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Opioid-related clinical outcomes and associated healthcare  
costs following abuse/misuse of oxycodone formulations:  
A HEOR analysis from real-world data

Jody L. Green, PhD; Taryn Dailey-Govoni, MPH; Suzanne K. Vosburg, PhD

ABSTRACT

Objective: The United States (US) opioid epidemic is a continued burden on the 
healthcare system and on the lives of individuals affected by the consequences 
of opioid abuse/misuse. The objective of this study was to use real-world data 
from intentional abuse/misuse exposures managed by US poison centers to com-
pare clinical outcomes and quantify healthcare costs among three study cohorts: 
 exposures that involved Xtampza ER®, other oxycodone extended-release (ER), 
and oxycodone immediate-release (IR).
Study design: A real-world, observational study.
Main outcome measures: Descriptive statistics were used to describe patient 
and exposure characteristics. Drug utilization-adjusted rates of intentional abuse/
misuse and clinical outcomes were used to determine relative risk. Healthcare cost 
estimates were calculated by extrapolating average charge per opioid-related dis-
order emergency department (ED) visit and per inpatient stay based upon case 
disposition rates, adjusted for population and drug utilization.
Results: Compared to Xtampza ER, exposures that involved other oxycodone ER 
were 7.4 times more likely to be intentional abuse/misuse, 25.9 times more likely to 
result in major effect or death, 9.7 times more likely to require a visit to the ED, and 
14.3 times more likely to result in hospital admission. Similar results were found 
for oxycodone IR when compared to Xtampza ER.
Conclusions: This study is the first of its kind to synthesize clinical outcomes with 
opioid-related healthcare costs, suggesting that even when Xtampza ER is abused/
misused, the rates of major effect/death, ED visits, and hospital admissions were 
significantly lower than those for other oxycodone-containing medications, result-
ing in relatively low downstream opioid-related healthcare costs.

OBJECTIVES/INTRODUCTION

The United States (US) opioid epidemic is a con-
tinued burden on the healthcare system and on the 
lives of individuals affected by the consequences of 
opioid abuse/misuse. The economic toll of the opi-
oid crisis in the US was estimated at nearly USD 1.5 
trillion in 2020.1 According to the most recent report 
by the Society of Actuaries, healthcare costs associ-
ated with opioid overdose, misuse, and dependence 

were estimated at USD 60.4 billion in 2018 and 
expected to exceed USD 65 million in 2019.2 Despite 
countless initiatives to curb opioid abuse, the 
annual rate of emergency department (ED) visits for 
nonfatal opioid overdoses per 100,000 persons has 
increased from 45.4 in 2018 to 62.4 in 2022.3 In 2021, 
opioids were involved in 80,411 (75.4 percent) drug 
overdose deaths in the US, with 88 percent of these 
involving synthetic opioids such as fentanyl and 
fentanyl analogs (a 22 percent increase from 2020).4
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While deaths involving synthetic opioids are 
on the rise, deaths involving natural and semisyn-
thetic opioids such as oxycodone and hydroco-
done have not significantly changed since 2010.4 
Deaths involving natural and semisynthetic opi-
oids tripled from 2001 to 2010 and have plateaued 
through 2021. This drug class includes the major-
ity of prescription opioid medications used to treat 
pain. The sustained flattening of the death rate tra-
jectory suggests significant progress in reducing 
abuse in this drug grouping. The updated Centers 
for Disease Control and Prevention clinical prac-
tice guidelines for prescribing opioids encourages 
providers to focus on patient-centric pain manage-
ment (with opioids and other therapies), with con-
sideration of opioid-related risks.5 Several examples 
of risk mitigation strategies are listed in the guide-
lines, including opioid management plans, patient 
education, urine drug screening, use of prescrip-
tion drug monitoring programs, and use of abuse-
deterrent formulations (ADFs). ADFs are opioid 
medications designated by the US Food and Drug 
Administration (FDA) as products that may mean-
ingfully deter abuse, even if they do not fully pre-
vent abuse.6 ADF opioid medications include 
technology expected to make manipulation of an 
opioid more difficult or reduce the potent effects 
of manipulation, particularly from use via nono-
ral routes (such as snorting or injecting), which 
are associated with higher risk of life-threatening 
events/death.7 Several studies have illustrated the 
effectiveness of ADFs, demonstrating reduction in 
abuse, therapeutic errors, and accidental exposures 
reported to US poison centers,8-10 reduction in prev-
alence and frequency of overall abuse and abuse 
via nonoral routes in adults evaluated for substance 
use,10-12 and reduction in drug diversion.9 A study of 
real-world managed care populations determined 
that broad formulary coverage of ADF opioids was 
associated with 15-25 percent reduction in opioid 
abuse or overdose-related hospitalizations in the 
ADF opioid coverage group compared to those 
without ADF opioid coverage.13

