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Purpose: Chronic pain treatment imposes a substantial economic burden on US society.

Treatment costs may vary across subgroups of patients with different types of pain. The aim

of our study was to compare healthcare costs (HC) and resource utilization in musculoske-

letal (MP), neuropathic (NP), and cancer pain (CaP) patients treated with long-acting opioids

(LAO), using real-world evidence.

Patients and methods: We compared total HC and resource utilization in subgroups of

chronic pain patients (MP, NP or CaP) treated with three LAO alternatives: morphine-sulfate

extended-release (MsER), oxycodone ER (OxnER) and tapentadol ER (TapER). Retrospective

claims data were analyzed in the IBM Truven Health MarketScan® Commercial Claims

Database (October 2012 through March 2016). All patients were continuously health plan

enrolled for at least 12 months before the index date (first LAO prescription date) and during

the LAO-treatment period. The cohorts were propensity-score matched.

Results: A total of 2824 TapER-treated patients were matched to 16,716 OxnER-treated

patients, while 2827 TapER patients were matched to 16,817 MsER patients. The average

monthly total HC were lower in the TapER than in the OxnER cohort ($2510 vs. $3720,

p<0.001), reflecting significantly lower outpatient, inpatient and emergency department visit

rates in the TapER cohort. Similarly, the TapER cohort exhibited a lower average monthly

total HC ($2520 vs. $2900, p<0.05) than MsER cohort, with significantly fewer inpatient and

outpatient visits in the TapER cohort. TapER demonstrated significantly lower total HC than

OxnER in patients with NP and MP, and similar to OxnER in CaP patients. TapER costs

were similar to MsER costs in all pain-type subpopulations.

Conclusion: Based on real-world evidence, the TapER treatment for chronic pain was asso-

ciated with significantly lower HC compared with MsER or OxnER. When categorized by type

of pain, TapER remained a less costly strategy in comparison with OxnER for MP and NP.

Keywords: long-acting opioids, real-world evidence, administrative database, cost analysis,

subgroup analysis

Plain Language Summary
Given the huge economic burden of chronic pain treatment in the USA, this study aimed to

evaluate healthcare costs and resource utilization among patients with chronic pain treated

with different types of long-acting opioids.
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We conducted a retrospective claims analysis to compare three

treatment alternatives: morphine-sulfate extended-release (MsER),

oxycodone ER (OxnER) and tapentadol ER (TapER) in subgroups

of patients with musculoskeletal, neuropathic, and cancer-related

pain.

The results of this study demonstrated a lower economic

burden associated with the long-term tapentadol compared with

either long-term oxycodone or morphine treatment among adher-

ent chronic pain patients. When categorized by type of pain,

tapentadol was less costly in subgroups of patients with muscu-

loskeletal and neuropathic pain. In patients with cancer-related

pain, the costs of TapER and OxnER were comparable. Total

healthcare costs of TapER treatment were similar to MsER costs

across all categories of pain.

Our findings can be used as an aid to clinical and healthcare

policy decision-making related to chronic pain treatment, as they

provide significant evidence on the comparative economic bur-

den of commonly prescribed treatment alternatives in the real

world setting.

Introduction
Chronic pain represents a complex condition defined as

pain persisting beyond the period of tissue healing time,

which is assumed to be three months.1 Clinical expert

guidelines for treatment of chronic pain recommend a

wide spectrum of options depending on symptom

severity.2 Opioids are used to treat the chronic pain

that responds poorly to other pain medications. The

selection of opioid treatment should be guided by a set

of factors, including individual patient characteristics,

dosing schedule, costs of treatment, need for rescue

therapy and frequency of adverse events.3 Long-acting

opioids (LAO) are reserved for treatment of moderate to

severe pain that requires around-the-clock analgesia.4,5

Furthermore, a twice-daily dosing schedule of these

extended-release (ER) formulations is convenient for

patients, potentially leading to better treatment

adherence.6 Adherence to the opioid treatment is also

an important criterion in clinical decision-making since

it maximizes the patient benefits and minimizes the

economic burden.7,8

Chronic pain management imposes a significant eco-

nomic impact on the US health care system. More than

100 million US adults suffer from chronic pain

conditions.9 The annual cost of pain management is esti-

mated to be in the $560 ─ 635 billion range and exceeds

the cost of heart disease, cancer and diabetes.9,10 One of

the factors that affects total costs of chronic pain treatment

is the underlying etiology of the condition. The LAO doses

and healthcare service utilization rates are substantially

higher in patients with cancer-related pain compared with

those with non-malignant pain causes.11–13 Thus, it is not

only important to realize the average cost and resource use

per chronic pain patient, but having a better understanding

of these outcomes based on the etiology of chronic pain

will provide additional information for decision-makers.

