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Abstract

Summary—Using a Markov state-transition model, we estimated fractures averted with 

risedronate using two different types of clinical efficacy data. Summary data, as opposed to 

individual patient data (IPD), underestimated the number of fractures averted when applied in a 

specified high risk population. The choice of clinical efficacy data is an important consideration in 

health economic models evaluating osteoporosis therapies.
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Introduction—This paper contrasts fracture reduction estimates for risedronate utilizing efficacy 

data from two approaches to meta-analysis: summary data versus individual patient data. We also 

examined differences in fracture reduction explained by varied cohort selection, especially the 

inclusion of low- versus high-risk populations.

Methods—Using a Markov state-transition model, we compared fractures averted over 3 years in 

a hypothetical cohort by inputting fracture risk reduction estimates (risedronate versus placebo) 

from two data sources (summary data versus IPD). The cohort consisted of 100,000 Canadian 

women, age ≥65 years with osteoporosis (WHO criteria T-score≤−2.5) and prevalent 

morphometric vertebral fracture.

Results—Non-vertebral fractures averted with risedronate were: 3,571 and 6,584 per 100,000 

women for summary data and IPD, respectively. For vertebral fractures, the numbers were 8,552 

and 10,127. When IPD versus summary data was used, an additional 3,013 more non-vertebral 

fractures and 1,575 vertebral fractures were averted.

Discussion—Relative risk estimates from IPD analyses were the best choice for modelling 

fracture outcomes when applied in a specified high-risk population. In addition to superior 

statistical methodology, they utilized RCT cohorts that are more representative of higher risk 

patients requiring treatment (osteoporotic women ≥65 years with a prevalent vertebral fracture).
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Introduction

Osteoporosis is a chronic disease that affects approximately 26% of Canadian women aged 

65 years or older [1]. A 50-year-old Caucasian woman has approximately a 40% chance of 

sustaining any osteoporotic fracture [2, 3] and a 14–17% chance of sustaining a hip fracture 

at some point in her remaining lifetime [2, 4]. The individual consequences of osteoporosis 

can be devastating, often resulting in substantial loss of independence, and sometimes death. 

Furthermore, the burden on the health care system is also substantial; in Canada alone, it is 

estimated that the annual cost of hip fractures could rise to $2.4 billion by 2041 [5].

Today, a number of proven interventions are available for the prevention and treatment of 

osteoporosis, with bisphosphonates considered to be the first line of therapy [6]. With 

several available treatment options, considerations of cost-effectiveness are of interest to 

many stakeholders in order to prioritize spending and base policy decisions.

In the absence of head-to-head randomized controlled trials (RCT), meta-analyses can help 

to inform physicians and policy makers about the effects of individual treatments [7]. By 

combining the results of multiple smaller placebo controlled trials, meta-analyses may 

increase the power of the data and provide broader insights into the efficacy of drugs. In the 

case of osteoporosis treatments, it has also been difficult to examine fracture outcomes 

through comparative RCTs due to the large sample sizes required for meaningful 

comparisons, particularly for non-vertebral fractures. A meta-analysis may be conducted 
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using one of two types of data: published summary statistics (summary data meta-analysis) 

or primary data (individual patient data, IPD).

A summary data meta-analysis pools proportions or statistics from already published RCT 

articles. Analyses are performed using these published estimates, which are aggregate 

numbers from each particular study (i.e., it is not possible to examine each patient’s data 

directly). An IPD meta-analysis, on the other hand, has obtained the primary data from each 

study to be included and it is possible to perform a new analysis that utilizes individual-level 

patient data. These alternative approaches to meta-analysis may lead to different conclusions 

[8–13]. IPD meta-analyses are the “gold standard” [14–17] but are more difficult logistically 

and require access to the original data from individual clinical trials. On the other hand, they 

provide more precise and valid estimates of treatment effects and allow control for 

confounders, adjustments for study effects, common treatment of variables, and survival or 

time to event analysis.

The primary purpose of this paper is to contrast the fracture reduction estimates for 

risedronate treatment provided by summary data versus IPD meta-analysis, and to analyze 

the causes of differences between the estimates. A fracture incidence model is then used to 

illustrate the impacts of these differences on the numbers of fractures averted in high-risk 

patients.

Materials and methods

Model overview

A fracture incidence-based model of the natural history of osteoporosis was employed to 

estimate vertebral and non-vertebral fractures averted using risedronate compared to placebo 

using the different data types. Risedronate is an oral bisphosphonate indicated for the 

treatment and prevention of osteoporosis in postmenopausal women. In the studies we 

included in the model, both risedronate and placebo patients also received either calcium 

alone (1,000 mg) or calcium (1,000 mg) with vitamin D (500 IU/day if baseline serum 25-

hydroxyvitamin D levels <40 nmol/l). The model assumes risk reduction in addition to that 

offered by calcium and vitamin D.

The model has a treatment period and time horizon of 3 years. This Markov state-transition 

model permits movement between health states annually according to state-transition 

probabilities (i.e., age-specific fracture incidence and mortality rates) that were derived from 

the best available observational data. Long-term health states in the model include healthy, 

healthy post-vertebral fracture, healthy post-hip fracture, healthy post-second hip fracture, 

and death. Short-term incident fracture states where patients can enter and leave within a 

given year include vertebral fracture, hip fracture, second hip fracture, and non-vertebral 

fracture. All patients start off in the healthy state, which represents the cohort of women who 

enter the model. Details of the model design, structure, assumptions, and validation have 

been previously described [18, 19]. Fractures averted was chosen as the primary outcome of 

interest in our hypothetical cohort, due to the substantial disability [20] and costs associated 

with fracture [5]. Although the model allows for the calculation of quality-adjusted life years 
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and costs, the focus of the current paper was fractures averted. Microsoft Excel 2000 was 

used to perform model calculations.

Model epidemiological data

The hypothetical cohort evaluated in the model consisted of 100,000 Canadian women, 65 

years or older with osteoporosis (i.e., bone mineral density of 2.5 or more standard 

deviations [SD] below young adult mean) and a prevalent vertebral fracture 

(radiographically determined). This cohort was chosen to reflect the elevated fracture risk in 

this population [21, 22], and reimbursement policies in Canada. At age 65 and over, BMD 

testing is recommended for all women and osteoporosis therapies are covered under 

provincial drug plans.

