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Abstract
Purpose Opioid therapy is often associated with adverse effects, including opioid-induced constipation (OIC), in patients
receiving opioids for cancer pain. This retrospective observational cohort study evaluated healthcare utilization and costs during
the first year after initiating opioid therapy among cancer patients with (cohort 1) and without (cohort 2) constipation.
Methods This study used administrative claims data from the HealthCore Integrated Research Environment between January 1,
2006, and April 30, 2014. Eligible patients included adults ≥ 18 years with a diagnosis of cancer who initiated continuous opioid
therapy (≥ 30 days). Propensity scores were used to match patients with constipation in a 1:1 ratio to those without constipation.
Generalized linear models were used to evaluate healthcare utilization and costs during the 12 months after initiating opioid
therapy.
Results After matching, 1369 patients were included in each cohort. Patients with constipation were more than twice as likely
as those without constipation to have an all-cause inpatient hospitalization (odds ratio [95% confidence interval (CI)], 2.47
[2.11–2.90]), or pain-related hospitalization (2.15 [1.82–2.54]) during the 12 months after initiating therapy. Mean unad-
justed overall healthcare costs during the first 12 months post-index were $21,629 (95% CI, $14,850–$29,018) higher for
patients with constipation than for those without constipation. For patients with constipation, total mean (SD) constipation-
related costs were $9196 ($26,896).
Conclusions These results suggest that OIC is associated with significantly increased healthcare and economic burden in cancer
pain patients and that early and ongoing recognition and management of OIC are unmet needs in this population.
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Introduction

Pain is one of the most common and debilitating symptoms of
cancer [1–3]. A recent meta-analysis showed that among pa-
tients with cancer who had undergone curative treatment, the

pooled pain prevalence was 39.3%, while among patients un-
dergoing anticancer treatment, the pooled pain prevalence was
55.0%; the pain prevalence was highest among patients with
advanced, metastatic, or terminal cancer (66.4%) [1]. In that
meta-analysis, moderate to severe pain was reported by 27.6%
of patients who had undergone curative treatment, 32.4% of
those undergoing anticancer treatment, and 51.9% of those
with advanced, metastatic, or terminal cancer [1].

Although opioid analgesics are recommended for the man-
agement of moderate to severe cancer pain [4], opioid therapy
is often associated with the development of side effects, par-
ticularly gastrointestinal side effects (e.g., constipation) [5–7],
that may negatively impact patient outcomes or quality of life
[7–9]. In a cross-sectional, observational study of 520 patients
with cancer pain, 61.7% of patients reported problematic con-
stipation and 85.7% of patients were considered to be consti-
pated based on a physician-rated assessment [7]. In that same
study, constipation in the setting of opioids was associated
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with significant reductions in quality-of-life outcomes [7]. In a
separate survey of patients receiving daily opioid therapy for
cancer pain and experiencing constipation (n = 31), > 40%
reported that their constipation moderately or completely in-
terfered with achieving pain control with their opioid analge-
sic [8]. Furthermore, constipation in the setting of opioids may
not respond to standard laxative therapy [10]. In one observa-
tional study of 274 patients receiving morphine for cancer
pain, 72% of patients experienced constipation, and laxative
therapy was inadequate for managing constipation in 89% of
those patients [10].

Despite the prevalence of constipation among cancer pa-
tients receiving opioids, the impact of constipation in this
population is often under-appreciated, and opioid-induced
constipation (OIC) is often inadequately managed [10, 11].
The primary objective of this retrospective observational co-
hort study was to evaluate the impact of constipation in the
setting of opioids on healthcare resource utilization and costs
for cancer pain patients during the first year of continuous
opioid therapy. Additional assessments in the current study
included the characteristics (e.g., types, doses) of the opioids
that were initiated for cancer pain, the dose of opioid used
during the first year of treatment, patient characteristics among
those with and without constipation, and, as a substudy,
healthcare resource utilization and costs during the second
year of continuous opioid treatment.

Methods

Data sources and study design

This study used administrative claims data from the
HealthCore Integrated Research Database (HIRD;
HealthCore Inc., Wilmington, DE). Additional information
about the data source is included in the Supplemental
material.

Data collected for this study dated from January 1, 2006, to
September 30, 2015 (data collection period). This study in-
cluded a 6-month pre-index period and a ≥ 12-month post-
index period, unless the patient died during the 12 months
after the index date (Fig. 1). The index date was defined as
the fill date of the first continuous opioid therapy lasting for
≥ 30 days during the data collection period. Opioid treat-
ment was considered continuous if an opioid prescription
was filled within 30 days after the end of the days’ supply
covered by the prior prescription. The length of opioid ther-
apy was defined as the time the prescription was first filled
until the end of the days’ supply covered by the last filled
prescription during continuous therapy. Patients were
followed from the index date to the end of 12 months after
the index date or to the death date.

Study population

This study included patients who were ≥ 18 years of age at the
start of the 6-month pre-index period. Eligible patients were
required to have ≥ 1 cancer diagnosis, defined as having ≥ 2
medical claims ≥ 30 days apart with a diagnosis of the same
type of cancer (breast, lung, colorectal, prostate, head and
neck, liver, ovarian, gallbladder, thyroid, kidney, or pancreatic
cancer; osteosarcoma; or multiple myeloma) any time during
the 6 months prior to the index date, with ≥ 1 cancer diagnosis
or metastasis within 30 days prior to the index date. Eligible
patients were required to have ≥ 6 months of continuous
health plan eligibility prior to the index date with a follow-
up period of 12 months after the index date or until death.
Patients also had to have had a claim for an opioid during
the data collection period and to have used an opioid contin-
uously for ≥ 30 days starting on the index date. Patients with
any of the following during the overall study period were
excluded: ≥ 1 diagnosis of brain cancer or hematologic cancer
(e.g., leukemia), ≥ 1 filled methadone prescription with ≥ 1
associated medical claim for substance abuse or addiction,
or ≥ 1 diagnosis of inflammatory bowel disease. Additional
details of the exclusion criteria are summarized in the
Supplemental material.

