.029
   Patients with ED visits 59 (11.0) 101 (4.4) < 0.001
   Outpatient physician visits 6.9 ± 7.8 4.1 ± 6.1 < 0.001
Healthcare costs (USD)
   Total costs 82032 ± 90181.7 51621 ± 63890.8 < 0.001
   Total medical costs 74654 ± 86742.3 47083 ± 61214.0 < 0.001
   Total pharmacy costs   7378 ± 13949.8   4538 ± 10314.2 < 0.001

1Claims with primary diagnosis of CS, CS-related syndrome, or carcinoid tumor progression. Data are expressed as absolute numbers (percentage) or mean 
± SD. All costs were adjusted to 2012 United States dollars using the medical care components of the Consumer Price Index. CS: Carcinoid syndrome; ED: 
Emergency department; LOS: Length of stay.

Table 3  Multivariate analyses of annual overall and carcinoid syndrome-related hospitalization and total costs

Any hospitalization Any CS-related hospitalization1 Total costs

OR (95%CI) P  value OR (95%CI) P  value mean (SE) P  value

Age group, yr
   ≤ 17 vs 55-64  0.84 (0.35-2.02)    0.702 2.38 (0.78-7.22)    0.127     $-8004 (13971.7)    0.567
   18-24 vs 55-64 1.33 (0.69-2.57)    0.389 0.81 (0.24-2.70)    0.726     $-8328 (10946.6)    0.447
   25-34 vs 55-64 0.93 (0.65-1.33)    0.687 0.52 (0.25-1.10)    0.087 $-10875 (5867.4)    0.064
   35-44 vs 55-64 0.97 (0.76-1.23)    0.785 0.80 (0.52-1.24)    0.314   $-5474 (3993.0)    0.171
   45-54 vs 55-64  0.93 (0.78-1.11)    0.412 0.85 (0.63-1.16)     0.307   $-2433 (2855.8)    0.394
Sex
   Female vs Male 0.88 (0.75-1.02)    0.093  0.89 (0.68-1.17)    0.401   $-7165 (2539.7)    0.005
Region
   North Central vs West 1.01 (0.79-1.28)    0.951  0.88 (0.58-1.35)    0.562   $-6623 (3954.7)    0.094
   Northeast vs West 0.91 (0.69-1.19)    0.477 1.18 (0.76-1.85)    0.458   $-7458 (4393.6)    0.090
   South vs West 1.02 (0.82-1.27)    0.842 0.88 (0.60-1.29)    0.521 $-11343 (3601.1)    0.002
No. of chronic conditions 1.03 (0.99-1.08)    0.107 0.98 (0.91-1.05)    0.521  $1115 (665.6)    0.094
Charlson comorbidity index 1.02 (1.00-1.04)    0.099 0.99 (0.95-1.03)    0.658  $5231 (354.5) < 0.001
Non-infectious diarrhea
   Yes vs No 1.48 (1.22-1.80) < 0.001 2.12 (1.57-2.86)  < 0.001  $29890 (3204.5) < 0.001

1Claims with primary diagnosis of CS, CS-related syndrome, or carcinoid tumor progression. CS: Carcinoid syndrome.
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any hospitalization was 9.7% higher among those with 
diarrhea [49.4% (45.1%-53.6%) vs 39.7% (95%CI: 
37.7%-41.7%)] (Table 4, Figure 2). Patients with 
diarrhea had 24.2 (95%CI: 22.9-25.5) office visits in 
the study period compared to 19.0 (95%CI: 18.4-19.7) 
in those without (p < 0.001).

The difference in odds was also significantly 
greater for CS-related hospitalizations. Those with 
diarrhea were at 2.12 (95%CI: 1.57-2.86, p < 0.001) 
(Table 3) times greater odds of CS-related hospita-
lization compared to those without diarrhea. The 
adjusted proportion of patients with any CS-related 
hospitalization was 6.8% higher among those with 
diarrhea [13.8% (95%CI: 11.1%-17.1%) vs 7.0% 
(95%CI: 6.0%-8.2%)] (Table 4, Figure 2). 