As of 2013 in the US, all oxycodone extended-
release (ER) formulations are required to have abuse-
deterrent properties14; however, not all oxycodone 
ER products are formulated with the same ADF 
technology. The comparative effectiveness against 
abuse (especially via nonoral routes) and the reduc-
tion in the severity of clinical outcomes between the 
different formulations of oxycodone ER medications 

have been studied. Xtampza ER (an oxycodone ER 
capsule that may be taken by swallowing whole or 
by sprinkling the capsule contents on soft foods, 
into a cup, or through a gastrostomy or nasogastric 
feeding tube) had significantly lower rates of non-
medical use (NMU) than solid dosage forms of other 
oxycodone ER products and oxycodone immediate-
release (IR) products, as well as significantly lower 
rates of nonoral NMU than oxycodone IR products 
among a population of individuals assessed for sub-
stance use treatment.12 Xtampza ER abuse, misuse, 
diversion, and tampering were lower compared 
to other prescription opioid analgesics in poison 
center cases, substance use treatment centers, and 
drug diversion units.10 In a study of commercial and 
Medicare claims, total healthcare costs in patients 
switched from oxycodone IR to Xtampza ER were 
significantly lower than costs in patients switched 
from oxycodone IR to OxyContin (USD 22,630 ver-
sus USD 28,386 [p = 0.005], respectively).15

While total healthcare costs have been compared 
between oxycodone ER products, costs specific 
to opioid-related ED visits and hospital admis-
sions have yet to be enumerated. The objective of 
this study was to (1) compare the abuse/misuse 
rates captured by the National Poison Data System 
(NPDS) between Xtampza ER, other ER oxycodone 
(ADF group excluding Xtampza ER), and IR oxyco-
done, adjusted for population and drug utilization; 
(2) compare the medical outcome severity and level 
of healthcare required, eg, ED visit and hospital 
admission, to manage NPDS abuse/misuse cases 
that involved Xtampza ER versus other oxycodone 
medications; and (3) compare extrapolated cost esti-
mates associated with ED visits and hospital admis-
sions associated with Xtampza ER NPDS abuse/
misuse cases to other oxycodone medications.

METHODS

This is a health economics and outcomes research 
(HEOR) study using real-world data from four data 
sources.

NPDS (America's Poison Centers [APC]) is a 
national repository of exposures reported to and 
managed by US poison centers.16 While the primary 
role of a poison center is medical management, 
patient reports are recorded in a standardized, elec-
tronic form and uploaded to the NPDS in near real-
time. Exposures in patients aged 12 years and older 
with exposure dates from January 1, 2019 through 
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December 31, 2022 were used to estimate rates of 
abuse/misuse, severity of medical outcome, treated/
evaluated and released disposition, and hospital 
admissions. For purposes of this study, combined 
outcomes were created based on the exposure rea-
son of abuse/misuse (intentional abuse/intentional 
misuse/intentional unknown), medical outcome 
(major effect/death), and healthcare facility (HCF) 
level of care (hospital admission to noncritical care/
to critical care/to psychiatric).17

IQVIA's National Prescription AuditTM (NPA) data 
use algorithms to project the number of dosage units 
dispensed, ie, number of tablets or capsules, during 
a given time frame and within a given geographic 
area. Estimated dosage units dispensed, ie, tablets 
and capsules, were used to calculate drug utilization 
adjusted rates for each study group for the study 
period of January 1, 2019 through December 31, 
2022.

Healthcare Cost and Utilization Project (HCUP) 
is a family of healthcare databases and related 
software tools and products developed through 
a  federal–state–industry partnership and spon-
sored by the Agency for Healthcare Research and 
Quality (AHRQ). The most recent data from the 
2020 Nationwide Emergency Department Sample 
provided the average hospital charge per opioid-
related disorder ED visit, and data from the 2020 
National (Nationwide) Inpatient Sample provided 
the average hospital charge per opioid-related inpa-
tient hospital stay. These cost estimates were used 
to extrapolate and compare ED visit and hospital 
admission costs between study groups. HCUP and 
AHRQ Use Guidelines were followed.

