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Dear Ms Bleeser
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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 jirst approached, and
(b) In relation to each group. We would appreciate knowing who contacted you, when you were

contacted, when youjirst became aware and the process that you followed in relation to
each and every one of the preferably in-? [Hansard Page: CA 78. 83-84J

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 itfrom 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 were 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 85J

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



Annals of Internal Medicine ARTICLE

Relative Effectiveness of Osteoporosis Drugs for Preventing
Nonvertebral Fracture
Suzanne M. Cadarette, PhD; Jeffrey N. Katz, MD, MS; M. Alan Brookhart, PhD; Til Sturmer, 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 (SO, 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 non vertebral fractures were observed
within 12 months (2.62 fractures per 100 person-years). No large
differences in fracture fisk were found between risedronate (hazard
ratio [HRJ, 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 [CI, 1.20 to 2.63]) compared
with alendronate recipients. Patients who received calcitonin expe-
rienced more nonvertebral fractures than those who received aien-
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 non vertebral fractures compared with
alendronate recipients. Future studies that can better adjust for
possible confounding may further clarify these relationships.

Anl1 Intern Med 2008;148:637-646
For author affiliations, see end of text.

www.annals.org

Osteoporosis is characterized by decreased bone mass
and deterioration of bone tissue, resulting in reduced

bone strength and increased fracture risk (I, 2). Approved
therapies for osteoporosis include hisphosphonatcs, calcito-
nin, raloxifene. and rcripurntide. 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 hone turnover markers
within 12 and 24 months of initiation than those who
received risedronare (3, 4) or raloxifenc (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 riscdronare may re-
duce the risk f()[" 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 raloxitenc versus bisphosphonates or calcito-
nin in reducing fracture risk. Further comparative effec-
tiveness studies may help to clarify the relative effectiveness
of osteoporosis treatments (14). We completed a popula-
tion-based study of new recipients of oral bisphosphonates
(alcndronatc or risedronate), nasal calcitonin, and ralox-
ifcnc to compare the relative effectiveness of these agents in
reducing nouverrebral fracture risk.

METHODS

Study Cohort
The study population comprised Medicare beneficia-

ries enrolled in 2 statewide pharmaceutical benefir plans:
the New Jersey Pharmaceutical Assistance to the Aged and
Disabled program and the Pennsylvania Pharmaceutical
Assistance Contract for the Elderly. These programs pro-
vide drug coverage without restriction for low-income res-
idents age 65 years or older with minimal copaymcl1t. Our
cohort consisted of new recipients (no use of any of these
agents in the previous year) of oral bisphosphonarcs (alen-
dronate, 10 mg or 70 rug, or riscdronare. 5 mg or 35 rng}.
nasal calcitonin, or raloxifeue between 1 April 2000 and 30

June 2005 (Figure O. To ensure complete plan coverage,
study eligihility 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 osteoporosis 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-
plcrc}, patients with a Medicare claim for Paget disease
{lnrernatioual Classification of Diseases, Ninth Revision,
Clinical Modification code 731.0), and patients with phar-
macy claims indicating receipt of any bisphosphonare or
rcripararide in the year before treatment initiation. Our
(Lila included all Medicare beneficiaries from 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, I April 2000 (rise-
dronare received U.S. Food and Drug Administration ap-
proval in April 2(00). 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 co 31
December 2005 for Pennsylvania.

Outcomes
Our primary outcome of interest was nonvcrrebral

fracture within 12 months of rrearrnenr initiation. \'(fe de-
fined uouverrebral 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 nonvertebral fractures within 6 and 24 months of
trcatrncnr initiation and hip fracture within 6, 12, and 24
months of treatment initiation.