Studies assessing the economic impact of opioid treat-

ments are commonly performed in subpopulations of

non-cancer patients, failing to present a broader scope

and to provide more general practical implications.14,15

On the other hand, non-cancer pain conditions may be

further stratified according to the pain etiology. The most

common non-cancer pain causes are neuropathic and mus-

culoskeletal conditions.16,17 Since they require different

patterns of management and treatment, the heterogeneity

of healthcare resource consumption and costs may persist

even in the non-cancer pain population. Furthermore, the

LAO drug prescription costs may vary greatly depending

on the patent protection ie, generic vs branded drugs.18

The cost difference is further influenced by the differences

in healthcare service utilization and additional medications

for breakthrough pain. No studies were previously pub-

lished comparing healthcare costs and resource utilization

of different LAO treatments in subpopulations of chronic

pain patients.

Materials And Methods
Aim
The aim of this study was to explore healthcare utilization

and total healthcare costs in adherent LAO-treated chronic

pain patients, stratified into three groups based on the pain

type – musculoskeletal pain (MP), neuropathic pain (NP)

and cancer-related pain (CaP).

Data Sources
This was a retrospective claims database analysis con-

ducted in the Truven Health Analytics MarketScan®

Commercial Claims and Encounters Databases using data

from October 2012 through March 2016 (Figure 1).

The database contains eligibility, pharmacy claims and

medical claims data for several million individuals and

their dependents covered by the largest commercial health

insurance plans in the US The databases are fully de-

identified, and are thus in compliance with the rules estab-

lished by the Health Insurance Portability and

Accountability Act (HIPAA) Privacy Regulations.
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Study Population
The study population was composed of patients who were

18–64 years old, diagnosed with any type of chronic pain

and treated with LAOs: tapentadol extended release

(TapER), oxycodone ER (OxnER) and morphine ER

(MsER) between October 2012 and March 2016. The

only product included in the TapER cohort was

Nucynta®ER, while the OxnER and MsER cohorts con-

sisted of all patients prescribed either generic or branded

medications launched by 2016. Patients were assigned to

one of the three mutually exclusive cohorts based on the

initially prescribed treatment. Treatment crossover was not

allowed. The index date was set as the date of the first

LAO prescription. In order to meet eligibility criteria,

patients were required to be prescribed with the initial

LAO treatment for at least 90 and up to 400 days; to be

continuously insured throughout the 12-month pre-index

period and 90- to 400-day treatment period; and to be

adherent to the LAO treatment (Figure 2). The proportion

of days covered (PDC) was used as a measure of the

record-based patient adherence to LAO treatment. The

PDC was estimated as a proportion of days covered with

LAO prescriptions within the treatment duration. The

treatment duration was calculated as an interval from the

October 2012 March 2016

Baseline period

Index date 
(first prescription of the LAO of interest)

LAO treatment period

(365-day pre-index period) (90 up to 400-day post-index period)

Study period

Observational period

Figure 1 Study design.

Abbreviation: LAO, long-acting opioid.

Figure 2 Patient attrition.

Abbreviations: LAO, long-acting opioid; MsER, morphine sulfate extended release; OxnER, oxycodone extended release; TapER, tapentadol extended release.
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first LAO claim to the end of the last LAO prescription fill

during the observational period. The adherent treatment

was defined as a PDC greater than 80%.

Demographics And Clinical

Characteristics
Demographic and clinical characteristics of patients

were assessed to describe the initial study sample.

Demographic characteristics (age, gender, and geo-

graphic region of residence) were observed on the

index date, while clinical characteristics (comorbidities

included in Charlson comorbidity index (CCI)) were

assessed during the pre-index baseline period.