US Census Bureau's American Community Survey 
data were applied to the extrapolated healthcare 
costs to adjust for population. The most recent 
national population estimates from 2021 for those 
aged 12 years and older were applied to match the 
NPDS data age range.

The primary product of interest was Xtampza ER, 
an oxycodone ER ADF medication. Comparator opi-
oids include other oral solid dosage formulations of 
oxycodone ER products (excluding Xtampza ER) 
and oxycodone IR products (Table 1). Descriptive 
statistics were used to summarize patient demo-
graphics (age and gender), exposure reason for 
intentional abuse/misuse, and the proportion of 
intentional abuse/misuse exposures involving one 
versus multiple study groups. Rates of intentional 
abuse/misuse and clinical outcomes (major effect/
death, evaluated/treated/released, and hospital 
admission) were calculated per 100,000 dosage units 
dispensed. Relative risk was calculated by dividing 
the rate of the event occurring in the comparator 
group by the rate of the event occurring in the ref-
erence group (Xtampza ER). A relative risk of 1.0 
indicates identical rates among the two groups and 
a value greater than 1.0 indicates an increased risk 
in the comparator group. Statistical significance is 
indicated when the 95 percent confidence interval 
(CI) does not include 1.0.

Healthcare cost estimates were calculated by 
extrapolating the 2020 HCUP average hospital 
charge per opioid-related disorder ED visit (USD 
3,795 ± 95 percent CI 365) and average hospital 
charges per inpatient stay per opioid-related disor-
der (USD 20,706 ± 95 percent CI 1,222) based upon 

Table 1. Study groups and drug utilization

Group Description
Total dosage units 

dispensed*  
(2019-2022)

Percentage of all 
oxycodone dosage units 
dispensed (2019-2022)

Xtampza ER (product of 
interest)

Includes Xtampza ER 128,680,031 1.2

Other oxycodone ER 
(comparator)

Includes oral solid dosage forms of oxycodone 
ER products, excluding Xtampza ER

364,541,517 3.4

Oxycodone IR 
(comparator)

Includes oral solid dosage forms of all 
oxycodone IR products, both single ingredient 
and combination products

10,295,942,944 95.4

*Data include estimated dosage units dispensed within all US states as well as those dispensed by mail order.
ER: extended-release; IR: immediate-release.
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NPDS rates of evaluated/treated/released and hos-
pital admission (2019-2022), adjusted for population 
(US Census data) and drug utilization (dosage units 
dispensed).

RESULTS

A total of 301 exposures to Xtampza ER, 2,159 
to other oxycodone ER, and 17,694 to oxyco-
done IR were reported to NPDS during the study 
period (Table 2). All but one abuse/misuse expo-
sure to Xtampza ER involved substances from only 
one study group; one exposure involved Xtampza 
ER and oxycodone IR. Similar to Xtampza ER, the 
majority (>90 percent) of intentional abuse/misuse 
exposures to the comparator opioids were expo-
sures involving only one study group.

Compared to Xtampza ER (34.4 percent), expo-
sures to the comparator opioids occurred more fre-
quently among individuals aged 39 years or younger 
(other oxycodone ER, 57.5 percent; oxycodone 
IR, 64.3 percent) (Table 3). The mean age of those 
reporting exposure to Xtampza ER (49.4 years) was 
greater than the mean age for other oxycodone ER 
(37.5 years) and oxycodone IR (35.1 years). While 
females accounted for 53.1 percent of Xtampza ER 
exposures, males accounted for most exposures to 
other oxycodone ER (63.9 percent) and oxycodone 
IR (61.4 percent).

The relative risk analysis adjusted for drug utiliza-
tion resulted in significantly higher risk of all out-
comes for other oxycodone ER and oxycodone IR 
compared to Xtampza ER (Figure 1). Intentional 
abuse/misuse was 7.4 (95 percent CI 5.2-10.5) times 
more likely for other oxycodone ER and 2.0 (95 per-
cent CI 1.4-2.9) times more likely for oxycodone 
IR. Intentional abuse/misuse exposures resulting 
in major effect or death were 25.9 (95 percent CI 
8.3-80.9) times more likely for other oxycodone ER 
and 7.2 (95 percent CI 2.3-22.4) times more likely 
for oxycodone IR. Intentional abuse/misuse expo-
sures resulting in ED visits were 9.7 (95 percent CI 
5.3-17.6) times more likely for other oxycodone ER 
and 2.8 (95 percent CI 1.5-5.0) times more likely for 
oxycodone IR. Intentional abuse/misuse exposures 
resulting in hospital admission were 14.3 (95 per-
cent CI 5.9-34.8) times more likely for other oxyco-
done ER and 4.0 (95 percent CI 1.7-9.6) times more 
likely for oxycodone IR.