Covariates
Patient demographic characteristics were determined

at rrearmcnr initiation and other variables by medical and
pharmacy claims within the year before treatment initia-
tion. We considered covariares 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 comorbidiry score [17, 18.1; diabetes
mellitus; history of falls, syncope, and gait abnormalities;
cancer; rheumatoid arthritis), drug lise (such as anti-
epileptics, ,B-blockers, bcnzodiazcpines, glucocorticoids.
hormone therapy, selective serotonin rcuprakc 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-
turc incidence and Cox proportional hazard models to

compare fracture rates between agents. In our primary
analysis, we considered a patient exposed to drug through-
om follow-up by censoring only at date of death or end of
follow-up (hereafter referred to as "intenr-ro-trcar analysis,"
an analogue of intention-to-treat analysis). We tested pro-
portional hazard assumptions by using interaction terms
between exposures and rime and found no violations for
the primary analysis of 12-montb follow-up. However, we
observed a violation resulting in an attenuated effect for
ralcxifcne over 24 months. This observation is expected
when an intent-to-treat scenario is assumed because adher-
ence to osteoporosis pharmacotherapy 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). Alcndronare, the most
commonly prescribed osteoporosis treatment, was selected
as the reference category. To account for baseline differ-
ences between New Jersey and Pennsylvania, we derived
stare-specific propensity scores and stratified all adjusted
Cox proportional hazard models by state. Propensity score
quintiles for riscdronarc, 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 each covariate within each propensity
Score quinrilc. Preliminary examination suggested resid-
ual imbalance within some quintilcs (Appendix Tables
2 and 3, available at www.annals.org). For example,
within the lowest propensity score quinri!c [or receipt of
raloxifene in New Jersey (Appendix Table 2, available at
www.annals.org). 76% of paticnrs who received alen-
dro nate 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 (0 propensity score
quinriles, in our adjusted regression models. Analyses
were performed with SAS software, version 9.1 (SAS
Institute, Cary, North Carolina).

We used sensitivity analysis to examine the robustness
of our findings. First, we examined outcomes assuming an
"ou-t rearrnent" 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 3l December 2005 [Pcnnsylvaniaj). 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 <lny fracture (Inreruarional Classilicarion of Dis-
eases, Nimh Revision, Clinical Modification codes 733.1x
and 800.xx through 829.xx) within the year before rrcar-
menr 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 arc previous fracture and age, we
compared fracture rates stratified by fracture risk group
(defined by fracture his wry and median age or 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-our method (25). In applying the rule-out mer-hod
(Microsoft Excel [Microsoft, Redmond, Washington] file,
available ar www.drugcpi.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 10% to 50% (25).

The Partners Healrh'Cnre Institutional Review Board
approved chis project. Data use agreemems 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 data; or in the preparation,
review, or approval of the manuscript.

RESULTS
Study Cohort

\Y./e identified 48865 new recipients of alendronate,
nasal calcitonin, raloxifcne, and risedronarc from 1 April

Figure 1. Study flow diagram.

New Jersey Pharmaceutical Pennsylvania Pharmaceutical
Assistance to the Aged and Assistance Contract for the
Disabled enrollee (n ::::470 533) Elderly enrollee (n ::::655 399)

~IExcluded: No osteoporosis drug prescription I~(n = 1 022 990)

Osteoporosis drug prescription Osteoporosis drug prescription
1 April 2000 to 30 June 2003 1 April 2000 to 30 June 2005
(n = 34358) (n = 68 584)

~
Excluded: Incomplete plan enrollmenUprevious

osteoporosis drug prescription (n = 54 077) I~

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 dtagncsts: 249

Eligible persons: 41 missing race, included with "Caucasian"
(n = 43135)

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

~r Subgroup 2: no fracture history (n = 35 502); 33 missing race

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

~r Subgroup 4: 22 prescriptions (n = 32 907); 27 missing race

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

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

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

Osteoporosis drugs were oral bisphosphonares (alcndronate, 10 mg or 70
mg; risedrcnare. 5 mg or 35 mg), nasal calcitonin, or raloxifene. "May
meet >1 exclusion criterion.
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Table 1. Cohort Characteristics"

