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“Adherence”

Definition(s) and Taxonomy



The extent to which a person’s 

behavior ... coincides with medical or 

health advice.

-- Haynes, 1979

Definition of Adherence

Non-Adherence is present when the actual

treatment a subject receives is different from the

nominal (intended) assignment

Definition of Non-Adherence



But…

• Adherence is not a dichotomous variable 
(“adherent” vs “non-adherent”)

• No single metric (e.g., percent of prescribed doses 
taken) can adequately describe actual patterns of 
adherence

• TIME is an important component of describing 
adherence

• We need to have a common taxonomy for 
describing adherence



Medication Adherence
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‘The process by which patients take their medications as prescribed’

Time

Vrijens et al., BJCP, 2012.

1. 

Initiate

2. 

Implement
3. Persist

Patient does not 

initiate treatment

Binary (Yes/No) 

Patient discontinues 

treatment 

Time to event

Patient delays, omits, 

or takes extra doses

Dosing History
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Let’s look again at the components of adherence

Non initiation
Perfect adherence

Treatment 

discontinuation

PKC:  N ~ 20,000 patients

Source: Urquhart & Vrijens; Pharmacovigilance: Second Edition Edited by R.D. Mann and E.B Andrews © 2007 John Wiley & Sons, Ltd

~10%



Variable Adherence in Clinical Trials



Is it a problem?

YES!

Source of information: The AARDEX Group

(see http://www.iadherence.org/)

http://www.iadherence.org/


“Execution” examples
(from iAdherence database)



During the periods depicted above, each patient took 90–91% of 

prescribed doses, with the indicated wide variations in the 

temporal patterns of dose omissions.





Journal of Clinical Pharmacology, 2005;45:461-467



EM enables long term PK projections

Dosing Times (Hours)
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Vrijens & al., Journal of Clinical Pharmacology, 2005



55% of residual PK variability is explained by EM

Vrijens et al. – IAS Paris 2003
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What is the value of (detailed) dosing 
histories in clinical trials?

• When combined with pharmacodynamic measures 
(clinical or biomarkers) provides insights as to 
causes of failure and to appropriate dosing 
regimens (dose and dosing intervals)

• Especially useful in proof-of-concept studies when 
go- no go and Phase 2b or Phase 3 regimens are 
decided



Patients Vary Dosing Intervals and Keep the Dose Constant

Occasional toxicity

Periodic loss of 

effectiveness & 

emergence of drug 

resistance (HIV)

Blaschke, Osterberg, Vrijens, Urquhart. Ann Rev of Pharmacol and 

Toxicol 2012. 52:275-301.



Problems with ITT Analysis when 
there is no adherence information

• ITT underestimates true efficacy of the regimen

• ITT decreases study power, risking the possibility 
of a Type II error during development

• Therefore, consider in addition to ITT an as-treated 
analysis and/or instrumental variables 
• (see Sheiner LB, Rubin DB Intention-to-treat analysis 

and the goals of clinical trials Clin Pharmacol Ther. 1995 
Jan;57(1):6-15.



Method effectiveness 

(Efficacy)

Use Effectiveness

Suboptimal 

adherence

Changing selection

and follow-up of patients

Drug effectiveness over different phases of drug 

development and in the market place

Source: Ann Rev Pharm Tox, 2012





Type II errors
A type II error occurs when the wrong 
decision is made because a statistical test 
(e.g., ITT analysis) accepts a false null 
hypothesis. A type II error may be compared 
with a so-called false negative in other test 
situations.