Several sources of data were used to represent the epidemiological profile of this ‘target’ 

population. Age-specific general population fracture incidence rates for hip [23], vertebral 

(defined morphometrically from radiographs of the thoracic and lumbar spine) [24], and 

non-vertebral [25] fractures were employed within the model, with non-vertebral fracture 

incidence rates representing the sum of age-specific hip, wrist, clavicle, pelvis, humerus, and 

leg fracture rates. These fractures were selected as they would be considered ‘osteoporotic’, 

are commonly considered as ‘non-vertebral’ fractures in clinical trial data, and because 

incidence rates for these sites were available from updated and comprehensive sources. All 

fracture incidence rates were adjusted during the analysis based on the risk profile of the 

target population being modeled. These fracture rate adjustments were derived from the 

equation developed by Black and colleagues [26]. Mortality experienced by this population 

was also included in the model using Canadian age-specific mortality rate estimates obtained 

from the World Health Organization [27]. These data were complemented with mortality 

rate statistics for the year following the hip fracture (including hip fractures within non-

vertebral fractures), which were based on a study by Keene and colleagues [28].

Sources of efficacy data

The sources of clinical efficacy data were as follows:

1. Summary data: relative risk reduction estimates for both non-vertebral and 

vertebral fractures are from the Osteoporosis Research Advisory Group (ORAG), 

a series of meta-analyses for several osteoporosis agents published in Endocrine 

Reviews in 2002 [29]. ORAG pooled estimates are based on simple proportions 

and did not incorporate time-to-event data. Initially, ORAG analyses “chose to 

pool broadly across doses and treatment durations [29]” and in some instances 

included doses not available in clinical practice (e.g., some of the risedronate 

trials included the 2.5 mg dose). Placebo-controlled RCTs were selected for the 

ORAG risedronate meta-analysis if they examined osteoporosis in post-

menopausal women, with at least 1 year of follow-up, and had fracture incidence 

or BMD data available. Trials classified as either ‘treatment’ or ‘prevention’ 

studies were eligible for inclusion. Trial characteristics (entry criteria, mean age, 

and lumbar spine T-score) are shown in Tables 1 and 2. The ORAG analysis 

included all subjects randomized to treatment and placebo arms. The mean 
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patient age of studies included in ORAG ranged from 51.2 to 78.0 years and 

mean BMD lumbar spine T-scores ranged from −1.0 to −2.9.

2. Individual patient data: for non-vertebral fracture, relative risk reduction 

estimates are based on the Harrington et al. study [13], which incorporated data 

from the VERT-NA [30], VERT-MN [31], BMD-NA [32], and BMD-MN [33] 

trials (Table 1). The IPD analysis was restricted to a subset of patients who 

received risedronate 5 mg per day or placebo and who had a lumbar spine T-

score of less than −2.5. Patients were required to have all four lumbar spine (L1–

L4) vertebrae intact. Osteoporosis-related non-vertebral fractures included in this 

definition were: hip and pelvis, wrist, humerus, clavicle, and leg. All patients 

received calcium 1,000 mg/day and patients whose levels of 25 hydroxyvitamin 

D3 were less than 40 nmol/L at baseline received up to 500 IU/day of vitamin D. 

The mean age of patients studied (n=1,172) was 66 years and the mean lumbar 

spine BMD T-score was −3.4. At baseline, 42% of patients studied in the 

Harrington IPD had no prevalent vertebral fractures; 25% and 33% had one and 

more than one prevalent vertebral fracture respectively.

For vertebral fracture, relative risk reduction estimates are from the Adachi et al. study [12], 

which incorporated data from the VERT-NA [30], VERT-MN [31], BMD-NA [32], BMD-

MN [33], and ‘Prevention of bone loss in early menopause’ [34] studies (Table 2). The IPD 

analysis was restricted to a subset of patients who received risedronate 5 mg or placebo with 

at least one existing vertebral fracture or a femoral neck BMD T-score of less than −2.5 at 

baseline. The mean age of the patients studied in the Adachi et al. analysis was 68 years and 

the mean lumbar spine T-score was −2.74 in the placebo group (n=1,112) and −2.72 in the 

risedronate 5 mg group (n=1,119). The percentage of patients with a vertebral fracture at 

baseline was approximately 90% in both the placebo and treatment groups. Patients that 

were missing baseline data or who had no post-baseline vertebral fracture radiographs were 

excluded.

Both IPD meta-analyses [12, 13] were based on primary data sources (i.e., authors had 

access to databases from the original trials including adverse event information).

Results

The relative risk reduction (1-relative risk) associated with risedronate treatment (compared 

to placebo) for vertebral and non-vertebral fractures for each of the two data types (Table 3) 

were separately entered into the model to obtain the number of fractures averted over 3 

years. The reduction in relative risk associated with treatment for non-vertebral fractures is 

0.32 for ORAG (5 mg) and 0.59 for IPD (Table 3). For vertebral fractures, these estimates 

are 0.38 and 0.45, respectively.

Table 4 presents the total fractures averted with risedronate therapy (versus placebo) per 

100,000 women over 3 years for each of the two data types. For comparative purposes (to be 

consistent with the IPD studies), we present summary data relative risk reduction estimates 

for the ORAG 5 mg pooled. When the parameters are entered into our model, as illustrated 

in Table 4, the number of fractures occurring in the risedronate group differed according to 
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the relative risk estimate used. Based on ORAG (summary data) estimates, the number of 

non-vertebral fractures averted with risedronate was 3,571 per 100,000 women; based on 

IPD estimates, this number was 6,584. Correspondingly, the number of vertebral fractures 

averted per 100,000 women was 8,552 based on ORAG estimates and 10,127 based on IPD. 

Thus, an additional 3,013 more non-vertebral fractures and 1,575 vertebral fractures were 

averted per 100,000 women over 3 years when IPD versus summary data are used. Table 4 

also provides the number of fractures averted for the ORAG meta-analyses with 2.5+ 5 mg 

pooled doses.