Characteristic Alendronate
Recipients
(n = 21 007)

78.4 (6.7)
8.1 (58)
1.7 (1.8)
8 (5, 13)

21.9
92.1

Mean age (SD), y
Mean generic drugs used (SO), n
Mean comorbidity score (SD)
Median physician visits (25th, 75th percentile), n
Hospitalized in the previous year, %

White, %
Osteoporosis- related variables, %

Osteoporosis
Previous fracture

Vertebral
Nonvertebral (hip, humerus, radius or ulna)
Other

Comorbid conditions, %

Alzheimer disease or other dementia
Asthma or chronic obstructive pulmonary disease
Cataracts
Crohn disease or gastroenteritis
Depression
Diabetes mellitus
History of falls, syncope, or gait abnormality
Hyperthyroidism
Hyperparathyroidism
Ischemic stroke
liver disease
Malignant neoplasm
Overweight or obese
Parkinson disease
Renal disease
Rheumatoid arthritis

Medication use, %

Antiepileptic
e-mocker
Benzodiazepine
castroprctecttve agents
Glucocorticoids
Hormone therapy
Selective COX-2 inhibitor
Other NSAID
55RI
Non-S5RI antipsychotic
Thiazide diuretic
Thyroid drug
Miscellaneous sleep agent, hypnotic, or barbiturate

57.5

6.6
5.7
55

5.9
20.3
36.3

45
9.4

23.0
16.4
3,6
1.0
5.4
33

15,9
25
1.4
1.3
6.0

0.2
12.5
3.9
5.8
2.1
1.6
5.1
2.4
2.1
2.6
1.3
8.9
1.2

Risedronate
Recipients
(n = 8718)

78.5 (6,7)
8.9 (5,7)
1.7 (1,8)
8 (5, 13)

20.4
92.9

Calcitonin
Recipients
(n = 8372)

80,7 (7.1)
10,2 (6.6)

2.3 (2.1)
9 (5, 14)

34.6
93,9

Raloxifene
Recipients
(n = 5038)

76.9 (6.7)
8,1 (6.0)
1.5 (1.7)
8 (5, 12)

175
91.8

57.0 49.2 50A

5.6
4.4
5.6

137
6.4
6.1

39
3.8
4.3

6.0
19,9
34,8

48
10.5
24,9
16,0

34
1.4
50
35

16,2
25
1.6
1.4
6.0

10,0
25.3
35.6

65
13,9
26.4
23.7

3.6
1.0
7.4
4.0

16.9
2.9
2.4
25
6.6

4.9
18,0
36.9

5.2
10.1
23.4
13.2

3.0
0.7
4.2
35

13.7
27
1.3
1.1
4.8

02
12.3
3.9
7.2
1.9
1.7
4.6
2.0
2.6
2.8
1.2

10.7
1.1

0.1
12.7
4.6
9.2
2.4
1.2
4.3
2.4
2.8
3.4
1.2
95
1.6

0.1
10.7
4.4
86
15
3.6
4.4
2.7
2.0
3.3
0.9
8.9
1.1

~ ChM;!(reri.,[ic~ idemified bj- Medicare »nd ph'lrmacy bencfu claims within [he 1~ rue lld')r<o rre.nrncnr iniri.nion. COX-2 "" cyclom:y&clla~".·2; NSAID "" notlst'troidal
anri-inll.unmarory drug; SSRI = selective serotonin reuprake inhibitor.

2000 to 30 June 200') (New Jersey) and 30 June 2005
(Pennsylvania). After excluding 5730 of these 48 865 new
recipients, the final srudy cohort included 43 135 patients
(Figure 1). Table 1 shows cohort characteristics, srrarified
by agent received. The mean age of our cohort was 78.7
years (SD, 6.9; median, 79 years), and 96% were women.
Overall, alcndronare and risedronare recipients were simi-
lar in age, osteoporosis dia.gnosis, and comorbid condition;
calcitonin recipients were older (mean age 80.7 years; 5D,
7.1) and had a higher prevalence of vertebral fractures and
como-bid conditions; and raloxifene rt::ClplCntS 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 IG /vby 2001\ IA'lLl.li> "f Jntt'fll.ll Medi<:i'l" I Volume' 11\3' Number 9

the year before treatment initiation than alendronacc or
risedronace recipients.

