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Veritication of a Decision Analytic Model
Assumption Using Real-World Practice Data:
Implications for the Cost Effectiveness of
Cyclo-oxygenase 2 Inhibitors (COX-2s)

Emily R. Cox, PhD; Brenda Motheral, PhD; and Doug Mager, BS

Objective: To verify, the gastroprotective agent (GPA) rate
assumption used in/cost-effectiveness models for cyclo-oxygenase
2 inhibitors (COX-2s) ‘and to re-estimate model outcomes using
GPA rates from actual practice.

Methods: Prescription and medical claims data obtained from
January 1, 1999, through May 31, 2001, from a large preferred
provider organization-in the' Midwest, were used to estimate GPA
rates within 3 groups of patients aged at least 18 years who were
new to nonselective nonsteroidal anti-inflammatory drugs
(NSAIDs) and COX-2 therapy: all new NSAID users, new NSAID
users with a diagnosis of rheumatoid arthritis (RA) or osteoarthritis
(OA), and a mateched cohort of new NSAID users.

Results: Of the more than 319 000 members with at least 1 day.
of eligibility, 1900 met the study inclusion criteria for new NSAID
users, 289 had a diagnosis of OA or RA, and 1232 were included
in the matched cohort. Gastroprotective agent estimates for nonse-
lective NSAID and COX-2 users were consistent across all 3 sam-
ples (all new NSAID users, new NSAID users with a diagnosis of
OA or RA, and the matched cohort), with COX-2 GPA rates of
22%, 21%, and 20%, and nonselective NSAID GPA rates of 15%,
15%, and 18%, respectively. Re-estimation of the cost-effective-
ness model increased the cost per year of life saved for COX-2s
from $18 614 to more than $100 000.

Conclusions: 'Contrary to COX-2 cost-effectiveness model
assumptions, the rate of GPA use is positive and marginally higher
among COX-2 users than-among nonselective NSAID users. These
findings call into question the use of expert opinion in estimating
practice pattern model inputs.prior to a product’s use in clinical
practice. A re-evaluation of COX-2 cost-effectiveness models is
warranted.

(Am ] Manag Care 2003;9:785-794)

ecision makers have said that for pharma-
D coeconomic information to be useful it should,

among other things, be presented in a timely
manner, include head-to-head comparisons with rele-
vant comparators, and consist of reliable data.! The
dilemma for researchers is that meeting all of these
criteria is practically impossible. If the pharmacoeco-
nomic information is to be presented in a timely man-
ner, typically when a product comes to market, often
the only available data come from the randomized con-
trolled trials used to establish safety and efficacy of the

product compared with placebo. At the time of product
launch, studies comparing the new product with exist-
ing similar products are rarely available. Another diffi-
culty faced by researchers.is that data important to the
economic evaluation of the therapy may not be avail-
able at the time of product launch, such as practice
patterns reflecting real-world use, costs, resource uti-
lization, and utilities. To provide decision makers with
information in a timely manner, including use of rele-
vant comparators, researchers utilize decision analysis
techniques, relying on the best data available for model
inputs. When such data are not available, expert opin-
ion and consensus are often used to-obtain estimates.’
Rarely, however, are these assumptions verified once
actual practice data become available.

A case in point is cost-effectiveness evaluations of
cyclo-oxygenase 2 inhibitor’ (COX-2) therapy. Both
nonselective nonsteroidal /anti-inflammatory drugs
(NSAIDs) and COX-2s are equally effective in treating
pain. However, nonselective NSAIDs have a significant-
ly higher rate of gastrointestinal (GI) adverse events. To
reduce the risk of GI adverse events with NSAIDs, sev-
eral guidelines have recommended that physicians
coprescribe gastroprotective agents (GPAs), such as
proton pump inhibitors (PPIs) or misoprostol to those
patients at high risk of adverse GI events.”® Given the
cost associated with GPA use and the extent of GPA co-
prescribing among nonselective NSAID users, estimated
to be from 17% to 34%,” failure to include these costs
in economic evaluations of these products could under-
estimate the true cost of NSAID therapy.
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Table 1. Overview of COX-2 Cost-effectiveness Studies

COX-2 Nonselective COX-2
Cost-effectiveness Study Study NSAID GPA GPA
Study Perspective Population Treatment Alternatives Rate Assumption  Rate Assumption
Rofecoxib

