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Abstract 

Precision Medicine (PM) offers the potential to revolutionise the healthcare sector 

through improving the effectiveness of treatments. Simultaneously, PM aims to reduce 

side effects, avoid inappropriate treatment and remove the need for trial-and-error 

practices. PM use (mainly molecular) biomarkers for the purpose of risk assessment, 

diagnosis, prognosis, monitoring and guiding therapeutic decisions. 

There are concerns that PM may be taken up less quickly and in lower numbers in 

some populations due to challenges in access, ability to pay privately, availability and 

understanding of health information. Understanding how PM is implemented is 

important to ensure that beneficial aggregate population health effects do not conceal 

widening health disparities between different subgroups within a population.  

Proponents of PM argue that greater effectiveness in clinical care as a result of wide-

use of PM could lower healthcare costs. Moreover, although more disadvantaged 

populations may suffer lower initial access; barriers will reduce as PM becomes 

incorporated into clinical practice guidelines. Some believe that disparities may 

increase or temporarily increase. History has shown that some disparities may take 

many years for solution and that concentrated efforts are required for remediation. 

Perhaps the most advanced areas within PM is pharmacogenomics. Therefore, a 

systematic literature review of studies which reported the impact of 

pharmacogenomics on health disparities was reviewed by examining reporting of 

treatment effectiveness across population subgroups. Disparities in the uptake of 

trastuzumab in HER2-positive breast cancer patients was explored and synthesised 

using a meta-analysis.  The targeting HER2-positive breast cancer has been one of the 

earliest and most significant developments within PM. Consequently, a systematic 

review and meta-analysis was conducted to investigate whether eligible patients 

initiated their recommended therapy. The findings highlighted that the increased 

availability of individual level data is needed to better analyse health disparities with 

developments across PM. There are opportunities for such analyses given 

technological advancements in the collection of real-world data.  

A case study of BRCA gene testing in patients affected by cancer was chosen to explore 

equity of access using individual patient level data. Identification of BRCA germline 

variants affects treatment, follow-up and cancer prevention. Therefore, using a 

interrupted time series regression, the impact of clinical guidelines on uptake was 

explored across subgroups of patients by deprivation. The findings indicated the 

presence of possible disparities in uptake in more deprived population groups. 

However further research is needed to examine differences in testing by the 

deprivation group which adjusts for confounders. 

Disparities in access to predictive BRCA testing was explored. Predictive BRCA 

testing describes testing in asymptomatic persons to predict future risk of disease 

where a mutation within a BRCA gene is already known within the family and the 

patient’s DNA is tested for that variant alone. A comparative analysis was conducted 

to examine disparities in uptake and time taken for family members to undergo testing 

by socioeconomic status using both a multivariate logistic regression and a cox 

proportional hazards model. Inequalities in uptake were identified however it was not 

possible to determine whether this presented a health care inequity.  
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This research had the objective of examining the impact of PM on health disparities. 

This was a broad objective and a somewhat impossible task to definitively answer the 

question whether PM has contributed to widening or reducing health and care 

disparities overall. However, the scope of the research objective permitted an 

exploration into the era of PM and also the challenge of health equity research. Indeed, 

the research question offered the opportunity to reflect on current research methods. 

Specifically, the research objective raised questions related to how we incorporate 

health equity considerations into primary research, how we report equity and subgroup 

impact in different study types. This research presents suggestions and also raised 

questions as to how we collect evidence for future interventions and what information 

is needed to inform impact on health and care inequalities.  
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1. Introduction 

Precision medicine (PM) has the objective to optimally treat individual patients based 

on varying clinical, genetic, environmental and other information specific to the 

individual.1 The European Union define PM as ensuring the ‘right treatment, for the 

right patient and at the right time.1 Equity of access to health care is a founding 

principle of the UK National Health Service (NHS) since inception. As new genomic 

technologies lead the way in the shift towards PM, equitable access is seen as 

paramount for a progressive achievement of universal health care.2,3  

Examples of PM case studies are presented and consideration of impact on health and 

care disparities is explored. In this section, an overview of health equity challenges 

and discussion of the PM revolution is provided. Then the relevance of ensuring health 

equity in the delivery of PM is discussed further. Subsequently, further details of the 

thesis structure are provided.  

1.1. The Challenge of Health Equity  

Widening inequalities has been described as the challenge of our time, as the gap 

between advantaged and disadvantaged populations in some settings has increased.4,5 

The extent of inequalities, the drivers and differing solutions to remedy inequalities 

remain contested.6 The Marmot Review (2010) described how addressing health 

inequalities that are unfair is a matter of social justice. Within the UK, inequalities in 

society that give rise to health inequalities are described as unfair.4 According to the 

2009 British Social Attitudes Survey, the majority of respondents proposed that ‘in a 

fair society every person should have an equal opportunity’.5 Moreover, the Marmot 

Review suggested that a fairer society would permit people more equal freedoms to 

lead flourishing lives.4 Interventions to ensure a fairer society and approaches to 

reduce health inequalities requires a deeper understanding of underlying causal 

factors.   

Health is defined as a state of both physical, mental and social wellbeing, not merely 

the absence of disease or infirmity.7 Health is determined by a number of factors as 

illustrated in Figure 1.1 by Dahlgren and Whitehead (1992).8 Age, gender and 

hereditary factors are described as core determinants of health. These factors are seen 

as highly important contributors and largely seen as non-modifiable influences of 
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individual health. Beyond the core non-modifiable health determinants, individual 

lifestyle (modifiable) factors are described as ‘choices’ and these refer to health 

behaviours such as smoking, alcohol, drug use, dietary intake and physical activity. 

The next layer describes social and community networks which may exist. The quality 

and quantity of these networks are seen as a protective factor in terms of health. For 

example, a person's social and community networks may have a significant impact on 

their health as a person with a stronger social network may be better supported if that 

person becomes ill. A stronger network may mean that family member or friends may 

support the quicker and more complete recovery of that person. The next layer 

describes access to and opportunities in relation to, living and working conditions. 

These include: access to food, education, work environment and unemployment, water 

and sanitation, housing and health care services. The outer layer refers to general 

socioeconomic, cultural and environmental conditions that impact health and 

wellbeing. These general conditions include wages, availability of work, taxation, 

prices and transport.8,9 For example, favourable socioeconomic conditions may 

contribute to improved individual health due to increased affordability of nutritious 

alimentation. As illustrated in Figure 1.1 , access to health care services (circled) may 

have an important impact on individual. However, equity of access to health care 

services may be determined by a number of factors. 

Figure 1.1 The Social Determinants of Health  
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Adapted from Dahlgren and Whitehead (1991). 

Equity refers to social justice or fairness; it is an ethical concept which is based on the 

principles of distributive justice.3 Broad definitions of social justice and fairness can 

be interpreted differently by different people in different settings. Within the United 

Kingdom (UK), equality in health care can largely be defined as the absence of 

systematic disparities in health care (or the key social determinants of health) between 

social groups who have different levels of underlying social advantage/disadvantage, 

or different positions in social hierarchy.10 Inequalities in health care systematically 

put people who are already socially disadvantaged (who may be less wealthy, female 

and/or members of a particular ethnic and/or religious group for example) at further 

disadvantage in terms of health.11,12  

Health inequalities that are avoidable and unfair are referred to as health inequities.3 

Health inequities are also defined as health inequality by factors beyond individual 

control.13 This explanation is schematically explained in Figure 1.2 as illustrated by 

Asada (2005).14 Despite the different connotation of each word, terms such as 

difference, disparity, and heterogeneity have the same meaning here as inequality. 

Throughout this thesis health inequalities and health disparities will be used 

interchangeably. Further equity in health care and equity in access to health care are 

used interchangeably.  

Figure 1.2 Schematic explanation of health equity terminology  
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Adapted from Asada (2005).14 

Strict health equality for all, however, is not possible due to natural and biological 

variations between individuals and is also not necessarily considered fair. Such strict 

health equality denies personal choice and would be unrealistically expensive to 

enforce. Furthermore, it would be unachievable because many determinants of health 

are beyond human control. Unlike political liberty, strict equality in health for all 

would not be feasible nor an agreeable goal as individuals may have different 

aspirations as to how resources are invested and their primary goal may not be 

ensuring equal health. Indeed, the more desirable goal of health equity relaxes such 

strictness in attaining equal health and involves making value judgements based on 

the beliefs of society to inform how to best allocated health resources. In a fixed budget 

health care system, increased costs for one health care services displace financial 

resources available for other health care services and this is termed the opportunity 

cost. The opportunity cost is measured as health lost as a result of the displacement of 

other health care activities to fund the selected intervention.14   

To many, inequalities in health associated with socioeconomic status (SES) presents 

an intuitive moral concern.15 In England, there is a strong relationship between the 

gradient in neighbourhood income and life expectancy. The Marmot Review (2010) 

showed that people living in the poorest neighbourhoods, on average will die seven 

years earlier and will spend more of their shorter lives with a disability.4 While the 

terminology for “health equity” appears to present a concept that can be intuitively 

understood, there is much controversy over the exact definition. 