Comparative Fracture Risk

The cumulative fracture incidence for alendronare,
risedronare, 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 nonvcrrcbral fracture risk within 12 months
between risedrouace (adjusted hazard ratio [Hk], 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 nouverrebml fractures (ban

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

Results were consistent when non vertebral fracture
rates at Gand 24 months were compared (Table 2), as well
as when hip fracture races 3.( 6, 12, and 24 months were
compared. With 498 hip fractures within 12 months, we
found no large difference in fracture risk between rise-
dronace (HR, 0.92 [CI, 0.70 to 1.20D or raloxifcnc (HR,
1.07 [CI, 0.77 to 1.49]) and alendronare. Patients who
received calcitonin experienced more hip fractures than pa-
tients who received ulendronare (HR, 1.54 rCI, 1.25 to
1.90]).

Figure 3 shows similar results across sensitivity anal-
yses. Fracture rates among patients who received rise-
dronacc and alendronarc were consistently similar, and
patients who received calcitonin had consistently higher
fracture rates than alendronare recipients. However,
when we restricted analyses to participants with previ-
ous fracture, we observed more nonverrebral fractures
among raloxifenc recipients (HR, 1.78 [Cl, 1.20 to

2.63]) than ulendronare recipients. Fracture risk among
raloxifeuc recipients compared with alcndronace recipi-
ents was also high among the subgroup with a previous
diagnosis of osteoporosis (HR, 1.30 [CI, 0.98 to 1.71]).

Overall nonvcrrebral 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 chose
age 65 to 79 years with no fracture history to 3.04 per 100
person-years (Cl, 2.76 to ,~.34 per 100 person-years)
among those age 80 years or older with no fracture history,
chen from 3.71 per 100 person-years (Cl, 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 (Cl. 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 faccor for nonvcrrcbrnl fracture
must be unmeasured and imbalanced across trearmenr
groups to explain the observed association (HR, 1.40)
between alcndronate and calci rouin if the 2 agents did
not differ in nonvcrrebral fracture risk. For example,
with an overall prevalence of 50% in the population, an
unmeasured confounder for nonverrebral fracture with a
magnitude of 2.5 (relative risk, 2.5) would require more
dun a 6-fold difference in prevalence between drug exposure
groups (odds ratio, 6.4) to ancnuarc our observed hazard ratio
of 1.40 (for example, 10% of alendronare recipients versus
>600;() of calcitonin recipients). Nonetheless, with our ob-
served lower CI hound 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 little difference in nonverrebral fracture
rates among new recipients of alendronare and riscdronarc,
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 conrrasr with findings from
other observational studies thac document riscdronare as
more effective than alendronate in preventing nouvertebral
fractures (12, 13). Our findings are also somewhat surpris-
ing because randomized, controlled trials (ReTs) show
that alcndronate improves bone mineral density and re-
duces hone turnover markers bctrcr than risedrouacc (3, 4).
Previous observational studies comparing bisphosphonares
included preventive doses of alendronate that are less effec-
tive than rrcatmenr doses (26) . We restricted our study to
new recipients of pharmacotherapies approved for osteo-
porosis treatment. We also studied nonverrebral fracture
sires 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 that riscdronare is more effective
[hall alcndronarc in preventing nonvertcbral fractures.

