
ZOLEDRONATO: 
APPROPRIATEZZA TERAPEUTICA ED 

ADERENZA AL TRATTAMENTO

BRUNO FREDIANI

Azienda Ospedaliero-Universitaria Senese

Dipartimento Di Scienze Mediche

Dir. B. Frediani

U.O.C. REUMATOLOGIA

Dir. B. Frediani



HORIZON-PFT Core Slides

Health Outcomes and Reduced Incidence With 
Zoledronic Acid Once Yearly Pivotal Fracture Trial

The NEW ENGLAND
JOURNAL  of MEDICINE

ESTABLISHED 1812 MAY 3, 2007 VOL. 356     NO. 18

Once-Yearly Zoledronic Acid for Treatment

of  Postmenopausal Osteoporosis
Dennis M. Black, Ph.D., Pierre D. Delmas, M.D., Ph.D., Richard Eastell, M.D., Ian R. Reid, M.D.,
Steven Boonen, M.D., Ph.D., Jane A. Cauley, Dr.P.H., Felicia Cosman, M.D., Péter Lakatos, M.D., Ph.D.,
Ping Chung Leung, M.D., Zulema Man, M.D., Carlos Mautalen, M.D., Peter Mesenbrink, Ph.D., Huilin Hu, Ph.D.,
John Caminis, M.D., Karen Tong, B.S., Theresa Rosario-Jansen, Ph.D., Joel Krasnow, M.D., Trisha F. Hue, M.P.H.,
Deborah Sellmeyer, M.D., Erik Fink Eriksen, M.D., D.M.Sc., and Steven R. Cummings, M.D.,
for the HORIZON Pivotal Fracture Trial

Black DM, et al. N Engl J Med. 2007;356:1809-1822.

EFFICACIA FRATTURE



HORIZON-PFT Core Slides

HORIZON Pivotal Fracture Trial (PFT) 
Overview

Objective: To evaluate the potential of once yearly 
ZOL 5 mg to decrease fracture risk in postmenopausal 
women with osteoporosis

3-year, randomized, double-blind, placebo-controlled 
clinical trial 

▬ 7736 women from 239 clinical centers in 27 countries

Treatment

▬ Annual infusion of either ZOL 5 mg or placebo

▬ Calcium 1000–1500 mg/d; vitamin D 400–1200 IU/d

Follow-up visits at 6, 12, 24 and 36 months

▬ Telephone interviews every 3 months 

ZOL = zoledronic acid

Black DM, et al. N Engl J Med. 2007;356:1809-1822.
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Study Population

Inclusion

▬ Women 65 to 89 years of age 

▬ Femoral neck T-score ≤–2.5 with or without fracture 
or ≤–1.5 with 2 mild or 1 moderate vertebral fracture 

Exclusion

▬ Current use of PTH or strontium ranelate

▬ Failure to meet specified washout periods for previous 
bisphosphonate (BP) use

Two strata

▬ Stratum I: no current osteoporosis therapy

▬ Stratum II: SERMs, calcitonin, HT/ET, or tibolone at 
baseline

HT/ET = hormone or estrogen therapy; PTH = parathyroid hormone; SERMs = selective estrogen receptor modulators

Black DM, et al. N Engl J Med. 2007;356:1809-1822.
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*P < .0001, relative risk reduction vs placebo (95% confidence interval) 
Adapted from Black DM, et al. N Engl J Med. 2007;356:1809-1822.

Zoledronic Acid Reduced 3-Year Risk of Morphometric 
Vertebral Fractures (Stratum I) by 70%

ZOL 5 mg Placebo
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Zoledronic Acid Reduced 3-Year Risk of Multiple (≥2) New 
Morphometric Vertebral Fractures (Stratum I) by 89%

89%*
(77%, 95%) 

Multiple (≥2) New Vertebral Fractures at 3 Years
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*P = .0001, relative risk reduction vs placebo (95% confidence interval)
Data from Black DM, et al. N Engl J Med. 2007;356:1809-1822.

