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AZURE: Study Design 

Standard therapy 

Standard therapy + 

Zoledronic acid 4 mg 

 

3,360  

Breast Cancer 

Patients 
Stage II/III 

 

Zoledronic acid treatment duration 5 years 

Accrual September 2003 - February 2006 

R 

  6 doses           8 doses                5 doses 

Q3-4 weeks    Q 3 months         Q 6 months 

       Months             6                       30                                    60 

   

Coleman et al. N Engl J Med 2011; 365:1396-1405 



AZURE: Study Endpoints 

• Primary endpoint 

– Disease Free Survival (DFS) 

 

• Key secondary endpoints 

– Invasive DFS (IDFS) 

– Overall survival (OS) 

– Bone metastasis free survival (BMFS) 

– Pre-specified subgroup analyses 
• Menopausal status 

– Premenopausal 

– Perimenopausal (< 5 years postmenopause) 

– Established menopause (≥ 5 years postmenopause) 

– Unknown 

• ER status 

• Node involvement 

• T stage 

• Chemotherapy type 

• Statin use 

 

 

 



AZURE: DFS and IDFS Definitions 

DFS = Disease Free Survival; IDFS  = Invasive Disease Free Survival 

Dates of recurrence/event = date first suspected 

*EORTC Manual 2005 

Hudis C. et al. J Clin Oncol 2007;25,2127-32 

IDFS is a more robust & appropriate definition for assessing an adjuvant treatment 



Menopause Affects Bone Cell Function  

and Bone Derived Growth Factors 

Adapted from Nicks KM, Fowler TW, Akel NS et al. Ann NYAS 2010;1192, 153-160 

5 – 10 years 

PREMENOPAUSAL         PERI-MENOPAUSAL        POSTMENOPAUSAL 

    Cycling oestradiol              Cycling oestradiol                      Oestradiol 

     Cycling inhibin               Inhibin B,     FSH                  Inhibins A  & B      FSH 

     Local activin, BMP               Activin, BMP tone            Activin,      BMP tone 

 

Normal Turnover     Turnover               Turnover 

Pre-osteoclast 

Pre-osteoblast 

Nicks KM et al. Ann NY Acad Sci 2010; 1192: 153-160   



AZURE: Disease (DFS) and  

Invasive Disease Free Survival (IDFS) 

1 2 3 4 5 6 7 
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TIME (YEARS) 

Zoledronic acid:  N= 1681 

No. at risk: 

 1681 1591 1465 1354 1243 580 83 

 1678 1583 1445 1344 1252 561 71 

Control:  N= 1678 

Adjusted HR = 0.98 

95% CI [0.85,1.13] 

p=0.79 
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TIME (YEARS) 

Zoledronic acid N= 1681 

No. at risk: 

1681 1578 1443 1337 1224 570 82 

1678 1574 1426 1316 1221 544 68 

Control N= 1678 

Adjusted HR = 0.98 

95% CI [0.85,1.12] 

p=0.73 

IDFS 
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CONT: 
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Coleman et al. N Engl J Med 2011; 365:1396-1405 



Coleman RE, et al. N Engl J Med. 2011;365:1396-1405. 

AZURE: Invasive DFS and OS by 

Menopausal Status 
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IDFS: Pre, Peri, and Unknown Menopause 

Adjusted HR: 1.15 
(95% CI: 0.97-1.36; P = .11) 
288 vs 256 events 

Pts at Risk, n 
ZOL: 

No ZOL: 
1162 1088 996 919 829 393 57 0 

1156 1092 995 920 853 388 47 0 
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OS: Pre, Peri, and Unknown Menopause 

Adjusted HR: 0.97 
(95% CI: 0.78-1.21; P = .81) 
161 vs 165 events 

Pts at Risk, n 
ZOL: 

No ZOL: 
1162 1131 1078 1020 955 466 71 0 

1156 1123 1076 1032 963 446 60 0 
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IDFS: > 5 Yrs Postmenopausal 

Adjusted HR: 0.75 
(95% CI: 0.59-0.96; P = .02) 
116 vs 147 events 

Pts at Risk, n 
ZOL: 

No ZOL: 
519 490 447 418 393 177 25 0 

522 482 431 396 368 156 21 0 
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OS: > 5 Yrs Postmenopausal 

Adjusted HR: 0.74 
(95% CI: 0.55-0.98; P = .04) 
82 vs 111 events 

Pts at Risk, n 
ZOL: 

No ZOL: 
519 502 482 448 422 190 29 0 

522 509 475 441 401 177 26 0 
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AZURE: Influence of Menopausal Status on 

Treatment Characteristics 

Pre, peri, unknown menopause 
(n = 2318) 