Study cohorts

The study population was divided into two cohorts of patients
who initiated opioid therapy during the data collection period
and had ≥ 30 days of continuous opioid use: cohort 1 included
patients with constipation that started or worsened during opi-
oid use (consistent with the Rome IV definition of OIC), and
cohort 2 included patients with no evidence of constipation
during the 12-month post-index period. For cohort 1, constipa-
tion was confirmed by ≥ 1 medical claim with an International
Classification of Diseases, 9th Revision (ICD-9) [12] diagnosis
code for constipation, a pharmacy claim for a constipationmed-
ication, or a procedure related to constipation (Supplemental
Table 1) at any time during opioid treatment or within 1 day’s
supply of discontinuation of opioid therapy. Patients in cohort 1
may have had a gap in their opioid therapy (i.e., a period of
> 30 days beyond the supply days of an opioid prescription
without filling an additional prescription) and still have
experienced constipation during a separate use of opioid
therapy during the post-index period. Study timing for co-
horts 1 and 2 is summarized in Supplemental Fig. 1.

Outcome measures

The primary outcome was healthcare resource utilization and
associated costs during the post-index period. Healthcare re-
source utilization included the proportion and number of of-
fice visits, other outpatient visits, emergency room visits,
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inpatient stays (including length of stay), hospice care, and
skilled nursing facility stays. Healthcare costs evaluated in-
cluded medical and pharmacy costs. Medical costs were de-
fined as the costs related to office visits, other outpatient visits,
emergency room visits, hospice care, and inpatient visits and
were evaluated by place of service and as total medical costs.
Pharmacy costs were defined as the costs of all pharmacy
claims during the period of interest.

All-cause, pain-specific, and constipation-specific
healthcare resource utilization and associated costs were eval-
uated. Constipation-related resource utilization and costs were
calculated only for patients with a constipation diagnosis dur-
ing the post-index period. For constipation-related resource
utilization and costs, events with ≥ 1 claim containing a diag-
nosis, procedure, or medication code for constipation were
considered constipation-related events (Supplemental
Tables 1 and 2). For pain-related resource utilization and costs,
events with ≥ 1 claim containing a diagnosis, procedure, or
medication code for pain were considered pain-related events.

Additional outcomes evaluated included characteristics of
index opioids, patterns of opioid use during follow-up, and
patient characteristics. Characteristics of the index opioids
evaluated included opioid type and baseline dose. The follow-
ing opioids were included in this analysis: codeine, tramadol,
dihydrocodeine, tapentadol, hydrocodone, propoxyphene,
fentanyl, hydromorphone, methadone, morphine, oxycodone,
meperidine, oxymorphone, and levorphanol. Initial opioid
dose was calculated as the average daily dose of opioid pre-
scriptions during the first 30 days of continuous use to allow
for changes during the titration period, and then converted to
oral morphine-equivalent units (MEUs; Supplemental
Table 3).

Substudy

A substudy evaluating the impact of constipation during the
second year of treatment followed patients with health plan

eligibility for ≥ 24 months after the index date; for that
substudy, the follow-up period of interest was from 12 to
24 months after the index date or until the death date.
Details of the substudy methods are presented in the
Supplemental material.

Statistical analyses

Patients were not recruited tomeet a pre-specified sample size.
Instead, all eligible patients from the general population who
met the criteria for study inclusion were included.

To minimize selection bias, propensity scores were used to
match patients in a 1:1 ratio, with the propensity score for each
individual estimated as the probability of having constipation
based on the observed baseline characteristics [13–15]. The
following variables were used to balance the cohorts: index
month and year, age, gender, geographic region, health plan
type, Deyo-Charlson Comorbidity Index (DCI) score, cancer
type, prescribing physician specialty, and pre-index healthcare
resource utilization and costs. Logistic regression analyses
were used to calculate the propensity scores, which were used
to match each patient from cohort 1 to a patient from cohort 2
using a greedy nearest neighbor 1-to-1 matching technique
without replacement [14]. Multivariable analyses were used
to analyze differences in healthcare utilization, costs, and opi-
oid treatment patterns between cohorts 1 and 2. Additional
details of the statistical methods are included in the
Supplemental material.

Results

Patient characteristics

Overall, 9201 patients were eligible for participation.
Demographic and baseline characteristics prior to and after
matching are shown in Supplemental Table 4. After matching

Data collection period

7/1/2006 9/30/2014

1/1/2006 9/30/2015

≥6 months 
pre-index period

≥12 months post-index
period or died during 12

months following index date

Medical, pharmacy, and eligibility data

Index opioid fill (with ≥30 days)

30 days
Cancer 

diagnosis 
date

Fig. 1 Study timing

Support Care Cancer (2019) 27:687–696 689



Table 1 Baseline and demographic characteristics for matched cohorts

Characteristic Cohort 1: opioid users
with constipation (n = 1369)

Cohort 2: opioid users
without constipation (n = 1369)

Odds ratio
(95% CI)a

P value

Age, years, mean (SD) 63.2 (12.8) 62.6 (12.6) – 0.277

Gender, n (%)