An alternative methodology used to define health equity is as equality in health by 

level of health. The level of health approach is based on the concept of a minimally 

adequate level of health. Norman Daniels’s (1985) normal species functioning and 

capability approach provide examples of the concept of a minimally adequate level of 

health.14 Society should be concerned about whether each person satisfies the 

minimally adequate level of health regardless of how each person realises their health. 

Other perspectives are compatible with this view such as ‘the right to health’.14,16 The 

World Health Organisation (WHO) defines ‘the right to health’ viewpoint as ensuring 

access to timely, acceptable, and affordable health care of appropriate quality.17  
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Table 1.1 Examples of definitions for health equity and inequity 

Definitions for health equity and inequity 

• Equity is defined by the WHO as absence of avoidable, unfair, or remediable 

differences among groups of people, whether those groups are defined socially, 

economically, demographically or geographically or by other means of 

stratification. "Health equity” or “equity in health” implies that ideally everyone 

should have a fair opportunity to attain their full health potential and that no one 

should be disadvantaged from achieving this potential.17 

• Health inequity was defined by Whitehead (1991) as differences in health that 

are avoidable, unnecessary, unfair and unjust.3 

• Health disparities is defined by the Centers for Disease Control and Preventions 

(CDC) as preventable differences in the burden of disease, injury, violence, or 

opportunities to achieve optimal health that are experienced by socially 

disadvantaged populations.18  

The challenge of health equity is well characterised by Tudor Hart’s (1971) Inverse 

Care Law as the availability of good medical care tends to vary inversely with the need 

in the population it serves. Hart reports that exposure to market forces, will exaggerate 

the maldistribution of medical resources.19 With reference to Figure 1.2, the ethical 

and moral dimension of health equality and inequality which impacts health equity is 

in part determined by accessibility to high quality health care. As such, many social 

policies have been implemented to reduce the steepness of the social gradient in health, 

with a scale and intensity that is proportionate to the level of disadvantage. This is 

known as proportionate universalism. Proportionate universalism addresses the 

challenge of health equity with the aim to flatten the social gradient. In addressing 

such challenges of health equity, many countries have adopted the model of universal 

health coverage (UHC).20  

In this thesis, our focus relates to equity of health care rather than equity of health. 

Equity of health care refers to fair access to health care resources. Further, we consider 

that the impact of utilisation of health care resources relates to equity of health care 

also.  
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1.1.1. Universal health coverage and health equity  

The ‘universal coverage’ model was presented by the 2005 World Health Assembly 

Resolution which advised Member States to transition to offer protection against 

financial loss; ensuring adequate and equitable good-quality health care infrastructure, 

human resources and sustainable financing mechanisms; facilitating partnership and 

sharing of experience between public and private providers and health-financing 

organizations.21,22 The 2012 UN General Assembly resolution called for UHC, which 

has been described as testimony to continued high-level political commitment to the 

achievement of a global health goal that has the potential to transform healthcare 

systems, especially for the most disadvantaged.23 UHC is defined by the World Health 

Organisation (WHO) as existing when all people receive the quality health services 

they need without suffering financial hardship.21  

UHC combines two objectives, the first relating to individual’s use of health services 

and the second to the economic consequences of usage. The first objective states that 

everybody should be able to access all health services including promotion, 

prevention, treatment, rehabilitation and palliative care.24  This objective ensures equal 

access to health care for equal health care need. The second objective provides 

protection from financial risk associated with seeking health care by ensuring that care 

is free at point of delivery.24  The WHO reports that by expanding coverage with 

compulsory prepayment (through taxes, other government charges and social 

insurance premiums) the financial risk to individuals can be pooled. Furthermore, 

contributions should reflect people’s ability to pay and therefore subsidies for 

disadvantaged should be provided.24  The UHC definition has been criticised for 

lacking clarity and a framework to inform how goals of equity and improved utilisation 

of health care can be achieved.22,23,25   

With UHC, while coverage refers to the capacity to serve the needs of the population, 

access refers to the absence of barriers to utilisation of health care.22 A study by 

Gulliford et al (2001) for the National Co-ordinating Centre for NHS Service Delivery 

and Organisation R&D (NCCSDO) provided a more detailed definition of access to 

health care as ‘supporting people to command appropriate healthcare resources to be 

able to preserve or improve their health.’26 The NCCSDO study found that 

accessibility is separated into at least four aspects.   
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1. If healthcare services are available, in terms of adequate supply of services, then a 

population may ‘have access’ to health care. 

2. The extent to which a population ‘gains access’ to health care also depends on 

financial, organisational and social or cultural barriers that limit utilisation. Thus 

utilisation is dependent on the affordability, physical accessibility and 

acceptability of services and not merely the adequacy of supply. 

3. The services available must be relevant and effective if the population is to ‘gain 

access to satisfactory health outcomes.’  

4. The availability of services, and barriers to utilisation, have to be evaluated in the 

context of differing perspectives, health needs and the material and cultural 

settings of diverse groups in society.26   

Monitoring within country health inequalities is paramount for the promotion of health 

equity as it enables comparisons of consumption of health care resources between 

areas and groups of individuals, and it enables health care organisations to conduct 

benchmarking and learn from the experience of others.2 The definitive goal of UHC 

is linked directly to eliminating health inequities: to ensure all people who require 

health care services are able to access care without experiencing financial hardship.2,22 

Therefore monitoring variations in accessibility and utilisation of health care services 

is the first step toward informing policies to target health inequities.2   

1.1.2. Health disparities in access and utilisation of health care services  

Monitoring accessibility and utilisation of health care services is fundamental for the 

achievement of UHC. Accessibility refers to the ability of the individual to receive 

health care services if the individual desires. Whereas, utilisation refers to the actual 

uptake of given health care services. There may be a disconnect between the two terms 

as services may be accessible to everyone. However not all individuals who have 

access to given health care services may access the service due to their individual 

preferences or understanding of their own health care need. There are numerous other 

economic theories for why variations in access and utilisation of health care services 

exist. Table 1.2 provides an overview of some economic theories of health inequalities.  

The access to health care hypothesis states that more socioeconomically advantaged 

people are more likely to have better access to health care for example, with reliable 

transport.27,28 While the direct income hypothesis stated that socioeconomically 
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advantaged people are more likely to have resources to invest in health.27 Whereas the 

Fuchs (1982) hypothesis states that differences in health and socioeconomic status are 

caused by the willingness to delay gratification and invest now for future 

health/employment.29  

Although these theories are insufficient on their own to explain health inequalities, 

they explain some or part of the causes of health inequalities caused by health care 

disparities. With the NHS UK, there is free access to health care at point of delivery, 

yet inequalities in uptake persist. Some theories put an emphasis on individual factors 

and relationships between health and socioeconomic status, but some inequalities 

persist through generations and therefore some individuals may have a more limited 

chance of normal health. An understanding of demand and supply factors is required 

to explain the cause of variability in access and utilisation of health care services.   

Table 1.2 A selection of economic theories for causes of health inequalities 

Theory Simplified explanation 

Access to care 

hypothesis28 

Wealthier individuals are more likely to have health 

insurance or access to health care (in the UK universal 

healthcare through NHS) 

Efficient consumer 

and producer 

hypothesis30 

Individuals of lower socio-economic status are often less 

well educated, and are less efficient ‘consumers’ and 

‘producers’ of health 

Direct income 

hypothesis31 

Wealthier individuals have more resources to invest in 

health, healthier food, gym membership, private healthcare, 

do not live in polluted areas or damp housing, etc. 

Thrifty phenotype 

hypothesis (the 

Barker 

hypothesis)32 

Deprived of nutrition in the womb activates ‘thrifty’ genes 

optimised for sparse conditions. When in abundant 

conditions with access to calorific food and drinks develop 

obesity, diabetes, and heart disease. 

Allostatic load 

theory33 

With stress, the cumulative physiological toll from efforts 

to adapt to life experiences; e.g. Whitehall studies where 

rank related to health outcomes independent of other health 

behaviours, studies with dominant and subordinate non-

human primates like macaques. 

Income inequality 

hypothesis34 

Health disparities are caused by income inequality, which is 

also a source of allostatic load for poorer people 

Fuchs hypothesis29 The differences in health and socioeconomic status are 

caused by the willingness to delay gratification and invest 

now for future health/employment (time discounting).  
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In order to meet the needs of individuals, a society must answer three basic economic 

questions for what should be produced, how it should be produced and for whom it is 

produced.35 Most economic goods and services are allocated largely by market forces 

alone, such as; clothing, food and housing. In economics, health care is classified as a 

merit good as consuming health care may provide benefits to others as well as to the 

individual consumer (or patient).35 With the example of inoculation against a 

contagious disease, there are both private and external benefits from not catching or 

spreading disease. Given the demand for health care may be less than the socially 

efficient quantity, governments intervene to prevent market failure. Market failure 

could be a situation in which the allocation of goods and services (e.g. inoculation) by 

a free market is not efficient, which could lead to a net social welfare loss. The net 

social welfare loss arises as the social welfare loss due to the spread of disease 

outweighs the social welfare gain from less people undergoing inoculation against a 

contagious disease for example. 