Discussion

The summary data and IPD meta-analyses lead to different estimates of fracture reduction 

(Table 3). Our fracture incidence model demonstrates the impact of these differences on the 

number of vertebral and non-vertebral fractures averted in an important high-risk population 

of women over 65 years old with osteoporosis and prevalent vertebral fracture (Table 4). IPD 

meta-analysis estimates 3,013 more non-vertebral and 1,575 more vertebral fractures averted 

than the ORAG summary data meta-analysis. These differences are explained by varied 

cohort selection, especially the inclusion of low-risk populations in the ORAG meta-

analysis, as well as by methodological differences between these two approaches.

Choosing the IPD-derived estimates for risedronate over those of the ORAG summary data 

analysis depends first on recognizing that the RCT cohorts included in the former are more 

representative of patients requiring treatment than the cohorts included in the latter. It is 

imperative to consider the cohort of interest when considering clinical efficacy data inputs. 

Tables 1 and 2 present the trials and patient characteristics included in the ORAG summary 

data and the two IPD analyses.

The ORAG study chose to pool broadly and may have been over-inclusive. It combined 

prevention and treatment studies, pooled doses, and included a study with a more elderly 

cohort (80 years or older) and undefined BMD (selected primarily on the basis of non-

skeletal risk factors). The Harrington et al. [13] and Adachi et al. [12] IPD analyses included 

higher risk patients with clearly established osteoporosis (based on a T-score or existing 

vertebral fracture), only studies with a 5 mg dose of risedronate (2.5 mg is not an approved 

dose), and a more homogenous age group.

It has been well established in the osteoporosis literature that fracture risk varies according 

to several factors including age, previous fracture history, and severity of BMD T-scores [22, 

21]. We know from other studies that absolute and relative fracture risk reduction are greater 

in those with more severely reduced BMD [35]. In an analysis based on summary data, it is 

not possible to examine subgroups and this may be of particular concern when 

heterogeneous groups are pooled together because differences between sub-groups may be 

obscured. This may also occur in an analysis with primary data, if we control for factors that 

may be related to risk without examining important underlying interactions.

Several methodological differences between the two approaches also contributed to the 

differences in relative risk estimates and subsequent number of fractures averted. First, in a 
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summary data meta-analysis it is not possible to control for trial designs or for differences 

among patient populations (e.g., disease severity and demographic characteristics) in the 

analysis. There are limits placed on the ability to examine sources of heterogeneity, such as 

differences in the true treatment effect between studies. Heterogeneity may occur for a 

number of reasons, such as varied designs and patient characteristics, and if observed, it is 

important to consider why it exists [15, 16]. In the ORAG series, the authors noted “As is 

often the case, we were frequently left with heterogeneity of study results that we could not 

explain with our a priori hypotheses. This may, in part, be due to our having to consider 

studies as a unit in our analyses [29].” When aggregated patient characteristics are examined 

to explain heterogeneity, this approach is subject to an aggregation bias (i.e., ecological 

fallacy [16]), whereby the association observed between variables on an aggregate level is 

not necessarily the same as the association which exists at the individual level. The true 

treatment effects in underlying populations may be masked, and may provide different 

estimates of relative risk reduction from individual trials.

In IPD analysis, with access to the primary data, it is possible to control for covariates such 

as differences in patient characteristics at an individual level in the analysis. It is also 

possible to examine potential effect modifiers, or examine patient sub-groups that are most 

of interest. Simulation studies comparing IPD and summary data indicate clearly that meta-

analyses based on summary data have much less power [15, 16, 36] and are generally 

inadequate at finding a clinically moderate interaction [16].

Secondly, a summary data meta-analysis is limited to comparing simple proportions, in this 

case the number of fracture events reported, without consideration of when the event 

occurred [29]. Therefore, summary data does not allow patients who dropped out prior to the 

end of the study to be statistically accounted for [37]. An IPD analysis allows important 

information regarding when the event occurred to be incorporated using a time-to-event 

analysis, a more powerful and informative presentation of data [38]. One of the chief 

benefits is that the time-to-event analysis can take into account censored data, and statistical 

inferences may be drawn regarding the time a patient spent in the study. Patients with 

censored data contribute valuable information and should not be omitted from the analysis 

[12, 38]. For example, it is often the sickest patients who drop out or have an outcome of 

interest.

A large loss to follow-up, particularly for the larger trials, was the major methodological 

limitation of the risedronate trials cited by the ORAG authors: “loss to follow-up threatens 

the validity of a trial because the distribution of prognostic factors, and thus the event rate, 

may be very different in those lost to follow-up than in those who complete the trial [8].” 

Without access to time-to-event data, the ORAG analysis could only examine simple, end of 

trial proportions, and likely resulting in an underestimate of the treatment effect for 

risedronate. As the authors noted, it was “particularly unlikely” that any loss to follow-up 

favored estimates of risedronate’s treatment effect [8], since one of the largest trials included 

in their meta-analysis (the VERT-NA trial [30]) had a disproportionately large number of 

high-risk patients in the placebo group lost to follow-up. In the placebo group, 41.4% of 

patients lost to follow-up were considered high risk for fracture at baseline versus only 

37.9% of treatment patients lost to follow-up. Remaining patients were likely healthier as 
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those that were less healthy had already fractured and, as a consequence, any bias introduced 

by loss to follow-up favored the placebo group. Large loss to follow-up rates are expected in 

trials of older patients and for osteoporosis they are often the patients who fracture, 

discontinue the study and go on treatment.

Methodologically, it is widely accepted that the use of IPD is an ‘ideal’ approach to meta-

analysis, and that summary data offers a second practical alternative when access to primary 

data is unavailable [14–16, 39]. However few previous reports have examined the degree of 

discrepancy between the two approaches [39]. Similar to our results, Delmas et al. [40] 

found that summary data produced different conclusions than IPD analysis. In that study, a 

comparative analysis was conducted to compare simulated IPD and a summary data meta-

analysis of various osteoporosis medications (alendronate, etidronate, raloxifene, HRT, 

calcitonin, tiludronate) to determine which was more accurate in capturing the true 

correlation between BMD and fracture risk. IPD was simulated to match the reported 

summary statistics for each study. Results indicated that the summary data meta-analysis 

was not sensitive and did not produce the correct correlation between fracture risk reductions 

and BMD increases, whereas the IPD always provided accurate estimates of the association 

between BMD and fracture risk reduction.