The adjusted total healthcare costs were signi-
ficantly higher, by $29890 (p < 0.001) for those 
with diarrhea at $81610 (95%CI: $75962-$87258) 
compared to those without diarrhea at $51719 
(95%CI: $49007-$54432) (Tables 3 and 4, Figure 2). 
Pharmacy costs were $2557 (p < 0.001) more than in 
patients without diarrhea. Medical costs were higher 
by $27334 (p < 0.001). Medical costs comprised 
outpatient visits (cost of which was $16695 higher) 
and inpatient hospitalization ($11431 higher) (p = 
0.003). 

DISCUSSION
Beyond its deleterious influence on quality of life, our 
results demonstrate that diarrhea in patients with 
CS has a significant medical and economic impact. 
Our findings suggest that diarrhea associated with 
CS accounts for 1.5-fold higher total healthcare 
spending and almost a 2-fold higher risk of CS-related 
hospitalizations compared to when diarrhea is not 
present. The adjusted mean total healthcare costs in 
our analysis were $81610 compared $51719 per year 
among patients with CS who suffered from diarrhea 
compared to those who did not have diarrhea (p < 
0.001). The adjusted risk of CS-related hospitalizations 
increased from 7.0% among CS patients with no 
evidence of diarrhea to 13.8% who were diagnosed 

with diarrhea symptoms (p < 0.001). Effective 
preventive treatment of diarrhea in patients suffering 
from CS would be a reasonable approach to reducing 
healthcare resource utilization and costs in this 
population. 

Our results indicate that diarrhea symptoms are 
common in patients with CS. In the present analysis, 
we found 18.9% of cases with at least one claim for 
the diagnosis of non-infectious diarrhea in the one-
year study period. These findings are comparable to 
an analysis of commercially insured patients with NETs 
in which 17.6% of patients had symptoms of diarrhea 
and up to 72% of patients had CS within the same 
time period[12]. In that analysis the annualized total 
healthcare costs for patients with NETs were estimated 
at approximately $106000 (2011 United States $)[12]. 
While those cost estimates were not disaggregated by 
CS symptoms, both analyses highlight the substantial 
economic burden associated with treatment of patients 
with CS. 

Patients with NETs have significantly higher rates of 
mortality and hepatic and gastrointestinal morbidities 
compared to patients without NETs or other cancers 
matched by age, sex, and year of diagnosis[13]. They 
also have worse health-related QOL than general 
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Table 4  Adjusted multivariate analyses of annual overall and 
carcinoid syndrome-related hospitalization and total costs

Non-infectious 
diarrhea

Adjusted 
proportion of 

patients with any 
hospitalization1

Adjusted proportion 
of patients with 
any CS-related 

hospitalization1,2

Adjusted total 
cost1

% (95%CI) % (95%CI) mean (95%CI)

Yes 49.4 (45.1-53.6)    13.8 (11.1-17.1) $81610 
($75962-$87258)

No 39.7 (37.7-41.7) 7.0 (6.0-8.2) $51719 
($49007-$54432)

1Adjusted by age, gender, region, number of chronic conditions and the 
Charlson Comorbidity Index; 2Claims with primary diagnosis of CS, 
CS-related syndrome, or carcinoid tumor progression. CS: Carcinoid 
syndrome.
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Figure 2  Adjusted proportions of overall and carcinoid syndrome-related 
hospitalization and mean total costs. A: Adjusted proportion of patients with 
any hospitalization and carcinoid syndrome-related hospitalization by evidence 
of non-infectious diarrhea; B: Adjusted mean total annual costs by evidence of 
non-infectious diarrhea. Results were adjusted by age, gender, region, number 
of chronic conditions and the Charlson Comorbidity Index.
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population controls, with evidence that this is 
attributable to symptoms such as diarrhea, fatigue, 
and depression[14,15]. Fröjd et al[14] used the EORTC 
QLQ-C30 instrument to demonstrate that diarrhea, 
along with fatigue, had particularly prominent adverse 
impact on physical, emotional, and social well-being in 
a cohort of Swedish patients with NETs.