When considering rates of HCF level of treated/
evaluated and released per 100,000 US population 
per 100,000,000 (100 m) dosage units dispensed, the 
extrapolated cost of ED visits involving intentional 
abuse/misuse of Xtampza ER was USD 1,135.36 
(USD 1,026.17-1,244.56), which was markedly 
lower than the extrapolated costs associated with 
other oxycodone ER (USD 10,966.63, USD 9,911.86-
12,021.39) and oxycodone IR (USD 3,143.71, 

Table 2. All NPDS exposures, intentional abuse/misuse exposures, single study group intentional  
abuse/misuse exposures, and multiple study group intentional abuse/misuse exposures  

by study group reported to NPDS (January 1, 2019 through December 31, 2022)

All NPDS 
exposures

Intentional abuse/misuse 
exposures

Cases with substances in only 
one study group*

Cases with substances in 
more than one study group

n n
Percentage of 
any exposure

n
Percentage of 

intentional abuse/
misuse exposures

n
Percentage of 

intentional abuse/
misuse exposures

Xtampza ER 301 32 10.6 31 96.9 1 3.1

Other 
oxycodone ER

2,159 668 30.9 656 98.2 12 1.8

Oxycodone IR 17,694 5,149 29.1 5,125 99.5 24 0.5

*For Xtampza ER, cases with substances in only one study group are those that involve Xtampza ER but do not involve other 
oxycodone ER or oxycodone IR products. For other oxycodone ER, cases with substances in only one study group are those 
that involve at least one other oxycodone ER but do not involve Xtampza ER or oxycodone IR. For oxycodone IR, cases with 
substances in only one study group are those that involve at least one oxycodone IR but do not involve Xtampza ER or other 
oxycodone ER.
NPDS: National Poison Data System; ER: extended-release; IR: immediate-release.
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Table 3. Patient demographics of intentional abuse/misuse exposures by study  
group reported to NPDS (January 1, 2019 through December 31, 2022)

Xtampza ER  
(N = 32)

Other oxycodone ER  
(N = 668)

Oxycodone IR  
(N = 5,149)

Response n Percent n Percent n Percent

Age

12 to ≤19 years 0 0.0 88 13.2 957 18.6

20 to ≤39 years 11 34.4 296 44.3 2,354 45.7

40 to ≤59 years 10 31.3 183 27.4 1,090 21.2

60+ years 11 34.4 72 10.8 584 11.3

Unknown adult (20+ years) 0 0.0 29 4.3 164 3.2

Total N* 32 634 4,949

Mean (years) 49.4 37.5 35.1

Standard deviation (years) 15.5 16.9 16.8

Median (years) 55 34 30

Range (years) 24-72 12-94 12-100

Gender

Male 15 46.9 427 63.9 3,162 61.4

Female 17 53.1 240 35.9 1,981 38.5

Unknown/no response 0 0.0 1 0.1 6 0.1

*Some exposures do not list a specific age but instead provide an age category, eg, “20s,” “unknown adult.” Age statistics (mean, 
standard deviation, median, and range) include only exposures with a specific age (in years) reported.
NPDS: National Poison Data System; ER: extended-release; IR: immediate-release.

Figure 1. Relative risk of intentional abuse/misuse, major effect/death, ED visit, and hospital admission by study group 
(2019-2022). ER: extended-release; IR: immediate-release; ED: emergency department; CI: confidence interval.
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USD 2,841.35-3,446.07). When adjusted per 100,000 
US population per 100 m dosage units dispensed, 
the extrapolated cost of hospital admission involv-
ing intentional abuse/misuse of Xtampza ER was 
USD 2,815.77 (USD 2,649.59-2,981.94), which was 
markedly lower than the extrapolated costs asso-
ciated with other oxycodone ER (USD 40,354.04, 
USD 37,972.47-42,735.60) and oxycodone IR (USD 
11,191.00, USD 10,530.54-11,851.46) (Figure 2).

DISCUSSION

This study supports previous post-market reports 
of lower abuse/misuse rates of Xtampza ER com-
pared to other oxycodone-containing medications, 
even when adjusted for the variation in drug utiliza-
tion between the study groups. Similar trends have 
been observed across different populations—eg, 
exposures managed by poison centers, individuals 
assessed for substance use treatment, and medical/
pharmacy claims data—and study outcomes—eg, 
intentional abuse/misuse, severity of medical out-
come, and level of HCF required to manage an 
intentional abuse/misuse event—when comparing 
Xtampza ER to other opioid medications.