Marshall et al' Ontario Ministry OA patients 265

of Health years, not
responding to
acetaminophen
Pellissier et al' US third-party OA
payer
Moore et al'® British National OA
Health Service
Celecoxib
Haglund and Swedish healthcare ~ OA and RA
Svarvar'® system
Svarvar and Aly'?  Norwegian OA and RA
healthcare system
Zabinski et al" Canadian Provincial ~ OA and RA

Ministry of Health patients 265 years

Swiss healthcare OA and RA

system

Chancellor et al™®

Nonselective NSAIDs 23% 90% less than
nonselective
NSAID rate

Nonselective NSAIDs 25.5% 75% less than
nonselective
NSAID rate*

Nonselective NSAIDs 20.6% 75% less than
nonselective
NSAID rate*

Diclofenac/misoprostol; NA 0%

NSAID + PPI; NSAID +

H,RA; NSAID +

misoprostol; rofecoxib

Diclofenac/misoprostol;

NSAID + PPI; NSAID + 45% 0%

H,RA; NSAID +

misoprostol; rofecoxib

Diclofenac/misoprostol; NA 0%

NSAID + PPI; NSAID +

H,RA; NSAID +

misoprostol

Diclofenac/misoprostol; NA 0%

NSAID + PPI; NSAID +

H,RA; NSAID +

misoprostol

H,RA indicates H, receptor antagonist; NA, not applicable; NSAID, nonsteroidal anti-inflammatory drug; OA, osteoarthritis; PPI, proton

pump inhibitor; RA, rheumatoid arthritis.
*Estimated using expert panel.

Cost-effectiveness models comparing COX-2s with
nonselective NSAIDs have been published for celecox-
ib'™" and rofecoxib."*'® Because no differences have
been noted between the efficacy of nonselective NSAIDs
and that of COX-2s, these studies evaluated whether the
added cost of COX-2 therapy is worth the benefit gained
through reductions in GI adverse events among arthri-
tis patients. These models have all concluded that COX-
2s provide cost savings or that the benefits gained, in
terms of years of life saved, is worth the added cost.
Each study made use of decision analysis, but differed
in study methods, inclusion of model inputs, perspec-
tives, patient populations (ie, patients diagnosed with
osteoarthritis [OA] or rheumatoid arthritis [RA]), treat-

ment alternatives, and decision pathways (Table 1).
Each model assumed that a proportion of nonselective
NSAID users would be prescribed a GPA. Because no
empirical data were available at the time the studies
were conducted to estimate the GPA rate among those
on COX-2 therapy, and given clinical trial evidence
supporting a more favorable GI side effect profile
with COX-2s, all models assumed that the need for
GPAs would be reduced or completely eliminated for
COX-2 users.

In 3 cost-effectiveness studies of rofecoxib (Vioxx),
based on usage patterns in the United Kingdom,'
Canada," and the United States,'* the authors use pub-
lished estimates of GPA rates for nonselective NSAIDs of
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20%, 23%, and 25.5%, respectively. Estimates of the GPA
rate for patients treated with rofecoxib were derived
from an expert panel in 2 of the studies.'*'® The expert
panel, comprising gastroenterologists, rheumatologists,
and general practitioners, estimated the GPA comedica-
tion rate for rofecoxib to be 75% less than the base rate
for nonselective NSAIDs. In the Canadian study," the
GPA rate was assumed to be 90% less than the nonse-
lective NSAID rate, or 2.3%. No explanation was given as
to how researchers arrived at this estimate. All rofecox-
ib models tested model sensitivity to variation in the
base case GPA rate for nonselective NSAIDs and the
percent reduction in GPA use for rofecoxib. In 2 of the
3 rofecoxib models,'*> results were sensitive to the
GPA comedication rate.

In the arthritis cost consequence evaluation system
(ACCES) model, developed to compare celecoxib
(Celebrex) with nonselective NSAIDs, the costs and GI
consequences of celecoxib use were compared against 5
nonselective NSAID therapy alternatives: nonselective
NSAID monotherapy, nonselective NSAID plus a PPI,
nonselective NSAID plus an H, receptor antagonist (I,),
nonselective NSAID plus misoprostol, and Arthrotec, a
combination product containing diclofenac sodium and
misoprostol.'” The ACCES model assumed no GPA co-
medication with celecoxib. The model allows for varia-
tion in the overall GPA rate for nonselective NSAIDs
depending on the sample population being modeled. For
example, in an application of the model using
Norwegian data, the distribution of nonselective NSAID
patients included 20% taking a nonselective NSAID plus
a PPI, 15% taking a nonselective NSAID plus H,, and 10%
taking Arthrotec.'?