In the absence of government intervention, firms guided by market forces determine 

what to produce, how much to produce and who to produce for, guided by profits and 

gaining market share. Meanwhile consumers decide what to purchase, how much to 

purchase and from where to purchase, guided by their interests. A diagnostic test is 

one element of health care that can be demanded. A simple economic diagram in 

Figure 1.3 (A) illustrates how firms and consumers operate under free market 

conditions with the example of a diagnostic test for a BRCA gene mutation which is 

provided privately. Simply, the demand curve is downward sloping from left to right, 

indicating that as the price of the diagnostic test reduces, the quantity demanded of the 

diagnostic test increases. Whereas the supply curve is upward sloping from left to 

right, indicating that as the price for the firm increases; the supply of diagnostic test 

also increases.  

The model in Figure 1.3 (A) describes how market forces determine an equilibrium 

price (Pc) and quantity supplied (Qc). In such a private market, not everyone who 

would like a diagnostic test receives it. Moreover, only those consumers who are 

willing and able to pay for the services are able to access it. Therefore, consumers who 

are unwilling or unable to pay the market price are ‘invisible’. If the price of the 

privately provided diagnostic test was free (price = 0), the demand would be as high 
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as the point marked ‘W’. However, under free market conditions, the market does not 

indicate information about ‘W’ and therefore unobserved demand are not satisfied (W-

Qc).    

Figure 1.3 The demand for and the supply of health care in a competitive market and 

with universal health coverage in the NHS  

A. Competitive market                           B. NHS Universal health coverage 

 

Adapted from Morris et al. (2014)35 

Few countries tend to rely on laissez-faire market forces alone and government 

involvement and regulation tends to exist in the health care sector to a far greater 

degree than most other sectors. Equity in the financing of health care has largely 

focused on vertical equity. This considers the extent to which people with unequal 

ability to pay for health care make different payments accordingly. In comparison, 

horizontal equity refers to the equal health care treatment for people with equal health 

care needs.36 Health care financing systems tend to be classified as progressive, 

regressive or proportional, referring to whether payments for health care rise or fall as 

a proportion of income as income rises.35 Within the UK, a progressive taxation system 

provides funds for the NHS. Further, the majority of health care is fully subsidised and 

therefore nothing is charged at point of consumption (delivery) by the patient but there 

is a charge between providers. 

The government dominates funding and provision of health care in the UK, so supply 

is fixed in each time period by political decision making. Figure 1.3 (B) illustrates the 

highly simplified model of demand and supply in the NHS, treating all health care 
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services as measurable in some comparable (quantity) units on the horizontal axis. The 

demand curve is downward sloping from left to right, indicating that as the price 

reduces, the demand for the diagnostic test increases (although patients do not pay 

directly, providers may have to pay each other e.g. a clinician ordering a test will have 

to pay another part of the NHS for it). However, now, because price = 0, effective 

demand is W because patients are not paying for health care at point of consumption. 

Further, the supply curve is vertical (or inelastic), because supply is fixed at the level 

Qe. As there is not a price system to reconcile supply and demand, demand exceeds 

supply by W-Qe (observed unmet demand). Therefore, who obtains health services is 

not determined by price, but dependent on other factors, such as time on waiting lists 

or health need.37  Both  

 (A) and (B) show extreme cases: a complete reliance on private markets and on public 

provision. However, in both cases health care is not accessible to everyone. Therefore, 

health care may be prioritised by price or by some other mechanism dependent on the 

healthcare system structure.  

Variations in the health care may be considered ‘good’ or warranted, and ‘bad’ or 

unwarranted. The goal of monitoring variations in health care should be to determine 

which variations require remediation.38 Once a horizontal inequity in health care has 

been identified, the government and policy makers may choose to intervene to ensure 

a more equitable allocation of health care services.  An analysis of both demand and 

supply-side factors in the assessment of causes of health inequities is necessary.38  

Equation 1 illustrates some of the possible causes of variation in access to health care 

services.  

Equation 1 Mapping the causes of variations in uptake of health care services 

∆𝑌𝑈𝑝𝑡𝑎𝑘𝑒 =  ∆𝛽𝐷𝑒𝑚𝑎𝑛𝑑 + ∆𝛽𝑆𝑢𝑝𝑝𝑙𝑦 + 𝜀 

∆𝑌𝑈𝑝𝑡𝑎𝑘𝑒  is defined as the change in consumption of health care services due to 

changes in demand and supply factors.  

∆𝛽𝐷𝑒𝑚𝑎𝑛𝑑 = f(morbidity, patient education, clinician education, commissioning 

priorities, i) 
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∆𝛽𝑆𝑢𝑝𝑝𝑙𝑦 = f(service configuration, government policy, resource availability, 

private provision, j) 

𝜀 = f(data inaccuracy, random variation… k) 

Variation in utilisation of health care is described as a function of demand-side factors 

which includes; morbidity, clinician-patient decision-making and commissioning 

priorities. The demand for health care should be dependent on morbidity which has 

many determinants such as age, gender and working conditions of a chosen group of 

patients. Demand for health care is also determined by clinician and patient decision-

making. The clinician-patient relationship has been described in economic terms as an 

'agency relationship' where informed agents (clinician) make decisions for uninformed 

clients (patients). In the relationship between principal and agent, an asymmetry of 

information may exist. Moral hazard may arise in a principal-agent relationship, where 

the agent, acts on behalf of another party, called the principal. The agent may have 

more information about their actions or intentions than the principal does, because the 

principal may not be able to monitor the agent. The principal-agent problem in health 

care also asserts that providers (clinicians), may be the imperfect agents of patients 

and will act to maximise their profits at the expense of the patients' interests.35,39  

Clinicians may influence demand for a given treatment depending on prescriber 

interest in a particular therapeutic area, participation in clinical trials, volume of 

prescribing and pharmaceutical marketing campaigns.40 Meanwhile patients may 

influence demand as a result of marketing education and awareness campaigns.40 In 

addition, demand for health care may be influenced by local commissioning priorities 

to achieve different goals which may include reaching waiting time targets or 

providing new treatments.41   

Variation in utilisation of health care is also a function of supply-side factors which 

includes; clinician decisions as a result of;  

• Prevailing customs  

Clinician decision making may influence the supply as a result of prevailing customs 

and possibly an unwillingness to switch to provision of a new treatment due to 

scepticism of the benefits of a treatment outside of a clinical trial and in a real world 

setting.40,42  
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• and clinical guidelines  

Some clinicians may only adopt a new treatment following changes to national clinical 

guidelines.43   

• Government policy  

Government policy may also impact accessibility to health care such as with the 

introduction of the Cancer Drug Fund (CDF) which offered additional funding for new 

oncology treatments.44 

• Resource availability 

Some variations may be caused by resource availability and budgetary pressures may 

mean that some forms of health care provision are simply unaffordable.45 Within the 

UK, every hospital has budgetary pressures and has to prioritise health care that is 

delivered.45  

• Service configuration 

Further variations may be the result of differences in the configuration of how some 

providers deliver services sometimes due to efficiency savings or clinician 

preferences.26 Variation may be the result of external factors such as the supply of 

private care.46  

In the assessment of demand and supply-side factors which may impact variation in 

health care utilisation, it is also important to consider that variation may be the result 

of data inaccuracy and random variation.38 Such variation may be the result of the 

movement of patients between hospitals or poor recording of medicine usage for 

example. Random variation may appear significant when analysing data across a short 

time period or assessing health care provision which may be considered ‘rare’.47     

As illustrated in Equation 1, there are numerous factors which may impact demand 

and supply, increasing or decreasing the quantity of health care consumed.35 National 

authorities have a number of theoretical economic tools at their disposal and evidence 

to inform the allocation of health care resources to address health care inequalities. 

However, it is important for national authorities to understand which variations in 

health care may be considered ‘good’, or warranted and ‘bad’, or unwarranted. 

Research into health disparities (inequalities) can be characterised by three phases, as 

illustrated in Figure 1.4. The first phase is descriptive research to describe relevant 

disparities, the second phase is research which addresses the underlying causes of 
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these disparities, and the third are research studies designed to address the disparities 

identified.48 In the detection (first) phase, an abundance of data may be generated to 

define the vulnerable population by assessing disparities in life expectancy and 

disease-related mortality by subgroup. In the understanding (second) phase, research 

evidence provides insight into the pathways through which the health disparities occur 

between vulnerable and less vulnerable groups, including individual, provider, and 

health care system factors. In addition, other social determinants of health are assessed, 

such as living and working conditions and poverty.49 In the reducing (third) phase, 

research evidence can inform the development, implementation, and evaluation of 

targeted interventions to reduce or eliminate health disparities.48  

Figure 1.4 The three phases of the health disparities research agenda  

 

Adapted from Kilbourne et al. (2006).48 

 

Despite improvements in life expectancy over the past decades, inequalities in health 

care access between the local areas still exists.50,51 The scale of health inequalities have 

been identified in a number government commissioned reports such as; the Black 

Report (1980) and the Acheson Report (1998).52,53 More recently in the Marmot 

Review (2010) estimated the cost of health inequalities in England was £31 to 33 

billion per year as a result of productivity losses and lost taxes.4 Productivity losses 

and lost tax describe the net income loss to the national tax revenue of the government 

from lower employment and income tax contributions. Meanwhile it was also 

estimated that higher welfare payments in range of £20 to 32 billion per year and 

additional healthcare costs in excess of £5.5 billion per year are the direct result of 

health inequalities. This estimate was based on all areas having the same level of health 

as a set of reference areas with good health (and, as a result, the same level of use of 

healthcare services). Then the additional direct health care costs were compared to the 
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current NHS treatment budget to an estimate of what the excess treatment budget 

would be.4 

1.1.3. What role does the National Health Service have in reducing health 

disparities? 