Diagnoses of different chronic pain types (NP, MP,

CaP) were identified using the International

Classification of Diseases, 9th and 10th Revision,

Clinical Modification (ICD-9/10-CM) medical claims,

during the pre-index and the LAO treatment period. A

small number of patients were diagnosed with

unspecific chronic pain conditions, such as chronic

pain syndrome and unspecified abdominal pain, thus

categorized into a separate subgroup. CCI was evalu-

ated using ICD-9/10-CM medical claims recorded dur-

ing the pre-index period, with respective weights

assigned for each specific comorbidity. Details regard-

ing the CCI evaluation process using administrative

claims analysis were described elsewhere.19

Healthcare Cost And Resource

Utilization
Healthcare costs and resource use were calculated during

the treatment period, from the index date to the expiration

of the last LAO fill. Because of the variable treatment

duration, the results were presented as average monthly

costs and resource utilization rates. Healthcare costs were

composed of pharmacy and medical costs (outpatient,

inpatient and emergency department (ED) costs). The

pharmacy costs were comprised of LAO prescription

costs and costs of concomitant medications. Healthcare

resource utilization was observed through the rates of

inpatient, outpatient and ED visits and the length of hos-

pital stay. Total healthcare costs and resource utilization

were compared among the treatment cohorts in chronic

pain patients. The analyses were repeated in subpopula-

tions of patients with specific type of pain: MP, NP,

or CaP.

Statistical Analyses
Descriptive statistics were used to compare baseline demo-

graphics, clinical characteristics, healthcare resource utiliza-

tion and costs for the eligible study sample. Due to

significant differences in baseline characteristics (Table 1),

chronic pain patients treated with TapER were propensity

score matched to the OxnER patients and, separately, to the

MsER patients, both in the ratio 1:6, using the nearest-

neighbor matching algorithm. The maximum allowed cali-

per distance between the matched patients was 0.001.

Propensity scores were calculated using the logistic regres-

sion model with the predictor variables presented in

Table 2. Predictor and outcome variables were compared

across the cohorts using the analysis of variance (ANOVA)

and independent t-test for continuous variables or Chi-

square test of independence for categorical variables. All

statistical analyses were performed using the software pack-

age IBM SPSS Statistics version 23.0 for Windows. The

threshold for statistical significance was 0.05.

Results
Characteristics Of The Study Sample
We identified a total of 49,868 patients eligible for a sub-

sequent matching process. A total of 2824 TapER-treated

patients were successfully matched to 16,716 OxnER-trea-

ted patients, while 2827 TapER patients were successfully

matched to 16,817 MsER patients. Table 1 captures

patients’ characteristics prior to propensity-score matching

across the LAO cohorts. After the matching, key covariates

did not differ significantly across the cohorts (p-values

given in Table 2). The mean age of patients was approxi-

mately 50 years and comparable across the three cohorts,

with a majority of female patients (roughly 60%). The

average duration of all three treatments was approximately

9 months. The average CCI score was similar among the

cohorts, suggesting the coexisting conditions were well-

balanced.

Healthcare Costs And Resource

Utilization In Chronic Pain Patients
The total healthcare costs of LAO treatment were lower in

the chronic pain patients treated with TapER than in those

treated with OxnER ($2510 vs $3720 per patient per

month (PPPM), p<0.001) (Table 3). When observing the

cost categories (Table 3), the outpatient, inpatient and ED

costs were lower in TapER- than in OxnER-treated

patients ($1030 vs $1570 PPPM for outpatient, $500 vs
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$1090 PPPM for inpatient, $100 vs $140 PPPM for ED

costs; p<0.001, for all).

When comparing TapER vs MsER, outpatient costs

($1030 vs $1330 PPPM, p<0.001), inpatient costs ($500

vs $860 PPPM, p<0.001), ED costs ($100 vs $150 PPPM,

p<0.05), and total healthcare costs ($2520 vs $2900

PPPM, p<0.05) were lower in the TapER cohort. In con-

trast, the MsER pharmacy costs were lower than those of

TapER, as presented in Table 3.

Similar trends were observed within the healthcare

resource utilization patterns. The patients treated with

TapER had a lower average number of hospitalizations and

length of hospital stay, as well as lower rates of ED and

outpatient visits than those treated with OxnER (Table 4).

Compared with MsER, TapER-treated patients had a signifi-

cantly lower mean number of hospitalizations (0.02 vs 0.04

PPPM, p<0.001), a shorter mean length of hospital stay (0.09

vs 0.19 days PPPM, p<0.001), a lower number of ED visits

(0.07 vs 0.10 PPPM, p<0.001) and a lower number of LAO

prescriptions (1.01 vs 1.03 PPPM, p<0.001) (Table 4).

Healthcare Costs Categorized By Type

Of Pain
The average total healthcare costs were significantly lower in

NP and MP patients treated with TapER than in those treated

with OxnER ($3490 vs $4640 PPPM, p<0.05 for NP; $2400

vs $3260 PPPM, p<0.001 for MP), while there was no differ-

ence between the compared strategies in patients with CaP

($13,580 vs $17,150 PPPM; p=0.415) (Table 5, Figure 3).