Male 679 (49.6) 683 (49.9) 0.99 (0.85–1.15) 0.8785

Female 690 (50.4) 686 (50.1) 1.01 (0.87–1.18) 0.8785

Index cancer diagnosis, n (%)

Breast cancer 331 (24.2) 403 (29.4) 0.76 (0.65–0.91) 0.0019

Lung cancer 345 (25.2) 316 (23.1) 1.12 (0.94–1.34) 0.1953

Prostate cancer 263 (19.2) 282 (20.6) 0.92 (0.76–1.11) 0.3631

Colorectal cancer 197 (14.4) 155 (11.3) 1.32 (1.05–1.65) 0.0165

Head and neck cancer 113 (8.3) 134 (9.8) 0.83 (0.64–1.08) 0.1613

Ovarian cancer 87 (6.4) 54 (3.9) 1.65 (1.17–2.34) 0.0043

Pancreatic cancer 83 (6.1) 42 (3.1) 2.04 (1.40–2.98) 0.0002

Multiple myeloma 76 (5.6) 63 (4.6) 1.22 (0.87–1.72) 0.2577

Kidney cancer 57 (4.2) 52 (3.8) 1.10 (0.75–1.62) 0.6250

Osteosarcoma 51 (3.7) 49 (3.6) 1.04 (0.70–1.55) 0.8385

Thyroid cancer 21 (1.5) 30 (2.2) 0.70 (0.40–1.22) 0.2033

Gallbladder cancer 12 (0.9) 3 (0.2) 4.03 (1.13–14.30) 0.0198

Residence region, n (%)

Northeast 317 (23.2) 317 (23.2) 1.00 (0.84–1.19) 1.0000

Midwest 378 (27.6) 390 (28.5) 0.96 (0.81–1.13) 0.6097

South 333 (24.3) 323 (23.6) 1.04 (0.87–1.24) 0.6543

West 281 (20.5) 286 (20.9) 0.98 (0.81–1.18) 0.8136

Unknown 60 (4.4) 53 (3.9) 1.14 (0.78–1.66) 0.5012

Plan type, n (%)

PPO 1000 (73.0) 970 (70.9) 1.12 (0.94–1.32) 0.2019

HMO 331 (24.2) 375 (27.4) 0.85 (0.71–1.00) 0.0546

CDHP 38 (2.8) 24 (1.8) 1.60 (0.95–2.68) 0.0721

Index year, n (%)

2006 684 (50.0) 676 (49.4) 1.02 (0.88–1.19) 0.7598

2007 205 (15.0) 209 (15.3) 0.98 (0.79–1.21) 0.8310

2008 137 (10.0) 140 (10.2) 0.98 (0.76–1.25) 0.8492

2009 94 (6.9) 99 (7.2) 0.95 (0.71–1.27) 0.7089

2010 73 (5.3) 65 (4.7) 1.13 (0.80–1.59) 0.4846

2011 66 (4.8) 68 (5.0) 0.97 (0.69–1.37) 0.8594

2012 50 (3.7) 52 (3.8) 0.96 (0.65–1.43) 0.8401

2013 32 (2.3) 30 (2.2) 1.07 (0.65–1.77) 0.7972

2014 28 (2.0) 30 (2.2) 0.93 (0.55–1.57) 0.7907

DCI score, mean (SD) 6.3 (3.2) 6.3 (3.3) 0.8861

Comorbid pain conditions, n (%)

Chronic fatigue 281 (20.5) 256 (18.7) 1.12 (0.93–1.36) 0.2289

Low back pain 267 (19.5) 237 (17.3) 1.16 (0.95–1.40) 0.1390

Osteoarthritis 175 (12.8) 193 (14.1) 0.89 (0.72–1.11) 0.3132

Rheumatoid arthritis 25 (1.8) 31 (2.3) 0.80 (0.47–1.37) 0.4179

Other arthropathies and musculoskeletal pain 549 (40.1) 537 (39.2) 1.04 (0.89–1.21) 0.6392

Migraine, headache 119 (8.7) 112 (8.2) 1.07 (0.82–1.40) 0.6303

Fibromyalgia 43 (3.1) 43 (3.1) 1.00 (0.65–1.54) 1.0000

Painful diabetic neuropathy 30 (2.2) 37 (2.7) 0.81 (0.50–1.31) 0.3866

Radioculopathy (sciatica) 27 (2.0) 37 (2.7) 0.72 (0.44–1.20) 0.2059
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and balancing for prespecified variables, 1369 patients were
included in each cohort. Baseline and demographic character-
istics were generally similar across cohorts (Table 1).
Hypertension was the most common comorbidity and was
reported by 43.2% (592/1369) and 46.5% (636/1369) of pa-
tients in cohorts 1 and 2, respectively. In the unmatched over-
all population (n = 9201), the top physician specialties pre-
scribing opioids to patients with cancer pain in the unmatched
overall population were hematology (15.9% [1462/9201]),
surgery (12.2% [1118/9201]), oncology (10.4% [953/9201]),
and primary care (internal medicine, 10.0% [916/9201];
family/general medicine, 7.2% [660/9201]).

Index opioid use

The types and strengths of opioids that were being used at the
index date were similar across both cohorts (Table 2). Patients
could be using more than one opioid at index; at index, the
most commonly used opioids in both cohorts included oxy-
codone (cohort 1, 30.7% [420/1369]; cohort 2, 32.5% [445/
1369]) and hydrocodone (cohort 1, 35.4% [485/1369]; co-
hort 2, 34.0% [466/1369]). The mean (SD) baseline opioid
dose in MEUs was 77.5 (100.8) mg in cohort 1 and 79.3
(134.1) mg in cohort 2.