While the IPD meta-analysis overcomes many of the limitations of a summary data meta-

analysis, it does not overcome all of the limitations of meta-analyses. Some of the 

limitations still present in any type of meta-analysis that do not exist with individual RCTs 

include: trials with different inclusion/exclusion criteria, different data points collected, 

differing schedule of events for data points collected, and different study conduct such as 

following of drop-out patients. Apparent differences may disappear when adjusting for 

influential confounding variables in both IPD and summary data meta-analyses.

An updated summary data meta-analysis combines primary and secondary prevention 

risedronate studies [41]. The relative risk reduction was 0.37 (95% CI 0.49, 0.23) for 

vertebral fractures and 0.20 (95% CI 0.28, 0.10) for non-vertebral fractures. When our 

analysis was conducted, ORAG was the appropriate comparator and the newer estimates are 

not widely divergent from the original ORAG analysis.

Conclusions

We believe that the IPD analyses selected for our model [13, 12] are the best choice of 

relative risk estimates available among meta-analysis approaches. The IPD analyses have the 

advantage of superior statistical methodology, with the caveat that IPD analyses can be 

misleading when the adjustment for appropriate covariates is not adequate. Compared with 

IPD, a summary data meta-analysis has limited ability to examine sources of heterogeneity, 

has less power, and does not perform as well as IPD when time to event outcomes or 

particular sub-groups are of interest [15, 16, 36]. The fracture-incidence-based model we 

used in this study was based on a hypothetical ‘higher-risk’ cohort of women 65 years or 

older with osteoporosis and a prevalent vertebral fracture. This cohort would likely benefit 

most from treatment. The IPD analyses were based on a similar population to our target 

population. Due to the constraints of summary data methodology, the ORAG analysis was 
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not able to examine sub-groups based on severity, thus the true treatment effects of higher 

risk patients may have been masked in that analysis.

Policy makers and health economists should pay careful attention to the choice of clinical 

efficacy data inputs. Although economic considerations were beyond the scope of this paper, 

future cost-effectiveness studies should also consider IPD, observational data, and RCTs to 

examine the economic and societal benefits of treating osteoporosis in a Canadian context. 

As the population of high-risk patients for osteoporosis (those over age 65) [1] continues to 

increase, the appropriate management of patients with osteoporosis is an imperative 

consideration in the decade to come.

References

1. Sawka AM, Thabane L, Papaioannou A, Gafni A, Ioannidis G, Hanley DA, Papadimitropoulos E, 
Pickard L, Adachi JD. The number of Canadian men and women needed to be screened to detect a 
case of osteoporosis: a population-based study from the Canadian Multicentre Osteoporosis Study 
(CaMos). J Bone Miner Res. 2004; 19:S368.

2. Doherty DA, Sanders KM, Kotowicz MA, Prince RL. Lifetime and five-year age-specific risks of 
first and subsequent osteoporotic fractures in postmenopausal women. Osteoporos Int. 2001; 12:16–
23. [PubMed: 11305078] 

3. Cummings SR, Black DM, Rubin SM. Lifetime risks of hip, Colles’, or vertebral fracture and 
coronary heart disease among white postmenopausal women. Arch Intern Med. 1989; 149:2445–
2448. [PubMed: 2818106] 

4. Melton LJ III, Chrischilles EA, Cooper C, Lane AW, Riggs BL. Perspective. How many women 
have osteoporosis? J Bone Miner Res. 1992; 7:1005–1010. [PubMed: 1414493] 

5. Wiktorowicz ME, Goeree R, Papaioannou A, Adachi JD, Papadimitropoulos E. Economic 
implications of hip fracture: health service use, institutional care and cost in Canada. Osteoporos 
Int. 2001; 12:271–278. [PubMed: 11420776] 

6. Brown JP, Josse RG. clinical practice guidelines for the diagnosis and management of osteoporosis 
in Canada. CMAJ. 2002; 167:S1–34. [PubMed: 12427685] 

7. Dolovich MB, Ahrens RC, Hess DR, Anderson P, Dhand R, Rau JL, Smaldone GC, Guyatt G. 
Device selection and outcomes of aerosol therapy: evidence-based guidelines: American College of 
Chest Physicians/American College of Asthma, Allergy, and Immunology. Chest. 2005; 127:335–
371. [PubMed: 15654001] 

8. Cranney A, Tugwell P, Adachi J, Weaver B, Zytaruk N, Papaioannou A, Robinson V, Shea B, Wells 
G, Guyatt G. Meta-analyses of therapies for postmenopausal osteoporosis. III. Meta-analysis of 
risedronate for the treatment of postmenopausal osteoporosis. Endocr Rev. 2002; 23:517–523. 
[PubMed: 12202466] 

9. Cranney A, Wells G, Willan A, Griffith L, Zytaruk N, Robinson V, Black D, Adachi J, Shea B, 
Tugwell P, Guyatt G. Meta-analyses of therapies for postmenopausal osteoporosis. II. Meta-analysis 
of alendronate for the treatment of postmenopausal women. Endocr Rev. 2002; 23:508–516. 
[PubMed: 12202465] 

10. Boonen S, Laan RF, Barton IP, Watts NB. Effect of osteoporosis treatments on risk of non-vertebral 
fractures: review and meta-analysis of intention-to-treat studies. Osteoporos Int. 2005; 16:1291–
1298. [PubMed: 15986101] 

11. Delmas PD, Seeman E. Changes in bone mineral density explain little of the reduction in vertebral 
or nonvertebral fracture risk with anti-resorptive therapy. Bone. 2004; 34:599–604. [PubMed: 
15050889] 

12. Adachi JD, Rizzoli R, Boonen S, Li Z, Meredith MP, Chesnut CH III. Vertebral fracture risk 
reduction with risedronate in post-menopausal women with osteoporosis: a meta-analysis of 
individual patient data. Aging Clin Exp Res. 2005; 17:150–156. [PubMed: 15977464] 

