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Dear Ms Bleeser
Community Affairs References Committee
Consumer Access to Pharmaceutical Benefits, 7 May 2010

I refer to my appearance before the Senate Community Affairs Reference Committee inquiry into
Consumer Access to Pharmaceutical Benefits at which I took four questions on notice. My
responses to these questions are as follows:

1. Senator Fierravanti-Wells asked:
(a) When was the PBAC first approached, and
(b) In relation to each group. We would appreciate knowing who contacted you, when you were
contacted, when you first became aware and the process that you followed in relation to
each and every one of the preferably in- ? [Hansard Page: CA 78, 83-84]

The PBAC was first asked by the Department in March 2009 whether the higher potency statins
were suitable to form a therapeutic group.

The PBAC was first asked by the Department in March 2009 whether venlafaxine, and its
derivative, desvenlafaxine were suitable to form a therapeutic group.

The PBAC was first asked by the Department in June 2009 whether the bisphosphonates were
suitable for inclusion in therapeutic groups for osteoporosis and Paget disease of bone.

2. Senator Ryan asked:
(a) One last factual question: when this was communicated to you, was it communicated to you
by an official in the Department or by the Minister, in writing, or a ministerial staffer?
(b) The reason I asked the question, Professor Sansom, is that I am interested effectively in
knowing where the request to you came from — was it via the department or was it from the
Minister personally? — and the form in which it came?. [Hansard Page: CA 83 and 85]

The request for PBAC advice on the formation of the higher potency statin, bisphosphonate for
osteoporosis, bisphosphonates for Paget disease of bone and venlafaxine & venlafaxine derivative
therapeutic groups werc made by the Department as part of a PBAC Agenda.



3. Senator Fierravanti-Wells asked:
Are your recommendations about therapeutic groups subject to independent review?

[Hansard Page: CA 85]

The Independent Review (PBS) is not available to sponsors whose medicines have been
recommended for inclusion in a therapeutic group. However a sponsor of these medicines can at
any time request that PBAC recommend the removal of a medicine from a therapeutic group and
support this request with evidence for its removal from the group. This occurred with the removal
of atorvastatin from the original Statin therapeutic group. Any future submission will continue to
be judged by PBAC on its merits.

I have also enclosed a copy of the paper by Cadarette which was published in the Annals of Internal
Medicine in 2008 and which I referred to in my opening statement to the Committee.

Yours sincerely

Professor Emeritus Lloyd Sansom
Chair
15 June 2010
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ARTICLE

Relative Effectiveness of Osteoporosis Drugs for Preventing

Nonvertebral Fracture

Suzanne M. Cadarette, PhD; Jeffrey N. Katz, MD, MS; M. Alan Brookhart, PhD; Til Stiirmer, MD, MPH; Margaret R. Stedman, MPH; and

Daniel H. Solomon, MD, MPH

Background: Little information is available on the comparative ef-
fectiveness of osteoporosis pharmacotherapies.

Objective: To compare the relative effectiveness of osteoporosis
treatments to reduce nonvertebral fracture risk among older adults.

Design: Cohort study.

Setting: Enrollees in 2 statewide pharmaceutical benefit programs
for persons age 65 years or older.

Patients: 43 135 new recipients of oral bisphosphonates, nasal
calcitonin, and raloxifene who began treatment from 2000 to 2005.
The mean age was 79 years (SD, 6.9), and 96% were women.

Measurements: The primary outcome was nonvertebral fracture
(hip, humerus, or radius or ulna) within 12 months of treatment
initiation. Cox proportional hazard models stratified by state and
adjusted for risk factors for fracture were used to compare fracture
rates. Alendronate was the reference category in all analyses.

Results: A total of 1051 nonvertebral fractures were observed
within 12 months (2.62 fractures per 100 person-years). No large
differences in fracture risk were found between risedronate (hazard
ratio [HR], 1.01 [95% CI, 0.85 to 1.21]) or raloxifene (HR, 1.18

[CI, 0.96 to 1.46)]) and alendronate. However, among those with a
fracture history, raloxifene recipients experienced more nonvertebral
fractures within 12 months (HR, 1.78 [Cl, 1.20 to 2.63]) compared
with alendronate recipients. Patients who received calcitonin expe-
rienced more nonvertebral fractures than those who received alen-
dronate (HR, 1.40, [CI, 1.20 to 1.63]). Results were similar in
sensitivity analyses that examined different lengths of follow-up (6
months and 24 months), were restricted to hip fracture as the
outcome, and were completed in various subgroups.

Limitation: Confounder adjustment was limited to health care uti-
lization data, and the confidence bounds of some comparisons
were too wide to rule out potential clinically important differences
between agents.

Conclusion: Differences in fracture risk between risedronate or
raloxifene and alendronate were small. Nasal calcitonin recipients
may have a higher risk for nonvertebral fractures compared with
alendronate recipients. Future studies that can better adjust for
possible confounding may further clarify these relationships.

Ann Intern Med. 2008;148:637-646.
For author affiliations, see end of text.

www.annals.org

Ostcoporosis is characterized by decreased bone mass
and deterioration of bone tissue, resulting in reduced
bone strength and increased fracture risk (1, 2). Approved
therapies for osteoporosis include bisphosphonates, calcito-
nin, raloxifene, and teriparatide. Findings from random-
ized, controlled, head-to-head trials show that women who
received alendronate have greater gains in bone mineral
density and greater reductions in bone turnover markers
within 12 and 24 months of initiation than those who
received risedronate (3, 4) or raloxifene (5-7). Although
bone mineral density is a strong predictor of fracture (8),
differences in these surrogate markers may not translate
into appreciable differences in fracture risk (9—11). Results
from observational studies suggest that risedronate may re-
duce the risk for nonvertebral fracture (clavicle, hip, hu-
merus, leg, pelvis, and wrist) within 12 months more ef-
fectively than alendronate or nasal calcitonin (12, 13). To
our knowledge, no studies have compared the relative ef-
fectiveness of raloxifene versus bisphosphonates or calcito-
nin in reducing fracture risk. Further comparative effec-
tiveness studies may help to clarify the relative effectiveness
of ostcoporosis teatments (14). We completed a popula-
tion-based study of new recipients of oral bisphosphonates
(alendronate or risedronate), nasal calcitonin, and ralox-
ifene to compare the relative effectiveness of these agents in
reducing nonvertebral fracture risk.

MEeTHODS
Study Cohort

The study population comprised Medicare beneficia-
ries enrolled in 2 starewide pharmaceutical benefit plans:
the New Jersey Pharmaceutical Assistance to the Aged and
Disabled program and the Pennsylvania Pharmaceutical
Assistance Contrace for the Elderly. These programs pro-
vide drug coverage without restriction for low-income res-
idents age 65 years or older with minimal copayment. Qur
cohort consisted of new recipients (no use of any of these
agents in the previous year) of oral bisphosphonates (alen-
dronate, 10 mg or 70 mg, or risedronate, 5 mg or 35 mg),
nasal calcitonin, or raloxifene between 1 April 2000 and 30
June 2005 (Figure 1). To ensure complete plan coverage,
study eligibility was limited to patients with 1 or more
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Context

Few studies have evaluated the relative effectiveness of
drug therapies for osteoporosis.

Contribution

This study compared nonvertebral fractures that occurred
within 1 year of initiating osteoperosis pharmacotherapy
among 43 135 enrollees in 2 statewide pharmaceutical
benefit programs. Differences in fracture risk between
adults prescribed risedronate or raloxifene and those pre-
scribed alendronate were small. Fracture risk seemed to be
higher with calcitonin than alendronate.

Caution

Wide confidence bounds around risk estimates did not rule
out potentially important differences between some
agents. No adherence data were available, and the ability
to account for confounders was limited.

Implication

There probably is no single clearly superior drug therapy
for osteoporosis.

—The Editors

claims in both Medicare and their state pharmaceutical
assistance plan in each of the three 6-month intervals pre-
ceding the index prescription. We excluded nursing home
residents (for whom prescription data may not be com-
plete), patients with a Medicare claim for Pager disease
(International Classification of Diseases, Ninth Revision,
Clinical Modification code 731.0), and patients with phar-
macy claims indicating receipt of any bisphosphonate or
teriparatide in the year before treatment initiation. QOur
data included all Medicare beneficiaries [rom the 2 plans
that met eligibility criteria; we did not do formal sample
size calculations. We restricted inclusion to the period
when all drugs were available: that is, 1T April 2000 (rise-
dronate received U.S. Food and Drug Administration ap-
proval in April 2000). At the time of analysis, we had
complete Medicare data from 1 April 2000 to 31 Decem-
ber 2003 for New Jersey and from 1 April 2000 to 31
December 2005 for Pennsylvania.

Qutcomes

Qur primary outcome of interest was nonvertebral
fracture within 12 months of treatment initiation. We de-
fined nonvertebral fracture as a fracture of the hip, hu-
merus, or radius or ulna by using previously validated cri-
teria requiring diagnostic and procedural codes from
Medicare claims (15). When medical records are used as
the reference standard, the estimated sensitivity of each
outcome is at least 90% (15). Secondary outcomes in-
cluded nenvertebral fractures within 6 and 24 months of
treatment initiation and hip fracture within 6, 12, and 24
months of treatment initiation.