In another cost-effectiveness model evaluating celecox-
ib, the assumption was again a zero GPA rate among cele-
coxib users.' No discussion was provided in any of the
celecoxib models as to why a 0% GPA rate assumption
was made. In addition, model sensitivity to variation in
nonselective NSAID GPA rates was not evaluated.

Given evidence of model sensitivity to the GPA
assumption, the use of expert opinion to estimate
COX-2 GPA rates (when estimated), lack of documen-
tation to support a 0% COX-2 GPA rate assumption
and evidence contrary to these assumptions,'® and the
high cost of GPA therapy relative to NSAIDs, the pur-
pose of this study was to verify this assumption using
actual practice data. We also replicated the COX-2
cost-effectiveness model developed by Pellissier and
colleagues' to re-estimate model outcomes based on
observed GPA rates. We selected this model because it
is the only COX-2 cost-effectiveness model to repre-
sent a US perspective, which was the perspective of
our analysis.

METHODS

Pharmacy and medical claims data for a 320 000-
member preferred provider organization located in the
Midwest were used to identify new NSAID users. The
pharmacy benefit design for plan members varied; how-
ever, more than 90% of sample members had a 3-tier
benefit structure with first-tier co-pays ranging from $8
to $10, second-tier co-pays from $15 to $20, and third-
tier co-pays from 825 to $30. Cyclo-oxygenase 2
inhibitors were on the third tier, and no other restric-
tions regarding their use were in place during the time
of evaluation (ie, step therapy or prior approval). New
NSAID users were defined as individuals with an NSAID
claim within an index window from January 1, 2000,
through May 31, 2000, and with no NSAID claim in the
previous 12 months. Other inclusion criteria were that
the individuals obtained a supply for 30 days or more
for an NSAID during the 1-year follow-up; were at least
18 years of age; and were continuously eligible for the
entire study period. Patients taking disease-modifying
agents (ie, methotrexate, gold compounds) during the 1-
year follow-up were excluded due to indications of
greater disease severity.

From the first NSAID claim in the index window (ie,
index prescription), patients’ prescription claim activity
was followed for 365 days. Use of NSAIDs was identified
from the generic product identifier (GPI; First Databank
[Medispan], Indianapolis, Ind) number beginning
“661000” (nonselective NSAID) or “661005” (COX-2).
Gastroprotective agent usage was identified using the
GPI code for H, receptor antagonists (GPI beginning
“4920”), PPIs (GPI beginning “4927”), misoprostol (GPI
beginning “4925”), sucralfate (GPI beginning “4930”),
and ulcer therapy combinations (eg, ulcer anti-infective
with bismuth combinations or PPIs, or II, antago-
nists—antacid combinations, GPI beginning “4999”).
Gastroprotective agent usage was defined as use of any
of the above-listed agents on 1 or more days during the
365-day follow-up.

Three GPA rates were estimated—one for new
NSAID users regardless of diagnoses, the second among
new NSAID users with a diagnosis of RA or OA, and the
third among a cohort of new NSAID users matched for
GI risk and length of NSAID therapy. The matched
cohort was included to control for differences in the GI
risk across COX-2 and nonselective NSAID users, due to
recent findings indicating channeling of patients at risk
for GI events to COX-2s."” Matching for GI risk was
based on the Standardized Calculator Of Risk for Events
(SCORE) criteria.

Although not a fully validated instrument, SCORE is
a self-assessment instrument to quantify the risk of
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serious NSAID-related GI toxicity (eg, stomach ulcer or
bleeding ulcer) and is based on 6 criteria: age, self-
reported health status, diagnosis of RA, use of oral cor-
ticosteroids, hospitalization for a stomach or intestinal
problem or prior history of stomach ulcer, and history
of gastrointestinal side effects (heartburn, stomach
pain, nausea, vomiting) when taking NSAIDs. SCORE
was developed by researchers at Stanford University
and based on data from the Arthritis, Rheumatism, and
Aging Medical Information System (ARAMIS) data-
base.* ARAMIS is a database that has followed more
than 36 000 patients with rheumatic diseases, collect-
ing data on health status, clinical outcomes, drug side
effects, and resource utilization. We selected the
SCORE criteria because it was the only algorithm avail-
able to assess NSAID-induced GI risk that combined
several documented risk factors into a single score for
each individual, thereby adding a level of specificity
beyond a simple “yes/no” indication of risk.

