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Background Short-term Txmt: 
Bisphosphonates Reduce 
Fractures for 3 to 5 Years

• Many large and well conducted clinical 
trials (>80,000 participants)

• 3 to 5 years

• Works especially well in women with 
osteoporosis and especially hip BMD <-2.5

Bisphosphonates (and other Treatments) Reduce 
Fracture Risk up to 5 Years

Khosla S, et al. J Clin Endocrinol Metab 97: 2272–2282, 2012
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Should we be adding 
bisphosphonates to water supply?

Given:

1. Effective fracture reductions

2. Low cost for generic drugs

Why has use decreased by ~25% over 
last 3 years?

*
6

*
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Recent controversies about safety of 
bisphosphonates (esp. long term)

Impactful recent safety concerns: 

- Osteonecrosis of the jaw (ONJ)

- Atypical femur fractures

*

ONJ and oral Bisphosphonates:  
Summary from ASBMR report, 2007

• Very rare in osteoporosis patients (1 in 10,000 to 
100,000)
– Higher in oncology use

• Invasive bone procedures (extraction) strongest 
risk factor.  Weaker risk factors include:
– > age 65, periodontitis, dentures,

• Little evidence that doses used for osteoporosis 
increase risk of ONJ

– If so, VERY low risk

• 2012 ADA report (Hellstein et al) has helped to 
put concerns into perspective 
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Atypical subtrochanteric fractures:
Case Reports and Case Studies

• First identified in case reports and 
case series (2006-2010)

• NY and Singapore

• Associated with 
bisphosphonates?

Lenart et al NEJM 2008/ Goh J 
Bone Joint Sur. 2007

Morphologic Characteristics of Atypical 
Fractures from Case Reports

Neviaser  et al J. Ortho trauma 2008

Transverse

Cortical 
thickening

Cortical 
beaking

What types of Studies Assessing Incidence of 
AFF and Relationship to BP use?

1) Individual case reports and case series (from 2007)
• > 230 cases published

2) Observational/epidemiologic studies (Canada, 
Denmark, US, Sweden, other countries)

• Mostly sets of cases compared to controls
• A couple of cohort studies

3) A bit of data from RCT’s

2013:  Meta-analysis of bisphosphonates and atypical 
fracture (Gedmintas, JBMR, 2013)

ASBMR Task Force on Atypical Femur 
Fracture (2010/2013*)

• Begun in 2009, first published 2010
• Updated report (2013)
• Careful review of ever-growing literature
• Created a case-definition to standardize reporting and 

research

*Shane, et. al.  JBMR, 2010 & 2013
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ASBMR Task Force Case Definition for 
Atypical Femur Fracture (Update 2013)*

• Major Criteria (must have >4)
– Location:  Below lesser trochanter above distal metaphyseal 

flare
– Transverse or short-oblique (from x-ray)
– Minimal or no trauma
– Non- or minimally comminuted
– Localized reaction in lateral cortex

• Minor Criteria (may be present)
– Increased cortical thickness (generalized)
– Prodromal symptoms (pain in thigh/groin)
– Bilateral
– Delayed healing                            *Shane, et. al.  JBMR, 2010/2013

2 of the largest/most informative 
epidemiologic studies

1.  Swedish study (Schilcher)
2. Kaiser NW, U.S. (Feldstein)

Both:
- Population based
- Reviewed individual x-rays from fracture 
patients

Schilcher et al, NEJM 5/11
Feldstein, JBMR 2012

Swedish study: How many with AFF?

• 1.5 million Swedish women > age 55

• Population register of fractures, treatment for 3 years

• ~12,777 femur fractures in 2008

• Reviewed x-rays for ~1300 fractures that met ICD 
criteria (subtrochanteric or femoral shaft)

• 322 met review criteria for subtrochanteric/FS
– 59 atypical

Schilcher et al, NEJM 5/11

Bisphosphonate use in Swedish study

• Within subtrochanteric/femoral shaft fracture patients
– Compare atypical (59) to control (263)

� Odds ratio (adj) for BP use:  33.3 (CI:14-78)
� Later revised OR to 19 (re-review, ASBMR-criteria)

• Very careful and large study

• But some surprising/unique results: 
– Strikingly strong relationship to BP use (outlier)
– < 1 year of use increased risk x 33
� No added risk with longer duration

– Risk resolves 4 months after stopping use

Schilcher et al, NEJM 5/11
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Kaiser HMO (Northwest USA)

• Hip fractures among Kaiser members from 1996-2009 
(OR, WA, HW)
– Women > 50 yrs, men > 65 
– 1.2 million person-years
– 5034 hip fractures

• Reviewed X-rays of possible AFFs
– 2010 ASBMR criteria

• 22 fractures met ASBMR criteria 
– (similar % to Swedish study)