Similar results were obtained when analyzing outpatient

costs ($1180 vs $1730 PPPM, p<0.05 for NP; $1000 vs

$1270 PPPM, p<0.001 for MP), inpatient costs ($710 vs

$1510 PPPM, p<0.05 for NP, $460 vs $980 PPPM, p<0.001

for MP) and ED costs ($150 vs $190, p= 0.270 for NP; $90 vs

$130, p<0.001 for MP). In patients with CaP, the only differ-

ence was denoted when comparing costs of concomitant med-

ications that were lower in the TapER-treated patients ($410 vs

$1640 PPPM, p<0.001) (Table 5).

Compared with MsER-treated patients, TapER-treated

patients with NP and MP had significantly lower inpatient

costs ($700 vs $1520, p<0.05 and $460 vs $730, p<0.001).

Table 1 Baseline Characteristics Of TapER, OxnER, And MsER Patients (Pre-matching)

TapER OxnER MsER p-value

Total number of adherent patients observed 2839 25,478 21,551

Age, mean (SD) 48.7 (9.9) 50.3 (9.4) 50.5 (9.3) <0.001

Gender, n (%)

Female 1739 (61.3) 12,977 (50.9) 11,626 (53.9) <0.001

Male 1100 (38.7) 12,501 (49.1) 9925 (46.1) <0.001

MPR, mean (SD) 0.99 (0.08) 1.02 (0.08) 1.01 (0.08) <0.001

Length of treatment (months), mean (SD) 9.0 (3.7) 10.0 (3.5) 9.9 (3.5) <0.001

CCI, mean (SD) 0.8 (1.3) 1.1 (2.0) 1.1 (1.9) <0.001

Geographic location, n (%)

West 340 (12.0) 4870 (19.1) 4895 (22.7) <0.001

Midwest 482 (17.0) 4757 (18.7) 4420 (20.5) <0.001

Northeast 395 (13.9) 5239 (20.6) 2829 (13.1) <0.001

South 1557 (54.8) 10,064 (39.5) 9029 (41.9) <0.001

Unknown region 65 (2.3) 548 (2.2) 378 (1.8) <0.05

Number of adherent patients based on type of chronic pain, n (%)

Musculoskeletal pain 2590 (91.2) 22,009 (86.4) 18,754 (87.0) <0.001

Neuropathic pain 186 (6.6) 1368 (5.4) 1236 (5.7) <0.05

Cancer pain 13 (0.5) 866 (3.4) 643 (3.0) <0.001

Unspecified chronic pain condition 50 (1.8) 1235 (4.8) 918 (4.3) <0.001

Abbreviations: CCI, charlson comorbidity index; MsER, morphine sulfate extended release; MPR, Medication Possession Ratio; OxnER, oxycodone extended release; SD,

standard deviation; TapER, tapentadol extended release.
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Table 2 Baseline Characteristics Of TapER Vs OxnER And TapER Vs MsER Patients After Matching

TapER OxnER p-value TapER MsER p-value

Total number of patients 2824 16,716 2827 16,817

Age, mean (SD) 48.8 (9.9) 49.1 (10.0) 0.187 48.8 (9.9) 48.9 (9.8) 0.612

Gender, n (%)

Female 1724 (61.0) 10,204 (61.0) 0.996 1728 (61.1) 6677 (39.7) 0.404

Male 1100 (39.0) 6512 (39.0) 0.996 1099 (38.9) 10,140 (60.3) 0.404

MPR, mean (SD) 0.99 (0.08) 0.99 (0.08) 0.180 1.0 (0.1) 1.0 (0.1) 0.686

Length of treatment (months), mean (SD) 9.01 (3.66) 9.02 (3.76) 0.823 9.0 (3.7) 9.0 (3.8) 0.980

CCI, mean (SD) 0.8 (1.3) 0.8 (1.4) 0.793 0.8 (1.3) 0.8 (1.3) 0.821

CCI weight groups, n (%)

0 1659 (58.7) 9867 (59.0) 0.779 1661 (58.8) 9880 (58.8) 0.996

1 688 (24.4) 4100 (24.5) 0.851 688 (24.3) 4051 (24.1) 0.775

2 214 (7.6) 1328 (7.9) 0.504 214 (7.6) 1285 (7.6) 0.895

3 117 (4.1) 684 (4.1) 0.899 118 (4.2) 735 (4.4) 0.635

4+ 146 (5.2) 737 (4.4) 0.072 146 (5.2) 866 (5.1) 0.973

Geographic location, n (%)