The UK NHS was launched on the July 5th 1948 based on an ideal that good health 

care should be available to all, regardless of wealth. For the first time in UK history, 

hospitals, doctors, nurses and pharmacists, opticians and dentists were brought 

together under one umbrella organisation. Based on extensive discussions with staff, 

patients and public, the NHS was founded based on three core principles; that it meet 

the needs of everyone, that it be free at point of delivery and that it be based on clinical 

need, not ability to pay.54 The principles that remain central to the core of the NHS 

constitution involve health equity and fair access.55 The constitution further commits 

to four additional principles and Table 1.3 provides an overview of the seven 

principles that guide the NHS.  

 

Table 1.3 The seven key principles that guide the NHS  

The seven principles that guide the NHS 

1. The NHS provides a comprehensive service available to all 

Irrespective of gender, race, disability, age, sexual orientation, religion, belief, 

gender reassignment, pregnancy and maternity or marital or civil partnership status, 

the NHS is available for all. The NHS has a duty to each individual that it serves 

and must respect their human rights. At the same time, it has a wider social duty to 

promote equality through the services it provides and to pay particular attention to 

groups or sections of society where improvements in health and life expectancy are 

not keeping pace with the rest of the population. 

2. Access to is based on clinical need, not an individual’s ability to pay 

Access to NHS services is based on clinical need, not an individual’s ability to pay.  

3. The NHS aspires to the highest standards of excellence and professionalism 

To ensure the provision of high quality care that is safe, effective and focused on 

patient experience, in the people it employs, and in the support, education, training 

and development they receive, in the leadership and management of its 
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organisations, and through its commitment to innovation and to the promotion, 

conduct and use of research to improve the current and future health and care of the 

population. 

4. The NHS aspires to put patients at the heart of everything it does 

The NHS should support individuals to promote and manage their own health. NHS 

services must reflect, and should be coordinated around and tailored to, the needs 

and preferences of patients, their families and their caregivers. Patients, with their 

families and carers, where appropriate, will be involved in and consulted on all 

decisions. The NHS will actively encourage feedback from the public, patients and 

staff, welcome it and use it to improve its services. 

5. The NHS works across organisational boundaries and in partnership with 

other organisations in the interest of patients, local communities and the wider 

population 

The NHS is an integrated system of organisations and services bound together by 

the principles and values reflected in the Constitution. The NHS is committed to 

working jointly with other local authority services, other public sector organisations 

and a wide range of private and voluntary sector organisations to provide and deliver 

improvements in health and wellbeing. 

6. The NHS is committed to providing best value for taxpayers’ money and the 

most effective, fair and sustainable use of finite resources. 

Public funds for healthcare will be devoted solely to the benefit of the people that 

the NHS serves. 

7. The NHS is accountable to the public, communities and patients that it serves 

The NHS is funded through national taxation, and it is the government which sets 

the framework for the NHS and which is accountable to parliament for its operation. 

However, most decisions in the NHS, especially those about the treatment of 

individuals and the detailed organisation of services, are rightly taken by the local 

NHS and by patients with their clinicians. The system of responsibility and 

accountability for taking decisions in the NHS should be transparent and clear to 

the public, patients and staff. The government will ensure that there is always a clear 

and up-to-date statement of NHS accountability for this purpose. 

Adapted from The NHS Constitution for England.54 
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The NHS is an important organisation within the UK as it employs more than 1.5 

million people and is among the world’s largest workforces. Moreover, for 2015/16 

the overall NHS budget was £116.4 billion serving the UK population of 64.1 million 

and therefore an approximate cost per head of £1801.86.55  However, as with other 

publicly funded healthcare systems around the world, the UK NHS is under increasing 

financial pressure and NHS providers and commissioners recorded an aggregate 

deficit of £1.85billion (unaudited end 2015/16), a threefold increase on the previous 

year.56  The King’s Fund reported that this was the result of slower growth in funding, 

rising demand, rising staff costs and diminishing cost savings. It was reported that the 

underlying deficit among providers and problems in performance against key targets, 

cuts in staffing and reductions in quality of care are reported to be inevitable if the 

financial balance is not restored.56  

The NHS is a publicly funded national healthcare system and a budget is set for the 

healthcare system each year which is funded from general taxation and national 

insurance payments. The majority of funding is provided for spending on day-to-day 

items such as staff salaries and medicines. The remainder is for capital spending on 

buildings and equipment. Funding of the NHS and service commissioning decisions 

are devolved to constituent members if the UK: England, Scotland, Wales and 

Northern Ireland. Therefore in 1999, devolution of the NHS and service 

commissioning has led to variation in decision-making bodies responsible for 

allocation of healthcare resources across the UK constituent countries.57  The 

Secretary of State for Health has overall responsibility for work of the Department of 

Health (DH). The role of the DH is to provide strategic leadership for public health, 

the NHS and social care in England. The DH is a ministerial department which is 

supported by 23 agencies and public bodies. NHS England is an independent body 

with a role of setting priorities and directing the NHS to improve health and care 

outcomes of people living in England. NHS England is the commissioner for primary 

care services such as general practitioners (GPs), pharmacists and dentists, including 

military health services and some specialised services.57  

Clinical commissioning groups (CCGs) were introduced by NHS England as clinically 

led statutory bodies responsible for the planning and commissioning of healthcare 

services for their local area. CCG members include GPs and other clinicians, such as 
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nurses and consultants. CCGs are responsible for about 60% of the NHS budget, 

commission most secondary care services, and are involved in the commissioning of 

GP services.58 CCGs can commission any service provider that meets NHS standards 

and costs. These can be NHS hospitals, social enterprises, charities or private sector 

providers. However, they must be assured of the quality of services they commission, 

taking into account both National Institute for Health and Care Excellence (NICE) 

guidelines and the Care Quality Commission's (CQC) data about service providers. 

Both NHS England and CCGs have a duty to involve their patients, carers and the 

public in decisions about the services they commission.58 

The NHS Five Year Forward View (FYFV) identified three key challenges in health 

and care. Firstly, the nation needs to address the health and wellbeing gap. To prevent 

health inequalities from widening, resources need to be allocated to prevent wholly 

avoidable illnesses. The NHS Five Year Forward View reported that without a 

reduction in health inequalities, funding will be limited for potentially beneficial (and 

potentially expensive) new treatments. Secondly, developments are needed to ensure 

variations in quality and safety of care are addressed. It was reported that reshaping 

delivery of care and harnessing technology presents an opportunity to address unmet 

health care need. Thirdly, the funding and efficiency gap needs to be addressed or this 

will result in a combination of poorer services, fewer staff, deficits and restrictions on 

new treatments.59  

With scarce resources, the opportunity cost of spending NHS resources in one manner, 

is their unavailability to be spent in another manner.60 With rising financial pressure 

on the NHS, questions exist as to whether anticipated developments in health care 

represent value for the NHS, the taxpayer and the general population.61  

1.2. The Precision Medicine Revolution 

Shortly after the establishment of the NHS, on the 25th of April 1953, James D Watson 

and Francis Crick from Cambridge University published news of their discovery of 

the molecular structure of deoxyribonucleic acid (DNA). Their discovery explained 

how DNA replicates and how hereditary information is coded.62 Other scientists, 

Maurice Wilkins and Rosalind Franklin from King’s College, London, were using X-

ray diffraction to study DNA.63,64  
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• The Watson-Crick model all the four general properties required for genetic 

material. Their model explained the replication of genetic material, a definitive 

basis of reproduction and life.  

• The model explains the specificity of the genetic material and how this is preserved 

in the duplication process.  

• Their model explained the information content of genetic material and that DNA 

is an informative macromolecule.  

• The model explained the ability of the genetic material to change (mutate).65 Since 

then, there have been rapid advances in molecular biology which continue to 

improve our understanding of variation and disease.  

Following the discovery of the structure of DNA, vast advancements have been made 

in the understanding of the complexity and diversity of genomes for application in 

health care.  With rising costs of drug development and healthcare across the globe, it 

has been suggested that a new model of clinical care is needed that will rely on robust 

and innovative health research.66 The objective of PM is to improve patient care by 

identifying which treatment approaches are optimal for patients based a number of 

factors, including genetic, environmental and lifestyle factors.67 Often used 

interchangeably, PM may also be referred to as individualized, personalized, stratified, 

tailored and targeted medicine.  

There is no agreed alternative terms for precision medicine which include 

personalised, individualized and targeted medicine.68  Increasingly, precision 

medicine (PM) is used which describes the stratification of patients to a specific 

treatment pathway or therapy, based on specific characteristics of the individual. 