Feldstein, Black, et al. JBMR 2012

Kaiser NW study: Bisphosphonate Use

• Odds ratio for bisphosphonate use comparing atypical 
to “non-atypical” subtroch /fs fractures (like Swedish)

– 2.1 (CI: 0.99, 4.5)

– Compare to OR in Swedish study (33, revised later to 19)

Feldstein, et al. JBMR 2012

2013 Meta-analysis of atypical femur fracture 
studies: 13 case-control and cohort studies*

*Gedmintas L, et al J Bone Miner Res. 2013

RCTs

50,000 person years
:

Gedmintas Meta-analysis of 
Bisphosphonates and Atypical Fracture

• Very challenging analysis. Vast differences across 
studies in design, definition of AFF, patients

• Significant heterogeneity in results for meta-analysis

• Nevertheless, currently the best estimate of relative risk 
for AFF for bisphosphonate use is 1.7

Gedmintas, JBMR, 5/2013
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Benefits vs. Risks of BP 
Treatment for 3 to 5 years

Scenario:  
Treat 10,000 osteoporotic 

women for 3 years

Can We Compute 
Benefits vs. Risks of BP treatment?

Fractures where risk reduced
(hip, spine, all non-vert)

Use results from RCT’s 
(FIT, FREEDOM, ZOL)

Benefits

Atypical femur fractures

Use results from meta-analysis 
and epidemiologic studies

Risks

24

Benefits: Fractures prevented in 
10,000 osteoporotic women 

treated for 3 years*
Fractures
prevented

Hip 112

Spine 545

Non-
vertebral

164

822

Based on  results 
from from large 
RCTS:  FIT, 
HORIZON, VERT 
NA, others

Hip fractures?

20
100
1000 25

Risk: What is incidence of 
AFF?

• Both Swedish study and Kaiser NW 
study show incidence is ~ 5 AFF’s per 
1000 hip fractures (very rare!)
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Risk of AFF due to bisphosphonate
treatment

AFFs

Incidence

Increases due to 
treatment

Risks

RR for BP use=1.7*
(+ sensitivity analyses)

5 AFF per 1000 hip 
fractures

27

How many AFF’s in 10,000 
women treated for 3 years
RR for 
Bisphosphonates/
AFF

Number  of AFF 
“caused”

1.7 1

3 2

10 6

19 11

28

Benefits vs. Risk, 10,000 women treated 
3 years

Fractures 
prevented

RR for AFF AFF caused

Hip 112

Spine 545

Non-
vertebral

164

822

1.7 1

19 (worst 
case)

11
29

Benefits for BP treatment (for 3-5 
years) far outweigh any risks, even 

allowing for some risk of AFF.

What about treatment beyond 5 years?

BP treatment for up to 5 years:  
the Bottom Line
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Osteoporosis Treatment Long-term Randomized
Extension Studies for Alendronate and ZOL

0 2 4 6 8 10

Risedronate

Alendronate

Zoledronic acid

Time (Years)

FIT4,5

ALN (n = 3236) 
PBO (n = 3223) 

RCT – FLEX6

ALN 5 mg (n = 329) or 10 mg (n = 333) 
PBO (n = 437)

HORIZON-PFT1 

ZOL (n = 3889) 
PBO (n = 3876)

RCT – EXT12

Z6 (n = 616)
Z3P3 (n = 617)

VERT-MN7

RIS (n = 407)
PBO (n = 407)

RCT – EXT8

RIS (n=135)
PBO (n=130)

OL-EXT9
RIS 7 yrs (n = 83)
PBO 5 yrs/RIS 2yrs 
(n = 81)

RCT – EXT23

Z9 (n = 95)
Z6P3 (n = 95)

Design of the FIT Long-Term Extension 
(to 10 years) of Alendronate (FLEX)*

FIT    N = 6,459

Placebo   N = 3,223 Alendronate N = 3,236

Randomized in FLEX
N = 1,099

Alendronate, 5 or 10 mg
N = 662 Placebo  N = 437

Mean ALN use:

5 years

FLEX (5 yrs)

* Black, et al, JAMA 12/2006

40% 60%

BMD:  Primary endpoint

Fractures:  Exploratory endpoint

FLEX: Alendronate 
Randomized, Double-blind Treatment
5 years of ALN followed by 5 more years or PBO

Fractures Placebo, No. 
(%)

(n=437)
Pooled 

Alendronate, 
No. (%)
(n=662)

Relative Risk (95% 
Confidence Interval)*

Vertebral
Clinical                            

.  Morphometric
23 (5.3)
46 (11.3)

16 (2.4)
60 (9.8)

0.45 (0.24–0.85)
0.86 (0.60–1.22)

Clinical
Nonspine
Hip

83 (19.0)
13 (3.0)

125 (18.9)
20 (3.0)

1.00 (0.76–1.32)
1.02 (0.51–2.10)

FLEX: Incidence of Fracture by Treatment Group

Black DM, et al. JAMA. 2006;296:2927–2938.