> 5 years postmenopause 
 (n = 1041) 

Planned Systemic Therapy  

• Endocrine alone   2% 10% 

• Chemo alone 20%  25% 

• Endocrine + Chemo 78% 65% 

Planned Chemotherapy type 

• Anthracyclines 97% 85% 

 Taxanes 27% 16% 

Timing of chemotherapy 

• Neoadjuvant  7%   5% 

• Postoperative 93% 95% 

ER positivity 

• Yes 80%  75% 

AI use at any time            

• Yes 48%  63% 



Menopausal Status Interaction Effect  

For IDFS* 

.2 .4 .6 .8 1 1.2 1.4 1.6 1.8 2 

Study ZOL CONTROL 

Odds Reduction 

Group BETTER BETTER 

(+/- S.D.) 

PRE, PERI & UNKNOWN 

MENOPAUSE STATUS 

(n = 2318) 

> 5 YEARS 
POSTMENOPAUSE 

(n =  1041) 

TOTAL: -1% +/- 7 
Z = -0.13,  P = .9 

  (heterogeneity) = 7.91  P = .005 

ODDS RATIO 

χ2
1  

HR = 0.75; 95% CI, 0.59 to 0.96; P = 0.02 

HR = 1.15; 95% CI, 0.97 to 1.36; P = 0.11 

* Planned analysis 



Age Interaction Effect For IDFS* 

.2 .4 .6 .8 1 1.2 1.4 1.6 1.8 2 

Age ZOL CONTROL 

Odds Reduction 

Group BETTER BETTER 

(+/- S.D.) 

AGE ≤ 50 
N = 1626  

N = 1733  

AGE > 50 

TOTAL: 0% +/- 7 
Z = -.03,  P = .98 

  (heterogeneity) = 4.18  P = .04 

TYPICAL ODDS RATIO 

χ2
1  

HR = 1.16; 95% CI: 0.95 - 1.42 

 

HR = 0.85; 95% CI: 0.70 – 1.03 

 

* Post hoc analysis 



Affect of Menopausal Status on IDFS Outcomes 

by Age 

Possibly worse IDFS with ZOL     Significantly better IDFS with ZOL 

0 .5 1 1.5 2 

IDFS: PRE, PERI AND UNKNOWN MENOPAUSE   

- ZOL EFFECT BY AGE 

Age Odds Reduction Group (+/- S.D.) 

AGE < 40 

AGE 40-49 

AGE 50-59 

AGE > 60 

TOTAL: 12% +/- 8 

Z = 1.54,  P = .12 

2 
1 

ODDS RATIO 

  (trend) = 2.71  P = .10 

0 .5 1.5 

IDFS: > 5 YEARS POSTMENOPAUSE  

 - ZOL EFFECT BY AGE 

Age Odds Reduction Group (+/- S.D.) 

AGE < 50 

AGE 50-59 

AGE 60-69 

1 2.0 

AGE > 70 

TOTAL: -25% +/- 11 

Z = -2.3,  P = .02 

2 
1 

  (trend) = 1.76  P = .18 

ODDS RATIO 



Adjusted for imbalances in ER, lymph node status, and T stage. 

2
1 (heterogeneity) = 0.14; P = .70 

HR: 0.96 (95% CI: 0.59-1.57) 

HR: 0.86 (95% CI: 0.63-1.17) 
Pre, Peri and  

unknown menopause 

> 5 yrs postmenopause 

  

1.0 1.2 1.4 1.6 1.8 2.0 0.2 0.4 0.6 0.8 

AZURE: Treatment Effects on First Bone 

IDFS Recurrence by Menopausal Status 

Menopausal Group Odds Ratio 

TOTAL: -18% +/- 12 

Z = -1.58,  P = .11 

No significant differences in bone recurrence by menopausal status or age 



Adjusted for imbalances in ER, lymph node status, and T stage.  

HR: 0.70 (95% CI: 0.54-0.92) 

HR: 1.32 (95% CI: 1.09-1.59) 

Treatment Effects on First IDFS Recurrence  

Outside Bone by Menopausal Status 

Odds Ratio 

2
1 (heterogeneity) = 14.00; P = < .001  

1.0 1.2 1.4 1.6 1.8 2.0 0.2 0.4 0.6 0.8 

Pre, Peri and unknown 

menopause 

> 5 yrs postmenopause 

  

Menopausal Group 

TOTAL: 6% +/- 8 
Z = .79,  P = .43 



0 .5 1 1.5 2 

Age Odds Reduction Group (+/- S.D.) 