West 340 (12.0) 2061 (12.3) 0.664 340 (12.0) 1966 (11.7) 0.607

Midwest 482 (17.1) 2384 (14.3) <0.001 482 (17.0) 3020 (18.0) 0.243

Northeast 395 (14.0) 3404 (20.4) <0.001 395 (14.0) 2375 (14.1) 0.832

South 1543 (54.6) 8345 (49.9) <0.001 1545 (54.7) 9099 (54.1) 0.590

Unknown region 64 (2.3) 522 (3.1) <0.05 65 (2.3) 357 (2.1) 0.549

Abbreviations: CCI, charlson comorbidity index; MsER, morphine sulfate extended release; MPR, Medication Possession Ratio; OxnER, oxycodone extended release; SD,

standard deviation; TapER, tapentadol extended release.

Table 3 Average Monthly Healthcare Costs In Matched TapER Vs OxnER And TapER Vs MsER Patients

Healthcare Costs Per Month, Mean (SD) TapER OxnER p-value TapER MsER p-value

LAO $330 (160) $380 (390) <0.001 $320 (160) $100 (220) <0.001

Concomitant medication $560 (860) $540 (1380) 0.358 $560 (860) $480 (1280) <0.05

Outpatient $1030 (2100) $1570 (4440) <0.001 $1030 (2110) $1330 (3590) <0.001

Inpatient $500 (3030) $1090 (4770) <0.001 $500 (3020) $860 (3780) <0.001

ED $100 (350) $140 (560) <0.001 $100 (350) $150 (890) <0.05

Total $2510 (4220) $3720 (7610) <0.001 $2520 (4220) $2900 (6320) <0.05

Abbreviations: ED, emergency department; LAO, long-acting opioids; MsER, morphine sulfate extended-release; OxnER, oxycodone extended release; SD, standard

deviation; TapER, tapentadol extended release.

Table 4 Average Monthly Healthcare Resource Utilization In Matched TapER Vs OxnER And TapER Vs MsER Patients

Healthcare Resource Utilization Per Month, Mean (SD) TapER OxnER p-value TapER MsER p-value

Number of LAO prescriptions 1.01 (0.15) 1.04 (0.19) <0.001 1.01 (0.15) 1.03 (0.19) <0.001

Number of outpatient visits 2.61 (1.92) 2.69 (2.40) <0.001 2.61 (1.92) 2.52 (2.18) <0.05

Number of hospitalizations 0.02 (0.08) 0.04 (0.13) <0.001 0.02 (0.08) 0.04 (0.11) <0.001

ED visits 0.07 (0.17) 0.10 (0.30) <0.001 0.07 (0.17) 0.10 (0.25) <0.001

Length of stay, days 0.09 (0.43) 0.23 (0.96) <0.001 0.09 (0.43) 0.19 (0.81) <0.001

Abbreviations: ED, emergency department; LAO, long-acting opioids; MsER, morphine sulfate extended-release; OxnER, oxycodone extended release; SD, standard

deviation; TapER, tapentadol extended release.
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Pharmacy costs were higher in the TapER cohort for all types

of pain (Table 5). There was no significant difference in the

total healthcare costs between the TapER- and MsER-treated

patients regardless of the pain type (Figure 3).

Healthcare Resource Utilization

Categorized By Type Of Pain
Healthcare resource utilization was higher in patients trea-

ted with OxnER than in those treated with TapER.

Hospitalization rates, length of stay and ED visits were

lower in NP and MP TapER-treated than OxnER-treated

patients (Table 6). In the subpopulation of patients with

CaP, healthcare utilization was generally similar in TapER-

and OxnER-treated patients (Table 6).

For the subpopulation of CaP patients, healthcare

resource utilization rates were also similar in the TapER

compared to the MsER cohort. However, in NP and MP

patients, hospitalization rates, length of hospital stay, number

of ED visits and LAO consumption were significantly lower

in TapER- compared with MsER-treated patients (Table 6).