EFFICACIA FRATTURE



HORIZON-PFT Core Slides

0

5

10

15

20

25

%
 P

a
ti

e
n

ts
 W

it
h

 N
e
w

 
V

e
r
te

b
r
a
l 
 F

r
a
c
tu

r
e
s

5.8%
(60/1038)

No Vertebral 
Fracture at BL

1 Vertebral 
Fracture at BL

≥2 Vertebral
Fracture at BL

64%*
(41%, 78%) 

72%*
(62%, 79%) 

70%*
(41%, 80%)

1.9%
(20/1070)

2.6%
(21/807)

7.2%
(59/815)

5.4%
(51/945)

19.1%
(191/1000)

*P < .0001, relative risk reduction vs placebo.
Cauley J, et al. Osteoporos Int. 2007;18(suppl 1):S26. Abstract OC53.

Zoledronic Acid Reduced 3-Year Risk of New 
Vertebral Fractures (by Baseline Prevalence)

ZOL 5 mg Placebo
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Zoledronic Acid Reduced 3-Year Risk of 
Vertebral Fractures (by Age) 
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*P < .0001, relative risk reduction vs placebo.
Cauley J, et al. Osteoporos Int. 2007;18(suppl 1):S26. Abstract OC53.
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Zoledronic Acid 5 mg Reduced 3-Year Risk of 
Vertebral Fractures (by Baseline BMD T-Score)

*P < .0001, relative risk reduction vs placebo (95% confidence interval)
Data on file, Novartis
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*Relative risk reduction vs placebo (95% confidence interval)

Adapted from Black DM, et al. N Engl J Med. 2007;356:1809-1822.

Zoledronic Acid Reduced Cumulative 3-Year Risk of 
Clinical Vertebral Fractures (Strata I + II) by 77%
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P = .0002
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*Relative risk reduction vs placebo (95% confidence interval)

Adapted from Black DM, et al. N Engl J Med. 2007;356:1809-1822.
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Vertebral Fracture risk reduction PMO
RANALE RIS IBA ZOL CLO TERRAL
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DMAB vs BP



Prevenzione secondaria in soggetti con 
pregresse fratture osteoporotiche 



Prevenzione primaria in donne in menopausa o uomini di età 
≥ 50 anni a rischio elevato di frattura a causa di almeno una 

delle condizioni sottoelencate: 



EFFICACIA CIO



Prevenzione primaria in donne in menopausa o uomini di età 
≥ 50 anni a rischio elevato di frattura a causa di almeno una 

delle condizioni sottoelencate: 



EFFICACIA  BLOCCO ORMONALE



IOF’s algorithm for the management of non-metastatic bone 
disease in prostate cancer patients receiving ADT 

EFFICACIA  BLOCCO ORMONALE



Brufsky AM et al. Clinical Breast Cancer 2009

EFFICACIA  BLOCCO ORMONALE



Brufsky AM et al. Clinical Breast Cancer 2009

Change in BMD
EFFICACIA  BLOCCO ORMONALE



Rizzoli R e al. Osteoporos Int 2012

EFFICACIA  BLOCCO ORMONALE



Prevenzione primaria in donne in menopausa o uomini di età 
≥ 50 anni a rischio elevato di frattura a causa di almeno una 

delle condizioni sottoelencate: 



Boonen S et al. N Engl J Med 2012

Zoledronic Acid Therapy in Men with Osteoporosis

2-Year study including 1199 men with primary or hypogonadism associated OP
Relative risk of new vertebral fracture

EFFICACIA  MASCHIO



TERAPIE SEQUENZIALI E DI COMBINAZIONE
CON BISFOSFONATI

26

Bisfosfonati Teriparatide (Zol + TPT )
(Aln + TPT ? )

Bisfosfonati
(Aln)

Denosumab

Denosumab Bisfosfonati
(Zol)  

Teriparatide

Teriparatide Denosumab (TPT + DMAB)

Terapie sequenziali



Terapie sequenziali



Terapie sequenziali



Effects of Intravenous Zoledronic Acid Plus
Subcutaneous Teriparatide [rhPTH(1–34)] in

Postmenopausal Osteoporosis
(Felicia Cosman, Erik Fink Eriksen et al) 



Bone mineral density (BMD), osteoporotic fracture rate, and number of women with fractures. 