12-month post-index opioid dosing, healthcare
resource utilization, and costs

During the 12-month post-index period, the mean (SD) opioid
dose was 77.5 (100.8) MEU in cohort 1 (patients with consti-
pation) and 79.3 (134.1) MEU in cohort 2 (patients without
constipation). In cohorts 1 and 2, the mean (SD) opioid dose
was 27.8 [7.2] and 26.7 [8.2] MEU, respectively, in the lowest
quartile and 156.0 [136.4] and 180.4 [209.8] MEU, respec-
tively, in the highest quartile.

During the first 12months after the index date, 72.5% (993/
1369) of patients with constipation and 51.6% (707/1369) of
patients without constipation had ≥ 1 inpatient hospitalization
for any reason (odds ratio [OR; 95% confidence interval (CI)],
2.47 [2.11–2.90]; Table 3). Compared with patients without
constipation, patients with constipation were approximately
1.6 times more likely to have an emergency room visit and

skilled nursing facility stay for any reason and were approxi-
mately twice as likely to require hospice care for any reason
(Table 3). In addition, the risk of all-cause death was approx-
imately 1.7 times higher for patients with constipation than for
those without (Table 3). For patients with constipation and
those without, respectively, 39.2% (536/1369) and 23.0%
(315/1369) of patients had ≥ 1 pain-related inpatient hospital-
ization (OR [95% CI], 2.15 [1.82–2.54]). Patients with con-
stipation had a 1.4 times higher risk of pain-related outpatient/
office visits and a 1.5 times higher risk of pain-related emer-
gency room visits than those without (Table 3). Of the patients
with constipation, 35.4% (485/1369) had ≥ 1 constipation-
related outpatient/office visit, 30.2% (413/1369) had ≥ 1
constipation-related inpatient hospitalization, and 9.9%
(136/1369) had ≥ 1 constipation-related emergency room
visit (Table 3).

Total mean adjusted overall healthcare costs, including
medical and pharmacy costs, during the first 12 months
post-index were $21,629 (95% CI, $14,850–$29,018) higher
for patients with constipation than for those without (Table 4).
Total mean adjusted overall plan-paid costs were $21,065
(95% CI, $14,262–$28,515) higher, and total mean adjusted
overall patient-paid costs were $563 ($294–$854) higher for
patients with constipation than for those without
(Supplemental Table 5). For patients with constipation com-
pared with those without, total mean adjusted pain-related
costs (medical and pharmacy) were $7546 (95% CI,
$5450–$9918) higher, pain-related medical costs were
$7019 ($4554–$9917) higher, and pain-related pharmacy
costs were $527 ($378–$691) higher (Table 4). For patients
using opioids who had constipation, total mean (SD)
constipation-related costs were $9196 ($26,896; Table 4), to-
tal mean (SD) plan-paid costs were $9004 ($26,656), and total
mean (SD) patient-paid costs were $192 ($679).

Substudy: Healthcare resource utilization and costs
from 12 to 24 months post-index

A total of 116 matched patients (cohort 1, n = 33; cohort 2,
n = 83) were included in the substudy evaluating resource uti-
lization and costs from 12 to 24 months after the index date.
Similar trends in opioid dosing, resource utilization, and costs

Table 1 (continued)

Characteristic Cohort 1: opioid users
with constipation (n = 1369)

Cohort 2: opioid users
without constipation (n = 1369)

Odds ratio
(95% CI)a

P value

Post-herpetic neuralgia 4 (0.3) 5 (0.4) 0.80 (0.21–2.98) 1.0000

Post-traumatic neuralgia 6 (0.4) 8 (0.6) 0.75 (0.26–2.16) 0.5920

CDHP, consumer-driven health plan; CI, confidence interval; DCI, Deyo-Charlson Comorbidity Index; HMO, health maintenance organization; PPO,
preferred provider organization; SD, standard deviation
a Odds ratios were used for categorical variables
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were observed from month 12 to 24 post-index as during the
initial 12-month post-index period. Detailed results are pre-
sented in the Supplemental material.

Sensitivity analyses

Sensitivity analysis 1 evaluated data for the subset of patients
with constipation identified via a constipation diagnosis or
constipation-related procedure, while sensitivity analysis 2
evaluated data for patients with constipation and ≥ 80% of
the first post-index year covered by an opioid medication.
For both substudies, the patterns of healthcare utilization dur-
ing the 12-month post-index period were generally compara-
ble to that in the primary analysis; however, for sensitivity
analysis 1, the pattern of healthcare utilization was generally
more pronounced and for sensitivity analysis 2, the differ-
ences in resource utilization between the cohorts were not as
pronounced in some cases. Detailed results are presented in
the Supplemental material.

Discussion

Constipation is a common and burdensome side effect associ-
ated with opioid use in patients with cancer pain [7, 8]. As

noted in the 2017 update of the National Cancer Center
Network’s guidelines on Adult Cancer Pain, opioid side ef-
fects occur frequently and should be anticipated and treated
aggressively in patients receiving opioids for cancer pain.
These guidelines also note that although most opioid-related
side effects improve over time, constipation generally persists
[16]. There are limited data on the economic burden of con-
stipation in cancer patients receiving opioids. This retrospec-
tive observational cohort study, which included 2738 matched
patients, represents (to the best of our knowledge) the largest
real-world study of the impact of constipation in the setting of
opioids on healthcare resource utilization and costs in patients
with cancer pain.