Adachi et al. Page 9

Osteoporos Int. Author manuscript; available in PMC 2016 November 08.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



13. Harrington JT, Ste-Marie LG, Brandi ML, Civitelli R, Fardellone P, Grauer A, Barton I, Boonen S. 
Risedronate rapidly reduces the risk for nonvertebral fractures in women with postmenopausal 
osteoporosis. Calcif Tissue Int. 2004; 74:129–135. [PubMed: 14648009] 

14. Stewart LA, Tierney JF. To IPD or not to IPD? Advantages and disadvantages of systematic 
reviews using individual patient data. Eval Health Prof. 2002; 25:76–97. [PubMed: 11868447] 

15. Smith CT, Williamson PR, Marson AG. An overview of methods and empirical comparison of 
aggregate data and individual patient data results for investigating heterogeneity in meta-analysis 
of time-to-event outcomes. J Eval Clin Pract. 2005; 11:468–478. [PubMed: 16164588] 

16. Lambert PC, Sutton AJ, Abrams KR, Jones DR. A comparison of summary patient-level covariates 
in meta-regression with individual patient data meta-analysis. J Clin Epidemiol. 2002; 55:86–94. 
[PubMed: 11781126] 

17. Chalmers I. The Cochrane collaboration: preparing, maintaining, and disseminating systematic 
reviews of the effects of health care. Ann N Y Acad Sci. 1993; 703:156–163. [PubMed: 8192293] 

18. Grima DT, Burge RT, Becker DL, Tosteson AN. Short-term cost-effectiveness of bisphosphonate 
therapies for postmenopausal osteoporotic women at high risk of fracture. P&T. 2002; 27:448–
455.

19. Tosteson AN, Jonsson B, Grima DT, O’Brien BJ, Black DM, Adachi JD. Challenges for model-
based economic evaluations of postmenopausal osteoporosis interventions. Osteoporos Int. 2001; 
12:849–857. [PubMed: 11716188] 

20. Papaioannou A, Wiktorowicz ME, Adachi JD, Goeree R, Papadimitropoulos E, Bedard M, Brazil 
K, Parkinson W, Weaver B. Mortality, independence in living, and re-fracture, one year following 
hip fracture in Canadians. J Obstet Gynaecol Can. 2000; 22:591–597.

21. Kanis JA, Johnell O, De Laet C, Johansson H, Oden A, Delmas P, Eisman J, Fujiwara S, Garnero P, 
Kroger H, McCloskey EV, Mellstrom D, Melton LJ, Pols H, Reeve J, Silman A, Tenenhouse A. A 
meta-analysis of previous fracture and subsequent fracture risk. Bone. 2004; 35:375–382. 
[PubMed: 15268886] 

22. Kanis JA, Johnell O, Oden A, Dawson A, De Laet C, Jonsson B. Ten year probabilities of 
osteoporotic fractures according to BMD and diagnostic thresholds. Osteoporos Int. 2001; 12:989–
995. [PubMed: 11846333] 

23. Papadimitropoulos EA, Coyte PC, Josse RG, Greenwood CE. Current and projected rates of hip 
fracture in Canada. CMAJ. 1997; 157:1357–1363. [PubMed: 9371065] 

24. Melton LJ III, Lane AW, Cooper C, Eastell R, O’Fallon WM, Riggs BL. Prevalence and incidence 
of vertebral deformities. Osteoporos Int. 1993; 3:113–119. [PubMed: 8481586] 

25. Melton LJ III, Crowson CS, O’Fallon WM. Fracture incidence in Olmsted County, Minnesota: 
comparison of urban with rural rates and changes in urban rates over time. Osteoporos Int. 1999; 
9:29–37. [PubMed: 10367027] 

26. Black DM, Palermo L, Grima DT. Developing better economic models of osteoporosis: 
considerations for the calculation of the relative risk of fracture. Value Health. 2006; 9:54–58. 
[PubMed: 16441525] 

27. World Health Organization. Estimates of child and adult mortality and life expectancy at birth by 
country. WHO; Geneva: 2002. 

28. Keene GS, Parker MJ, Pryor GA. Mortality and morbidity after hip fractures. BMJ. 1993; 
307:1248–1250. [PubMed: 8166806] 

29. Cranney A, Tugwell P, Wells G, Guyatt G. Meta-analyses of therapies for postmenopausal 
osteoporosis. I. Systematic reviews of randomized trials in osteoporosis: introduction and 
methodology. Endocr Rev. 2002; 23:496–507. [PubMed: 12202464] 

30. Harris ST, Watts NB, Genant HK, McKeever CD, Hangartner T, Keller M, Chesnut CH III, Brown 
J, Eriksen EF, Hoseyni MS, Axelrod DW, Miller PD. Effects of risedronate treatment on vertebral 
and nonvertebral fractures in women with postmenopausal osteoporosis: a randomized controlled 
trial. Vertebral Efficacy With Risedronate Therapy (VERT) Study Group. JAMA. 1999; 282:1344–
1352. [PubMed: 10527181] 

31. Reginster J, Minne HW, Sorensen OH, Hooper M, Roux C, Brandi ML, Lund B, Ethgen D, Pack S, 
Roumagnac I, Eastell R. Randomized trial of the effects of risedronate on vertebral fractures in 

Adachi et al. Page 10

Osteoporos Int. Author manuscript; available in PMC 2016 November 08.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



women with established postmenopausal osteoporosis. Vertebral Efficacy with Risedronate 
Therapy (VERT) Study Group. Osteoporos Int. 2000; 11:83–91. [PubMed: 10663363] 

32. McClung MR, Bensen WG, Bolognese M, et al. Risedronate increases bone mineral density at the 
hip, spine and radius in postmenopausal women with low bone mass. Osteoporos Int. 1998; 8:111.

33. Fogelman I, Ribot C, Smith R, Ethgen D, Sod E, Reginster JY. Risedronate reverses bone loss in 
postmenopausal women with low bone mass: results from a multinational, double-blind, placebo-
controlled trial. BMD-MN Study Group. J Clin Endocrinol Metab. 2000; 85:1895–1900. [PubMed: 
10843171] 

34. Hooper M, Ebeling P, Roberts A, et al. Risedronate prevents bone loss in early postmenopausal 
women. Calcif Tissue Int. 1999; 64:S69.