538{() May 2008 |_‘\nn‘af< of Internal Medictne | Volume 148 ¢ Number 9

Covariates

Patient demographic characteristics were determined
at treatment initiation and other variables by medical and
pharmacy claims within the year before treatment initia-
tion. We considered covariates that were plausibly related
to our fracture outcomes (16): demographic characteristics
(age, sex, race), osteoporosis-related factors (such as diag-
nosis of osteoporosis, fracture history), relevant comorbid
conditions (such as comorbidity score [17, 18]; diabetes
mellitus; history of falls, syncope, and gait abnormalities;
cancer; rheumatoid arthritis), drug use (such as anti-
epileptics, B-blockers, benzodiazepines, glucocorticoids,
hormone therapy, selective serotonin reuptake inhibitors,
thiazide diuretics, number of drugs), and previous hospi-
talization. We also included calendar time (month and
year) of the index prescription to adjust for potential sec-
ular trends in prescribing. Appendix Table 1 (available at
www.annals.org) lists all variables, definitions, and coding.
If a record of a specific diagnosis, procedure, or prescrip-
tion was lacking, patients were coded as not having these
characteristics. As a result of this coding rule, there were no
participants for whom exposure, confounder, or outcome
information was missing. However, race was unknown in
41 patients. These 41 missing data points were recoded as
“Caucasian.”

Statistical Analysis

We calculated fracture rates among recipients of each
drug within 6, 12, and 24 months of treatment initiation.
We used Kaplan-Meier methods to plot cumulative frac-
ture incidence and Cox proportional hazard models 1o
compare fracture rates berween agents. In our primary
analysis, we considered a patient exposed to drug through-
out follow-up by censoring only at date of death or end of
follow-up (hereafter referred to as “intenc-to-treat analysis,”
an analogue of intention-to-treat analysis). We tested pro-
portional hazard assumptions by using interaction terms
between exposures and time and found no violations for
the primary analysis of 12-month follow-up. However, we
observed a violation resulting in an attenuated effect for
raloxifene over 24 months. This observation is expected
when an intent-to-treat scenario is assumed because adher-
ence to OSTCOPOrosis pharmacothcmpy is suboptimal (19,
20). Similar attenuation of effects was also observed when
hip fracture was the outcome.

We developed propensity scores for each drug by using
multinomial logistic regression (21). Alendronate, the most
commonly prescribed ostcoporosis treatment, was selected
as the reference category. To account for baseline differ-
ences between New Jersey and Pennsylvania, we derived
state-specific propensity scores and stratified all adjusted
Cox proportional hazard models by state. Propensity score
quintiles for risedronate, calcitonin, and raloxifene were
included as 12 dummy variables (4 for each drug) to adjust
for confounding (21-24). We summarized the balance
achieved within state-specific propensity score quintiles

www.annals.org
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into descriptive tables and examined the magnitude of
difference for cach covariate within each propensity
score quintile. Preliminary examination suggested resid-
ual imbalance within some quintiles (Appendix Tables
2 and 3, available at www.annals.org). For example,
within the lowest propensity score quintile for receipt of
raloxifene in New Jersey (Appendix Table 2, available at
www.annals.org), 76% of patients who received alen-
dronate and 87% of patients who received raloxifene
had a background prevalence of osteoporosis. Therefore,
we included age groups, fracture history, race, and di-
agnosis of osteoporosis, in addition to propensity score
quintiles, in our adjusted regression models. Analyses
were performed with SAS software, version 9.1 (SAS
Institute, Cary, Norch Carolina).

We used sensitivity analysis to examine the robustness
of our findings. First, we examined outcomes assuming an
“on-treatment” scenario. We censored patients on the first
day of switching agents, losing drug plan eligibility, enter-
ing a nursing home, or discontinuing drug therapy (last
date covered by drug plus 15 days, allowing for 30-day
gaps between prescriptions), on the day of death, or at the
end of follow-up (12 months, 31 December 2003 [New
Jersey], or 31 December 2005 [Pennsylvania)). Second, we
extended the days that patients received therapy in our
on-treatment scenario to the last date covered by drug plus
90 days. Third, we examined several different subgroups:
history of any [racture (International Classification of Dis-
eases, Ninth Revision, Clinical Modification codes 733.1x
and 800.xx through 829.xx) within the year before treat-
ment initiation, no fracture history, at least 2 consecutive
prescriptions of their index drug, no known history of ma-
lignant neoplasm, osteoporosis diagnosis, no diagnosis of
osteoporosis, and women with no previous hormone ther-
apy. Fourth, given that the main risk factors for fracture
measurable in our data set are previous fracture and age, we
compared fracture rates stratified by fracture risk group
(defined by fracture history and median age of our study
cohort). Finally, we assessed the extent of unmeasured con-
founding required to explain our primary study findings of
difference in fracture risk between drug exposures by using
the rule-out method (25). In applying the rule-out method
(Microsoft Excel [Microsoft, Redmond, Washingron] file,
available at www.drugepi.org [25]), we allowed the rela-
tionship between the possible unmeasured confounder and
fracture risk (relative risk) to vary from 1 to 10 and the
prevalence of this possible unmeasured confounder to vary
from 109% to 50% (25).

The Partners HealthCare Insticutional Review Board
approved this project. Data use agreements are in place
from the Centers for Medicare & Medicaid Services, New
Jersey Pharmaceutical Assistance to the Aged and Disabled
program, and Pennsylvania Pharmaceutical Assistance
Contract for the Elderly.

www.annals.org

Role of the Funding Source

This study had no external funding source. The fund-
ing organizations supporting authors did not participate in
the design or conduct of the study; in the collection, anal-
ysis, or interpretation of the dara; or in the preparation,
review, or approval of the manuscript.

ResuLts
Study Cohort

We identified 48 865 new recipients of alendronate,
nasal calcitonin, raloxifene, and risedronate from 1 April

Figure 1. Study flow diagram.

New Jersey Pharmaceutical
Assistance to the Aged and
Disabled enrollee (n = 470 533)

Pennsylvania Pharmaceutical
Assistance Contract for the
Elderly enrollee (n = 655 399)

Excluded: No osteoporosis drug prescription
(n =1 022 990) ¥

A,

Osteoporosis drug prescription
1 April 2000 to 30 June 2003
(n =34 358)

Osteoporosis drug prescription
1 April 2000 to 30 June 2005
{n = 68 584)

Excluded: Incomplete plan enrollment/previous
» osteoporosis drug prescription (n = 54 077) <

Eligible new recipients of osteoporosis drugs with complete plan
coverage (n = 48 865)

Excluded (n = 5730)*

> Nursing home resident: 5386

Other previous bisphosphonate or teriparatide
use: 164

Paget disease diagnosis: 249

Eligible persons: 41 missing race, included with “Caucasian”
(n =43 135)

e

Subgroup 1: fracture history (n = 7633); 8 missing race |

—h-| Subgroup 2: no fracture history (n = 35 502); 33 missing race

Subgroup 3: women, no previous hormone therapy
(n =40 480); 37 missing race

v

—>| Subgroup 4: 22 prescriptions (n = 32 907); 27 missing race I

.| Subgroup 5: no known history of malignant neoplasm
(n = 36 288); 33 missing race

Subgroup 6: osteoporosis diagnosis (n = 23 709);
25 missing race

,| Subgroup 7: no osteoporosis diagnosis (n = 19 426);
16 missing race

Osteoporosis drugs were oral bisphosphenates (alendronate, 10 mg or 70
mg; risedronate, 5 mg or 35 mg), nasal caleitonin, or raloxifene. *May
meet 21 exclusion criterion,
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Table 1. Cohort Characteristics*

Characteristic Alendronate
Recipients
(n =21 007)
Mean age (SD), y 78.4 (6.7)
Mean generic drugs used (SD), n 8.1(5.8)
Mean comorbidity score (SD) 1.7 (1.8)
Median physician visits (25th, 75th percentile), n 8(5,13)
Hospitalized in the previous year, % 21.9
White, % 92.1
Osteoporosis-related variables, %
Osteoporosis 57.5
Previous fracture
Vertebral 6.6
Nonvertebral (hip, humerus, radius or ulna) 57
Other 55
Comorbid conditions, %
Alzheimer disease or other dementia 59
Asthma or chrenic obstructive pulmonary disease 203
Cataracts 363
Crohn disease or gastroenteritis 4.5
Depression 9.4
Diabetes mellitus 23.0
History of falls, syncope, or gait abnormality 16.4
Hyperthyroidism 36
Hyperparathyroidism 1.0
Ischemic stroke 5.4
Liver disease 33
Malignant neoplasm 15.9
Overweight or obese 2.5
Parkinson disease 1.4
Renal disease 1.3
Rheumatoid arthritis 6.0
Medication use, %
Antiepileptic 0.2
B-Blocker 12.5
Benzodiazepine 3.9
Gastroprotective agents 5.8
Glucocorticoids 24
Hormone therapy 1.6
Selective COX-2 inhibitor 54
Other NSAID 2.4
SSRI 2.1
Non-SSRI antipsychotic 2.6
Thiazide diuretic 13
Thyroid drug 89
Miscellaneous sleep agent, hypnotic, or barbiturate 1.2