Discussion
This retrospective study assessed the total healthcare costs

of commercially insured chronic pain patients treated with

different LAO treatments from a US healthcare payer’s

perspective, based on real-world data. The study demon-

strates a lower economic burden associated with the long-

term tapentadol treatment compared with either long-term

oxycodone or morphine treatment among adherent chronic

pain patients. The estimated monthly total healthcare cost

was approximately 30% higher among patients treated with

OxnER than among those treated with TapER. Furthermore,

Table 5 Average Monthly Healthcare Costs Categorized By The Type Of Pain In Matched TapERVs OxnER And TapERVs MsER Patients

Mean (SD) TapER OxnER p-value TapER MsER p-value

LAO

Cancer pain $350 (180) $340 (280) 0.954 $350 (180) $60 (90) <0.001

Neuropathic pain $370 (190) $390 (530) 0.295 $370 (190) $90 (200) <0.001

Musculoskeletal pain $320 (160) $380 (390) <0.001 $320 (160) $100 (220) <0.001

Concomitant medication

Cancer pain $410 (350) $1640 (2600) <0.001 $410 (350) $1330 (2110) <0.001

Neuropathic pain $1090 (1250) $810 (810) <0.05 $1090 (1250) $740 (1460) <0.05

Musculoskeletal pain $530 (820) $500 (1320) 0.134 $530 (820) $440 (1140) <0.001

Outpatient

Cancer pain $6000 (7490) $10,440 (10,970) 0.149 $6000 (7490) $11,340 (11,760) 0.105

Neuropathic pain $1180 (1590) $1730 (3540) <0.05 $1170 (1590) $1430 (2960) 0.106

Musculoskeletal pain $1000 (2050) $1270 (3770) <0.001 $1000 (2060) $1050 (2600) 0.279

Inpatient

Cancer pain $6480 (14,030) $4340 (7310) 0.593 $6480 (14,030) $5480 (9170) 0.706

Neuropathic pain $710 (2250) $1510 (4880) <0.05 $700 (2240) $1520 (5780) <0.05

Musculoskeletal pain $460 (2920) $980 (4680) <0.001 $460 (2930) $730 (3360) <0.001

Emergency department

Cancer pain $340 (620) $400 (720) 0.764 $340 (620) $360 (630) 0.901

Neuropathic pain $150 (480) $190 (510) 0.27 $150 (480) $320 (2740) 0.379

Musculoskeletal pain $90 (340) $130 (540) <0.001 $90 (340) $130 (700) <0.001

Total

Cancer pain $13,580 (21,460) $17,150 (15,380) 0.415 $13,580 (21,460) $18,570 (16,900) 0.301

Neuropathic pain $3490 (3460) $4640 (6670) <0.05 $3470 (3450) $4100 (8390) 0.117

Musculoskeletal pain $2400 (3960) $3260 (6890) <0.001 $2400 (3960) $2440 (5070) 0.672

Abbreviations: LAO, long-acting opioids; MsER, morphine sulfate extended-release; OxnER, oxycodone extended release; SD, standard deviation; TapER, tapentadol

extended release.
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the cost was approximately 15% higher for patients treated

with MsER than for those treated with TapER, even though

the MsER prescription cost was considerably lower ($100

vs $320 PPPM, respectively). The lower inpatient and out-

patient cost components in the TapER cohort appear to be

the main drivers of observed differences. Accordingly, the

healthcare services utilization of TapER-treated patients was

lower in both comparisons. TapER treatment is associated

with less frequent outpatient visits and hospital admissions,

a shorter duration of hospital stay, and less recurrent ED

visits than both OxnER and MsER treatments. We aimed to

estimate differences in the total healthcare costs of patients

with distinct pain types treated with different LAO types,

due to different management requirements for each LAO-

treated condition. A majority of patients was diagnosed

with MP, suggesting this was the most frequent chronic

pain condition the LAOs are prescribed for. TapER appears

to be a less costly treatment alternative compared with

OxnER for MP and NP, while the treatments were compar-

able in the subpopulation of patients with CaP. Although the

total healthcare costs of TapER-treated patients with chronic

pain were significantly lower than costs of MsER-treated

patients, the costs were similar when observing the subpo-

pulations of patients with MP, NP, and CaP. This can be

explained by the heterogeneity of patients with chronic

pain, emphasizing the significance of etiology-specific ana-

lysis approach.

The healthcare service utilization was two to five times

higher in patients with CaP compared with those with MP

and NP. Consequently, the CaP treatment was associated

with up to six-time higher costs than the therapy of MP

and NP, which was expected due to the high cost of cancer

treatment itself.

The cost of opioid treatment was reported in several

real-world evidence studies. A retrospective claims analy-

sis by Leider et al explored differences in annual total

healthcare costs of the chronic opioid users compared

with the matched non-opioid users. The study reported

chronic pain opioid adherent users incurred annual total

healthcare costs of $23,160.20 Despite the unequal follow

up period, their results are in accordance with our results.

Another retrospective study compared different patterns of

LAO and short-acting opioid (SAO) treatment for the

management of chronic pain in terms of healthcare costs.