AGE <40  

AGE 40-49  

AGE 50-59  

AGE 60-69  

AGE ≥70  

TOTAL: 6% +/- 8 
Z = .79,  P = .43 

2 
1 

  (trend) = 8.82  P = .003 

Treatment Effects on First IDFS Recurrence  

Outside Bone by Age 

TYPICAL ODDS RATIO 

χ2
1  



0 0.5 1 1.5 2 

Age Odds Reduction Group (+/- S.D.) 

AGE 40-49 

AGE 50-59 

AGE 60-69 

AGE ≥ 70 

TOTAL: -34% +/- 12 

Z = -2.95,  P = .0031 

2 
1 

ODDS RATIO 

χ2
1  

> 5 YEARS POSTMENOPAUSE 

- BY AGE 

ß 

0 1 1.5 2 

Age Odds Reduction Group (+/- S.D.) 

AGE < 40 

AGE 40-49 

0.

5 

AGE 50-59 

AGE ≥ 60 

TOTAL: 25% +/- 8 

Z = 2.96,  P = .0031 

2 
1 

  (trend) = .79  P = .37 χ2
1  

ODDS RATIO 

PRE, PERI AND UNKNOWN MENOPAUSE         

- BY AGE 

Significantly worse extra-skeletal IDFS with ZOL     Significantly better extra-skeletal IDFS with ZOL 

  (trend) = 1.64  P = .20 

Age Effect on IDFS Excluding Bone by 

Menopausal Status 



Impact of Menopausal Status on Site of 

IDFS Recurrence With Zoledronic Acid 

0 .5 1 1.5 2 2.5 3 3.5 4 

ODDS RATIO: Pre, Peri and unknown menopause / > 5 years postmenopause 

Component Odds Ratio 
Group 

Loco-regional 

recurrence 

New 2nd 

primaries 

Skeletal distant  

recurrence 

Non-skeletal distant  

recurrence 

Coleman et al. N Engl J Med 2011; 365:1396-1405 (On line version) 

All IDFS events 



Variable Efficacy in Different Populations 

(ITT analyses) 

Study 

Size 

Overall DFS 

 result 

P value 

 

AZURE 3360 0.98 (0.85, 1.13) .79 

ABCSG XII 1803 0.71 (0.55, 0.92) .013 

ZO-FAST 1065 0.66 (0.44, 0.97) .04 

NSABP-B34 3323 0.91 (0.79, 1.07) .27 

GAIN 2994 0.95 (0.77, 1.16) .59 

Z-FAST 602 0.79 (0.45, 1.39) .42 

E-ZO-FAST 527 1.74 (0.83, 3.67) .14 

Coleman R, et al. N Engl J Med. 2011;365:1396-1405. 

Gnant M, et al. SABCS 2011. Abstract S1-2. 

De Boer R, et al. SABCS 2011. Abstract S1-3. 

Paterson A, et al. SABCS 2011. Abstract S2-3 

Mobus V, et al. SABCS 2011. Abstract S2-4 

Brufsky A, et. al Cancer. 2012 Mar 1;118(5):1192-201  

Llombart A, et al. Ann Oncol. 2010; 21:2188-94   

 



Effects of Adjuvant Bisphosphonates on 

DFS – Postmenopausal Patients Only 

 0 .2 .4 .6 .8 1 1.2 1.4 1.6 1.8 2 

Study Odds Reduction (+/- S.D.) 

AZURE: >5 YEARS POSTMENOPAUSE 

ABCSG-12* 

GAIN: POSTMENOPAUSAL 

NSABP B-34: AGE ≥ 50 

ZO-FAST 

Z-FAST 

E-ZO-FAST 

TOTAL: -18% +/- 5 
Z = -3.37,  P = .00075 

2 
6 

  (heterogeneity) = 8.46  P = .21 

ODDS RATIO 

χ2
6  

* Induced menopause 
Gregory et al. ASCO 2012, Abs 513.  



Conclusions on Role of Adjuvant  

Zoledronic Acid in Early Breast Cancer 

• No overall effect in an unselected population. 

• Significant benefit in women with established 

menopause. 

• Apparent harm in pre- and perimenopausal women. 

• Differential effects by menopause driven by 

influences on recurrence rates outside bone. 

• Benefits in postmenopausal women now supported 

by multiple data sets. 



Acknowledgements 

• The 3360 AZURE patients 

• The 174 participating centres 

– Clinicians, research nurses and data managers 

• The Leeds Clinical Trials Research Unit 

• Collaborating trials units  

– ICR CTSU, London; CRUK CTU, Birmingham; ISD CCTT, Edinburgh;  

– VCOG, Australia; ICORG, Dublin; SOLTI, Barcelona 

• Michelle Collinson for additional statistical analyses 

• Novartis for academic grant funding 

• The NIHR National Cancer Research Network 

• The Independent Data Monitoring and Trial Steering Committees 