Risedronate Calcitonin Raloxifene
Recipients Recipients Recipients
(n = 8718) (n = 8372) (n = 5038)
785 (6.7) 80.7.(7.1) 769 (6.7)
8.9 (5.7) 10.2 (6.6) 8.1 (6.0)
1.7 (1.8) 2320 15(17)
8(5, 13) 9 (5, 14) 8(5,12)
204 34.6 17.5
92.9 93.9 91.8
57.0 49.2 50.4
56 137 39
44 6.4 3.8
5.6 6.1 43
6.0 10.0 4.9
19.9 253 18.0
348 35.6 36.9
4.8 6.5 5.2
105 13.9 101
24.9 264 234
16.0 23.7 13.2
34 36 30
1.4 1.0 0.7
5.0 7.4 4.2
35 4.0 3.5
16.2 16.9 13.7
2.5 29 27
1.6 2.4 1.3
1.4 20 i
6.0 6.6 4.8
0.2 0.1 0.1
12.3 127 10.7
3.5 4.6 4.4
Z.2 9.2 8.6
1.9 2.4 1.5
17 1.2 36
4.6 4.3 4.4
2.0 2.4 2.7
26 28 20
2.8 3.4 3.3
1.2 1.2 0.9
10.7 @5 8.9
1.1 1.6 1.1

* Characreristics idenrified by Medicare and pharmacy benefir claims within the 12 me before rreatment initiation. COX-2 = cyclooxygenase-2; NSAID = nonsteroidal

anti-inflimmatory drug; SSRI = selecrive serotonin reuptake inhibicor.

2000 to 30 June 2003 (New Jersey) and 30 June 2005
(Pennsylvania). After excluding 5730 of these 48 865 new
recipients, the final study cohort included 43 135 patients
(Figure 1). Table 1 shows cohort characteristics, stratified
by agent received. The mean age of our cohort was 78.7
years (SID, 6.9; median, 79 years), and 96% were women.
Overall, alendronate and risedronate recipients were simi-
lar in age, osteoporosis diagnosis, and comorbid condition;
calcitonin recipients were older (mean age 80.7 years; SD,
7.1) and had a higher prevalence of vertebral fractures and
comorbid conditions; and raloxifene recipients were
younger (mean age 76.9 years; SD), 6.7) and had a lower
prevalence of fractures and comorbid conditions. However,
both calcitonin and raloxifene recipients had a lower prev-
alence of osteoporosis documented in Medicare claims in

640‘6 May Z’.U()S'.—\nm]« of Internal Medicing | Volume 148 « Number 9

the year before treatment initation than alendronate or
risedronate recipients.

Comparative Fracture Risk

The cumulative fracture incidence for alendronate,
risedronate, and raloxifene overlapped during 12 months
of therapy (Figure 2). However, the cumulative fracture
incidence was higher among calcitonin recipients from
treatment initiation,

In our primary adjusted analysis, we found no large
difference in nonvertebral fracture risk within 12 months
between risedronate (adjusted hazard ratio [HR], 1.01
[95% CI, 0.85 to 1.21]) or raloxifene (HR, 1.18 [CI, 0.96
to 1.46]) and alendronate (Table 2). However, calcitonin
recipients experienced more nonvertebral fractures than

www.annals.org
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did alendronate recipients (HR, 1.40 [CI, 1.20 to 1.63]).
Results were similar in secondary analyses that adjusted
only for propensity score quintiles, without additional co-
variates (data not shown).

Results were consistent when nonvertebral fracture
rates at 6 and 24 months were compared (Table 2), as well
as when hip fracture rates ac 6, 12, and 24 months were
compared. With 498 hip fractures within 12 months, we
found no large difference in fracture risk between rise-
dronate (HR, 0.92 [CI, 0.70 to 1.20)) or raloxifene (HR,
1.07 [CI, 0.77 to 1.49]) and alendronate. Patients who
reccived calcitonin experienced more hip fractures than pa-
tients who received alendronate (HR, 1.54 [CI, 1.25 o
1.90]).

Figure 3 shows similar results across sensitivity anal-
yses. Fracture rates among patients who received rise-
dronate and alendronate were consistently similar, and
patients who received calcitonin had consistently higher
fracture rates than alendronate recipients. However,
when we restricted analyses to participants with previ-
ous fracture, we observed more nonvertebral fractures
among raloxifene recipients (HR, 1.78 [CI, 1.20 to
2.63]) than alendronate recipients. Fracture risk among
raloxifene recipients compared with alendronate recipi-
ents was also high among the subgroup with a previous
diagnosis of osteoporosis (HR, 1.30 [CI, 0.98 to 1.71]).

Overall nonvertebral fracture rates within 12 months

increased across risk groups from 1.51 per 100 person-
years (CI, 1.34 to 1.69 per 100 person-years) among those
age 65 to 79 years with no fracture history to 3.04 per 100
person-years (Cl, 2.76 to 3.34 per 100 person-years)
among those age 80 years or older with no fracture history,
then from 3.71 per 100 person-years (CI, 3.06 to 4.46 per
100 person-years) among patients age 65 to 79 years with
fracture history to 5.64 per 100 person-years (CI, 4.92 to
6.44 per 100 person-years) among patients age 80 years or
older. Similar patterns were seen by drug, with rates gen-
erally increasing across risk groups (Figure 4).

Finally, using the rule-out method, we determined
that a very strong risk factor for nonvertebral fracture
must be unmeasured and imbalanced across treatment
groups to explain the observed association (HR, 1.40)
between alendronate and calcitonin if the 2 agents did
not differ in nonvertebral fracture risk. For example,
with an overall prevalence of 50% in the population, an
unmeasured confounder for nonvertebral fracture with a
magnitude of 2.5 (relative risk, 2.5) would require more
than a 6-fold difference in prevalence between drug exposure
groups (odds ratio, 6.4) to attenuate our observed hazard ratio
of 1.40 (for example, 10% of alendronate recipients versus
>60% of calcitonin recipients). Nonetheless, with our ob-
served lower CI bound of 1.20, a 2.5-fold (odds ratio, 2.5)
difference in the prevalence of the risk factor would be
required to eliminate statistical significance.

Figure 2. Cumulative incidence of nonvertebral fractures within 12 months of treatment initiation, by drug.
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Discussion

We found lictde difference in nonvertebral fracture
rates among new recipients of alendronate and risedronate,
regardless of the duration of observation (6, 12, or 24
months since treatment initiation), assumptions under-
lying the analysis (on-treatment or intent-to-treat), or sub-
group considered. Our results contrast with findings from
other observational studies that document risedronate as
more effective than alendronate in preventing nonvertebral
fracrures (12, 13). Our findings are also somewhat surpris-
ing because randomized, controlled trials (RCTs) show
that alendronate improves bone mineral density and re-
duces bone turnover markers better than risedronate (3, 4).
Previous observational studies comparing bisphosphonates
included preventive doses of alendronate that are less eftec-
tive than treatment doses (26). We restricted our study to
new recipients of pharmacotherapies approved for osteo-
porosis treatment. We also studied nonvertebral fracture
sites most commonly associated with osteoporosis: hip, hu-
merus, and radius or ulna (rather than also including clav-
icle, leg, and pelvis) (12, 13). These methodological differ-
ences in study design may partially explain the differences
between our findings of equivalent fracture prevention be-
tween bisphosphonates, compared with previous observa-
tional studies suggesting thar risedronate is more effective
than alendronate in preventing nonvertebral fractures.

We did an English-language search of MEDLINE
through Decermber 2007 to identify relevant large head-to-
head trials and large comparative observational studies with
fracture outcomes. To our knowledge, FACT (Fosamax
Actonel Comparison Trial) is the only head-to-head trial
comparing alendronate and risedronate (3, 4). However,
FACT was underpowered t examine fracture outcomes

and examined surrogate markers of efficacy. By randomly
assigning 1033 postmenopausal women (mean age, 64.5
years) with low bone mineral density to receive weekly
alendronate or risedronate, FACT controlled for both mea-
sured and unmeasured confounding. However, FACT also
excluded important candidate groups for pharmacotherapy
with bisphosphonates, such as men, and women with pre-
vious hormone or long-term glucocorticoid therapy. Ran-
domized, controlled trials establish drug efficacy within de-
fined patient populations that are often nort representative
of those who may benefit from pharmacotherapy or of how
the agents are used in practice (for example, adherence to
drug regimen, and calcium or vitamin D supplementa-
tion) (27). In contrast, health care claims dara reflect
routine practice for large and representative populations
(28). Therefore, observational studies play an important
role in examining drug effectiveness among those treated.
However, observational studies are also susceptible to con-
founding. Although alendronate and risedronate recipients
in our study were similar according to measured covariates,
we cannot rule out possible differences due to unmeasured
variables, such as bone mineral density, risk for falls, family
history, or nonprescription preventive therapies. Nonethe-
less, our findings are robust, with consistent results across
all sensitivity analyses considered.