The study identified a single LAO treatment as the least

costly alternative compared with SAO, a combination of

LAO and SAO, and switching between SAO and LAO

during the treatment. The estimated total healthcare cost

for mono-LAO treatment was $4933, while the costs for

mono-SAO and SAO-LAO combination were substan-

tially higher.14 Direct comparison of the obtained results

was challenging, as the authors reported the annual total

healthcare cost within a heterogeneous group of LAO

treatments disregarding patient adherence to analgesic

Figure 3 Average monthly costs per type of pain.

Abbreviations: MsER, morphine sulfate extended-release; OxnER, oxycodone extended release; TapER, tapentadol extended release.
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treatment, while we assessed total healthcare cost per

month among the chronic pain patients adherent to a

specific LAO treatment.

As studies comparing the economic burden of different

LAOs are lacking, our study contributes to the existing

literature by adding real-world evidence about total health-

care costs associated with different opioid treatment types.

Furthermore, the importance of this study is that it focuses

on the subgroups of chronic pain patients with homoge-

nous prognoses.

As reported in previous studies, TapER treatment

offered significant clinical advantages over OxnER treat-

ment for chronic pain patients.21–23 Results of a meta-ana-

lysis of randomized controlled trials demonstrated a lower

incidence of adverse events and a lower risk of treatment

discontinuation in TapER-treated compared with OxnER-

treated patients.22 Rates of serious adverse events were

compared among commonly prescribed opioid analgesics

of varying potency in The Researched Abuse, Diversion

and Addiction-Related Surveillance (RADARS®) System

from 2012 through 2016.23 Results showed that the rates

of serious adverse events were highest on hydromorphone

(8.02 (7.42–8.65) per 100 kg of drug dispensed in MME),

the lowest on tapentadol (0.27 (0.22–0.34) per 100 kg of

drug dispensed), while the rate of serious adverse events on

oxycodone was 1.74 (1.70–1.78) per 100 kg of drug

dispensed.23 In addition to the list of clinical advantages

TapER offers over OxnER, another post-marketing study

confirmed an improved safety profile of TapER through its

lower abuse liability. Butler et al reported that abuse was

significantly less frequent in patients treated with TapER

than in OxnER-treated individuals assessed for substance

abuse problems (p<0.001). A retrospective cohort study

evaluated the abuse liability of tapentadol compared with

tramadol, hydrocodone, morphine, oxycodone, hydromor-

phone, and oxymorphone based on the Researched Abuse,

Diversion and Addiction-Related Surveillance system

RADARS® System data. The abuse and diversion rates

among tapentadol users were significantly lower than in

all other opioid cohorts when examined on the population

Table 6 Average Monthly Healthcare Resource Utilization Categorized By The Type Of Pain In Matched TapER Vs OxnER And TapER

Vs MsER Patients

Mean (SD) TapER OxnER p-value TapER MsER p-value

Number of LAO prescriptions

Cancer pain 1.06 (0.28) 1.03 (0.15) 0.476 1.06 (0.28) 1.02 (0.14) 0.357

Neuropathic pain 0.99 (0.15) 1.00 (0.18) 0.207 0.99 (0.15) 1.01 (0.16) <0.05

Musculoskeletal pain 1.01 (0.15) 1.04 (0.19) <0.001 1.01 (0.15) 1.03 (0.19) <0.001

Number of outpatient visits

Cancer pain 5.32 (2.41) 5.79 (3.18) 0.597 5.32 (2.41) 6.50 (3.52) 0.234

Neuropathic pain 3.19 (1.91) 3.72 (2.99) <0.05 3.18 (1.92) 3.43 (2.76) 0.152

Musculoskeletal pain 2.58 (1.91) 2.58 (2.24) 0.832 2.57 (1.91) 2.39 (1.98) <0.001

Number of hospitalizations

Cancer pain 0.32 (0.62) 0.19 (0.25) 0.47 0.32 (0.62) 0.22 (0.25) 0.556

Neuropathic pain 0.04 (0.10) 0.07 (0.18) <0.05 0.04 (0.10) 0.06 (0.12) <0.05

Musculoskeletal pain 0.02 (0.06) 0.04 (0.11) <0.001 0.02 (0.06) 0.03 (0.10) <0.001

ED visits

Cancer pain 0.26 (0.31) 0.30 (0.37) 0.751 0.26 (0.31) 0.29 (0.42) 0.793

Neuropathic pain 0.09 (0.18) 0.15 (0.28) <0.05 0.09 (0.18) 0.15 (0.35) <0.05

Musculoskeletal pain 0.07 (0.16) 0.10 (0.30) <0.001 0.07 (0.16) 0.09 (0.23) <0.001