Possible recent examples of Type II 
Errors during drug development

• Fem-PrEP study

• Hepatitis C therapy







Variable Adherence in Clinical Medicine



Variable Adherence:
A neglected source of variation in response

1991



Time to dropout (Days)
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CENTRAL-NERVOUS SYSTEM
DIABETES
GASTRO-INTESTINAL DISEASE
HIV
HYPERTENSION
OSTEOPOROSIS

Persistence: time to treatment discontinuation

Overall, ~40% of patients with HIV will have discontinued the prescribed drug after 12 months

PKC:  N ~ 20,000 patients

HIV

61%

CNS

53%

Adapted from: Vrijens et al., Clinical Pharmacology and Therapeutics 2005
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Adherence Rates

• Acute Conditions- adherence much better and readily 
achievable by giving clear instructions1

• Chronic Conditions
• ~40-60% of patients abandon medications by 1 year2,3

• Typical adherence rates: 50-60% 1,5

1. JAMA 2002; 288: 2880-3

2. JAMA 2002; 288:455-61

3. NEJM 1995; 332: 1125-1131

4. J Hypertens 1997; 10: 697-704

5. Sackett DL. Compliance in Health Care c. 1979

Slide courtesy of Lars Osterberg



Medication Adherence Rates for Selected Illnesses

69%

Various medications for diabetes and CHF

55%

Tuberculosis medications

53%

Antihypertensives

42%

Antipsychotics for schizophrenics

SOURCE:  NATIONAL COUNCIL ON PATIENT INFORMATION AND EDUCATION

50%

Tamoxifen for breast cancer

SOURCE:  PARTRIDGE, ET AL., JCO, 2003

Severity of Disease does not correlate with better adherence!

Slide courtesy of Lars Osterberg



Why Patients Don’t Take Their 
Medications

• Unintentional
• Forget
• Ineffective physician-patient communication (eg. symptoms 

disappeared,…)
• Couldn’t afford/obtain them

• Intentional
• Wanted to save money
• Didn’t need them anymore
• Perceived higher risk/benefit- eg. side effects
• Other- “emotional factors”: beliefs, mistrust, social, ...

Ineffective physician-patient communication? 
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Impact of intervention components on adherence measures

Effect sizes in EM-feedback studies 20.90% [9.85; 31.96] vs non-EM-feedback studies 9.67% [6.65; 12.69] 

FP7 funded project www.ABCproject.eu                              Demonceau et al., IAPAC, 2011, Miami

67 RCT identified with electronic compilation of drug dosing histories

(1979-2010) N = 9057 patients 
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One solution– “Forgiving” drugs or drug 
formulations



“Forgiveness” (1)

Forgiveness can be defined as how long drug action 
continues at therapeutically effective levels after a 
last-taken dose

or

The post-dose duration of effective action minus its 
recommended dosing interval.



“Forgiveness” (2)
• Forgiveness is dose-dependent, also exemplified 

by the high- vs low-dose OC’s
• One approach to extend forgiveness is dose-escalation, 

but that approach is often limited by dose-dependent 
toxicity.

• The impact of early discontinuation, however, is not 
offset by a few days of forgiveness



Example: Lack of forgiveness of protease inhibitors
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Slide courtesy of Bernard Vrijens, AARDEX and Pharmionic Research Centre, Visé, Belgium

Pharmacokinetic projections of representative patients during a QD or BID dosing regimen assuming that the patients maintain 

pharmacokinetic steady state. The y-axis shows the concentration of PI as a function of time. The consequences of missing one QD 

or three BID doses are illustrated. The time to reach a critical concentration of 1000 ng/ml is 42.3 h and 47.2 h, respectively, for a BID 

and a QD regimen when the drug is lopinavir/ritonavir 



How frequent are those errors?

73% QD

54% BID

Slide courtesy of Bernard Vrijens, AARDEX and Pharmionic Research Centre, Visé, Belgium

The cumulative percentage of QD and BID patients with dosing intervals greater than 36 h



Take-home Points
• Partial- or non-adherence is the rule, rather than the exception, in 

clinical trials
• If adherence is not monitored, results may be misinterpreted and could 

impact development decisions
• Investigating drug action following discontinuation, drug holidays and 

reinstitution of therapy would be of clinical value in the labeling

• Partial- or non-adherence is the rule, rather than the exception, in 
clinical medicine
• Is the most important determinant of drug exposure and thus, drug 

response
• Improving persistence with treatment is critical to efficacy in long-term, 

chronic conditions
• Inadequate communication between the prescriber and the patient is a 

major cause of adherence problems

• Ascertainment of dosing histories is an essential tool for interventions 
designed to improve adherence in clinical trials and in clinical medicine





Questions and Discussion?