Patient baseline and demographic characteristics in the cur-
rent study were generally comparable to those in previous
studies of constipation in patients with cancer pain receiving
opioids, suggesting that this population was a representative
sample of patients with cancer pain [8, 17]. The cancer types
identified in the current study are also consistent with expec-
tations based on the prevalence of cancer and cancer types that
have the potential to result in related pain conditions. The
average DCI score was higher in the current analysis than in
a previous database analysis of constipation in patients with
cancer pain receiving opioids; however, the mean age in the
current study (~ 63 years) was also higher than in the previous

Table 2 Index opioid characteristics

Characteristic Cohort 1: opioid users
with constipation (n = 1369)

Cohort 2: opioid users
without constipation (n = 1369)

Odds ratios or differences
in means (95% CI)a

P value

Index opioid type, n (%)

Hydrocodone 485 (35.4) 466 (34.0) 1.06 (0.91–1.24) 0.4457

Oxycodone 420 (30.7) 445 (32.5) 0.92 (0.78–1.08) 0.3041

Fentanyl 164 (12.0) 166 (12.1) 0.99 (0.78–1.24) 0.9065

Propoxyphene 88 (6.4) 99 (7.2) 0.88 (0.66–1.19) 0.4046

Morphine 97 (7.1) 87 (6.4) 1.12 (0.83–1.52) 0.4453

Tramadol 89 (6.5) 90 (6.6) 0.99 (0.73–1.34) 0.9384

Hydromorphone 64 (4.7) 54 (3.9) 1.19 (0.83–1.73) 0.3467

Codeine 55 (4.0) 53 (3.9) 1.04 (0.71–1.53) 0.8443

Meperidine 12 (0.9) 8 (0.6) 1.50 (0.61–3.69) 0.3693

Methadone 10 (0.7) 4 (0.3) 2.51 (0.79–8.03) 0.1079

Baseline opioid dose, MEU

Mean (SD) 77.5 (100.8) 79.3 (134.1) − 1.79 (− 10.68–7.10) 0.693

Range, n (%)

0–200 1306 (95.4) 1304 (95.3) 1.03 (0.73–1.47) 0.8563

≥ 200 37 (2.7) 34 (2.5) 1.09 (0.68–1.75) 0.7183

≥ 400 10 (0.7) 10 (0.7) 1.00 (0.42–2.41) 1.0000

≥ 600 8 (0.6) 8 (0.6) 1.00 (0.37–2.67) 1.0000

≥ 800 6 (0.4) 5 (0.4) 1.20 (0.37–3.94) 0.7626

≥ 1000 2 (0.1) 8 (0.6) 0.25 (0.05–1.17) 0.0573

CI, confidence interval; MEUs, morphine-equivalent units; SD, standard deviation
a Odds ratios were used for categorical variables and difference in means were used for continuous variables
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study (~ 53 years) [17]. Results of this study showed that
patients with cancer pain who were taking opioid analgesics

and experienced constipation during the first year after initiat-
ing opioid therapy had significantly more all-cause and pain-

Table 3 Healthcare resource utilization during the 12 months post-index

Resource utilization Cohort 1: opioid users
with constipation (n = 1369)

Cohort 2: opioid users
without constipation (n = 1369)

Odds ratios or differences
in means (95% CI)a

P value

All-cause resource utilization

Inpatient hospitalizations

1 hospitalization, n (%) 993 (72.5) 707 (51.6) 2.47 (2.11–2.90) < 0.0001

Number of hospitalizations, mean (SD)b 2.4 (1.7) 1.8 (1.3) 0.55 (0.39–0.72) < 0.0001

Length of stay, days, mean (SD)b 14.9 (16.4) 10.8 (14.6) 4.03 (2.71–5.48) < 0.0001

Emergency room visits

1 visit, n (%) 547 (40.0) 398 (29.1) 1.62 (1.39–1.90) < 0.0001

Number of visits, mean (SD)b 1.8 (1.3) 1.5 (1.2) 0.31 (0.13–0.50) < 0.0001

Outpatient and office visits

1 visit, n (%) 1368 (99.9) 1367 (99.9) 2.00 (0.18–22.10) 1.0000

Number of visits, mean (SD)b 83.8 (60.7) 67.1 (52.7) 16.67 (12.17–21.43) < 0.0001

Skilled nursing facility stays

1 stay, n (%) 79 (5.8) 50 (3.7) 1.62 (1.12–2.32) 0.0089

Hospice care

1 hospice intervention, n (%) 146 (10.7) 79 (5.8) 1.95 (1.47–2.59) < 0.0001

Patients who died during follow-up, n (%) 562 (41.1) 399 (29.1) 1.69 (1.44–1.98) < 0.0001

Constipation-related resource utilization

Inpatient hospitalizations

1 visit, n (%) 413 (30.2) – – –

Number of visitsb 1.2 (0.5) – – –

Length of stay, days, mean (SD)b 9.7 (10.2) – – –

Emergency room visits

1 visit, n (%) 136 (9.9) – – –

Number of visits, mean (SD)b 1.1 (0.4) – – –

Outpatient and office visits

1 visit, n (%) 485 (35.4) – – –

Mean (SD) number of visitsb 2.6 (4.0) – – –

Hospice care

1 hospice intervention, n (%) 2 (0.1) – – –

Pain-related resource utilization

Inpatient hospitalizations

1 visit, n (%) 536 (39.2) 315 (23.0) 2.15 (1.82–2.54) < 0.0001

Number of visits, mean (SD)b 1.5 (0.8) 1.3 (0.8) 0.16 (− 0.01–0.34) 0.0583

Length of stay, days, mean (SD)b 12.3 (15.8) 11.0 (15.8) 1.32 (− 0.24–3.10) 0.1018