Using medical and pharmacy claims data, a SCORE
value was calculated for each patient using 5 of the 6
criteria, the exception being self-reported health status
(Table 2). Whereas SCORE was designed to be admin-

istered by patients or physicians, the estimation of
SCORE criteria using medical and pharmacy claims
data has been documented.?! For the SCORE criteria of
GI side effects when taking NSAIDs, a proxy was used.
We chose this method because the study criteria
excluded individuals with prior use of NSAID therapy
and because prior use of NSAID therapy could have
occurred earlier than 365 days before the index pre-
scription. This proxy measure included a diagnosis of
any of the following conditions: gastritis, esophagitis,
ulcer-related symptoms (ie, dyspepsia), gastro-
esophageal reflux disease (GERD) damage, and GERD-
related symptoms. Using the scoring algorithm for the 5
SCORE criteria, a summed value was generated for each
member of the sample. Values could range from 0 to a
maximum of 35.

Nonselective NSAID and COX-2 users were also
matched for length of NSAID use, with length of thera-
py calculated as the summed value of the days supply
field from the index prescription 365 days forward.
Length of NSAID therapy was included as a match cri-
terion due to findings of significantly greater length of
therapy for individuals whose index prescription was a

Table 2. SCORE Criteria Used to Match New Nonselective NSAID and COX-2 Users

SCORE Criteria Code

Definition

Age

Rheumatoid arthritis

Calculated as of the index prescription using
member date of birth from eligibility records

Oral corticosteroid use

Hospitalization for Gl bleed
or ulcer

Gl side effects when taking
NSAIDs

Inpatient or outpatient primary, secondary,

or tertiary ICD-9 codes of 7140X, 7141X,
7142X, or 7149X; GPI beginning “6629,”
“6628,” “6625,” “13000020,” or “52500060”

GPI code beginning “22”

Inpatient revenue codes 110 through 169,
and 190 through 219, together with inpatient
or outpatient primary, secondary, or tertiary
ICD-9 codes of 531XX, 532XX, 533XX,

or 534XX, or a prescription claim for ulcer
therapy combination (ie, GPI 4-digit code
=4999)

Inpatient or outpatient primary, secondary,
or tertiary ICD-9 codes of 5302X, 5304X,
5301X, 7871X, 7872X, 5308X, 2515X,
5303X, 5305X, 5309X, 7865X, 535XX,
7870X, 7879X, 7890X, 5369X, 5379X,
04186, 5368X

Diagnosis or T or more prescription claims
365 days before or 120 days after index
prescription

Number of 30-day equivalent prescriptions in
the 12 months prior to the index prescription

Hospitalization 12 months prior to index date,
with diagnoses code or GPI code within 5 days
prior to or after the inpatient hospital stay

Diagnosis in the 12 months prior to the index
prescription

COX-2 indicates cyclo-oxygenase 2 inhibitor; Gl, gastrointestinal; GPI, generic product identifier; ICD-9, International Classification of
Diseases; NSAID, nonsteroidal anti-inflammatory drug; SCORE, Standardized Calculator of Risk for Events.
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Table 3. Demographics, Pattern of NSAID Use, and GPA Rate Across Study Samples

New NSAID Users
With Diagnosis New NSAID Users:
New NSAID Users of OA or RA Matched Cohort
Parameter (n = 1900) (n = 289) (n=1232)
Average age, years (SD) 47.0 (11.7) 51.7 (10.22) 48.4 (10.3)
Female (%) 56.5 58.5 58.1
Average age by index drug, years (SD)
COX-2 50.9 (11.27) 55.0 (9.45) 48.6 (10.52)
Nonselective NSAID 44.2 (11.12) 48.0 (9.73) 48.3 (10.15)
Percent female by index drug (%)
COX-2 61 66 62
Nonselective NSAID 53 51 54
Index drug: COX-2, n (%) 781 (41.1) 148 (51.2) 616 (50.0)
COX-2 only 667 (85.4) 123 (83.1) 523 (84.9)
COX-2 switched to nonselective NSAID 114 (14.6) 25 (16.9) 93 (15.1)
Index drug: nonselective NSAID, n (%) 1120 (58.9) 141 (48.8) 616 (50.0)
Nonselective NSAID only 895 (79.9) 95 (67.4) 470 (76.3)
Nonselective NSAID switched to COX-2 224 (20.0) 46 (32.6) 146 (23.7)
Rate of GPA Use (%) Overall 18 18 19
Index drug: COX-2 22% 21 20
COX-2 only 23 23 20
COX-2 switched to nonselective NSAID 16 12 17
Index drug: nonselective NSAID 15 15 18
Nonselective NSAID only 13 12 16
Nonselective NSAID switched to COX-2 22 22 24