35. Cummings SR, Black DM, Thompson DE, Applegate WB, Barrett-Connor E, Musliner TA, 
Palermo L, Prineas R, Rubin SM, Scott JC, Vogt T, Wallace R, Yates AJ, LaCroix AZ. Effect of 
alendronate on risk of fracture in women with low bone density but without vertebral fractures: 
results from the Fracture Intervention Trial. JAMA. 1998; 280:2077–2082. [PubMed: 9875874] 

36. Teramukai S, Matsuyama Y, Mizuno S, Sakamoto J. Individual patient-level and study-level meta-
analysis for investigating modifiers of treatment effect. Jpn J Clin Oncol. 2004; 34:717–721. 
[PubMed: 15640501] 

37. Shih W. Problems in dealing with missing data and informative censoring in clinical trials. Curr 
Control Trials Cardiovasc Med. 2002; 3:4. [PubMed: 11985778] 

38. Altman DG, Bland JM. Time to event (survival) data. BMJ. 1998; 317:468–469. [PubMed: 
9703534] 

39. Williamson PR, Marson AG, Tudur C, Hutton JL, Chadwick D. Individual patient data meta-
analysis of randomized anti-epileptic drug monotherapy trials. J Eval Clin Pract. 2000; 6:205–214. 
[PubMed: 10970014] 

40. Delmas PD, Li Z, Cooper C. Relationship between changes in bone mineral density and fracture 
risk reduction with antiresorptive drugs: some issues with meta-analyses. J Bone Miner Res. 2004; 
19:330–337. [PubMed: 14969404] 

41. Wells G, Cranney A, Peterson J, Boucher M, Shea B, Robinson V, Coyle D, Tugwell P. Risedronate 
for the primary and secondary prevention of osteoporotic fractures in postmenopausal women. 
Cochrane Database Syst Rev. 2008:CD004523. [PubMed: 18254053] 

42. Clemmesen B, Ravn P, Zegels B, Taquet AN, Christiansen C, Reginster JY. A 2-year phase II study 
with 1-year of follow-up of risedronate (NE-58095) in postmenopausal osteoporosis. Osteoporos 
Int. 1997; 7:488–495. [PubMed: 9425508] 

43. Mortensen L, Charles P, Bekker PJ, Digennaro J, Johnston CC Jr. Risedronate increases bone mass 
in an early postmenopausal population: two years of treatment plus one year of follow-up. J Clin 
Endocrinol Metab. 1998; 83:396–402. [PubMed: 9467547] 

44. McClung MR, Geusens P, Miller PD, Zippel H, Bensen WG, Roux C, Adami S, Fogelman I, 
Diamond T, Eastell R, Meunier PJ, Reginster JY. Effect of risedronate on the risk of hip fracture in 
elderly women. Hip Intervention Program Study Group. N Engl J Med. 2001; 344:333–340. 
[PubMed: 11172164] 

Adachi et al. Page 11

Osteoporos Int. Author manuscript; available in PMC 2016 November 08.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Adachi et al. Page 12

Ta
b

le
 1

R
C

T
s 

in
cl

ud
ed

 in
 in

di
vi

du
al

 p
at

ie
nt

 d
at

a 
(I

PD
) 

an
d 

O
st

eo
po

ro
si

s 
R

es
ea

rc
h 

A
dv

is
or

y 
G

ro
up

 (
O

R
A

G
) 

m
et

a-
an

al
ys

es
: n

on
-v

er
te

br
al

 f
ra

ct
ur

e

H
ar

ri
ng

to
n 

et
 a

l. 
[1

3]
 (

IP
D

: 
no

n-
 v

er
te

br
al

)a
O

R
A

G
 (

no
n-

ve
rt

eb
ra

l a
na

ly
si

s)
 [

8]

St
ud

y 
(d

ur
at

io
n)

E
nt

ry
 c

ri
te

ri
a 

(s
ke

le
ta

l s
ta

tu
s,

 d
ur

at
io

n)
N

 c
on

tr
ol

/T
x 

(5
m

g 
on

ly
)

M
ea

n 
ag

e
L

um
ba

r 
sp

in
e 

B
M

D
 T

-s
co

re
N

 c
on

tr
ol

/T
x

M
ea

n 
ag

eb
L

um
ba

r 
sp

in
e 

B
M

D
 T

-
sc

or
eb

V
E

R
T-

N
A

 (
3 

ye
ar

s)
 [

30
]

2 
or

 m
or

e 
V

F 
at

 b
as

el
in

e 
or

 1
 V

F 
an

d 
a 

lu
m

ba
r 

sp
in

e 
B

M
D

 T
-s

co
re

 o
f 

≤ 
−

2
28

2/
26

5
68

 (
7.

4)
−

3.
4 

(0
.6

9)
81

5/
81

2 
(5

 m
g 

gr
ou

p 
on

ly
, 2

.5
 

m
g 

ex
cl

ud
ed

)
69

 (
7.

3)
−

2.
4

V
E

R
T-

M
N

 (
3 

ye
ar

s)
 [

31
]

2 
or

 m
or

e 
V

F 
at

 b
as

el
in

e
80

/6
9

69
 (

7.
0)

−
3.

6 
(0

.7
2)

40
6/

40
6 

(5
 m

g 
gr

ou
p 

on
ly

, 2
.5

 
m

g 
ex

cl
ud

ed
)

71
 (

7.
0)

−
2.

7

B
M

D
-M

N
 (

2 
ye

ar
s)

 [
33

]
L

um
ba

r 
sp

in
e 

B
M

D
 T

-s
co

re
 o

f 
≤ 

−
2.

0
11

2/
10

0
65

 (
7.

1)
−

3.
2 

(0
.5

2)
12

5/
17

2 
(i

nc
lu

de
s 

2.
5 

m
g 

an
d 

5 
m

g)
64

.7
 (

7.
2)

−
2.

9

B
M

D
-N

A
 (

1–
1.