Moreover, PM well defines the treatment or prevention of diseases based on genetic, 

environmental and lifestyle factors.69 Indeed, PM offers patient centric care to 

provide more accurate information on disease risk, diagnosis, prognosis and/or 

treatment response (illustrated in Figure 1.5).  
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Figure 1.5 Defining components of a precision medicine intervention  

 

Adapted from Love-Koh et al. (2018).70 

Proponents believe that PM has the potential to revolutionise the healthcare sector 

through improving the effectiveness of treatments whilst simultaneously reducing 

adverse effects and avoiding inappropriate interventions.1,71–73 Completed in 2003, the 

Human Genome Project (HGP) was an international research program to sequence the 

genome and provide a greater understanding of the genetic blueprint for building a 

human being.74 In the US, investments into the HGP are believed to have had a 

significant impact on American competitiveness and the economy. From the original 

$4 billion investment in the Human Genome Project it is estimated to have prompted 

$965 billion in economic growth (a 178-fold return on investment). In January 2015, 

President Barack Obama announced the launch of the Precision Medicine Initiative 

(PMI) to enable a new era in medicine in which researchers, providers and participants 

work together to develop individualized care.75,76  The belief was that the combination 

of a highly engaged population and rich biological, health and environmental data will 

support a new more effective era of American healthcare.66 Following the 

announcement by President Barack Obama, 28% of drugs the FDA approved were 

considered PM and a report predicted that the global PM market will reach a value of 

approximately $113 billion by 2025.77 AstraZeneca have seen their commitment to 

personalised healthcare develop as an industry leader with 80% of their drug projects 

in the pipeline considered personalised healthcare approaches.78 

The introduction of PMI was backed by a $215 million investment which was 

distributed between the National Institutes of Health (NIH), the Food and Drug 

Administration (FDA) and the Office of the National Coordinator for Health 
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Information Technology (ONC). The PMI All of Us research program (previously PMI 

cohort research program) was introduced to extend PM to all diseases and aims to 

include a research cohort of more than one million U.S. participants.75 Moreover, the 

cohort intends to reflect the diversity of the U.S. population from varied social, 

racial/ethnic, and ancestral populations living in a variety of geographies, social 

environments, economic circumstances, age groups and health statuses.75  

In the UK, the 100,000 Genomes Project, launched in 2012 with £300 million and will 

sequence 100,000 genomes from approximately 70,000 people, all NHS patients with 

a rare disease, plus their families, and patients with cancer.79 Furthermore, on the 19th 

of January 2016 an additional £250 million investment was made into the 100,000 

genomes project.80 Recently, a £50 million UK government initiative was launched by 

Innovate UK in addition to existing funding, to bring to reality the development of 

personalised medicines.  There is increasing awareness around developments the 

‘genomic revolution’ and personalised medicines from the Human Genome Project. 

The UK NHS aims to be at the forefront of the supersonic age of genomics and become 

the first mainstream health service in the world to offer genomic medicine as part of 

routine care for NHS patients.79    

It has been reported that since 2007, the EU committed over €1 billion of health 

research funding underpinning the development of PM through its Seventh 

Framework Program for Research and Technological Innovation.81 Other funding 

initiatives such as Horizon 2020 were launched and continue to support this field of 

research.   

Following the development of many new PM technologies, there are several 

opportunities for healthcare systems by improving the effectiveness and safety of care, 

changing the mode and location of delivery, and offering new ways to treat 

individuals.82 There are great expectations but whether genomics research can deliver 

on its promise of improving care for patients remains a contended subject.  

1.2.1. Why precision medicine? 

PM is described as an emerging approach to improve care by integrating research 

disciplines and clinical practice to build a knowledge base that can better guide 

targeted care.83 PM tailors care to account for individual variability in genes, 
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environment and lifestyle for each person.1,67 This approach to care enables more 

accurate predictions as to which treatment and prevention strategies for a particular 

disease work in certain groups of people. This approach works in contrast to ‘one-size-

fits-all’ approach in which disease treatment and prevention strategies are developed 

for the ‘average’ individual. By ‘average’ individual, I refer to those individuals who 

may share some phenotypic characteristics. PM has most widely been described as 

providing the right treatment, to the right patient, at the right time (as illustrated in 

Figure 1.6).84 

In the past, most medical interventions have been designed based on response of the 

range of patients whom would normally receive treatment, often not reflecting the 

likely diversity and patient mix in the clinical practice. Therefore, the characterisation 

of the safety and effectiveness profile has frequently lacked sufficient information for 

certain population subgroups. However, this is changing with the emergence of PM.   

Figure 1.6 Precision medicine offers a tailored approach to meet the health needs of the 

individual  

 

Note: This diagram is a characterisation and doise not imply that tailored treatments A 

to D would be 100% effective and non-toxic in a stratified approach. Even with a 

stratified approach interindivdiual response will differ and be less than optimal. 

However PM aims to offer a more tailored approach to meet the health needs of the 
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individual. This may mean that treatment may be more effective and less toxic in the 

stratified approach.  

PM is defined as treatments targeted to the needs of individual patients on the basis of 

genetic, biomarker, phenotypic, or psychosocial characteristics that differentiate a 

patient from other patients with similar clinical presentations.85. As part of achieving 

the goal of improving clinical outcomes for individual patients, is minimising 

unnecessary side effects for patients less likely to have a response to a particular 

treatment.1,71–73 It should be emphasised that to-date, PM is not completely tailored to 

the individual patient, but rather, smaller groups of patients.86  

Increasingly, in combination with genomics, other ‘omics’ technologies are being 

developed to provide an enhanced understanding of molecular characteristics 

including; epigenomics, transcriptomics, proteomics and metabolomics.87 Genomics 

research analyses the DNA sequence of a genome, whereas epigenomics research 

analyses chemical modifications that attach to the DNA to regulate gene expression.87 

Transcriptomics research analyses the timepoint when genes are being expressed.87 In 

contrast, Proteomics research analyses the compositions, abundance, structure and 

function of the full set of proteins coded by genes.87 Whereas metabolomics research 

analyses the products of cellular metabolic processes.87 In summary, ‘omics’ analyses 

pose to enhance the targeting of care to the individual.  

1.2.2. Technological advancements driving innovation in precision medicine  

The joint development of research into genetics, bioinformatics and big data, along 

with other ‘omics’ technologies, is increasing the opportunity for rapid developments 

within PM.88  Combining these technologies has enabled the development of next 

generation sequencing (NGS) methods and resulted in the greatest advancements in 

genetics research.89 NGS refers to non-Sanger-based high-throughput DNA 

sequencing technologies. NGS enables millions or billions of DNA strands to be 

sequenced in parallel, yielding significantly more throughput and reducing the need 

for the fragment-cloning methods that are often used in Sanger sequencing of 

genomes.88,90 

 Technological progress such as with microarray technologies have enabled 

development in genetic linkage, association studies and gene expression analysis.89 
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Further developments have seen the prospect of Whole Genome Sequencing (WGS) 

which determines the complete DNA sequence of the entire human genome at a single 

time. Therefore, genome-wide association studies (GWAS) can be conducted with 

WGS and this capability is now available for less than $1000 per individual.91 

Technological advancements have seen a sharp decline in the cost of sequencing and 

there are new systems which could see the cost of WGS decrease to as little as $100.92  

In the future, it may be possible that we will all have our genome sequenced before 

treatment (and possibly at certain time points in our lives) and it will be both clinically 

effective and cost effective.93 Recently England’s chief medical officer (Prof Dame 

Sally Davies) reported to BBC news that “I want the NHS across the whole breadth to 

be offering genomic medicine - that means diagnosis of our genes - to patients where 

they can possibly benefit” and reported that “DNA testing should not (now) be ruled 

out on the basis of cost”.94 

For a long time, genomics has captured the headlines as the future of medicine.95 

Research and developments in PM have focused on identifying genetic mutations 

commonly found in cancer tumours and rare genetic diseases. However to date, most 

PM are indicated for slowing tumour growth or rare diseases.96 Such identifications 

have enabled the development of strategies to prevent, diagnose and provide targeted 

therapies. It is envisaged that predictive applications of PM will generate progressively 

more substantial social benefits in the future.97,98  

Alongside technological advancements in sequencing technologies there has been 

other examples of technological advancements that are contributing to population 

health as illustrated in Figure 1.7. An important example of technological 

advancements is in storing, matching-up, analysing and visualising datasets in ways 

which were previously impossible and therefore there is now wider implementation 

and relevance for Electronic Health Records (EHRs).66,99 In the recent past, ink-and-

paper records have always been used and are now being replaced. EHRs enable real-

time, patient-centred health records that make information available instantly, securely 

to those authorized and now at a significantly lower cost. Therefore EHRs make 

available an important source of data that has the potential to dramatically accelerate 

biomedical research and provide detailed information for providing more personalised 

care in the future.66 
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Figure 1.7 Examples of technological developments which transforming patient care    

      

      

Personal mobile technologies are being adopted at an exponential rate. The 

convergence of medicine and information technologies, such as medical informatics 

can provide transformational change to health care, reduce inefficiencies and improve 

health outcomes. According to the telecommunications regulator, Ofcom (2016), 71% 

of adults have a smartphone in the UK.100 Further, medical technologies are 

increasingly mobile, moving care away from the clinic to become home-based, patient 

operated and supported by developments within telehealth. In addition, there has been 

increasing popularity with the use of phones, wearables, in-home devices and other 

mobile technologies which collect health information (often referred to as mHealth). 