*Chi-square test for difference between COX-2 and nonselective NSAID GPA rate P < .01.
COX-2 indicates cyclo-oxygenase 2 inhibitor; GPA, gastroprotective agent; NSAID, nonsteroidal anti-inflammatory drug; OA, osteoarthri-

tis; RA, rheumatoid arthritis.

COX-2 and the likelihood that this would inflate the
GPA rate among COX-2 users. For matching purposes,
days supply was categorized into 20th percentiles.
Results are presented by the pattern of switching
between selective and nonselective NSAIDs during the
365 days of follow-up (ie, COX-2 users only, nonselective
NSAID users only, switch from nonselective NSAID to
COX-2, and switch from COX-2 to nonselective NSAID).
We replicated the cost-effectiveness model of
Pellissier and colleagues' using Microsoft Excel 97. The
COX-2 and nonselective NSAID GPA rates from this
study were then used to re-estimate the cost per day of
therapy, the cost offset per day, cost per GI event avoid-
ed, and cost per year of life saved. The only input not
provided by Pellissier was the market share of the indi-
vidual GPA agents. Requests for this information were
made but not obtained. Therefore, using our own data

as a reference point, we modified market share values
slightly until we were able to exactly replicate
Pellissier’s cost offset per day. The market share used to
replicate Pellissier’s model was 74% omeprazole, 5%
misoprostol, and 21% I,s.

Finally, several sensitivity analyses were conducted
to evaluate the robustness of our results to variations in
other model assumptions in addition to GPA rate
assumptions. The first involved using actual days supply
of GPA and NSAID therapy rather than full compliance,
as assumed by Pellissier. The second varied which GPA
agents were included in the analysis.

RESULTS

A total of 319 263 members had at least 1 day of
enrollment during the index window with 17 300 having
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an NSAID in the index window. A total of 9611 mem-
bers were excluded for noncontinuous eligibility during
the 29-month study period and 612 were excluded
because they were younger than 18 years. An addition-
al 3685 members were excluded because of prior NSAID
use, and 25 were excluded due to use of disease-modi-
fying agents. Finally, 1467 members were excluded for
having less than a 30-days’ supply of NSAID during the
1-year follow-up. The final sample for the analysis of
new NSAID users regardless of diagnosis was 1900.
From this sample, 1611 had no evidence of OA or RA in
the 365 days prior to or 120 days after the index pre-
scription, leaving a sample of 289 for the evaluation of
new NSAID users with a diagnosis of OA or RA. Other
diagnoses associated with the use of NSAIDs indicated
many and varied musculoskeletal conditions (eg, low
back pain, 20.6%; joint pain, 9.7%; knee or other joint
derangement, 7.4%; sprains and strains of joints and
adjacent muscles, 3.2%; dysmenorrhea, <1%; etc) and
other pain-related conditions (eg, hospitalization, organ
transplant, headache, etc). Approximately 26% had no
documented condition that could be attributed to
NSAID use.

Finally, using the sample of 1900 new NSAID users,
668 were excluded during the matching process for a
final sample size of 1232 for the matched cohort analy-
sis (616 nonselective NSAID and 616 COX-2 users).

Table 3 presents the demographics and NSAID use
pattern across the 3 samples. The average age of sample
subjects was 47 years (SD = 12), with 57% female. This
demographic profile was not significantly different
across samples with respect to percent female (x° =
0.963, P = .618). However, Bonferroni paired compari-
son tests indicated significant differences in age across
samples at the o = 0.01 level. The average SCORE value
for the matched cohort was 8.5 (SD = 2.98).

The pattern of use and switching among those who
begin on nonselective NSAIDs and COX-2s varied
across the 3 samples (Table 3). For the overall sample of
new NSAID users (n = 1900), approximately 60% had as
their index prescription a nonselective NSAID. Among
those with a diagnosis of OA or RA (n = 289), the pro-
portion with a COX-2 as their index prescription (51%)
was significantly higher compared to the overall sample
(x? = 10.49, P = .001).