Chronic secretory diarrhea in patients with NETs 
results from imbalances in intestinal absorptive 
and secretory processes, leading to dehydration, 
renal insufficiency, and various serum electrolyte 
imbalances, and improper digestion of food[16]. 
Nutritional deficiencies caused by inadequate digestion 
may further exacerbate weight loss and fatigue caused 
by fluid and electrolyte loss[16]. NETs are among eight 
different neoplastic diseases known to cause chronic 
diarrhea, but because these conditions as a group 
comprise less than 1% of all chronic diarrhea, they 
are often ignored in the differential diagnosis, which 
may lead to delay in care[17]. Preventive treatment and 
management of non-infectious diarrhea in patients 
with CS could directly reduce health service use and 
cost, and it may also help resolve fatigue and other 
secondary consequences of the condition previously 
associated with CS. Effective management of diarrhea 
also could potentially contribute to a reduction in 
emotional distress, which has been shown repeatedly 
to be associated with greater resource utilization in 
other populations[18-21]. The NCCN Clinical Practice 
Guidelines in Oncology on NETs recommend the use of 
the long-acting somatostatin analogues, octreotide and 
lanreotide, should result in improvement of diarrhea 
and flushing symptoms of carcinoid syndrome[22]. 
Octreotide LAR dose and frequency may be further 
increased for symptom control as needed[22].

The results of this study need to be interpreted in 
the context of several limitations. First, in our analysis 
we attributed all diagnoses of non-infectious diarrhea 
to CS. We mitigated the possibility of misdiagnosis 
by excluding certain ICD-9-CM codes that were not 
clearly indicative of non-infectious diarrhea, such as 
gastroenteritis (e.g., 558.9: other and unspecified 
noninfectious gastroenteritis and colitis). However, 
claims do not attribute diarrhea to a cause, they 
merely note the presence of the condition. Some 
cases of non-infectious diarrhea could have been from 
causes other than CS, resulting in an overestimate 
of the presence of CS-related diarrhea. On the 
other hand, codes for infectious diarrhea may have 
been applied to CS-related diarrhea simply because 
clinicians were more familiar with them. Studies of 
diarrhea in other conditions have been inconsistent 
in the ICD-9-CM codes used for non-infectious 
diarrhea[23-25]. Nonetheless, our estimate of an 18.9% 
annual prevalence of diarrhea was remarkably close 
to another published estimate of 17.6% in a cohort of 
NET patients in which the majority had CS (72%)[12]. 
Second, we considered HRU to be CS-related if codes 

for a variety of conditions associated with CS were 
identified in the primary position on a claim. This may 
have overestimated utilization, although limiting the 
definition of CS-related to only those claims with CS in 
the primary position would have almost certainly have 
underestimated utilization (e.g., a patient admitted for 
management of intestinal obstruction from a growing 
tumor would be likely to have obstruction, rather than 
CS, coded as the primary diagnosis). Third, our patient 
identification algorithm allowed a relatively long 
interval to pass between the first and confirmatory 
diagnosis. This decision may have reduced the 
specificity of our algorithm, although such reduction 
should have affected both groups equally. Fourth, we 
adjusted for a variety of potential confounders in our 
comparisons, but we did not adjust for pre-diagnosis 
health care resource use or cost. We felt that although 
prior utilization can predict future utilization, the 
patients in this analysis were all newly diagnosed with 
CS and thus controlling for pre-diagnosis resource use 
would be of limited value. Finally, this study included 
only patients with commercial insurance coverage. Our 
cohort of incident cases with CS was younger (mean 
age: 52 years) than a population-representative 
sample of incident NET cases from the Surveillance, 
Epidemiology, and End Results (SEER) database (mean 
age: 62 years)[4]. Our results may not be generalizable 
to the United States population at large, but they are 
representative of a commercially-insured population.

Diarrhea is a particularly burdensome and costly 
symptom suffered by patients with CS. Our study 
demonstrates that health care costs and resource 
utilization in newly diagnosed CS patients with diarrhea 
are consistently and significantly higher than in those 
without diarrhea. Reduction of healthcare expenditures 
attributable to diarrhea may be achievable through 
preventive treatment and appropriate management of 
diarrhea in patients with CS.
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