We did an English-language search of MEDLINE
through December 2007 to identify relevant large head-to-
head trials and large com para rive observational studies with
fracture outcomes. To our knowledge, FACT (Fosamax
Acronel Comparison Trial) is the only head-to-head trial
comparing alcndronace and risedrouare (3, 4). However,
FACT was underpowered to examine fracture outcomes

and examined surrogate markers of efficacy. By randomly
assigning 1053 postmenopausal women (mean age, 64.5
years) with low bone mineral density to receive weekly
alendronare or riscdronate, FACT controlled for both mea-
sured and unmeasured confounding. However, FACT also
excluded important candidate groups for pharmacotherapy
with bisphosphonares, 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 ofren not representative
of those who may benefit from pharmacotherapy or of how
the agents arc used in practice (for example, adherence to

drug regimen, and calcium or vitamin 0 supplementa-
tion) (27). In ccn rrast, 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 arc also susceptible ro con-
founding. Alrhough alcndronace and riscdronarc recipients
in our study were similar according to measured covariates,
we cannot rule our possible differences due to unmeasured
variables, such as bone mineral density, risk for falls, family
history, or nonprescription preventive therapies. Nonethe-
less, our findillgs are robust, wirh consisrenr results across
all sensitivity analyses considered.

We also found no large differences between the rela-
tive effectiveness of raloxifenc versus alendronate in rcduc-
mg nonvcrrcbral fracture risk. However, confidence
bounds were large, and we therefore cannot rule alit po-
tential clinically important differences between these
agents. Previous RCTs have found greater improvements
in surrogate end points (hone mineral density and bone
turnover markers) with alcndronare 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 Rate per 100 Hazard Ratio (95 % CI)
Fracture, n Person-Years of

Pollow-up " Unadjusted P Value Adjustedt P Value

6 mo
Alendronate 240 2.36 1.00 (reference) 1.00 (reference)
Risedronate 103 2.44 1.03 (0 82-1.30} 0.78 1.07 (085-1.36) 0.56
Calcitonin 169 4.24 1.80 {1.48-2.19} <0.001 1.42 (1.16-1.74) <0.001
Raloxlfene 59 2.40 1.02 (077-1.36) 0.89 1.18 (0.88-1.58) 0.26

12 rna
Alendronate 448 2.28 1.00 (reference) 1.00 (reference)
Risedronatc 183 2.28 1.00(084-1.19) 1.00 1.01 (085-1.21) 0.88
Calcitonin 309 4.03 1.77 (1.53-2.05) <0.001 1.40 (1.20-1.63) <0.001
Raloxifenc 111 2.31 1.01 (0.82-125) 0.90 1.18 (0.96-1.46) 0.121

24 rno
Alendronatc 814 2.39 1.00 (reference) 1.00 (reference)
Rtsedronate 300 2.30 0.96 (0.84-1.09) 0.52 0.96(0.84-1.11) 0.56
Calcitonin 524 3.90 1.63 (1.4G-1.82) <0.001 1.28 (1.14-1.43) <0.001
Raloxlfene 182 2.10 0.88 <0.75-1.03) 0.112 1.00(0.85-1.18) 1.00

• I'uricnts were censored Oil Th~ lb(~ of death or end of folJow-lIp (6, 12. or 24 rl1(lIlrh,; 31 D<.'(<'"mhel"200.1 [N~\\" J~r.'~yl;or J I ncc~lllb~r 2005 [1\'Jlnsylvaniaj).
t Adju,rcd for I'wpcn,ity score quill(ile,;b \1 dummy vJri~bks (4 [(],. e;1Chdr\l~) in Cox proportional h~7;lrd lllDclcls ~nd covariarc,; (a['.c, rKC, diagllo~is of osrcopol"<lsis.
pn:viou., vnr,·bral fr~crlll·<", and (,r["viuu, nu/lv<"rli"lJr:d (ranure), slralili,·d by Slal(-
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Figure 3. Nonvertebral fracture risk within 12 months of
treatment initiation compared with alendronate.