We also found no large differences between the rela-
tive effectiveness of raloxifene versus alendronate in reduc-
ing nonvertebral fracture risk. However, confidence
bounds were large, and we therefore cannot rule out po-
tential clinically important differences between these
agents. Previous RCTs have found greater improvements
in surrogate end points (bone mineral density and bone
turnover markers) with alendronate versus raloxifene (5—

Table 2. Nonvertebral Fracture Rates and Relative Effectiveness of Agents in Reducing Fracture Risk Compared with Alendronate

Time Point and Agent Participants with

Fracture, n Person-Years of
Follow-up*®

6 mo
Alendronate 240 2.36
Risedronate 103 244
Calcitonin 169 4.24
Raloxifene 59 2.40

12 mo
Alendronate 448 2.28
Risedronate 183 2.28
Calcitonin 309 4.03
Raloxifene 111 2.3

24 mo
Alendronate 814 239
Risedronate 300 230
Calcitonin 524 3.90
Raloxifene 182 2.10

Fracture Rate per 100

Hazard Ratio (95% CI)

Unadjusted P Value Adjustedt P Value

1.00 (reference) e 1.00 (reference} =

1.03 (0.82-1.30) 0.78 1.07 (0.85-1.36) 0.56
1.80 (1.48-2.19) <0.001 1.42 (1.16-1.74) <.0.001
1.02 (0.77-1.36) 0.89 1.18 (0.88-1.58) 0.26

1.00 (reference) - 1.00 (reference) -

1.00 (0.84-1.19) 1.00 1.01 (0.85-1.21) 038
1.77 (1.53-2.05) <0.001 1.40 (1.20-1.63) =0.001
1.01 (0.82-1.25) 0.90 1.18 (0.96-1.46) 0.121

1.00 (reference) - 1.00 (reference) -

0.96 (0.84-1.09) 0.52 0.96 (0.84-1.11) 056
1.63 (1.46-1.82) <0.001 1.28(1.14-1.43) <0.001
0.88 (0.75-1.03) 0.112 1.00 (0.85-1.18) 1.00

* Patients were censored on the date of death or end of follow-up (6, 12, or 24 months: 31 December 2003 [New Jersey]: or 31 December 2005 [Pennsylvanial).
t Adjusted for propensity score quintiles as 12 dummy variables (4 for each drug) in Cox proportional hazard models and covariates (age, race, diagnosis of osteoporosis,

previous vertebral fracrure, and previous nonvertebral fracture), stratilied by state.
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Figure 3. Nonvertebral fracture risk within 12 months of
treatment initiation compared with alendronate.
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Hazard ratios and 95% Cls (errr bars) were calculaced by using Cox
proportional hazard models statified by state and adjusted for propensiry
score quintiles, age, race, diagnosis of osteopurosis, and fracture history
(previous nonvertebral and vertebral fracture). The intent-to-treat analy-
sis (Primary) was censored on the date of death or end of follow-up (12
months after trearment initiation, 31 December 2003 [New Jersey], or
31 December 2005 [Pennsylvanial). OT 15 = patients receiving treat-
ment who were censored on the fisst day of switching agenes, losing drug
plan eligibility, entering a nursing home, or discontinuing use of the
drug (lasc date covered by drug plan plus 15 days, allowing for 30-day
gaps between prescriptions) on the date of death or end of follow-up; OT
90 = patients receiving treatment who were censored as for OT 15,
except that follow-up was extended to 90 d after drug discontinuation;
Fx Hx = patients with a history of any fracture within 12 mo before
treatment initiation; No Fx Hx = patients with no known history of
fracture within 12 mo before trearment initiations =2 Script = patients
who filled =2 consecutive prescriptions of cheir index drug, excluding
those who lost drug plan eligibility, entered a nursing home, died, had a
nonvertebral fracture, or switched agents within the first 30 d; No Can-
cer == patients with no diagnosis of malignant neoplasm wichin 12
months before drug initiation; OP = padients with a medical claim for
osteoporosis diagnosis within 12 mo before drug inidation; No OP =
patients with no medical claim for osteoporosis diagnosis within 12 mo
before treatment initiation; No HT = women with no history of hor-
mone therapy within 12 mo before treatment initiation.

7), and although alendronate has proven efficacy in reduc-
ing nonvertebral fracrure risk versus placebo, no such evi-
dence of benefit has been reported with raloxifene (14, 26,
29). Raloxifene recipients in our study were younger and
seemed to be healthier than alendronate recipients on the
basis of measured variables. Although balance between
measured variables improved within propensity score quin-
tiles (Appendix Tables 2 and 3, available at www.annals
.org), we were limited to information contained in health
care utilization databases. Our inability to adjust for base-
line bone mineral density may be particularly problematic.
The efhcacy of bisphosphonates in reducing nonvertebral
fracture risk is established among persons with a bone min-
eral density T-score less than —2.5. However, the National
Osteoporosis Foundation recommends that treatment be
considered at a T-score less than —2.0, and in the presence
of other risk factors, at a ‘I-score less than —1.5 (2). It is

www.annals.org

therefore possible that a high proportion of recipients have
a bone mineral density higher than that for which bisphos-
phonates are documented to be effective. We found that in
the subgroups most likely to have low bone mineral density
at treacment initiation (fracture history and diagnosis of
osteoporosis), risk for nonvertebral fracture was higher
among raloxifene recipients than alendronate recipients.
Therefore, our data are somewhat consistent with those
from placcbo-controlled trials completed among patients
with low bone mass, which found thar alendronate (but
not raloxifene) prevents nonvertebral fractures (14, 26,
29). Further comparative studies between bisphosphonates
and raloxifene may help to strengthen and clarify our find-
ings.

We found more fractures among patients treated with
calcitonin versus alendronate. This finding contrasts with
that of a previous observational study suggesting no large
difference berween calcitonin and alendronate recipients
(12). However, given that data from RCTs to support cal-
citonin in reducing nonvertebral fracture risk (14, 26, 30)
are lacking, our finding is expected. On the basis of mea-
sured variables, calcitonin recipients in our study had
higher background risk for fractures than alendronate re-
cipients; the curves plotting cumulative fracture incidence
diverged immediately after treatment initiation. Therefore,
unmeasured confounding may be exaggerating the differ-
ences in observed fracture rates between calcitonin and
alendronate.

We did a sensitivity analysis to assess the extent of
residual confounding required to explain our finding that
calcitonin recipients had a 40% higher risk for nonverte-
bral fracture than did alendronate recipients (25). These

Figure 4. Nonvertebral fracture rates within 12 months, by
fracture risk group and drug.
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Age cut-off was determined by the median cohort age (79 y). Fracture
history was identified by Medicare claims within 12 months before treat-
ment initiation, 6579 y, No Fx = patients age 65 to 79 years without
fracrure history (lowest risk); 2280 y, No Fx = patients age =80 years
withour fracture history; 6579 y, Fx = patients age 65 to 79 years with
fracture history; =80 y, Fx — patients age =80 years with fracture
history (highest risk).
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analyses suggested that our findings are unlikely to be en-
tirely due to unmeasured confounding. Bone mineral den-
sity is the most important risk factor for fracture that was
not included in our analysis. The relative risk for hip frac-
ture is estimated to be 2.5 at age 65 years among persons
with osteoporosis (1-score <7-2.5) compared with those
with higher bone mineral densicy (31). On the basis of
measured variables, alendronate recipients were younger
and had fewer documented fractures in the previous year
compared with calcitonin recipients. These observed differ-
ences also suggest that a higher proportion of calcitonin
recipients may have osteoporosis as measured by dual-en-
ergy x-ray absorptiometry. However, a 6-fold difference in
the prevalence of osteoporosis would be required to atten-
uate our 1.40 observed hazard ratio (for example, dual-
cnergy x-ray absorptiometry—documented osteoporosis
among 10% of alendronate recipients versus >60% of cal-
citonin recipients). It is therefore unlikely that our ob-
served difference in fracture risk between calcitonin and
alendronate is completely due to unmeasured confound-
ing; rather, it is more likely that a true difference in the
effectiveness of these agents in reducing fracrure risk exists.
However, the observed imbalance between calcitonin and
alendronate would only need to be 2.5-fold higher to move
the lower bound of the 95% CI toward the null (for ex-
ample, 30% of alendronate recipients had ostcoporosis
documented by dual-energy x-ray absorptiometry vs. 75%
of calcitonin recipients). Regardless, given that we focused
on alendronate doses that were approved for treating os-
teoporosis, it is unlikely that the difference in osteoporosis
prevalence between calcitonin and alendronate was 2.5-
fold or more.

Nonetheless, calcitonin may be prescribed for acute
pain after fracture, and the risk for recurrent fracture is
highest immediately after a fracture (32, 33). Although we
adjusted for fracture history as defined by Medicare claims
within the year before treatment initiation, we could not
distinguish between prevalent and incident vertebral frac-
tures. We also documented a higher background preva-
lence of vertebral fracture among calcitonin recipients.
Therefore, if patients more often received calcitonin for
acute pain associated with incident fractures, residual con-
founding by indication may exist. Given that we could not
adjust for some major possible confounding factors, such as
bone mineral density, nonprescription prevention thera-
pies, vitamin D levels, incident versus prevalent vertebral
fractures, and risk for falls, we advise using caution when
interpreting our findings.