Siris ES, Arch Intern Med, 2004

La maggior parte dei fratturati non è osteoporotica
(Studio NORA)

40% popolazione
50% fratturati

7% popolazione
20% fratturati



Efficacia OSTEOPENIA



Efficacia OSTEOPENIA



Effects of study treatments on BMD 
of the lumbar spine and total hip

Gray A et al. CMAJ 2017

Efficacia OSTEOPENIA 



The Effect of 3 Versus 6 Years of Zoledronic Acid
Treatment of Osteoporosis: A Randomized Extension to the 

HORIZON-Pivotal Fracture Trial (PFT)

Percent change in Femoral Neck BMD Morphometric vertebral fractures

Black DM et al. J Bone Miner Res 2012

Efficacia LONG-TERM



BISFOSFONATI E MORTALITA’ DA OSTEOPOROSI

Large randomized controlled 
trial comparing zoledronate to 
placebo in hip fracture patients. 
A 28% reduction in mortality 
was observed in the zoledronate
group.

MORTALITA’



Analisi post-hoc del precedente, pubblicato 
nel 2010, che evidenzia come l’effetto anti-
fratturativo dello Zoledronato spieghi 
soltanto l’8% dell’effetto di riduzione della 
mortalità osservato nel trial citato.
Quali sono gli altri meccanismi di azione dei 
bisfosfonati nel ridurre la mortalità?

BISFOSFONATI E MORTALITA’: OLTRE L’OSTEOPOROSI
MORTALITA’



Reid IR et al. N Engl J Med 2018

Prespecified Adverse Events of Interest
MORTALITA’



RCT del 2020 eseguito su 2000 donne post-menopausali (età 
media 71 anni) con bassa BMD e randomizzate a ricevere 
Zoledronato o placebo per 6 anni.
Lo studio ha evidenziato meno decessi nel gruppo trattato 
(HR 0.65, 95% CI 0.40–1.06), e tale differenza si è mantenuta 
anche quando l’analisi è stata ristretta alle 1688 donne che 
non sono incorse in fratture da fragilità (HR 0.51, 95% CI 
0.30–0.87); la riduzione del rischio sembra pertanto mediate 
dalla riduzione delle morti correlate a neoplasie e ictus 
cerebri.

MORTALITA’
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QUALITA’ DI VITA



QUALITA’ DI VITA



QUALITA’ DI VITA



Alendronato + vit D

Alendron.
+ Vit.D

aderenza



ADERENZA



100% MPR

80% MPR

€

Hiligsmann M, Calcif Tissue Int, 2010

POTENTIAL  CLINICAL  AND  ECONOMIC  IMPACT  OF NONADHERENCE  
WITH  OSTEOPOROSIS  MEDICATIONS

ADERENZA



COSTO/BENEFICIO



LA  SOGLIA  DI INTERVENTO  PUO’ VARIARE  IN BASE 
AL COSTO ED ALLA EFFICACIA DEL FARMACO ED A QUANTO UNA COMUNITA’ PUO’ 

SPENDERE ( ad es. WTP € 30.000/QALY)

ALENDRONATE,
RISEDRONATE
ZOLEDRONATE
CLODRONATE 

( DRUG X € 400/y)

Kanis JA, Osteoporos Int 2009 (modif.)

10 year Fracture Probability % (FRAX)

%

Teriparatide



SOGLIA DI INTERVENTO  (Cost/Effective) NELL’ O.P. 

IN BASE AL NUMERO DEI FATTORI DI RISCHIO
Patologia Osteopenizzante
BMI < 19
Familiarità per fratture
BMD  -1, -2.5
BMD < -2.5
Frattura
2 o più Fratture
Frattura Vert. > 40%
Dose Prednisone < 5 mg
Dose Prednisone >5 mg – 15 mg
Dose Prednisone > 15 mg
Cadute Pregresse nell’ultimo anno

Età > 65 aa e < 80 aa
Età > 80 aa
Fumo
Alcol ( > 3 unità)
TOTALE

1
1
1
1
2
1
2
2
1
2
3
1
1
2
1
1
X

TOTALE:

2 : Farmaci +
( > Aderenza (30-40%)
( > vit D, < Costo )

>3 :   Alendronato
Zoledronato
Risedronato
Clodronato
Denosumab

>4 :   Stronzio Ranelato

>6 :   Teriparatide
(cortisonati)



COSTO/BENEFICIO



VAS BML

EFFICACIA EDEMA



EFFICACIA EDEMA



EFFICACIA OP PERIPR.