Risedronate Calcitonin RaJoxifene

Hazard ratios and 95IJ:b Cis (error bars) were calculated by using Cox
proportional hazard models stratified by stare and adjusted for propensity
score quinriles. age, race, diagnosis of osteoporosis, and fracture history
(previous nonvcrtebral and vertebral fracture}. The inrenc-ro-rrear analy-
sis (Primary) was censored on the dare of death or end of follow-tip (12
months afrcr rrcartncnr iniriarion, 31 December 2003 [New Jersey], or
31 December 2005 ll'ennsylvamal). O'T 15 = patients receiving treat-
menr who were censored Oil rbc first day or switching ag<':lHs, losillt; drug
plan eligibility, entering a nursing home, or disconrinuing lise of the
drug (last date covered by drug plan plus 1.') days, allowing for 30-day
gops between prescriptions) on the dote of death or end of follow-up, OT
90 = patient's receivinj; rrcanucnr who were censored as for OT 15,
except rhar follow-up was extended ro 90 d after drug discontinuation:
Fx Hx = parivnrs with a history of any fracture within 12 mo before
treatment iniriation, No l-x Hx ,,,"c patients wirh no known history of
fracture within ]2 mo before rrearmcnr initiation: =:":2Script = patients
who filled ?:1 consecutive prescriptions of their index drug, excluding
those who lost dmg plan eligibiliry, entered a mming home, died, had a
nonvcnebral fracture, or switched agelHs within tile first 30 d; No Can-
co'r 'o~ patients with no diagnosis of malignant ncopla.sm within 12
months b.-for.:::drug initiation; or = parients with a medic:!.l claim for
llstl·oporosis diagnosis within 12 mo before drug initi:ttion; No OP =
p;l[ienrs with no medical claim for Osteoporosis diagnosis within 12 mo
bet-i.He rreat01ellt iniri;nit'JIl: No HT ::'0 women with no history of hor-
Illone therapy within 12 mo before rrC<ltlllenr initiation. •

7), and although alendrollat:e has proven efficacy in reduc-
ing nonvcncbral frJ.cwre risk versus placebo, no such evi-
dellce of bendit has heen reponed with raloxifcnc (14, 26,
29). Raloxifene recipients in our study were younger and
seemed to be healthier than aicndron;:uc recipients on the
basis of measured variables. Although balance between
measured vari"lbles improved withill propensity score quin-
tiles (Appendix Tables 2 and 3, available at www.ann'lis
.org), we were limited to inf~mnation contained in healdl
care utilization databases. Our inability to adjust for base-
line bone mineral density may be panicubrly problematic.
The eHlcacy of bisphosphonaccs in reducing Ilonvenebral
fracture risk is established among persons with a bone min-
eral density T-scorc less than - 2.5. However, the National
Osteoporosis Foundation recommends that treatment be
considered at aT-score less than - 2.0, and in the presence
of other risk factors, at a T-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 treatment initiation (fracture history and diagnosis of
osteoporosis), risk for nonvertcbral fracture was higher
among raloxifenc recipients than alcndronatc recipients.
Therefore, our data arc somewhat consistent with those
from placebo-controlled trials coruplered among patients
with low bone mass, which found that alendronarc (bur
not raloxifenc) prevents nonvcrtebral fractures (14, 26,
29). Further comparative studies between bisphosphonares
and raloxifene may help to strengthen and clarify our find-
1l1gs.

We found more fractures among patients treated with
calcitonin versus alendrou.ue. This finding contrasts with
that of a previous observational study suggesting no large
difference between calcitonin and alendronare recipients
(12). However, given that data from RCTs to support cal-
citonin in reducing nonverrebral fracture risk (14, 26, 30)
are lacking. our finding is expected. On (he basis of mea-
sured variables, calcitonin recipients in our study had
higher background risk for fractures than aleudronare re-
cipicnrs: 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
alendronarc.