0.1 1 10

Vertebral FX 
(clinical)

Clinical Fracture

Alendronate 
(FLEX: 5 yrs/5 yrs

1.00 (0.8, 1.3)

0.45 (0.2, 0.85)

0.99 (0.7, 1.5)

0.48 (0.3, 0.9)Vertebral FX 
(morphometric)

Clinical Fracture

Zoledronic acid: 
HORIZON: 3yrs/3 yrs

Reductions (RR) for fractures for continuing bisphosphonates:
Alendronate and ZOL

3
Relative Hazard ( ±±±± 95% CI)

Favors Bisphosphonate Favors Placebo

Black JAMA 2006;Black et a. JBMR 2012
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Fracture reductions with long-term continuation 
of bisphosphonates (2 RCTs)

• Fracture results for Alendronate and Zol
o Continuing lowers vertebral fractures risk vs discontinuing
o Continuing vs. discontinuing � no effect on non-vertebral

− Confidence intervals are wide and allow for possible benefit

• What about long term safety? Does AFF risk increase with 
longer duration of treatment?

Black JAMA 2006;  Black et a. JBMR 2012
35

Do Atypical Femur Fractures Increase 
with Duration of Treatment?

Data from Kaiser S. Calif*

Dell et. al. JBMR 12/12
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Years of use of bisphosphonates

36

Is AFF incidence increased with longer 
duration of use?

- Results are mixed, not certain

- Most prudent belief: AFF risk increases with 
treatment duration

- Therefore, best to minimize length of treatment

And continue to treat only those who will most 
benefit from longer term treatment

Which patients benefit most from 
continuation of ALN (or ZOL) and should 
therefore be continued?

• Primary benefit is in reduction of vertebral fractures
• Therefore, logical to continue those at highest risk of 
vertebral fractures
o NEJM;  5/2012 

− Perspective from FDA together with an analysis from FLEX

o Consider femoral neck BMD and vertebral fracture status 
at the end of the initial treatment period

Black, et al. NEJM 2012 May 31;366(22):2051-3
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Which patients benefit most from long term 
ALN (up to 10 years) and should therefore 
be continued?

• Our recommendations from FLEX* (5 years previous ALN).  
Continue alendronate in:
o Women with femoral neck BMD T-score <-2.5
o In women with existing vertebral fractures, continue treatment in those 

with fn BMD T-score <-2.0
o Others can discontinue with retention of some benefits for up to 5 

years

• ASBMR recommendations to come in September 2014
o Probably will recommend:  Continue in those with hip BMD -2.5 or 

“high fracture risk”

*Black, et al. NEJM 5/12

Other factors relevant to deciding to 
discontinue after 5 years

- BMD and vertebral fracture status at time on 
discontinuation

- *Bone markers not useful
- Perhaps other factors such as age and fracture on 
treatment

*Bauer, et al.  JAMA IM (5/14)

Overview for long-term use of alendronate
and ZOL

- Some residual benefits after stopping for 
alendronate and zoledronic acid

- Reductions in spine fractures
- Benefits of long-term use are smaller than benefits 
for short-term use

- On the other hand, risks may be increasing over 
time

- Risk benefit ratio for long term continuation not as 
favorable as for short-term use

Summary of benefits vs. risks for 
ALN or ZOL treatment as a function of time

Benefits
Hip, non-
vertebral 
and spine 
reductions

Risks

Treatment 3-5 years

Benefits:
Only 
spine 
reductions

Risks

Treatment Beyond 5 
yrs

Benefits
unproven

Risks 
uncertain

Treatment Beyond 10 
years with ALN (6 
years with ZOL)
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Long-term use of other bisphosphonates

- Limited data for Risedronate and Ibandronate on 
long term use

- Long term continuation seems to continue 
lowered fracture risk (similar to ALN and ZOL)

- BUT discontinuation likely results in faster loss of 
benefits of therapy
- Different pharmacologic characteristics

- For Risedronate and Ibandronate , after 
discontinuation, cannot assume same on-going 
benefits as seen with ALN and ZOL

Long-term use of non-bisphosphonate
therapies

- For Teriperatide, Denosumab, Raloxifene, HRT, 
benefits are rapidly lost after discontinuation

- Very different from Alendronate and Zoledronic
acid

- Need to be continued long-term or switched to 
another therapy after discontinuation

Long-term treatment: Controversies and 
unresolved questions..

• Can we predict risk of AFF?  (very interesting)
• GC use
• Race (Asians seem to have higher risk)
• Incipient fractures or thigh pain
• Others are being explored.

• Optimal sequential LT therapy (and combo)

• How to decide when to stop therapy and how long 
should drug holiday be?  When to restart?

45

Thanks!