Across all 3 samples, from 18% to 19% of patients had
evidence of GPA use during the 1-year follow-up. Across
all 3 samples, the GPA rates for those who began therapy
on a nonselective NSAID were lower compared with indi-
viduals who began with COX-2 therapy. However, these
rates were significantly different only in the overall sam-
ple of NSAID users (15% vs 22%, for nonselective NSAID
vs COX-2 users, respectively; x° = 18.75, P < .001).

To evaluate whether GPA use began during the fol-
low-up period or represented continuation of therapy,
the date GPA therapy began relative to the index pre-
scription was captured. Among persons with GPA use
during the follow-up period, 70%, 77%, and 68% of those
whose first prescription was a COX-2 had evidence of
GPA therapy prior to beginning their COX-2, within the
sample of total new NSAID users, OA/RA patients, and
the matched cohort. These same percentages for those
whose first prescription was a nonselective NSAID are
53%, 43%, and 54%, respectively. These rates of prior
GPA use among GPA users in the follow-up period were
all significantly different at the o = 0.05 level (}° =
10.73, P = .001; %* = 6.45, P = .011; x* = 4.63, P = .031,
respectively).

Table 4 profiles the outcomes replicated using
Pellissier’s base case assumptions'* and re-estimated
using GPA rates from our study sample. The model was
exactly replicated for the outcomes of expected cost per
day for nonselective NSAIDs and cost offset per day and
estimated to within $0.01 for expected cost per day for
rofecoxib. The model was replicated to within 4% for
cost per perforation, ulceration, and bleeding (PUB)
avoided and cost per year of life saved. We believe that
an error in the calculation or reporting of cost per death
avoided may have occurred in Pellissier’s table con-
tributing to the 11% difference in replicated estimates.

The Pellissier model was re-estimated using GPA
rates from the matched cohort, which had the smallest
difference in GPA rates across nonselective NSAID and
COX-2 users of 18% and 20%, respectively. Using these
GPA rates, the base case expected costs per day for
rofecoxib and nonselective NSAIDs were estimated to
be $3.29 and $2.49, respectively. Separating these
costs into NSAID drug cost and Gl-related costs (e,
GPA and other GI medical costs), the Gl-related
expected cost per day for rofecoxib increased from
$0.44 to 80.87 and decreased for nonselective NSAIDs
from $1.26 to $1.02. The difference in the Gl-related
costs between nonselective NSAIDs and rofecoxib rep-
resent the expected daily cost offset for rofecoxib.
Pellissier’s base case cost offset per day was estimated
as $0.81, substantially higher than the $0.15 from the
re-estimated model using GPA rates from actual prac-
tice. These findings are presented in the Figure togeth-
er with the Pellissier data, which tested model
sensitivity to changes in the base case nonselective
NSAID GPA rate and varied the GPA comedication
reduction with rofecoxib.

Using total cost estimates (ie, NSAID drug costs and
Gl-related medical costs) for a cohort of 10 000 patients
over 1 year, Pellissier estimated the cost per PUB avoid-
ed at 84738 and the cost per death avoided at $274 749.
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Table 4. Replication of Pellissier Base Case-Cost-Effectiveness Model Outcomes and Re-estimated Model

Outcomes Using Actual Practice Data GPA Rates

Pellissier et al'* Replicated
Base Case Base Case Re-estimated

Parameter Estimates Estimates Model*
Expected cost per day: rofecoxib ($)

Rofecoxib drug costs 2.42 2.42 2.42

Costs associated with GI prophylaxis and treatment 0.447 0.45 0.87

Total, rofecoxib 2.86 2.87 3.29
Expected cost per day: nonselective NSAIDs ($)

NSAID drug costs 1.47 1.47 1.47

Costs associated with Gl prophylaxis and treatment 1.26" 1.26 1.02

Total, nonselective NSAIDs 2.73 2.73 2.49
Costs offset per day* ($) 0.81 0.81 0.15
Events avoided with rofecoxib (n)

PUBs 100 100 100

Deaths 2 2 2
Cost per event avoided ($)

PUBs 4738 4912 29188

Deaths 274749 245 615 1459 414
Cost per year of life saved ($) 18 614 17 872 106 192

*Using GPA rates of 18% for nonselective NSAIDs and 20% for rofecoxib.

This value was not reported by Pellissier, but rather implied.