Emergency room visits

1 visit, n (%) 205 (15.0) 141 (10.3) 1.53 (1.22–1.93) 0.0002

Number of visits, mean (SD)b 1.2 (0.6) 1.3 (0.8) − 0.05 (− 0.26–0.21) 0.6771

Outpatient and office visits

1 visit, n (%) 1023 (74.7) 921 (67.3) 1.44 (1.22–1.70) < 0.0001

Number of visits, mean (SD)b 10.5 (16.7) 9.4 (12.2) 1.14 (0.19–2.18) 0.0181

Hospice care

1 hospice intervention, n (%) 1 (0.1) 3 (0.2) 0.33 (0.04–3.20) 0.6247

CI, confidence interval; SD, standard deviation
a Odds ratios were used for categorical variables and difference in means were used for continuous variables
b Only analyzed among those with ≥ 1 event of interest
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related inpatient hospitalizations, all-cause and pain-related
emergency room visits, all-cause hospice care, pain-related
outpatient/office visits, all-cause skilled nursing facility stays,
and all-cause costs and pain-related costs than matched pa-
tients without constipation. Results of this study also showed
substantial constipation-related healthcare utilization and
costs for patients with cancer pain who were receiving opioids
and were experiencing constipation. OIC may be indicative of
poor opioid tolerability, which may lead patients to lower their
opioid dose, leading to inadequate pain control; this may, in
part, explain the difference in all-cause and pain-related re-
source utilization and costs between patients with and without
constipation.

Results of a substudy evaluating healthcare resource utili-
zation and costs associated with constipation during the sec-
ond year after initiating opioid therapy supported the main
analysis, showing higher rates of inpatient hospitalizations
and higher total healthcare costs in patients taking opioids
who experienced constipation than in those without

constipation. In sensitivity analyses in a subset of patients with
constipation identified via a constipation diagnosis or
constipation-related procedure and a subset of patients with
constipation and ≥ 80% of the first post-index year covered by
an opioid medication, the pattern of healthcare utilization was
relatively comparable to that in the primary analysis.

Results of the current study are consistent with those of a
2009 analysis of the burden of constipation in patients with
cancer pain receiving opioids [17]. In that previous retrospec-
tive database analysis of data for patients with a diagnosis of
cancer and a prescription for opioid analgesics (matched pa-
tients, n = 1642), a significantly higher proportion of patients
with constipation had ≥ 1 inpatient hospital admission, ≥ 1
emergency room visit, ≥ 1 office visit, ≥ 1 nursing home stay,
and ≥ 1 hospice service compared with those without consti-
pation (P < 0.03 for all comparisons) [17].

Retrospective database analyses evaluating OIC in patients
taking opioids for cancer pain are associated with certain chal-
lenges in terms of patient selection. For database analyses

Table 4 Healthcare costs during the 12 months post-index

Costs, USD, mean (SD) Cohort 1: opioid users
with constipation (n = 1369)

Cohort 2: opioid users
without constipation (n = 1369)

Differences in
means (95% CI)

P value

All-cause costs

Total medical costs 79,763 (98,369) 58,471 (83,094) 21,292 (14,250–29,015) <0.0001

Inpatient hospitalization 29,144 (56,667) 16,799 (44,931) 12,345 (7630–17,971) <0.0001

Emergency room 999 (2906) 579 (1623) 420 (257–615) <0.0001

Outpatient/office visit 48,785 (67,719) 40,557 (62,971) 8228 (3740−13,171) 0.0002

Skilled nursing facility 287 (1939) 204 (1642) 82 (32–144) 0.0007

Hospice care 547 (2692) 332 (2365) 216 (117–336) <0.0001

Total pharmacy costs 2306 (3392) 1968 (2970) 337 (170–518) <0.0001

Total (medical + pharmacy) costs 82,068 (98,542) 60,439 (83,217) 21,629 (14,850–29,018) <0.0001

Constipation-related costs

Total medical costs 9144 (26,904) – – –

Inpatient hospitalization 8310 (26,588) – – –

Emergency room 146 (801) – – –

Outpatient/office visit 672 (3667) – – –

Skilled nursing facility 15 (310) – – –

Hospice care 2 (81) – – –

Total pharmacy costs 52 (130) – – –

Total (medical + pharmacy) costs 9196 (26,896) – – –

Pain-related costs

Total medical costs 16,521 (47,102) 9502 (34,310) 7019 (4554–9917) <0.0001

Inpatient hospitalization 12,373 (38,792) 7007 (31,845) 5366 (3008–8280) <0.0001

Emergency room 253 (1152) 172 (792) 80 (38–131) <0.0001

Outpatient/office visit 3778 (25,866) 2236 (10,023) 1542 (984–2198) <0.0001

Skilled nursing facility 117 (1080) 87 (875) 30 (11–54) 0.0015

Hospice care 1 (23) 14 (425) –13 (−13–13) <0.0001

Total pharmacy costs 1503 (2911) 977 (2341) 527 (378–691) <0.0001

Total (medical + pharmacy) costs 18,025 (47,286) 10,479 (34,426) 7546 (5450–9918) <0.0001