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

Figure 4. Nonvertebral fracture rates within 12 months. by
fracture risk group and drug.
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analyses suggested that our findings are unlikely ro 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-
cure is estimated to be 2.5 at age 65 years among persons
with osteoporosis (Tcscorc <-2.5) compared with those
with higher bone mineral density (31). On the basis of
measured variables, alcndronate 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 nbsorptiomerry. 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-
enerb'Y x-ray absorptiorucrry=documenrcd osteoporosis
among 10% of alendronare recipients versus >60% or cal-
citonin recipients). It is therefore unlikely that our ob-
served difference in fracture risk between calcitonin and
alcndronare is completely due to unmeasured confound-
ing; rather, it is more likely that a true difference in the
effectiveness of these agents in reducing fracture risk exists.
However, the observed imbalance between calcitonin and
alcndronare would only need to be 2.5-fold higher (Q move
the lower bound of the 95% CI toward the null (for ex-
ample, 30(yb of alcndronarc recipients had osteoporosis
documented by dual-energy x-ray absorptiometry vs. 75%
of calcitonin recipients). H..egardless, given char we focused
on alcndronarc doses (hat were approved for treating os-
teoporosis, it is unlikely thar the difference in osteoporosis
prevalence between calcitonin and alendronare 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-
tuITS. 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 chat we could not
adj~lst j·"()rsome major possible confounding factors, such as
hone mineral density, nonprescription preventioll thera-
pil's, vitamin D levels, incident Vl'fSUSprevalent vertebral
fractures, and risk for falls, we advise using caution 'when
interpreting our findings.

future studies fhat are better able to adjust for poten-
tial unmeasured confounding may help to dari~y the extem
of difference in fracrure prevention among osteoporosis
therapies. An emerging merhodological approach through
propensity score calibration may be useful (Q adjust for
unmeasured confounding, provided that a good validation
data source is available (34-37). For cxample, a dara
source among new recipients of these agents that includes

64416 M,,:, 2001{ 1Anl1,)I, ,,r 111(C'rIl,l!,\ledic;",·1 V()lu",~ l-,iS' NL)lllber l)

important covariares not available in claims dara-c-such as
bone mineral density at treatment initiation, family his-
rory, nonprescription preventive therapies, frailty, risk for
611s, and incident versus prevalent previous fractures-may
be used to adjust [or differences in baseline covariarcs be-
tween drug therapies.

In addition to those already mentioned, our study bas
3 further limitations. First, the study database was limited
to claims data to assess fracture outcomes and may have
rnisclassified some fractures, However, we minimized the
potential for misclassificarion (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(Yo (15).
There is also no reason to believe that differential misclas-
sitication of fractures between treatment agents occurred.

Second, we used an inrent-to-rreac 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 alendronare versus raloxifenc recipients. for exam-
ple, have lower bone mineral density, they lTlay 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 s('((ing, 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, the
inrenr-to-treat analysis yields the most valid results. We
also found similar results in on-rrearmcnr 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 differenr drug coverage. However,
our cohon of frail persons age 65 years or older is typical of
patients requiring pharmacofherapy to reduce fi·acrurc risk
and provides real-world comparative efK:ctiveness dara
among patients with complete drug coverage. Our large
cohort of new rccipients also permitted us to examine re-
sults in several subgroups, demonstrating tbat our results
arc robust.

'fhe early termination of a trial that was designed to
examine fracture outcomes bc(\veen osteoporosis thefJ.pies
(because ,1 sufficienr [lumber of rreatmcIlH1Jive women
could not be recruitcd [7]) indicates that evidence from
ReTs comparing medications is unlikely m become avail-
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able. In the absence of ReT evidence, observational data
provide a complementary source of information that com-
pares drug effectiveness 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 (risedronare versus alcndronate) in preventing non-
vertebral fractures. We also documented no large differ-
ences in fracture risk among raloxifene compared with
alcndronate. 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-
dronarc recipients, future studies that can be ncr adjust for
potential residual confounding may clarify our results.
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