Further, health data from sensors and software applications can increase availability 

of self-reported data on lifestyle and environment; factors which have been difficult 

previously to capture with accuracy.66 It is predicted that smartphones will 

increasingly be used to monitor health outcomes and medical data will be connected 

from an individual with a medical condition at home, linked to a combination of 

connected services streaming data accessed by different parties, such as relatives, 

carers and clinicians.101 In support of such developments, Leigh (2016) reported that 

the UK has become least expensive place in the world to engage with online solutions 

for digital health.102 
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Thousands of health apps already exist, however translation to patients has so far been 

limited and the evidence base is still developing.102 An example of precision medicine 

now being delivered by several sophisticated apps such as Ginger.io.82  This is an app 

for targeting depression where people track their own mood and this is combined with 

data collected using sensors in the smartphone about their movements, social apps or 

telephone use. Those data are then shared with clinicians who offer the user a given 

intervention when their data suggests they might benefit from support.82   

A further advancement towards achieving the vision of personalised care includes the 

use of smartphones which can serve as a hub for new diagnostics and treatment 

technologies. For the treatment of heart failure, there exists clear guidance in the UK, 

which includes the use of diuretics in the treatment pathway. However, guidance is 

unclear around when and the frequency of patients with heart failure should have their 

renal function monitored as there is limited evidence to determine optimum care. As 

a consequence, it is estimated that 6.5% of patients present with an adverse drug 

reaction (ADR) which sometimes leads to renal impairment.103 The PERMIT Project 

(Personalised Renal Monitoring via Information Technology) at the University of 

Liverpool aims to develop this guidance by using electronic health records and using 

novel analytical methodologies to define decision rules for individualised renal 

function monitoring.104 The personalised guidance system will be designed to harness 

technologies to increase predictive accuracy to optimise health outcomes in the patient 

care pathway. The project aims to develop a technology which will provide 

personalised renal monitoring guidance remotely to ensure the right treatment, for the 

right patient and at the right time.  

As important as such technological advancements are, patients and society are 

becoming actively engaged with healthcare and health research. Smartphones are very 

effective devices for data collection; people can track their own health status and 

support researchers collecting data to discover determinants of health problems and 

provide solutions. Innovative research initiatives are just beginning with the first long-

term and large-scale opt-in disease studies.82 Apple Inc. support large-scale studies 

using patients’ iPhones and using the ‘ResearchKit’ software platform, researchers are 

able to address new research questions. An app called ‘Mole Mapper’ is used by 

people who photograph and track their moles over time to examine how they are 
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changing. Using images collected by thousands of participants, researchers aim to 

create an algorithm that can screen for melanomas in their earliest stages to improve 

care delivery.105  

Other technologies have been developed to provide drug information and to quickly 

check for drug-drug interactions with mobile health (mHealth) apps. Given aging 

populations in the UK, there are an increased number of people with chronic diseases 

and comorbidities leading to increasing numbers of medications. There has been 

developments with the use of mHealth apps which can be used to check for potential 

drug-drug interactions which may contribute to improved patient safety.106For 

haemophilia patients preliminary evidence has found that pharmacokinetic (PK)-

guided prophylaxis through the use of the myPKFiT app can achieve comparable 

efficacy with fewer weekly infusions and reduced factor usage, and that adherence to 

dosage and frequency of PK guided regimens can reduce patients’ rates of all bleeds 

and joint bleeds, so by improving clinical outcomes and patient quality of life. Using 

as few as two measurable blood samples, myPKFiT for ADVATE generates a patient's 

estimated individual PK profile to aid healthcare professionals in personalizing a 

patient's prophylaxis ADVATE dose and schedule.107,108 

1.2.3. Developments within genetics and pharmacogenomics  

Availability of genomics technologies is expanding as they become offered across 

other branches of clinical practice.109 In the past, there was a ‘one size fits all’ approach 

to treatment, however it is now well known that individuals respond differently to the 

same treatment.  

Pharmacogenomics falls within the umbrella of PM and describes the study of how 

genomic and other “omic” information  affect an individual’s response to treatment.110 

In pharmacogenomics research biomarkers (which to date have been mainly molecular 

but can be a gene, or a characteristic of a particular pathological or physiological 

process or disease) may be used for the purpose of risk assessment, diagnosis, 

prognosis, monitoring and guiding therapeutic decisions.1 A biomarker can be defined 

as a characteristic that is objectively measured and evaluated as an indicator of normal 

biological processes, pathogenic processes or pharmacological responses to a 

therapeutic intervention.1 An overview of selected examples are summarised in Table 

1.4.  
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Table 1.4 Examples of developments in pharmacogenomics which have been 

implemented 

Medical field Disease Biomarker Type of 

biomarker 

Intervention 

Cancer Breast & 

ovarian cancer 

BRCA1/2 Predisposition Frequency of 

screening and 

risk reducing 

procedures 

Hepatology Hepatitis C Hepatitis C 

viral load 

Diagnostic Direct-acting 

antiviral agents 

Cancer 

 

Breast cancer HER2 Prognostic Monoclonal 

antibody 

Cancer Chronic 

myeloic 

leukaemia 

BCR-ABL Monitoring  Tyrosine kinase 

inhibitors 

(imatinib) 

Cancer  Melanoma BRAF-V600 Predictive  Proteasome 

inhibitors 

     

BRCA germline variants in an asymptomatic person may predict risk and indicate 

predisposition to developing cancer. It is estimated that germline mutations in BRCA 

exist in 0.2-0.3% of the UK general population, in 5-10% of patients with breast cancer 

(BC),111 in 5-13% of patients with ovarian cancer (OC),112 and in 0.4-1.2% of patients 

with prostate cancer (PC).113  BRCA germline mutations have also been found to be 

associated with cancers of the pancreas, stomach, skin, colon and others.114 

Identification of individuals affected and unaffected by cancer with pathogenic BRCA 

germline variants is important as the presence of such variants may affect treatment, 

follow-up and cancer prevention.115 Further, risk-reducing lifestyle modifications, 

medications and procedures may be indicated, for example, bilateral mastectomy 

and/or salpingo-oophorectomy.116,117  

Diagnostic biomarkers are used to classify a specific disease. For example, 

personalised therapy for chronic hepatitis C (HCV) is based on the patient and their 

viral characteristics to determine whether the patient will benefit from therapy and 

determine how therapy can be delivered with most favourable risk benefit ratio. For 

HCV genotype 1 patients, the measured addition of boceprevir to standard of care with 

pegylated interferon-alfa (PEG-IFN-α) and ribavirin, significantly increases the rate 

of sustained virological response (SVR).118 
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Biomarkers may be used to monitor a disease. For example, with chronic myeloid 

leukemia (CML), tests may be used on a regular basis to assess for residual disease. 

Monitoring biomarkers such as BCR-ABL may demonstrate effectiveness of initial 

therapy, monitor treatment resistance or relapse and provide information on the 

mechanisms of treatment failure to assist in the selection of alternative therapies. 

Monitoring biomarkers are necessary with  imatinib therapy as the binding of the 

tyrosine kinase inhibitor (TKI) to BCR-ABL may be prevented.119  

The human epidermal growth factor receptor 2 (HER2) is an example of a prognostic 

biomarker as it can be used to predict the course of a disease and predictive biomarkers 

are used to estimate the response or reactions to a particular treatment. Overexpression 

of the human epidermal growth factor receptor 2 (HER2) is seen in approximately 15–

30% of breast cancers in women and is of both prognostic value and predictive of 

treatment benefit.120,121 Following the introduction of Trastuzumab (Herceptin), the 

prognosis of patients with HER2-positive breast cancer in both adjuvant and 

metastatic settings has vastly improved.120–125 Trastuzumab is a monoclonal antibody 

which targets the extracellular domain of the HER2 receptor and acts by different 

mechanisms to inhibit cell growth by prevention of HER2 dimerization, 

downregulation of the HER2 receptor by endocytic destruction of the receptor, 

accumulation of the cyclin-dependent kinase (CDK) inhibitor p27 and cell cycle arrest, 

induction of antibody-dependent cellular cytotoxicity, and inhibition of constitutive 

HER2 cleavage/shedding mediated by metalloproteases.126 

Increasingly companion diagnostics are being introduced alongside new treatments 

and to guide old treatments. A companion diagnostic is a medical device which may 

provide information that is important for the safe and effective use of a corresponding 

drug or biological product. By assessing genetic information, for example, to 

determine whether a particular therapeutic product’s benefits to a patient will 

outweigh any potential side effects or risks.127  

Better targeting of therapies may improve health outcomes through improved efficacy 

and safety.  At any one-time, it is estimated that seven 800-NHS bed hospitals each 

day are occupied by adult patients with ADRs at an estimated cost of £637m per year 

in England (including ADR related admissions and ADR during hospitalisation). 