5 
ye

ar
s)

 
[3

2]
L

um
ba

r 
sp

in
e 

B
M

D
 T

-s
co

re
 o

f 
≤ 

−
2.

0
13

4/
13

0
62

 (
7.

6)
−

3.
1 

(0
.5

0)
22

0/
42

8 
(i

nc
lu

de
s 

2.
5 

m
g 

an
d 

5 
m

g)
62

.5
 (

0.
3)

−
2.

8

C
le

m
m

es
en

 e
t a

l. 
(2

 y
ea

rs
) 

[4
2]

A
t l

ea
st

 o
ne

, b
ut

 n
ot

 m
or

e 
th

an
 f

ou
r, 

V
F

N
ot

 in
cl

ud
ed

–
–

44
/8

8 
(2

.5
 m

g 
on

ly
 d

os
e 

in
 th

is
 

st
ud

y)
68

.3
 (

5.
7)

−
2.

4

M
or

te
ns

en
 e

t a
l. 

(3
 y

ea
rs

) 
[4

3]
N

or
m

al
 lu

m
ba

r 
sp

in
e 

bo
ne

 m
as

s 
(>

2 
SD

),
 6

–
60

-m
on

th
 p

os
t-

 m
en

op
au

sa
l (

1–
2 

ye
ar

s 
tr

ea
tm

en
t +

 1
 y

ea
r 

fo
llo

w
-u

p)

N
ot

 in
cl

ud
ed

–
–

36
/7

5 
(5

 m
g 

cy
cl

ic
/o

r 
da

ily
 

on
ly

 d
os

e 
in

 th
is

 s
tu

dy
)

51
.2

 (
3.

8)
−

1.
0

H
IP

 [
44

]
A

ge
 7

0–
79

: f
em

or
al

 n
ec

k 
T

-s
co

re
 ≤

−
4 

or
 

fe
m

or
al

 n
ec

k 
T

-s
co

re
 ≤

−
3 

+
 1

 r
is

k 
fa

ct
or

) 
ag

e 
80

 a
nd

 o
ve

r:
 a

t l
ea

st
 1

 n
on

-s
ke

le
ta

l r
is

k 
fa

ct
or

 
or

 lo
w

 B
M

D
 (

≤−
4 

or
 ≤

−
3 

+
 r

is
k 

fa
ct

or
)

N
ot

 in
cl

ud
ed

c
–

–
3,

13
4/

6,
19

7 
(i

nc
lu

de
s 

2.
5 

m
g 

an
d 

5 
m

g)
78

 (
9.

7)
−

2.
8

Fe
m

or
al

 n
ec

k 
=

 −
3.

7

V
F 

ve
rt

eb
ra

l f
ra

ct
ur

e(
s)

a A
na

ly
si

s 
re

st
ri

ct
ed

 to
 s

ub
se

t o
f 

pa
tie

nt
s 

w
ho

 r
ec

ei
ve

d 
ri

se
dr

on
at

e 
5 

m
g 

pe
r 

da
y 

(o
r 

pl
ac

eb
o)

 a
nd

 w
ho

 h
ad

 a
 lu

m
ba

r 
sp

in
e 

T
-s

co
re

 o
f 

le
ss

 th
an

 −
2.

5.
 P

at
ie

nt
s 

ha
d 

to
 h

av
e 

al
l f

ou
r 

lu
m

ba
r 

sp
in

e 
(L

1–
L

4)
 

ve
rt

eb
ra

e 
in

ta
ct

b Fr
om

 O
R

A
G

 T
ab

le
 2

 [
8]

 (
ba

se
d 

on
 a

ll 
tr

ea
tm

en
t g

ro
up

s–
pl

ac
eb

o;
 2

.5
 m

g 
an

d/
or

 5
 m

g 
gr

ou
ps

 w
er

e 
ap

pl
ic

ab
le

)

c T
he

 H
IP

 s
tu

dy
 w

as
 n

ot
 in

cl
ud

ed
 b

ec
au

se
 p

at
ie

nt
s 

w
er

e 
su

bs
ta

nt
ia

lly
 o

ld
er

 (
m

ea
n 

ag
e 

78
 y

ea
rs

) 
th

an
 th

e 
ot

he
r 

st
ud

y 
po

pu
la

tio
ns

 th
at

 w
er

e 
in

cl
ud

ed
 (

m
ea

n 
ag

e 
66

 y
ea

rs
)

Osteoporos Int. Author manuscript; available in PMC 2016 November 08.



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Adachi et al. Page 13

Ta
b

le
 2

R
C

T
s 

in
cl

ud
ed

 in
 in

di
vi

du
al

 p
at

ie
nt

 d
at

a 
(I

PD
) 

an
d 

O
st

eo
po

ro
si

s 
R

es
ea

rc
h 

A
dv

is
or

y 
G

ro
up

 (
O

R
A

G
) 

m
et

a-
an

al
ys

es
: v

er
te

br
al

 f
ra

ct
ur

e

A
da

ch
i e

t 
al

. [
12

] 
(I

P
D

: 
ve

rt
eb

ra
l f

ra
ct

ur
e)

a
O

R
A

G
 (

ve
rt

eb
ra

l a
na

ly
si

s)
 [

8]

E
nt

ry
 c

ri
te

ri
a 

(s
ke

le
ta

l s
ta

tu
s,

 d
ur

at
io

n)
N

 c
on

tr
ol

/T
x 

(5
 

m
g 

on
ly

)
M

ea
n 

ag
e 

(p
la

ce
bo

)
L

um
ba

r 
sp

in
e 

B
M

D
 T

-s
co

re
 

(p
la

ce
bo

)

N
 c

on
tr

ol
/T

x
M

ea
n 

ag
eb

L
um

ba
r 

sp
in

e 
B

M
D

 
T

-s
co

re
b

V
E

R
T-

N
A

 [
30

]
2 

or
 m

or
e 

V
F 

at
 b

as
el

in
e 

or
 1

 V
F 

an
d 

a 
lu

m
ba

r 
sp

in
e 

B
M

D
 T

-s
co

re
 o

f 
≤ 

−
2 

(3
 y

ea
rs

)
56

5/
57

9
69

 (
6.