CI, confidence interval; SD, standard deviation
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evaluating OIC in patients with non-cancer pain, patients are
first identified as receiving chronic opioid therapy and then
those with recent cancer diagnosis are excluded [18, 19]. For
analyses of OIC in patients with cancer pain, database analy-
ses need to select for a population receiving opioids for pain
that is associated with cancer. Furthermore, the pain associat-
ed with cancer may not be present at the initial cancer diag-
nosis. To address these issues, the current study included only
patients with ≥ 2 medical claims for a cancer diagnosis and a
new opioid prescription within close temporal proximity. This
differs from the previously described retrospective database
analysis [17], which included patients with ≥ 1 cancer diagno-
sis and a new prescription for an opioid after that diagnosis.
Using these criteria, the number of patients selected was
highest in the first year of the data collection period (2006)
and declined in the subsequent calendar years. This may have
been related to the patient selection criteria, which selected for
new cases of opioid use, as well as the approach of multimodal
pain therapies to complement opioid prescriptions [16]. In
addition, this study was associated with challenges in terms
of balancing baseline characteristics across the cohorts of pa-
tients with and without constipation, as shown by the un-
matched data in Supplemental Table 4. Propensity score
matching was conducted to balance the cohorts and minimize
any potential bias that could influence the results. These
matched cohorts of patients with and without constipation
were similar in terms of baseline and demographic character-
istics and in terms of the type and dose of opioid used at
baseline.

As a retrospective database analysis, the current study was
subject to certain limitations. First, administrative claims data
are subject to potential coding error and are not collected for
research purposes; missing values or data may result in exclu-
sion from the analysis. In addition, these types of observation-
al analyses may be subject to residual confounding due to
unmeasured variables. Although the matched cohorts were
similar in terms of baseline and demographic characteristics,
there were significant differences in the proportions of patients
with certain cancer diagnoses between patients with constipa-
tion and those without. A significantly higher proportion of
patients with constipation had diagnoses of colorectal, pancre-
atic, ovarian, and gallbladder cancer than without constipa-
tion, while a significantly higher proportion of patients with-
out constipation had breast cancer than with constipation.
These differences could have contributed, in part, to the dif-
ferences in outcomes (e.g., all-cause death) observed between
the two cohorts. Furthermore, the database used in the current
study included only patients whowere covered by commercial
health plans in the USA; thus, the findings of this study may
not be applicable to the patient populations who were not
represented in this database (e.g., patients covered by
Medicare or Medicaid). Although average opioid doses were
evaluated at baseline and during the 12-month follow-up

period, changes in opioid dosing over time and doses of con-
stipation medication were not assessed in this study. Patients
with brain and hematologic cancers were excluded because
these patients were likely to have limitations related to treat-
ment options for OIC (e.g., peripherally-acting opioid receptor
antagonists, brain cancer) or opioids for pain (hematologic
cancer); however, exclusion of these patients was unlikely to
confound the study results. There is no diagnosis code for
OIC, and constipation could have resulted from other causes
related to the patients’ underlying disease or treatments. In
addition, the use of ≥ 1medical claim with an ICD-9 diagnosis
code for constipation or a pharmacy claim for constipation
medication to confirm constipation may not have captured
OIC because of unreliable coding or co-prescription of pro-
phylactic constipation medication with opioid prescriptions,
even in patients without constipation. Nevertheless, data from
this study are highly suggestive of a comorbidity of constipa-
tion associated with opioid usage. The pharmacy cost data did
not include over-the-counter analgesics or laxatives and, thus,
may have underestimated the costs related to pain and consti-
pation related to opioids in this population.

Conclusions

Results of the current analysis are consistent with those of
previous analyses of the burden of constipation in the setting
of opioids [20–23] and indicate a substantial healthcare and
economic burden for constipation in patients with cancer pain.
Pain is often a chronic condition for cancer survivors and
patients undergoing treatment for active cancer; however,
there is a lack of data on side effects of opioid therapy (includ-
ing OIC) when used for the management of chronic cancer-
related pain. There is a need for additional registry and pro-
spective trials, including the development and analysis of a
clinical database, to evaluate the incidence of bowel dysfunc-
tion, including OIC, and its impact on patient outcomes in
patients with cancer pain. Further analyses incorporating other
factors that could potentially affect OIC, such as opioid or
constipation medication dosing over time, could also be con-
sidered in patients with cancer pain. Although the severity of
OIC or adequacy of its management were not assessed in this
study, the increase in resource utilization in patients with con-
stipation suggests that there may be a need for early and on-
going management of constipation among patients with
cancer-related pain receiving opioid analgesics in order to
reduce the burden and increased costs associated with consti-
pation in this setting.

Acknowledgments The authors thankMegan Knagge, PhD, ofMedErgy
(Yardley, PA, USA) for providing medical writing support, which was in
accordance with Good Publication Practice (GPP3) guidelines and
funded by AstraZeneca (Wilmington, DE, USA).

Support Care Cancer (2019) 27:687–696 695



Funding information This study was supported by AstraZeneca
Pharmaceuticals, LP (Wilmington, DE).

Compliance with ethical standards

For this retrospective study based on administrative data, formal consent
was not required. All procedures were performed in accordance with the
ethical standards of the institutional and/or national research committee
and with the Declaration of Helsinki.

Conflict of interest P.G.F. is on the Board of Directors of Magellan
Health, and he has received consulting fees from AstraZeneca
Pharmaceuticals, Capital Caring, and Endo Pharmaceuticals within the
last 36 months. Y.-W.C. is an employee of HealthCore, Inc. E.W. and
C.D. are employees of AstraZeneca.