Moreover, 25% of children develop ADRs as in-patients and it is reported that 70% of 
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ADRs are predicted to be avoidable with access to genetic information to inform 

treatment decision-making.103,128 In the USA, admissions related to the complications 

of warfarin on average $10,819 (2010) alone.129 Furthermore, within the USA, ADRs 

has been responsible for approximately 700,000 emergency department visits and 

117,000 hospitalizations, with an estimated direct cost of US$ 3.5 billion per year to 

treat medication-related injuries in the hospital setting.130 Therefore, PM, by reducing 

ADRs improves patient care and offers significant resource savings to the NHS.  

Rapid developments have been seen as a result of significant reductions in the cost of 

genome sequencing technologies and genetic analysis. However, many technical, 

clinical, ethical and societal challenges remain to be addressed. Furthermore, although 

PM interventions may generate significant improvements to individual and population 

health, they may contribute to an increased financial burden on the NHS. 131 An 

ongoing debate continues with regard to the rationale of large investments into PM 

research and whether such spending would be better redirected towards public health 

research as some believe that the promises of PM have not been delivered and are 

unlikely to be delivered.96–98,132,133 

1.3. Health Equity and Precision Medicine 

PM is a relevant case study as such new interventions may reduce health and care 

disparities by ensuring optimised treatment for each patient as compared to the ‘one-

size-fits-all’ approach. Nevertheless, at the same time it is possible that advancements 

in PM may adversely impact health and care disparities. Therefore, it is important to 

monitor health and care disparities with the continued development and 

implementation of PM.  

1.3.1. Why is health care disparities of relevance to the translation of Precision 

Medicine? 

With reference to ‘the determinants of health’ as proposed by Dahlgren and Whitehead 

(1992), social policies may impact the receipt of health services, allocation of health 

resources, financing and quality of health services.8,10 Even though medical advances 

are viewed universally as a social good, these advances may reduce health disparities 

but have the potential to widen or create health disparities which did not exist.134,135 

Medical and scientific advancements lead to the availability new treatments; however 
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this provides the opportunity for differential access.1 In addition to Hart’s (1971) 

Inverse Care Law, Fundamental Cause Theory of health disparities states that persons 

of higher socioeconomic status are more likely to be the first to benefit from new 

treatments or health practices because they have the resources, knowledge and power 

to learn of, and act upon new developments.19,136  

Limited research has examined how we can achieve the vision of PM in terms of the 

implications for health equity. Proponents argue that although deprived patients may 

suffer lower initial access to PM, access to PM will eventually equilibriate.136  

Therefore, inequalities widen, but only temporarily. However, history suggests that 

health disparities are slow to rectify, may be incomplete and may still require 

concentrated efforts for remediation. Examples include when advances in knowledge 

about prevention and treatment of diseases such as coronary artery disease, lung cancer 

and Human immunodeficiency virus infection (HIV) were associated with an 

increased mortality advantage for socioeconomically advantaged individuals.48 

Therefore it is important to ensure  the potential consequences of PM on health equity 

do not further widen health and care disparities.134  

It has been argued that developments in PM will concentrate resources to those that 

already experience greater access to health care. If this is the case, the opportunity cost 

of PM is the benefits foregone from treatments which may be more accessible to 

people with more limited access to health care. In brief, the medical, ethical, legal, 

social and economic challenges for PM are comparable with the scientific uncertainty, 

assessment, cost-effectiveness and access barriers affecting traditional medicine.137 As 

Gray (2014) reports, personalised and population based care are ‘two sides of the same 

coin’ and it is just a matter of perspective.61 Figure 1.8 describes from a population 

perspective the relationship between value and the amount of resources invested. The 

diagram illustrates that health benefits rise fast and then level out as investment 

increases, which epitomises the law of diminishing returns. Meanwhile, harm rises in 

a straight line because the more health care we provide, the more harm we cause too 

as health care provision has risks.138 Overdiagnosis and overtreatment moves the 

benefit-harm ratio beyond the point of optimality.   

 
1 The term “access” to healthcare is used throughout this thesis to refer to utilisation of, uptake of, 

delivery of and resource allocation of healthcare.  
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Figure 1.8 The law of diminishing returns to investment from a population perspective  

 

 

Adapted from Gray et al. (2017).138    

There is a slightly different form of relationship from a personalised care perspective 

as shown in Figure 1.9. As more resources are allocated into particular interventions, 

the offer for the individual patient changes. Further, when there is only enough 

resource to make interventions available to some, interventions are primarily offered 

to people who have the most to gain, and who are therefore more willing to accept risk 

of harm. However, as investment rises, interventions offered to people who are less 

severely affected and therefore the maximum benefit which can be expected is less, 

nevertheless both the probability and the magnitude of harm is the same.138  

Figure 1.9 The law of diminishing returns from a personalised care perspective 

 

Adapted from Gray et al. (2017).138 
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Although ethical and social principles vary widely and their interpretation leads to 

contrasting views on equity and desirability of PM. Some hold the view that if health 

disparities caused are not substantially different from those caused by ‘traditional’ 

medicine and that they are not generated with the intention to discriminate, the 

particular PM innovation should not be considered unethical. To be considered ethical, 

there is a requirement that PM innovations do not worsen existing group inequalities 

and aggravate the disadvantage of groups with a history of discrimination and 

deprivation. Therefore in some cases, to be considered ethical, strategies may be 

required to equilibrate as much as possible the distribution of benefits.138,139  

1.3.2. Equity-efficiency trade-off 

With the allocation of scarce health resources, there is a distinct trade-off between 

equity and efficiency. Often those people with greatest clinical need may be hardest 

to reach (and provide health care). In terms of equity, improving the health care of 

those in most clinical need may present the most obvious use of scarce health 

resources. However, the opportunity cost of providing care to those in most health 

need may present a higher financial cost than providing treatment to a large number 

of individuals who have lower health care need. As such, this trade-off presents a 

challenge in a publicly funded healthcare system as resources are scarce and therefore 

resources spent on one intervention cannot be reused for another intervention. 

Technical efficiency refers to the relation between resources (capital and labour) and 

health outcome. A technically efficient position is achieved when the maximum 

possible improvement in health outcome gained from a set of resource inputs.140 

Productive efficiency describes and compares how alternative interventions may 

achieve an outcome that could be more or the same, using less resources. To inform 

resource allocation, allocative efficiency describes efficiency in a broader context. 

Allocative efficiency takes into account productive efficiency with which health care 

resources are used to produce health outcomes and also the efficiency with which these 

outcomes are distributed among the community. Efficient resource use describes that 

any alternative combination of resource inputs would make a least one person worse 

off. However, for allocative efficiency, this decision rule is adapted and allocative 

efficiency is achieved when resources are allocated so as to maximise the welfare of 

the community.141 
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The equity-efficiency trade-off and allocative efficiency relates to access to PM 

interventions. For example, there is concern that historically disadvantaged 

populations may suffer lower access to PM as to provide equal access for equal health 

care need would require additional resources to be allocated to aid patient recruitment, 

follow-up and support to ensure such populations respond to a given PM intervention. 

However, the allocation of such additional resources to ensure equal access for equal 

health care need would remove the availability of these resources to fund other 

interventions within the publicly funded health service.  

The equity-efficiency trade-off is complex consideration in the context of health care 

equity. Throughout this thesis, the focus is to explore whether there is equal access for 

health care need. From an economic perspective, the equity-efficiency trade-off asks 

that consideration is given to the opportunity cost of how resources are allocated and 

whether reducing health care inequalities presents value to society.  

1.3.3. How can health and care disparities be widened or reduced by precision 

medicine? 

PM is already an integral part of service provision within the NHS, through the 

delivery of clinical genetics services. However, delivery of PM is expanding from 

outside specialist centres to be offered across other branches of clinical practices. 

Therefore, deeper consideration is needed to assess how the benefits and costs of PM 

will be distributed.  

The determinants of health disparities are multiple, complex and interact; 

understanding the underlying causes of health disparities is necessary to reduce the 

social gradient of health by better targeting policies aimed at reducing inequalities. 

The causal framework of health disparities may be impacted by upstream and 

downstream factors. Upstream factors refer to macro factors that comprise social-

structural influences on health and health systems, government policies, and the social, 

physical, economic and environmental factors which drive patterns of exposure, as 

illustrated on the left side of Figure 1.10. However, the causal pathways linking these 

determinants with health are typically long and complex and often involve multiple 

intervening factors.  
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Higher levels of exposures experienced by some groups increases their risk of disease 

onset and some groups may also be adversely affected by the natural history of the 

disease. In the context of PM, some groups with increased disease exposure may also 

experience less than optimal access to disease risk modifying interventions.49 In 

addition, health disparities may be widened also due to delays in access because of 

lower levels of general awareness and training following changes in guidelines with 

the introduction of novel technologies. Indeed, health disparities may be associated 

with location of service delivery and local expertise. However, there is concern that 

access to PM may also differ by socioeconomic status and demographic factors 

including race and ethnicity.  

