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the experiment
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osteoporosis

osteoporosis
a condition in which bones deteriorate, 
becoming more brittle and prone to 
fractures

denosumab
prevents the resorption of bone by 
osteoclasts without inhibiting osteoclast 
formation 



● 7808 post-menopausal women
● 60mg injections every 6 months for up 

to 36 months
● placebo or denosumab
● measured time to first non-vertebral 

fracture 

the experiment



probability that it takes longer than x 
months until first fracture

modeling survival
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Kaplan-Meier Curves

● Kaplan-Meier curves 
are non-parametric

● 95% CI
● log-rank test to show 

significance between 
2 curves

● assumes random 
censoring 



Censoring

● do not know the exact survival time 
○ study ends before subject experiences 

the event 
○ subject withdraws/stops attending 

follow-ups 
● random censoring - failure rate is the same 

between censored and uncensored 
● can use the censored data in survival analysis



Cumulative Fracture Incidence
● Based on 

Kaplan-Meier 
estimates of survival 
probabilities  



risk of fracture between the placebo 
and treatment groups 

modeling hazard
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Cox Proportional Hazards (PH) Model
● semi-parametric model
● assumes hazards are proportional overtime
● HR: 0.807, 95% CI 0.654 - 0.996
● 19.3% reduced chance for fracture on denosumab 

null hypothesis: hazards are proportional
P = 0.98, fail to reject null



Cox PH and Parametric Models

Model HR 95% CI

Cox PH 0.807 0.654 - 0.996

Exponential 0.806 0.653 - 0.995

Weibull 0.807 0.654 - 0.996

Semi-parametric model calculates similar HR as parametric models



conclusions
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denosumab significantly 
reduces the risk of 
non-vertebral fracture in 
post-menopausal women



Considerations in Survival Analysis
parametric or not?
● parametric models require knowing the parameters → estimated parameters
● smoother, more theoretical curve  

censoring
● random and independent censoring 

to prevent bias

log-rank or Cox PH?
● p-value 
● hazard ratio 



Takeaways
health data is messy 

it’s not always death/negative  

● censoring can occur in many forms 

● ex.  time until subject is cancer-free 