The results of this study suggest a structural benefit associated with
zoledronic acid therapy in patients with RA, as demonstrated by
consistent results in structural end points in favor of zoledronic acid
plus MTX compared with MTX alone.

comorbilità



In the osteoporosis patient population, who receive much lower doses of 
bisphosphonate (BP) or Dmab, the incidence of ONJ is estimated at 0.001% to 0.01%, 
which is only slightly higher than that seen in the general population. 
Incidence rates of AFF range from 1.8/100,000 per year with a 2-year BP exposure to 

113/100,000 per year with BP exposure from 8 to 9.9 years

the prolonged reduction in bone 
remodeling, observed in all patients 

receiving BPs or Dmab, alone cannot 
explain the pathogenesis of AFF. Bone 
material properties,proximal femoral 

geometry, and genetic 
predispositions might be involved 

individually or in combination

Factors associated with the development of
ONJ include poor oral hygiene, glucocorticoid
use, and invasive dental pro-cedures such as
dental extraction (Khan et al. 2015).
Therefore, patients should complete any
invasive dental procedures before
initiating an antiresorptive (BPs orDmab)
to minimize the already small risk; however,
those on treatment should not delay
emergency dental procedures nor discount
dental implants (Khan et al. 2015).

safety



ZOLEDRONATO
Potenza antifratturativa in tutte le sedi scheletriche

Efficacia Indipendente dalla BMD

Efficacia indipendente dall’ età

Efficacia in prevenzione primaria e secondaria

Efficacia nell’OP secondaria (Steroidi, antiormoni)

Efficacia a lungo termine

Efficacia in terapia sequenziale e di associazione

Impatto sulla qualità di vita

Impatto sulla mortalità







Risks associated with bisphosphonate
use and other health outcomes

Adler AR et al. J Bone Miner Res 2016



Zoledronato: altre 

possibilità d’impiego?



Biol Blood Marrow Transplant 2013

Change in Lumbar Spine BMD by treatment



2006



Mean changes in bone turnover markers 
over 6 years of treatment of zoledronate

Black DM al. J Bone Min Res 2012



The Effect of 3 Versus 6 Years of Zoledronic Acid
Treatment of Osteoporosis: A Randomized Extension to the 

HORIZON-Pivotal Fracture Trial (PFT)

Percent change in Femoral Neck BMD Morphometric vertebral fractures

Black DM et al. J Bone Miner Res 2012



Black DM al. J Bone Min Res 2012

Morphometric vertebral fractures

Non vertebral  fractures

Hip fractures

Incidence of fractures 
by treatment in the 
extension



Watts NB al. Osteoporos Int 2008

Change in BMD during 3 yrs of blinded treatment with 
placebo or risedronate 5 mg daily, followed by 1 year of 

open label treatment



Percent change in bone markers during 3 years of blinded 
treatment with placebo or risedronate 5 mg daily, 

followed by 1 year of open label treatment with calcium

Watts NB al. Osteoporos Int 2008



Annualised Incidence of Patients with New Vertebral 

Fracture During Years 0-3, 4-5 or 6-7

0

2

4

6

8

10

12

14

Placebo Ris 5mg Placebo Ris 5mg Ris 5mg Ris 5mg

VERT-MN: Radiographic Vertebral Fracture

Years 0-3 Years 4-5

In
ci

d
e

n
ce

 p
e

r 
ye

ar
 (

%
)

Years 6-7

Subjects switched 
to risedronate 5mg
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Mellström DD et al. Calcif Tissue Int 2004



Recommendations for Drug Holiday from 
Bisphosphonates

McClang M et al. Am J Med 2013
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Brown JP, 2014