*Calculated as the difference in costs associated with Gl prophylaxis and treatment between rofecoxib and nonselective NSAIDs.
Gl indicates gastrointestinal; NSAID, nonsteroidal anti-inflammatory drug; PUB, perforations, ulcers, and bleeds.

Assuming a difference of 2 deaths due to GI adverse
events between rofecoxib and nonselective NSAIDs, and
a loss of 18.6 years for each death discounted at 3%,
Pellissier estimated a cost per year of life saved for rofe-
coxib of $18 614. Re-estimating the model using GPA
rates from actual practice increases the cost per PUB
avoided to 829 636 and the cost per death avoided
increases to approximately $1.5 million. Using the same
assumptions regarding life years lost, the marginal cost
per year of life saved for rofecoxib exceeds $100 000.
Another assumption made by Pellissier that could
not be confirmed from actual practice data was full
compliance during the 1-year period. Using the
matched cohort, the number of days on GPA therapy
by index prescription was 35 and 28 days for COX-2
and nonselective NSAID users, respectively. The num-
ber of days on NSAID therapy by index prescription
was 108 and 99 days for COX-2 and nonselective
NSAID, respectively. Changing the number of days on
GPA therapy in the model changed our original results

only slightly, from a cost offset per day for COX-2s of
80.15 to 80.19; the cost per PUB avoided decreased to
827 850; the cost per death avoided decreased to
$1 392 508; and cost per year of life saved decreased by
less than $5000 to $101 323. The results were more
favorable for COX-2s even though the days on GPA for
COX-2s are greater. This result is because GPA costs
represent a larger proportion of total Gl-related costs
for COX-2s than for nonselective NSAIDs. When both
days on nonselective NSAID and GPA therapy are mod-
ified using actual practice data, the cost per year of life
saved for COX-2s increased to more than $200 000 per
year of life gained.

We also varied the inclusion of specific GPA agents.
Our initial choice of GPA agents was based on the
agents used by Pellissier. Re-estimating GPA rates
excluding H,s decreased the GPA rate within the
matched cohort to 14% and 11%, respectively, for COX-
2 and nonselective NSAID users. Using these GPA rates,
the cost offset per day for COX-2s decreased slightly
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Figure. Gastrointestinal Cost Offset With Rofecoxib Versus Nonselective NSAIDs by GPA Prophylactic Rate
and Various Rate Reduction or Increase (Negative Value) Assumptions for Rofecoxib
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from our base estimates of $0.15 to $0.13; the cost per
PUB avoided increased to $29 783; the cost per death
avoided increased to $1 489 135; and the cost per year
of life saved increased to $108 354.

DISCUSSION

This study failed to verify the GPA comedication rate
assumption made in COX-2 cost-effectiveness studies.
Contrary to estimates provided by expert opinion and
assumptions made by study authors, the GPA rate
among COX-2 users is positive and marginally higher
than the rate among nonselective NSAID users. Using
the GPA estimates from our sample to re-estimate
Pellissier’s model, the cost per year of life saved goes
beyond that considered economically acceptable using
the threshold of $50 000/year.

Recent findings would appear to provide support for
this conclusion.?? In a study comparing the effect of a
drug policy restricting and not restricting use of COX-2
therapy among long-term NSAID users, researchers
found an incremental cost of 831 900 and 856 700 for

the nonrestrictive versus restrictive policy in preventing
symptomatic and complicated ulcers, respectively. This
incremental cost is greater than the incremental cost to
prevent PUB in our replicated model (829 188). At this
rate, the cost per life year gained would likely fall out-
side of the accepted threshold, as it did in our estimates.

Several study limitations may limit generalizability of
the study findings. The data represent only one plan’s
experience, and GPA prescribing patterns could vary
depending on numerous factors including physician
practice style and plan design. In estimating the GPA
rate, we fully recognize the limitations in using medical
claims data to identify specific diagnoses, such as that
used in the matching process.> Prior history of NSAID-
related GI risk or diagnoses may have been missed
because of undercoding. This can be due to lack of doc-
umentation or the fact that these diagnoses were sec-
ondary to other conditions for which the patient was
being seen and not captured in the primary, secondary,
or tertiary ICD-9 fields. Additionally, the time during
which we evaluated individual history of GI events was
limited to 365 days. A GI event could have occurred
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prior to this look-back period. While we recognize these
factors as limitations in the matching of patients using
the SCORE method, results were consistent regardless
of the sample used. In addition, because calculation of
the GPA rate relied primarily on prescription claims
data, which studies have shown to be a reliable and valid
source of data,>**® we believe that these limitations are
minimized with respect to GPA estimates.