Length of stay, days

Cancer pain 1.17 (2.24) 1.20 (2.53) 0.971 1.17 (2.24) 1.23 (1.87) 0.906

Neuropathic pain 0.19 (0.63) 0.35 (1.03) <0.05 0.19 (0.63) 0.34 (1.02) <0.05

Musculoskeletal pain 0.07 (0.38) 0.19 (0.85) <0.001 0.07 (0.38) 0.16 (0.73) <0.001

Abbreviations: ED, emergency department; LAO, long-acting opioids; MsER, morphine sulfate extended release; OxnER, oxycodone extended release; SD, standard

deviation; TapER, tapentadol extended release.
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level. The study results imply the low public health burden

of tapentadol in comparison with other opioids.24 The

reduced abuse prevalence of tapentadol compared with

oxycodone among IR formulations was also observed.25–27

Furthermore, a cost-effectiveness analysis concluded

that TapER provides convenient pain relief for a substan-

tially higher number of patients, with a lower rate of

common opioid-related adverse events, at a marginally

higher direct payer’s total health care cost compared with

OxnER.21 Our study observed a lower healthcare resource

utilization associated with TapER treatment, which may be

in line with the statements of an improved safety profile of

TapER compared with OxnER. Several cost-effectiveness

studies reported TapER as a dominant strategy in compar-

ison with OxnER for MP treatment22 and as a first-line

treatment of severe, chronic non-malignant pain28,29 and

second-line treatment in the UK settings.29 A cost-effec-

tiveness model analyzed from a perspective of a health

care payer in Spain demonstrated that TapER is a cost-

effective treatment strategy when compared with MsER,

with an incremental cost-effectiveness ratio of €2656 per

quality- adjusted life-year gained.28 A budget impact ana-

lysis recommended replacing 10% of oxycodone con-

trolled-release formulary share with TapER as an optimal

strategy for a reduction of the US healthcare budget spend-

ing, due to lower expenditures for managing opioid-related

adverse events.30

There are multiple gaps in evidence-based knowledge

of pain management.31 Most importantly, there is a lack of

evidence to support an optimal practice in opioid prescrib-

ing. For this reason, it is important to weigh benefits,

harms, and costs of commonly prescribed LAO treatment

alternatives using real-world evidence. Although the retro-

spective claims analysis provides numerous advantages

over other types of research methods, it has several limita-

tions. Selection bias in retrospective claims analyses may

occur because of the ICD-9/10-CM coding inconsisten-

cies. The database used in the present study also did not

include over-the-counter medications claims and their

costs. Another potential limitation of this study represent

a common restraint of propensity score matching -

although the study groups were matched based on the

relevant covariates identified through the regression ana-

lysis, there is always a possibility of unidentified covari-

ates that may influence study outcomes. Factors that could

have influenced healthcare costs and were not observed in

the study were LAO doses and pain severity, with higher

doses and stronger pain possibly resulting in higher

healthcare costs. As the study was analyzed from the US

healthcare payer perspective, we did not examine indirect

costs of the opioid therapy, which could be a subject of

future research.

Conclusion
The findings of the current study provide important evi-

dence on comparative economic burden across commonly

prescribed LAO treatment alternatives. Based on real-world

evidence, the TapER treatment for chronic pain resulted in

significantly lower costs compared with both MsER and

OxnER. When categorized by type of pain, TapER

remained a less costly strategy in comparison with OxnER

for MP and NP, while the economic burden of the compared

treatments was similar in the CaP patients.

The results of this study can aid to clinical and health-

care policy decision-making related to chronic pain.

Establishing benefits, harms and long-term cost-effective-

ness of LAO treatment alternatives in the US healthcare

setting is suggested to be of high importance.

Abbreviations
CaP, cancer pain; CCI, charlson comorbidity index; ED, emer-

gency department; ER, extended-release;HC, healthcare costs;

HIPAA, Health Insurance Portability and Accountability Act;

ICD-9/10-CM, International Classification of Diseases, 9th

and 10th Revision, Clinical Modification; LAO, long-acting

opioids; MP, musculoskeletal; MPR, Medication Possession

Ratio; MsER, morphine-sulfate extended-release; NP, neuro-

pathic; OxnER, oxycodone extended release; PDC, proportion

of days covered; PPPM, per patient per month; RADARS®,

The Researched Abuse, Diversion and Addiction-Related

Surveillance; SAO, short-acting opioid; TapER, tapentadol

extended release.
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