Tuture studies that are better able to adjust for poten-
tial unmeasured confounding may help to clarify the extent
of difference in fracture prevention among osteoporosis
therapies. An emerging methodological approach through
propensity score calibration may be useful to adjust for
unmeasured confounding, provided that a good validation
data source is available (34-37). For example, a data
source among new recipients of these agents that includes
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important covariates not available in claims data—such as
bone mineral density at treatment initiation, family his-
tory, nonprescription preventive therapies, frailty, risk for
falls, and incident versus prevalent previous fractures—may
be used to adjust for differences in bascline covariates be-
tween drug therapies.

In addition to those already mentioned, our study has
3 further limitations. First, the study database was limited
to claims data to assess fracture outcomes and may have
misclassified some fractures. However, we minimized the
potential for misclassification (information bias) by study-
ing fractures at the hip, humerus, and radius or ulna with
validated fracture codes (diagnostic and procedural codes)
that have an estimated sensitivity of at least 90% (153).
There is also no reason to believe that differential misclas-
sification of fractures between treatment agents occurred.

Second, we used an intent-to-treat scenario to com-
plete our primary analysis and thus assumed that patients
were exposed to drugs throughout follow-up. Randomized,
controlled trials ensure a minimum level of adherence in an
effort to establish biological effects. However, adherence to
osteoporosis pharmacotherapy is much lower in practice
(19, 20) and is linked to fracture risk. The more at risk
patients perceive themselves to be (38, 39) and the more
effective they perceive treatment to be (40, 41), the more
likely they will be willing to initiate and adhere to therapy.
On-treatment analysis may thus be subject to information
bias. If alendronate versus raloxifene recipients, for exam-
ple, have lower bone mineral density, they may persist with
therapy longer, but they are also at higher risk for fracture
(patient persistence with therapy is differential and linked
to fracture risk). On the other hand, the efficacy of alen-
dronate persists long after discontinuing therapy (42).
Therefore, in the real-world setting, in which patients may
not completely adhere to therapy, patient persistence with
therapy is differential on the basis of fracture risk, and
persistence of drug effects may differ between therapies, che
intent-to-treat analysis yields the most valid resules. We
also found similar results in on-treatment analyses.

Third, the study cohort was limited to low-income
persons with complete drug coverage residing in 2 states.
Thus, our results may not be generalizable to all recipients
of these agents, particularly if adherence to treatment dif-
fers among those with different drug coverage. However,
our cohort of frail persons age 65 years or older is typical of
patients requiring pharmacotherapy to reduce fracture risk
and provides real-world comparative effectiveness dara
among patients with complete drug coverage. Our large
cohort of new recipients also permitted us to examine re-
sults in several subgroups, demonstrating that our results
are robust.

The early termination of a trial that was designed to
examine fracture outcomes between osteoporosis therapies
(because a sufficient number of treatment-naive women
could not be recruited [7]) indicates that evidence from
RCTs comparing medications is unlikely to become avail-
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able. In the absence of RCT evidence, observational data
provide a complementary source of information that com-
pares drug cffectiveness when prescribed in clinical practice
(27). Our large observational study of persons age 65 years
or older who received drug treatment for osteoporosis
identified no difference in the effectiveness of bisphospho-
nates (risedronate versus alendronate) in preventing non-
vertebral fractures. We also documented no large differ-
ences in fracture risk among raloxifene compared with
alendronate. However, confidence bounds were wide and
thus do not rule out potentially important clinical differ-
ences. Although we found a 40% higher risk for nonverte-
bral fractures among nasal calcitonin recipients than alen-
dronate recipients, future studies that can better adjust for
potential residual confounding may clarify our results.
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Appendix Table 1. Definition and Coding of Variables Included in Multinomial Logistic Regression Model Used to Create Propensity Scores®

Variable Definition

Medicate enroliment information at time of index prescription

Age

Male sex

Race

Date of index prescription

Medicare claims within 365 d before index osteoporosis drug prescription

Health sernices use/overall measure of healir status
Haspitalized in previcus vear
Comorb! seore

Qstecporosis-related variables
Ostecporosis
Kyphosis
Previous fracture
Vertebral
Nonvertebra
Other

Comaorbid conditions
Alzherser disease or other dementia
Asthma or ehronic abstructive pulmonary disease
Cataracts

isease ar gastroenteritis

Diabetes imefitus
History of falls, syncope, or gait abnormality
Hyparthiyroldism
Hyperparathyroidism
Ischemic siroke

Liver disease
Malignant neoplasm
Overweight or ohese
Parkinson disease
Renal disease
Rheumatoid arthritis

Pharmacy claims within 365 d before index osteoporosis drug prescription

Rumber of genenc drugs
Antiepileptic

H-Blocker
Benzodiazepine
Gastropratective agent
Glucocorticoids
Hormana therapy

Mon-SSRI anlipsychatic
Thiazide diuretic

hyroid drug
Misceilaneous sieep agent, hygnotic, or barbiturate

Month/year of index prascription

Any
Charlson comarbidily score {17, 18)

iC0-9-CM codes 733.0x
1€D-3-CM codes 737.1x, 737.41, 737.3x

Wartebral (IC3-9-Ch codes 733,13, 805.xx)
Hip {ICC-3-CA codes 820.xx, 733.14). humerus {iCD-9-CM codes B712.xx, 733,17}, and/or radius or ulna (ICD-9-CM codes 813.xx, 733,72}
Any fracture (iCO-9-CM codes 733,1x, B00.x4-829.xx} other than vertebral or nenvertebral defined above

HCD-9-CM codes 290.xx, 294.xx. 330.xx, 331.x2%

1CD-9-CM codes 493.xx, 490, 497.xx, 492.xx, 494,xx, 495,xx, 506.4%

ICD-9-CM codes 366.xx

1CD-9-CM codes 555.xx, 556.xx, 558.xx

ICB-9-CM codes 293,83, 296.2x. 296.3x, 238.0x, 300.4x, 309.0x, 309.3x, 309.28, 311.xx

=1 hospitalzation discharge ICD-9-CM codes 250.xx or =2 outpatient ICD-9-CM codes 250.xx
IC2-8-CM codes [885, EBBS5.9x, [88B.xx, 780.2x, 458.0%, 781.2x, 7B2.3x

ICD-9-CM codes 242.0x-242.9%

ICD-9-CM codes 252.0%

iCD-2-CM codes 434.xx, 436.xx

ICB-9-CM codes 571.4x, 571.6x, 571.8x, 571.9x, 573.xx, G70x%

1CD-9-CM codes 140xx-208.xx

1C0-9-C codes 278, 278.0x

ICD-2-CM codes 332.xx or 333.0%, or use of antiparkinsonfan do
[CD-8-CM codes 250.4x, 403.xx, 404.02, 404,03, 404.12; 404.13, 404.92, 404.93
1CD-8-CiA codes 714.xx

Ceunt

Any pharmacy claim
Ary sharmacy claim
Any pharmacy claim
Any pharmacy claim
Any pharmacy claim
Any pharmacy claim
Ary pharmacy claim
Any pharmacy claim
Any pharmacy claim
Any pharmacy claim
Any pharmacy claim
Any pharmacy claim
Any pharmacy claim

Coding

Categerical: 1 categery for each age, except that alf patients =96 y were placed in 1 reference group (31 dummies)
us {yes/no)

Dichotomous {yesiro)

Categorical ‘mofyy 1 category for each month/year (38 dummies for Mew jersey, 62 dummies for Pennsylvaniaj

otomaus (yes noj
quartifes}

Dicholemous (yes/ne)
Dichotemous {yes/ney

Dichatomaus fyes/na)
Dichetemous (yes/no)
Dichotomous {yes/no)

Dichctomous {yes/no)
Dichotomeus (yes/no)
Dichotomeus lyesino)
Dichotomous {yes'no)
Dicholamous (yesino)
Dichotomous lyes/no)
Dichotomous {yes/no)
Dichotomous {yes/no)
Dichotomous {yes/ro}
Dichotomous {yes/no)
Dicnotomous {yes/no)
Dichotomous {yes/no)
Dichotomous {yes/no)
Dichatamous (yes/no)
i cmous {yes/no}
Dichctemous {yes/no}

Ordinat tguinties)

Dichotomous (yes/no}
Dichetomous fyes/no)
Dichotomous (yes/no}
Dichotamous (yes/no}
BDichotomaus (yes/noj
Dichotomeus {yas/no)
Dichotomous (yes/no)
Uichotamaus (yes/no)
Dichotomes (yes/no)
Dichotemous {yes/no)
Dichotomeus (yes/no)
Dichotomous (yes/no)
Dichotomous {yes/no)

2 1CDCM = Inrerna = nonsteroidal and-inflammacory drag: S8R = selective serotonia reuprake inhibizor.

st Clissification of Diseases, Ninth Revisic ical Modificaion:

P COX-2 = cyeloxige
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Appendiz Table 2, Propensity Score Quintiles: New Jersey®