9)
−

2.
3

67
8/

69
6 

(5
 m

g 
gr

ou
p 

on
ly

, 
2.

5 
m

g 
ex

cl
ud

ed
)

69
 (

7.
3)

−
2.

4

V
E

R
T-

M
N

 [
31

]
2 

or
 m

or
e 

V
F 

(T
4–

L
4)

 a
t b

as
el

in
e 

(3
 y

ea
rs

)
33

9/
33

4
71

 (
6.

8)
−

2.
4

34
6/

34
4 

(5
 m

g 
gr

ou
p 

on
ly

, 
2.

5 
m

g 
ex

cl
ud

ed
)

71
 (

7.
0)

−
2.

7

B
M

D
-M

N
 [

33
]

L
um

ba
r 

sp
in

e 
B

M
D

 T
-s

co
re

 (
L

1–
L

4)
 o

f 
≤ 

−
2.

0 
(2

 y
ea

rs
)

74
/7

7
66

 (
7.

4)
−

2.
3

12
5/

17
2 

(i
nc

lu
de

s 
2.

5 
m

g 
an

d 
5 

m
g)

64
.7

 (
7.

2)
−

2.
9

B
M

D
-N

A
 [

32
]

L
um

ba
r 

sp
in

e 
B

M
D

 T
-s

co
re

 o
f 

≤ 
−

2.
0 

(1
–1

.5
 

ye
ar

s)
10

9/
10

2
64

 (
7.

0)
−

2.
5

N
ot

 in
cl

ud
ed

–
–

Pr
ev

en
tio

n 
of

 b
on

e 
lo

ss
 in

 e
ar

ly
 

m
en

op
au

se
 [

34
]

Po
st

-m
en

op
au

sa
l w

om
en

 (
6–

36
 m

on
th

s)
; 1

 
V

F 
or

 a
 f

em
or

al
 n

ec
k 

B
M

D
 o

f 
≤ 

−
2.

5 
(2

 
ye

ar
s)

25
/2

6
53

 (
2.

9)
−

0.
8

N
ot

 in
cl

ud
ed

–
–

C
le

m
m

es
en

 e
t a

l. 
(1

99
7)

 [
42

]
A

t l
ea

st
 o

ne
, b

ut
 n

ot
 m

or
e 

th
an

 f
ou

r, 
V

F 
(2

 
ye

ar
s)

N
ot

 in
cl

ud
ed

–
–

44
/8

8(
2.

5 
m

g 
on

ly
 d

os
e 

in
 

th
is

 s
tu

dy
)

68
.3

 (
5.

7)
−

2.
4

M
or

te
ns

en
 e

t a
l. 

(1
99

8)
 [

43
]

N
or

m
al

 lu
m

ba
r 

sp
in

e 
bo

ne
 m

as
s 

(>
2 

SD
),

 6
–

60
-m

on
th

 p
os

t-
m

en
op

au
sa

l (
1–

2 
ye

ar
s 

tr
ea

tm
en

t +
 1

 y
ea

r 
fo

llo
w

-u
p)

N
ot

 in
cl

ud
ed

–
–

36
/7

5 
(5

 m
g 

cy
cl

ic
/o

r 
da

ily
 

on
ly

 d
os

e 
in

 th
is

 s
tu

dy
)

51
.2

 (
3.

8)
−

1.
0

V
F 

ve
rt

eb
ra

l f
ra

ct
ur

e(
s)

a IP
D

 a
na

ly
si

s 
re

st
ri

ct
ed

 to
 s

ub
se

t o
f 

pa
tie

nt
s 

w
ho

 r
ec

ei
ve

d 
ri

se
dr

on
at

e 
5 

m
g 

pe
r 

da
y 

(o
r 

pl
ac

eb
o)

 a
nd

 w
ith

 a
t l

ea
st

 o
ne

 e
xi

st
in

g 
ve

rt
eb

ra
l f

ra
ct

ur
e 

or
 a

 f
em

or
al

 n
ec

k 
B

M
D

 T
-s

co
re

 o
f 

le
ss

 th
an

 −
2.

5 
at

 b
as

el
in

e

b Fr
om

 O
R

A
G

 T
ab

le
 2

 [
8]

 (
ba

se
d 

on
 a

ll 
tr

ea
tm

en
t g

ro
up

s–
pl

ac
eb

o;
 2

.5
 m

g 
an

d/
or

 5
 m

g 
gr

ou
ps

 w
er

e 
ap

pl
ic

ab
le

)

Osteoporos Int. Author manuscript; available in PMC 2016 November 08.



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Adachi et al. Page 14

Table 3

Reduction in relative riska (95% CI) of fracture for risedronate-treated patientsb

Data source Non-vertebral fracture Vertebral fracture

Osteoporosis Research Advisory Group (ORAG) 2.5 and 5 mg 0.27 (0.13, 0.39) [8] 0.36 (0.23, 0.46) [8]

5 mg pooled 0.32 (0.13, 0.47) 0.38 (0.24, 0.49)

Individual patient data (IPD) 5 mg 0.59 (0.27, 0.77) [13]c 0.45 (0.31, 0.57) [12]

CI confidence interval

a
Reduction in relative risk=1-relative risk

b
Versus placebo-treated patients

c
Post hoc analyses of pooled non-vertebral fracture data (collection was prospectively planned in the trials)
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Table 4

Number of fractures using 3-year risedronate treatment versus placebo in women 65 years or older with low 

BMD and prevalent vertebral fracture

Data source Treatmenta Number of fractures per 100,000 women 65years or 
older with low BMD and prevalent vertebral fracture

Non-vertebral Vertebral

Osteoporosis Research Advisory 
Group (ORAG)

2.5 mg and 5 mg Placebo 11,159 22,505

Risedronate 8,146 14,404

Fractures averted with 
risedronate

3,013 8,101

5 mg pooled Placebo 11,159 22,505

Risedronate 7,588 13,953

Fractures averted with 
risedronate

3,571 8,552

Individual patient data (IPD) Placebo 11,159 22,505

Risedronate 4,575 12,378

Fractures averted with 
risedronate

6,584 10,127

a
Assumes all patients (risedronate or placebo) received calcium only or calcium and vitamin D
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