This study also provides a novel HEOR evalua-
tion using real-world data on clinical outcomes 
and healthcare costs associated with abuse/misuse 
of Xtampza ER compared to other opioid medica-
tions. Rates of serious clinical outcomes resulting 
from abuse/misuse exposure (adjusted for dosage 
units dispensed) were greater for other oxycodone 

ER and oxycodone IR compared to Xtampza ER. 
Specifically, major effect (life-threatening)/death 
was 25.9 times higher for other oxycodone ER and 
7.2 times higher for oxycodone IR, HCF level of 
treated/evaluated and released (ED visit) was 9.7 
times higher for other oxycodone ER and 2.8 times 
higher for oxycodone IR, and hospital admission 
was 14.3 times higher for other oxycodone ER and 
4.0 times higher for oxycodone IR.

In addition to the human toll, these outcomes 
translate to exponentially higher healthcare costs. 
The incremental costs of ED visits for the compara-
tor groups were from USD 2,009 to 9,832 higher per 
100,000 persons per 100 m dosage units dispensed 
and the incremental costs for hospital admissions 
were from USD 8,375 to 37,538 higher per 100,000 
persons per 100 m dosage units dispensed.

Despite real-world evidence of the effectiveness 
of ADF opioid medications at reducing abuse and 
associated outcomes, there has been a slow uptake of 
utilization of these products, which account for only 
5-6 percent of opioid medications dispensed.18 From 
2015 to 2019, utilization of ADF products decreased 
by 51 percent. However, not all ADFs exhibited the 
same prescribing pattern. While OxyContin utiliza-
tion decreased during that time period, utilization 
of Xtampza ER actually increased. In our study, 
Xtampza ER is compared to other oxycodone ER 
(including OxyContin), all of which are required by 
FDA to have ADF properties. Compared to Xtampza 
ER, NPDS exposures of other oxycodone ER were 
7.4 times more likely to involve abuse/misuse, 

Figure 2. Extrapolated costs (95 percent confidence interval) of intentional abuse/misuse exposures resulting in ED vis-
its and hospital admission per 100,000 US population per 100 million dosage units dispensed (2019-2022). ER: extended-
release; IR: immediate-release; ED: emergency department.
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25.9 times more likely to result in major effect or 
death, 9.7 times more likely to result in ED visit, and 
14.3 times more likely to result in hospital admis-
sion. The difference in extrapolated costs between 
ED visit and hospital admission was substantial and 
would be expected to far exceed any incremental 
costs for branded ADF medications. These data sug-
gest that not all ADF opioids will exhibit the same 
effectiveness in deterring abuse or the related costs 
of ED visits and hospital admissions, which may be 
due to the variations in technology. Additional stud-
ies that expand upon the relative cost effectiveness 
of specific ADF medications for overall healthcare 
costs (including the differential costs of the medica-
tions) are warranted.

Limitations

As with all observational studies, this study has 
limitations. NPDS data are not intended to capture all 
abuse/misuse exposures; hence, there is underreport-
ing for rates and estimated healthcare costs. There 
was minimal overlap between study groups (0.5-3.1 
percent); however, due to the small sample size for 
Xtampza ER, these cases were included in all relevant 
groups and were not expected to change study find-
ings. The interpretation of the results should focus on 
the relative differences (relative risk) between study 
groups rather than absolute rates. NPDS relies on self-
reported data, as do most real-world data sources. 
Specific products are not verified; however, health-
care professionals managing cases recorded in NPDS 
are trained to obtain as much information as possible 
to accurately identify and code products, and there 
are no data that suggest any differential reporting bias. 
HCUP estimates are generalized and not product spe-
cific. Variability in healthcare costs for a specific ED 
visit or hospital admission would be expected based 
upon the severity of the opioid-related event, which 
is not accounted for in this model. Interpretation of 
the healthcare cost estimates should focus on the rel-
ative differences between study groups rather than 
absolute costs.

CONCLUSIONS

This study is the first of its kind to synthesize 
clinical outcomes captured in NPDS with opioid-
related healthcare costs, suggesting that even when 
Xtampza ER is abused/misused, the rates of major 
effect/death, ED visits, and hospital admissions were 

significantly lower than those for other oxycodone-
containing medications, resulting in relatively low 
downstream opioid-related healthcare costs.
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