Covariate Risedronate Propensity Score Caicitonin Propensily Score Raloxifene Prapensity Scare
Quintile 1 Quintite 2 Quintile 3 Quintile 4 Quintile 5 Quintile 1 Quintiie 2 Quintie 3 Quintile 4 Quintile 5 Quintite 1 Quintife 2 Quintile 3 Quintile 4 Quintile 5
ALD RSO ALD RSD ALD RSD ALD RSD ALD RSD ALD ccr ALD ccr ALD T ALD (g ALD (dag ALD RAL ALD RAL ALD RAL ALD RAL ALD RAL
Mean age (SD), y TBOTAN 773750 TTLI66) TRBAETL 782(64) 78.0(6.9) TPIEE 790 77.9(63) 7836} 73.6(54) 74.0(5.4) 76.6(5.8) FE3(59) 7BB(G1} 79.0(60) BOGIES) 79.8(6.9) BL3(68) 82317 218{(62) 823(58) 80556 B1.0(55 783(61) 79062 TSBI59 7606 72202 T1I 50
Men, % 2.9 25 4.0 45 43 33 57 38 69 a2 1.8 3.3 26 35 5.2 52 6.3 4.9 92 y 8 2286 G0 o0 a5 c.a 0.0 0.0 (hX5] B} 28
White, % 90.2 835 82,3 89.1 0.6 897 873 315 874 8538 835 879 850 831 e B39 $1.3 519 813 910 924 955 919 205 895 287 256 864 839 a4
Year of Index prescription, %
2000 264 205 87 114 0ea 18.3 19.5 28.2 52 4.6 o2 0.0 20 2.2 &6 64 0.6 274 55.7 €8.1 74 119 &3 154 1.2 7a 15.3 240 33.7 425
2001 3rc 40.5 584 be’ 627 59.3 138 2.9 (5 LX) 226 242 4419 40.4 471 438 43.2 359 263 185 78 243 374 326 382z 36.7 42.8 345 362 nz
pislin] 365 150 329 36.1 243 19:5 a1z 384 422 422 47.7 459 426 39.6 56 356 8.3 77 135 104 444 435 389 377 6.6 327 7 279 223 {EE]
2003 8.1 0.0 0.9 0.6 15 23 54 23.4 514 534 294 289 135 17.8 108 142 7 9.9 4.1 30 206 263 174 193 13.0 135 10.2 12.6 7.8 6.7
Age graup, %
65-59 y 142 15.5 1.9 128 w07 128 13.0 14.8 119 E5 269 252 134 13.2 73 79 6.2 83 29 39 29 g 23 a6 74 56 15.6 12.2 37.8 36.2
T0-7hy AR 235 214 139 175 18.3 12 131 183 184 324 333 216 25,1 16.0 16.2 14.8 14.0 i0.3 9.6 94 62 115 101 19.4 180 7.8 247 336
75-79 y 233 245 267 3.2 284 70 261 233 74 306 224 24.2 362 301 25.0 5.9 2.7 6.1 240 230 1.5 249 289 320 1.2 30.2 304 266 185
B0-84 y 9.2 180 234 265 27.2 25.5. 235 243 273 266 16.6 158 264 237 25.0 263 239 227 235 327 32.8 338 231 254 273 186 206 B2
B5-83 y 163 115 133 139 12,5 105 146 132 118 12.5 18 26 2.0 73 15.3 213 1=5 26.0 257 244 280 186 234 132 11.7 &0 6.8 15
=9Gy 2.5 35 11 [43:] 0.7 4 A 12 G 0.3 0.0 LX) 05 0.4 14 2.2 0 34 22 22 %1 14 0.6 14 32 16 07 0.2
Hospitalized in previcus year, % 252 30.8 08 203 190 188 212 15.8 16.5 43 4.0 192 121 19.7 B0 34 304 433 452 37.7 412 225 214 15.9 136 134 168 95 73
Comorbidity scare quartilet, %
1 267 230 273 273 282 288 285 282 303 275 813 502 s 324 219 239 160 170 12.0 10.0 181 18.6 24.3 264 287 304 ELE 259, 389 381
2 251 280 5.9 265 264 23 255 238 247 228 239 238 31.0 255 260 280 235 29 19,2 1.2 203 192 26.0 226 2.0 248 6.9 292 279 288
3 233 220 0.0 17.8 19.0 i85 193 187 17.8 19.6 128 5.8 19.7 189 234 197 24.% 243 2137 217 226 28 2190 228 19.4 19.6 186 9.9 176 %0
4 128 145 137 6.2 142 169 14.2 150 64 17.0 138 a4 a1 9.5 140 167 20:6 214 304 9.9 222 18.1 14.5 4.2 12.0 151 116 T 85 102
Osleoporosis-refated variables, %
Csteoperosls 59.2 555 0.7 58.2 €5.7 58.2 65.1 614 70.6 701 865 868 .2 702 584 52.3 502 50.0 452 43.7 75.9 870 725 nA 641 613 58.1 53.5 465 412
Kyphaosis 27 25 8 19 19 19 27 22 24 27 12 14 .8 2.2 1.8 .6 32 23 3.7 R 4.2 73 2z 2.7 21 o9 12 1.1 14 12
Previcus fraclure
Vertebral 133 125 49 6.4 38 39 6.4 5 1.0 g o4 0.7 1.6 o4 4.7 EX-] 9.2 9.4 18.6 18,1 21.7 2.6 33 30 2.4 1.8 0.7 1.1 o2 &6
Nonvertebra: (hip. humerys, radius of vina) 9.2 50 5.3 3.9 2.8 35 56 5.6 1.6 1.7 s 26 4.3 44 5.1 4.4 5.6 42 6.4 6.6 84 9.6 €5 &5 4.3 5.4 33 25 3.2 14
Other 81 &0 59 7.0 59 a5 55 51 6.1 66 45 59 4.8 4.2 55 6.7 72 71 73 60 89 10.2 72 74 49 5.4 3.7 3.2 35 33
Comorbid conditions, %
Alzheimer disease or other dementia 8.3 M0 58 58 4.5 49 58 60 3.5 a8 15 2.8 18 4.9 7.2 8.2 79 1z .7 82 73 73 8.9 5, 54 4.0 43 28 35
Asthrma or COPD 240 3ce 229 198 19,8 200 213 207 123 189 132 16.5 18.0 23.0 223 266 264 R4 362 06 9.4 2T 9.0 202 214 74 191 14.7 154
Cataracts 42.2 345 387 7.0 367 36.6 6.7 331 363 36.7 385 39.4 420 394 40.7 36.1 37.2 378 357 321 6.6 3832 359 86 336 40.9 438 41.6 41.6
Lrabn discase or gastroonierntis 37 65 43 5.0 5.2 64 5.6 0 6.8 21 5.9 4.2 53 5.5 6.3 6.3 6.4 82 88 50 %6 5.1 56 43 4.1 5.2 55 59 6.7
Depression 8.1 110 85 8.3 9.2 923 89 103 84 9.4 4.6 6.0 6.6 7.7 a7 125 13,0 169 17.4 69 7.3 8.7 9.2 B.& 10.1 9.4 10.4 9.9 10.8
183 205 222 273 264 284 238 230 290 295 14.3 217 246 262 258 28.0 78 276 315 27 2439 222 228 241 264 4.2 249 26,2 268
181 185 155 18.9 13.3 154 184 184 141 4.0 6.6 25 9.2 153 16.2 222 204 286 30s 244 26,0 169 159 13.0 133 13 126 9.7 £
5.2 &5 3.7 33 33 A9 4.6 32 2.7 37 4.1 33 34 2.3 XS 37 PR 37 36 4.0 44 56 4.6 32 38 3.2 3.4 3.0
0.5 10 G5 o8 18 1.2 1.8 1.6 2.3 a7 1.3 (] 0.9 16 11 1.0 o8 1.4 1.8 2.3 1.8 1.8 1.2 i1 0.6 a7 [i¥] 8.2
45 5.0 5.5 1 4.7 4.1 5.8 5.0 53 15 40 31 46 4.8 7.2 78 A 104 a2 4.5 6.0 77 5.1 42 3.7 6.8 23 21
48 40 4.8 6.1 a4 51 45 49 4.8 2.2 43 48 4.9 44 5.8 54 7o 77 62 8.5 53 39 4.5 5.2 4.0 38 33 38
talgriant neoplasm 16.0 140 164 15.0 186 1938 17.3 19.5 203 161 170 165 19.4 182 186 180 i8.2 8.3 238 19.2 184 16.6 173 128 140 188 133 138
Cvenweight or nbese 23 20 N 2.5 33 3.9 26 27 35 1.8 23 22 24 2.6 29 32 33 7 24 40 24 1.8 24 27 29 38 a3 a1
Parkinson discase 05 25 e 2.2 1€ 0.4 13 17 1 0.7 0.8 24 14 i) 2.4 26 20 22 24 132 1.5 15 (5] 07 13 1.3 09 14
Renai diseate 1€ 15 1.8 2.2 o8 2.8 1.3 07 e ag a2 o2 rors 03 1 21 4.9 56 26 23 1.1 3.0 1. 11 a6 0.5 2.5 a4
Rheumatoid arthritis 45 65 6.9 50 8c 6.8 78 &1 9.6 55 6.8 6.4 7.7 6.6 83 85 s.¢ a5 "3 0.2 79 6.8 58 65 54 55 43 53
Drug use
Quintile of number i generic drugs ued,
L 48.4 505 20.2 245 8¢ b.6 56 19.0 25 20 331 77 259 246 251 7.9 134 10.8 7.7 6.0 e 4.0 1nz 113 25 209 3.2 243 393 34.2
2 69 1865 246 239 184 16.3 139 216 0.8 15.8 283 253 249 236 16.2 14.0 150 29 24 17.3 17.5 415 202 219 1B:5 202 191 188 185
3 134 105 223 213 328 307 225 217 338 357 5.6 205 26.7 266 255 26.2 21 25.2 227 0.2 348 0.1 ERR: 288 243 238 17.2 191 14.6 147
4 0.7 LG5 167 139 263 22.8 148 120 218 252 83 2.5 135 125 8.9 20.8 225 238 231 257 185 164 19.3 205 164 162 15.7 183 i34 163
5 1.6 5 16.2 173 25 237 172 18.8 205 252 4.9 70 5.0 116 161 197 270 27.2 365 393 222 220 6.3 19.3 168 200 157 186 130 164
epieptic at an 0.0 o0 .1 02 a3 0.4 0.4 4. o7 2.0 LT o.0 .0 0.0 80 00 0.8 0.8 08 00 .0 00 00 80 op o0 90
{3:Blocker 85 8O 10.6 36 192 0. 85 2.3 0.8 103 9.9 59 85 B2 839 2.0 103 117 10.2 2.7 136 118 145 100 s 7.8 5.9 5.1
Berzadiazepise 20 25 30 a7 37 33 34 39 3.2 34 L2 af 23 =T 34 38 46 38 5.6 1.8 i.7 25 12 2.7 4.1 3.7 38 5.5
Gastroprotective drug 4.3 4.0 5.0 5.6 59 37 4.7 {403 6.4 67 08 0.7 26 5.2 50 &6 84 83 135 34 4.5 38 3.0 4.9 (5] 5.9 g8 118
Giucntarticoids 2.7 3.0 29 1.7 18 14 25 26 15 20 0.2 11 e 15 26 e 38 33 &7 4% 4.7 2.8 ER 45 2.0 23 0.8 05 a7
Hofmone therapy. 05 1.0 12 o8 1.2 za 12 1.4 1.8 17 1.5 15 14 13 14 1A 10 17 05 Q.7 Q.2 (13 o4 06 &8 07 1.2 13 432
Seje COX-2 inhibil 4.3 40 (X3 45 65 52 5.5 538 5.7 63 BO 88 6.0 4.8 49 4.8 5.0 56 4.2 33 6.1 &1, 56 59 &5 54 6.1 59 4.1
Other NSAID 24 3 29 15 30 35 238 24 19 27 29 26 25 24 2.5 5 24 1.8 3.0 25 24 4.0 3.4 1.2 28 32 27 27 26
w128 s 2 folame 118+ Mo W.2anals.Org