References

1. van den Beuken-van Everdingen MHJ, Hochstenbach LM, Joosten
EA, Tjan-Heijnen VC, Janssen DJ (2016) Update on prevalence of
pain in patients with cancer: systematic review and meta-analysis. J
Pain Symptom Manag 51:1070–1090

2. Breivik H, Cherny N, Collett B, de Conno F, Filbet M, Foubert AJ,
Cohen R, Dow L (2009) Cancer-related pain: a pan-European sur-
vey of prevalence, treatment, and patient attitudes. Ann Oncol 20:
1420–1433

3. Portenoy RK (2011) Treatment of cancer pain. Lancet 377:2236–
2247

4. World Health Organization (1996) Cancer pain relief: with a guide
to opioid availability, 2nd edition. World Health Organization,
Geneva

5. Wiffen PJ, McQuay HJ (2007) Oral morphine for cancer pain.
Cochrane Database Syst Rev CD003868

6. Gregorian RS Jr, Gasik A, Kwong WJ, Voeller S, Kavanagh S
(2010) Importance of side effects in opioid treatment: a trade-off
analysis with patients and physicians. J Pain 11:1095–1108

7. Abramowitz L, Beziaud N, Labreze L, Giardina V, Causse C,
Chuberre B, Allaert FA, Perrot S (2013) Prevalence and impact of
constipation and bowel dysfunction induced by strong opioids: a
cross-sectional survey of 520 patients with cancer pain:
DYONISOS study. J Med Econ 16:1423–1433

8. Coyne KS, Sexton C, LoCasale RJ, King FR, Margolis MK,
Ahmedzai SH (2016) Opioid-induced constipation among a conve-
nience sample of patients with cancer pain. Front Oncol 6:131

9. Caraceni A, Hanks G, Kaasa S, Bennett MI, Brunelli C, Cherny N,
Dale O, de Conno F, FallonM, HannaM, Haugen DF, Juhl G, King
S, Klepstad P, Laugsand EA, Maltoni M, Mercadante S, Nabal M,
Pigni A, Radbruch L, Reid C, Sjogren P, Stone PC, Tassinari D,
Zeppetella G (2012) Use of opioid analgesics in the treatment of

cancer pain: evidence-based recommendations from the EAPC.
Lancet Oncol 13:e58–e68

10. Droney J, Ross J, Gretton S, Welsh K, Sato H, Riley J (2008)
Constipation in cancer patients on morphine. Support Care
Cancer 16:453–459

11. Mancini I, Bruera E (1998) Constipation in advanced cancer pa-
tients. Support Care Cancer 6:356–364

12. National Center for Health Statistics (2005) International classifica-
tion of diseases, 9th revision, clinical modification (ICD-9-CM).
https://www.cdc.gov/nchs/icd/icd9.htm. Accessed 22 March 2018

13. Austin PC (2008) A critical appraisal of propensity-score matching
in the medical literature between 1996 and 2003. Stat Med 27:
2037–2049

14. Parsons LS (2011) Reducing bias in a propensity score matched-
pair sample using greedy matching techniques. SAS SUGI 26:214–
226

15. Austin PC (2010) Statistical criteria for selecting the optimal num-
ber of untreated subjects matched to each treated subject when
using many-to-one matching on the propensity score. Am J
Epidemiol 172:1092–1097

16. National Comprehensive Cancer Network (2017) NCCN clinical
practice guidelines in oncology (NCCN guidelines®). Adult cancer
pain version 22017 May 10, 2017. https://www.nccn.org/
professionals/physician_gls/pdf/pain.pdf. Accessed 22March 2018

17. Candrilli SD, Davis KL, Iyer S (2009) Impact of constipation on
opioid use patterns, health care resource utilization, and costs in
cancer patients on opioid therapy. J Pain Palliat Care
Pharmacother 23:231–241

18. Coyne KS, Margolis MK, Yeomans K, King FR, Chavoshi S,
Payne KA, LoCasale RJ (2015) Opioid-induced constipation
among patients with chronic noncancer pain in the United States,
Canada, Germany, and the United Kingdom: laxative use, response,
and symptom burden over time. Pain Med 16:1551–1565

19. Coyne KS, LoCasale RJ, Datto CJ, Sexton CC, Yeomans K, Tack J
(2014) Opioid-induced constipation in patients with chronic
noncancer pain in the USA, Canada, Germany, and the UK: de-
scriptive analysis of baseline patient-reported outcomes and retro-
spective chart review. Clinicoecon Outcomes Res 6:269–281

20. Wan Y, Corman S, Gao X, Liu S, Patel H, Mody R (2015)
Economic burden of opioid-induced constipation among long-
term opioid users with noncancer pain. Am Health Drug Benefits
8:93–102

21. Lawson R, Marsh K, Altincatal A, King F (2014) How does non-
malignant opioid induced constipation (OIC) impact health state
utility? Value Health 17:A369

22. Fernandes AW, Kern DM, Datto C, Chen YW, McLeskey C,
Tunceli O (2016) Increased burden of healthcare utilization and
cost associated with opioid-related constipation among patients
with noncancer pain. Am Health Drug Benefits 9:160–170

23. Alemayehu B, Coyne KS, King F (2014) Self reported health care
resource use and indirect economic burden of opioid induced con-
stipation (OIC). Value Health 17:A541

696 Support Care Cancer (2019) 27:687–696

https://www.cdc.gov/nchs/icd/icd9.htm
https://www.nccn.org/professionals/physician_gls/pdf/pain.pdf
https://www.nccn.org/professionals/physician_gls/pdf/pain.pdf

	Impact...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Data sources and study design
	Study population
	Study cohorts
	Outcome measures
	Substudy
	Statistical analyses

	Results
	Patient characteristics
	Index opioid use
	12-month post-index opioid dosing, healthcare resource utilization, and costs
	Substudy: Healthcare resource utilization and costs from 12 to 24&newnbsp;months post-index
	Sensitivity analyses

	Discussion
	Conclusions
	References