Gastroprotective agent estimates in this study did
not include use of over-the-counter (OTC) GPA agents,
including OTC H, receptor antagonists or antacids, as
other estimates have.’ Failure to capture OTC GPA
usage may underestimate the true GPA rate among
NSAID users. However, OTC use typically would not be
used in economic evaluations conducted from a third-
party payer perspective.

These findings call into question the use of expert
opinion in estimating model inputs for pharmacoeco-
nomic evaluation, particularly when estimating prac-
tice patterns prior to the product’s use in a real world
setting. When compared with clinical trial data docu-
menting GI adverse events associated with use of COX-
2s and nonselective NSAIDs, these assumptions fail
even the most basic test of validity, face validity. Two
large trials have compared the risk of gastrointestinal
complications between COX-2s and nonselective
NSAIDs, the Vioxx Gastrointestinal Outcomes Re-
search (VIGOR) trial and the Celecoxib Long-Term
Arthritis Safety Study (CLASS) trial.***” In the VIGOR
trial, the incidence of complicated confirmed upper GI
events was 1.22% in the naproxen group and 0.52% in
the rofecoxib group (P < .005). The CLASS trial found
no statistically significant difference between celecoxib
and nonselective NSAID users in the incidence of the
primary endpoint of ulcer perforation, gastric-outlet
obstruction, or upper GI bleeding (0.8% vs 1.5%,
respectively; P = .09). Both rofecoxib and celecoxib
have been found to significantly reduce mild-to-moder-
ate GI adverse events (rofecoxib compared with
naproxen = 23.5% vs 25.5%, P = 0.02%%; and celecoxib
compared with nonselective NSAIDs = 31.4% vs 36.8%,
P <.05),%® a reduction of 8% to 15%, respectively. Taken
together, these differences would not support the
expert panel’s estimate of a 75% reduction in GPA use
among COX-2 users, nor the assumption that COX-2
users would not be prescribed a GPA.

We do not contend that our results are the definitive
answer to the cost effectiveness of COX-2s. We do
believe, however, that the cost effectiveness of COX-2s
should be revisited. Sufficient data are now available to
evaluate practice patterns that would affect total costs
(ie, GPA use and switching). Newly developed studies
should take into consideration the effect of GI risk on

the cost effectiveness of COX-2s and compare relevant
treatment alternatives (eg, nonselective NSAIDs plus
PPI vs COX-2s vs COX-2s plus PPI) among high-risk
patients. Additionally, not all models evaluate other
patterns reflecting actual practice; these include days
supply of NSAID therapy and switching, either due to
lack of efficacy or side effects.

CONCLUSION

The error of unsubstantiated assumptions had been
documented as a criticism of pharmacoeconomic eval-
uations.?’ Although Pellissier and colleagues concluded
that rofecoxib is cost effective compared with nonse-
lective NSAIDs, they also acknowledged the need for
further evaluation, stating that “it is too early to tell if
the economic benefits of rofecoxib versus nonselective
NSAIDs will be realized in clinical practice. However,
until clinical GI outcomes data becomes available from
a mature marketplace, this research provides insight
into the potential cost-effectiveness of rofecoxib in the
management of OA.'"” This study demonstrates that GI
clinical outcomes are not the only data that need to
be verified using data from a mature marketplace in
assessing the economic benefit of rofecoxib.

However, some would argue that the critics of deci-
sion analysis modeling in healthcare®? are naive as to
the purpose of modeling and that the cost of waiting
until perfect evidence is available would paralyze the
practice of medicine.* Weinstein and colleagues con-
tended that we must balance the costs and conse-
quences of obtaining and waiting for better data against
the costs and consequences of permitting a synthesis of
the available evidence.® Perhaps some believe that
errors in economic modeling may not be viewed with
the same degree of concern as errors in establishing
clinical efficacy or safety.

The harm from incorrect assumptions, such as those
found in the cost-effectiveness evaluations of COX-2s,
is that they undermine the ultimate goal of pharma-
coeconomics, that is, the efficient allocation of scarce
healthcare resources. Whether more harm than good
resulted from an invalid COX-2 cost-effectiveness
model will require further examination. In the mean
time, greater efforts at verifying unsubstantiated model
assumptions is a critical step to undertake in order to
increase the usefulness of and confidence in pharma-
coeconomic information.
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