Appendix Table 2—C

7

Raloxifene Propensily Score

Cavarfate Risedronate Propensity Score Calcitenin Propensily Score

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Quintile 1 Quintite 2 Quintile 3 Quintile 4 Quintile 5 Quintite 1 Guintile 2 Quintile 3 Quintile 4 Quintlle §
ALD RSD: ALD RSD ALD RSD RSD ALD RSD ALD [<ay ALD ccT LD ccr ALD o ALD ccY ALD RAL ALD RAL ALD RAL ALD RAL ALD RAL
14 0.0 15 1.7 26 33 2.2 23 22 0.6 1.1 1.0 1.1 22 1.8 33 35 2.4 332 2 [cie] 1.9 25 23 2 B ) 1.8 1.7 2.4
23 30 18 1 27 19 20 16 4 0.9 Ly 18 2.6 17 28 31 30 12 1.0 b G5 2.0 £ 23 1.6 24 27 25 30
2.2 10 14 25 07 o6 14 11 08 08 00 13 5 15 5 1.6 3 20 20 43 23 i 18 08 09 04 o4 01 1
ERS 55 3 6.1 7.5 6.4 64 8.9 22 50 59 59 55 73 .5 6.4 &5 6.3 10 4.9 62 6.6 71 71 B84 £3 68 5.7 5.2
12 10 17 13 cE 13 19 12 07 eo 12 14 13 18 18 15 14 22 08 06 13 06 14 a7 18 25 8 18

wmnratery drug: RAL = raloadtine: RSD = risedionae SSRT = selective seretonin reuptake i

wrw.aiinals.org.
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Appendix Table 3. Propensity Score Quintiles: Pennsylvania®

Covariate Risedronate Propensity Score Calcitonin Propensity Score Raloxifene Propensity Score
Quintite 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Quintile 1 Quintile 2 Quintile 3 Quintiled Quintile 5
ALD RO AD KD ALD RSD ALD RSD ALD RSD ALD ccr ALD cer ALD T ALD ccr ALD ccr ALD RAL ALD RAL  ALD RAL ALD RAL ALD RAL
Mean age (SD}, y 79871} BO2(6Y TAB(64) THII6S) FENES) T96(72) TRA(67) 7B2IER) 77963} 783(64) 745(55) TAT(55) 77A(55) 77.3(58) 790(60) T54(63) R0.9(63) 80863} BLE{S6) BAZIE6) 82.1(7.1) BIEI64) BOAEA) S12(60) 79.2160) 79.3(60) 77.3(58 716060} 747158) 747(60)
Men, = 5.6 71 3 34 6.0 55 7.3 49 23 25 33 2z 4.1 239 a7 5.4 64 6.1 7.7 L] 4.8 oo 0g ag 00 00 09 0.0 05 0.0
White, % ade 93.4 956 96.1 929 94.5 29 39 963 974 899 4.8 943 95.6 95.9 950 96.1 26.2 978 98.1 827 93.9 937 940 252 939 953 968 96.5 2959

Year of index prescription, %

2000 rrh) 214 24, ns 4. 0.6 c5 3] oo LR a4 Za 3.1 7.2 9.1 187 228 415 52.8 20 27 a5 49 133 17,7 449 540
2001 42.1 47.9 62,2 9.3 &1 0.0 a0 oo 0.9 79 8.2 253 2038 355 8.7 362 304 277 205 148 150 237 341 356 36 19.4 15
i, 074 48 7 128 4.5 147 167 17.0 i8 33 131 130 216 257 240 228 Y 130 15.0 we 5.4 15.6 23.4 227 249 238 224
2003 0.1 0.0 05 18.7 214 306 335 293 0.6 208 279 220 14.5 0.0 14 126 65 6.5 .9 95 18.0 w08 17.2 18.2 108
2004 00 oo 0.2 68 75 268 26,1 Ag.6 49.2 353 319 216 06 19 68 88 4.2 18 319 36,1 252 125 635 €5 1.7
2005 e 0.0 03 76 #4 254 230 185 16.9 228 249 no 65 83 4.0 47 20 14 29.4 313 129 4.4 08 EH a8
Age group, %
6569 ¥ .1 68 8.0 =] 0.6 108 1.2 120 3 85 216 %3 105 0.6 7.3 7.0 4.7 5.0 19 2.1 4 38 ] 5.6 106 164 233 24
70-Pay 15.2 15.6 18.8 17.8 171 %3 19.8 196 9.7 12.5 294 30.7 208 220 174 169 1% 23 79 63 110 e 155 17.3 28 206 27.4 268
75-19y 230 222 275 228 244 238 237 245 298 290 367 293 369 3B 263 432 216 226 160 14.2 23 237 285 75 8.7 9.7 31 226
BO-B4 y 246 279 26.7 285 244 233 244 243 257 254 14.2 i85 263 225 29.1 307 308 30.2 256 252 233 29.1 288 o 263 25.9 193 203
B5-8Y y 188 184 150 176 16.6 7.8 165 149 425 Ta.a 40 2.2 124 12,7 171 16.6 243 20 276 286 246 249 173 1€2 10.6 10.7 4.5 5.1
=90y 27 27 e 15 7 30 17 1z 2.2 €5 o 0.0 03 0.4 13 i2 27 21 49 54 18 23 w0 16 04 10 00 00
Hospilalized in previous year, * 380 425 7.9 184 31.7 EER] 214 132 112 2.4 5.1 5.6 115 "o 213 1.2 358 365 540 559 403 4.1 287 330 217 232 155 19.5 HE 85
Comorbidity score quartilet, %
1 306 266 25 3.2 3 273 338 &5 3190 2024 43 49.6 425 4.0 308 29.5 24 230 1.8 10.2 193 17.7 266 234 5 30.2 423 39.0 518 504
2 223 13.E 255 5.4 ny 210 25 229 7z 5.1 259 22.8 220 24.2 216 20. g 186 18.5 18,1 126 21.2 2.8 74.8 25,5 252 5.4 248 248
3 164 4.8 204 i 55 1B.6 187 5 152 23 27 160 144 1732 179 195 203 19.9 126 204 204 24 238 211 19.2 123 187 164 16.1 12,6 128
S 19.6 21 10.9 110 181 206 142 142 102 Hd 44 a4 7.8 8.7 135 146 215 211 309 322 %0 231 7.2 07 148 4.9 83 0.y 53 49
Osteoporaosis-related variables, %
Dstecperesis 402 378 60.4 533 508 48 ant 437 67.5 €5.8 543 a0 54.7 545 496 B4 46.3 455 423 M5 60,6 846 565 586 55.9 61.9 465 428 390 342
Kyphosis 2 22 e | 3.2 25 2.9 26 29 3.2 28 15 26 1.3 5 21 28 13 3.0 50 52 45 27 32 39 19 3.4 16 1.8 1t 0.8
Previgus fracture
WVertebral 133 153 44 61 0.2 121 54 €2 21 2.2 o3 00 ag 1.2 18 4.8 10.0 1iE 27.2 286 167 238 2.6 9.9 5.1 7.7 28 29 11 9.6
Neavertebra! {hip, humerus, radiss aruina} 9.6 10.7 44 44 87 8.1 5.8 a7 23 23 32 13 48 4.0 5.8 5.1 a3 8.1 10.0 a3 10.9 15.0 9.7 6.6 5.4 5.4 3% 23 15 A
Other 5.0 41 5.4 53 6.2 5.3 LR 5.4 55 5.7 35 19 a7 5.4 5.6 50 . 6.6 6.7 6.8 8.0 7.5 79 93 59 a5 24 3.4 24 20
Comorbid conditions, %
Alzheimer disease or other dementia 73 83 52 76 83 59 43 50 5.8 1. 13 2.2 1.7 4.7 6.7 a1 g6 48 164 10 88 8.0 132 5% 56 35 4.0 2.1 1.8
Astkma or COPD 197 260 203 199 2% 163 84 135 18.6 116 179 4.2 145 19.6 257 257 9.8 31.6 8.8 238 19.8 234 200 188 155 187 125 123
Cataracts 353 348 6.2 260 351 355 326 324 241 323 34z 298 345 345 356 351 343 34.0 34.5 339 3586 259 344 354 355 354 3586 337 3137 351
Crobn diseas wastroentents 5.3 5.2 3.6 7.3 4.1 4.6 34 7 3 25 1.7 15 21 31 3.7 4.5 57 63 7.8 78 35 4.1 45 435 i5 6.3 4.2 4, i 3.7
Depression 0.8 4o 9.3 9.0 11.2 Mo 82 a7 1a 12.1 44 5.2 6.4 €9 101 29 132 145 19.2 203 85 7.0 105 13.8 105 124 109 85 74 8D
Dizhetes metitus 20.6 227 21.9 239 22.7 24.8 207 222 26.4 24.5 178 185 12.9 214 225 21y 255 2.5 273 287 274 2539 28 264 235 221 206 0.9 17.4 12.3
History of falis, syncope, or galt abnommalty 224 244 %9, 8.3 233 244 159 16.2 8 11.0 65 4.8 1"H.e 11.8 15.9 16.2 244 262 345 350 313 340 224 24.0 15.8 18.2 10.2 05 5.2 51
Hyperthyroidism 23 2.2 36 EN 29 3.7 ER 21 38 4.5 21 22 3.4 25 33 30 38 38 39 ar 4.8 54 47 30 2. 29 2.4 iz 15 186
Hyperparathyroidism €3 0.3 0.7 .8 15 oS 65 0.6 1.9 25 o8 15 13 o8 o7 14 o7 o7 13 0.8 20 20 51 1.2 09 .7 05 0.2 02 a5
Ischemic stroke 8.t 82 4.0 58 7.4 74 53 4.5 35 2.8 31 26 3.7 15 52 E4 6.7 22 10.8 97 0.2 88 6.7 72 L) 52 34 46 2.1
Liver disease 23 1.6 1.8 19 24 18 20 &3 5 17 2.0 1 1. 33 23 7 26 25 235 24 2.0 54 16 3G 22 18 2.2 24 32
Matgnant neoplasm EE: w7 151 2.9 145 152 12 128 167 180 i 130 129 125 15.3 161 167 146 17.4 8.2 211 252 16.1 15.3 153 124 71 10.7 g
Overwelght of obese 25 30 16 1o 3.0 39 27 26 1.7 4 ie 090 1 17 5. 2 2 EES 23 32 27 &8 32 3.6 22 22 18 4 14
Parkinsen disease 15 il 1.2 1.6 2.0 16 1.2 1.6 1.5 5 04 a7 1. o6 10 i4 .7 20 4.2 4.8 25 20 138 30 1. 1.1 0.8 1. o6
Renal gisease 18 19 19 16 24 15 16 17 8.7 1 0.4 04 0.5 2a 11 0.8 19 16 36 25 2.5 23 12 {5 i1 3 Az 1.0 o8
Rheumatoid artiwitis 50 30 58 65 55 4.3 a4 3.8 55 &4 38 26 5.1 46 5.0 50 65 55 €0 6.1 2.8 15 74 6.9 4.6 34 24 27 1.6
Drag use
intite of number of generit drugs used, %
143 12,6 21 179 171 154 16.% 155 234 237 138 322 218 202 14.2 159 1.8 9.9 7.0 59 134 16.3 173 4.7 189 162 201 w3 225 209
7.2 236 5.6 260 263 2456 298 286 237 21.9 EER:] 96 318 270 %49 263 b .1 217 17,1 %3 PLRY 23.8 265 228 8.9 4.3 263 249 280 283
165 18:1 164 165 14.6 143 15.2 150 15.0 15.7 139 14 151 175 19.4 6.5 15.0 16.2 138 129 13.8 B8 14.2 156 15.8 171 159 160 186 125
216 230 215 233 218 227 bilrd 22.7 223 20 4.3 89 20.2 233 231 23.7 5.7 250 72 262 2316 eiie) 209 234 41 224 225 225 206 214
L 203 227 155 163 19.6 213 172 1832 15.8 167 42 52 1.0 119 173 18.8 263 272 349 381 246 299 20 234 163 03 152 153 10:2 &
Type, %
i o2 fied a2 @3 03 &4 6.1 23] &2 8.2 .3 4 0.2 oo 82 2.3 ot 0.2 o3 Q! 03 00 .5 a0 c5 23 o0 01 @3
CRET 1723 145 13.3 12.4 157 162 177 167 10.6 105 134 13.2 14.8 129 16.7 125 155 145 143 16.3 16.8 129 16.6 8.8 14.2 138 139 1A 88
Berzodiazepinie €2z 82 41 5.7 4.8 4.4 44 43 3.3 23 4.0 33 4.7 4.6 42 53 51 4 5.1 50 3.8 48 50 5.7 43 3.2 5.8 4B 3.7
Gastroprotectiv a7 63 64 65 81 8.1 532 6.2 €8 84 28 7.0 4.7 €9 €5 72 8.0 82 10.5 1 4.0 7 39 33 2.0 68 B0 a2 124
Glucacarticoids F 1 5 2.0 it 1.9 32 20 2.0 1.6 & 2.2 1. 24 g 3 23 1.3 23 20 1.5 34 27 25 2. 0.2 14 1.3 1.0 13
Hermaone therapy 22 16 18 T 33 34 15 22 (X} o5 45 5.2 21 23 13 5y 1.0 1.0 0.6 0.4 04 oo [+5] 00 o7 11 a8 2.0 1.0
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Appendix Table 3—Continued

Covariate Risedronate Propensily Scare Calcitonin Propensity Scare Raloxifene Propensity Score
Quintite 1 Quintile 2 Guintile 3 Quintile 4 Quintile 5 Quintile 1 Quintile 2 Quintile 3 Quirtile 4 Quintile 5 Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
ALD RSD ALD RSD ALD RSD ‘ALD RSD ALD RSD ALD ccT ALD (da) ALD cr ALD ccr ALD ccT AlLD RAL ALD RAL ALD RAL ALD RAL ALD RAL
Sek £ 46 54 537 42 4.0 37 16 43 42 49 37 &5 54 4z 4.1 a4 41 4.2 15 53 3.4 4.3 42 a8 36 45 a2 7 35
Other NSAID 33 2 18 25 24 1.7 i 11 o7 26 22 24 - | 1.8 1B 24 20 2 22 0.9 o0 1.7 20 23 09 24 2.2 4.0 44
19 24 14 21 2.4 20 7 37 45 1.8 11 1.7 2.4 23 27 29 3.3 3.7 a5 3.9 5.4 31 2; 2% 23 15 26 14 0.8
35 34 34 32 34 23 3.7 2.5 25 2.2 19 2.8 a3 32 24 38 43 39 5.0 18 3.4 26 3.0 2.6 38 19 38 4B 4.8
Thiazide direlic it 0.5 2.1 14 0.5 1.7 i 1 1.6 1.7 18 i3 15 18 0.9 1 1.0 0.5 06 13 20 1.3 0.6 e 0.7 16 14 a6 1.1
Thyroid drug 89 123 13 103 13 106 104 148 15.3 106 1.5 115 e 1.4 4.2 1.8 N3 nz 11 10,7 15.0 142 "z 123 1.7 118 125 0.4 95
Miscaiianenus slep ag 15 10 15 1.5 a7 i ke a7 05 a7 14 e 16 1.2 o7 14 15 24 1.8 24 26 17 1.2 LX) 16 05 63 o3 03
or barbiturate
TALD = sendronars: CC chrar S COX-2 = aycleonype drog: RAL = caloxiferte: RS = risedeona i = selective seroronin reu
t Quantile 1 = soore,
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