Figure 1.10 Causal framework: upstream and downstream risk factors 

 

Adapted from Bharmal et al. (2015)49 

An important causal factor of inequalities in uptake of PM may be due to genetic 

variation in population groups, which may account for some difference in disease 

prevalence and this may be compounded by social factors. A common example is the 

frequency of high-risk APOL1 genotypes which occur commonly in African 

Americans and increases risk of chronic kidney disease seven-fold. In the USA, 

African Americans are recognised as a historically deprived minority group and 

therefore targeted research for disadvantaged populations may provide an opportunity 

to reduce health disparities. However, the mechanisms by which APOL1 genotypes 

increase the risk of kidney disease remains poorly understood, and thus treatments that 

specifically target individuals with high-risk genotypes have been slow to develop.142  
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With the example of HCV and treatment with peginterferon and ribavirin to prevent 

progression of the disease, there has been considerable variation in treatment response 

with approximately half of patients presenting SVR after the standard course of 

treatment. However, African Americans were found to be less responsive and the 

observed ethnic disparity was found to be related to identification of a genetic variant 

in the IL28B gene which is a predictor of treatment response and was much less 

common in African Americans. Therefore, to increase the safety and efficacy of drug 

treatment requires research in diverse populations to ensure accurate identification of 

all relevant variants.143,144 

The potential for PM to revolutionise health care is beginning. However, translation 

of early success stories to a larger scale will require a coordinated and sustained effort, 

and requires the careful consideration to the broader public health impact. Inclusion 

of minority and disadvantaged populations in PM research is important to ensure 

health disparities do not widen. Given significant public investment in PM research, it 

is paramount that diverse populations participate to ensure that scientific advances 

translate and if possible, contribute to reducing health disparities.  

1.4. Aims and objectives 

This thesis aims to contribute to research by assessing health care inequalities and by 

presenting relevant PM case studies. The aim of my thesis was to provide an 

understanding of how PM may impact health and care disparities and explore how 

health and care disparities may be assessed.  The specific objectives of this thesis are 

to: 

1. Examine what the impact of PM interventions on health disparities, with the 

example of pharmacogenomic interventions. This is explored in chapter 2. 

2. Assess how the uptake of trastuzumab therapy in HER2-positive breast cancer 

patients differs between subgroups of patients. The objective was to examine 

whether all eligible patients with HER2-positive breast cancer initiate trastuzumab 

therapy. This is explored in chapter 3. 

3. Analyse trends in BRCA gene testing and exploring how clinical guidelines and 

celebrity endorsement impacted the uptake of testing. This is explored in chapter 

4. 
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4. Analyse patient level data to examine what variations exist and what patient factors 

were associated with differing uptake. This is explored in chapter 4 and 5.  

5. Analyse how BRCA gene testing is being shared with family members and 

interpreting disparities identified. This is explored in chapter 4 and 5. 

6. Examine how innovations in pharmacogenomics are implemented and evaluate 

which mechanisms should be used to promote health equity. This is explored in 

chapter 2 and 3.  

1.5. Structure of the Thesis 

Chapter 1 provides an overview of the topic area by introducing topics relating to 

health equity challenges, developments within the PM revolution and related equity 

issues. Perhaps the most developed area within PM is pharmacogenomics. Chapter 2 

presents evidence of the impact of pharmacogenomics on health disparities was 

systematically reviewed in terms of effectiveness in patient subgroups.  

Chapter 3 explores disparities in the uptake of trastuzumab in HER2-positive breast 

cancer patients.  The development of trastuzumab for the targeting HER2-positive 

breast cancer has been one of the earliest and most significant developments within 

PM.  A systematic literature review and meta-analysis was conducted to investigate 

whether all eligible patients initiated trastuzumab therapy. Chapter 3 concludes that 

studies assessing individual level data are needed to better characterise factors 

underlying disparities in treatment across PM as inequalities in uptake may be 

warranted or unwarranted. 

Chapter 4 used BRCA gene testing in patients affected by cancer was chosen as a case 

study to explore equity of access using individual level data. Identification of BRCA 

germline variants affects treatment, follow-up and cancer prevention. Furthermore, the 

impact of clinical guidance and celebrity endorsement on uptake was explored. 

Predictive BRCA testing describes the use of testing in asymptomatic persons to 

predict future risk of disease where a mutation within a BRCA gene is already known 

within the family and the patient’s DNA is tested for that variant alone. Chapter 5 

examined equity of access to predictive BRCA testing by examining uptake and time 

taken for family members to undergo testing using cox regression multivariate 

analysis.  
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Chapter 6 provides a general discussion of findings and limitations of research 

undertaken. Furthermore, the implications for future research and approaches to 

ensure equitable access to PM are then considered.  
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Chapter 2 

An examination of the impact of 

innovations in pharmacogenomics 

on health disparities 
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2. An examination of the impact of innovations in pharmacogenomics 

on health disparities 

2.1. Introduction 

Pharmacogenomic guided treatments use biomarkers (which mainly have been 

molecular) for the purpose of risk assessment, diagnosis, prognosis, monitoring and 

informing therapeutic decisions.1 Increasingly, knowledge of a patient's genetic profile 

supports the clinician in selecting the right treatment, for the right patient and at the 

right time. Until 2017, the translation of pharmacogenomic interventions have largely 

occurred in targeted treatments for cancer and rare diseases as illustrated in Figure 

2.1.66 The translation of pharmacogenomic interventions across therapeutic areas may 

be considered uneven and the potential reasons for such differences could be the result 

of more favourable reimbursement conditions for cancer and rare diseases. These 

findings raise concerns over the allocation of research funding and this should be 

examined to ensure potential developments in pharmacogenomics are being realised 

across all disease areas.   

Figure 2.1 EMA approved personalised medicines according to EMA defined 

therapeutic/disease area  

 

Published data source from PharmGKB – permission requested.145 

A comparison of approvals of drugs which include pharmacogenomic information in 

the drug label between health regulators: the European Medical Agency (EMA), the 

Food and Drugs Administration (FDA), the Japanese Pharmaceuticals and Medical 

Device Agency (PMDA) and Health Canada Santé Canada (HCSC) is provided in 

Figure 2.2. Several levels of recommendation are provided which include; informative 

pharmacogenetic (PGx) test, actionable PGx test, genetic testing recommended and 
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genetic testing required. Across the EMA, FDA and HCSC, there were approximately 

35 drugs that require PGx testing to guide treatment. However, the Japanese PMDA 

have required PGx testing for a much lower number of drugs and there are a large 

number of PGx testing which have not been assessed. This in part may be explained 

by reduced levels of research undertaken in Asian populations than in those of 

European decent. However, increasingly Japanese regulators are permitting the use of 

global clinical trial data to be used as evidence to support submissions for approval 

from regulators.146  

Figure 2.2 The number of approvals for drugs which include pharmacogenomic 

information in the drug label by health regulator  

 

Abbreviations: European Medical Agency, EMA; the Food and Drugs Administration, FDA; the 

Japanese Pharmaceuticals and Medical Device Agency, PMDA; Health Canada Santé Canada, HCSC 

Data sourced from PharmGKB – permission requested.145 

Over 20 years ago, the NIH mandated that the inclusion of diverse participation in 

biomedical research is required, yet a failure to recruit a large portion of the world’s 

genetic variation has been reported.147 There is concern that the potential benefits of 

PM have not been realised due to a lack of inclusion of diverse populations in 

pharmacogenomic research.148–150 In 2009, it was revealed that 96.4% of participants 

in GWAS studies were of European decent (Figure 2.3).151 Meanwhile, in 2016, 81.6% 

of participants in the GWAS studies were of European decent. While Asian 
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participation has increased substantially, mainly as a result of increased number of 

GWAS being conducted in Asia, participation from other non-European ancestry has 

remained low in comparison.150 With such a significant increase in GWAS studies 

conducted from 2009 (373) to 2016 (2511), it is alarming that there has been such a 

lack of growth in representation from other populations.150  

Figure 2.3 Descent of participants in genome-wide association studies by 2009  

 

 

(*= Asian; African; Mixed & Multiple; Arab & Middle Eastern; Hispanic & Latin American; Native 

people; South Pacific Islander only – based on 373 studies conducted for 2009) adapted from Popejoy 

et al. (2016).150 

 

(*= Arab & Middle Eastern; Hispanic & Latin American; Native people; South Pacific Islander only – 

based on 2511 studies conducted for 2016) adapted from Popejoy et al. (2016).150 
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An important disparity concern relates to the lack of incentives for organisations to 

develop  interventions for ‘less profitable’ genotype groups.152 As with GWAS, there 

is concern that targeted therapies will be developed with the focus to provide 

treatments for selected subgroups and therefore ‘salami-slicing’ of population groups 

will occur.137 A recent study by Manrai et al. (2016)149 evaluated targeted genetic 

testing by risk stratification of hypertrophic cardiomyopathy. Genome sequencing 

provides information diagnose the condition in patients who have ambiguous clinical 

presentations and to inform the risk of hypertrophic cardiomyopathy in a patient’s 

relatives. However, studies found that the benefits of genetic testing were limited due 

to the misclassification of benign variants.149,153 This evidence supports the need for 

sequencing of genomes in diverse populations which have been less studied.149,153 

There is concern that inequalities in participation in studies may compound barriers to 

access, availability and ability to pay privately and understanding of health care 

information.1,75  

The Precision Medicine Initiative (PMI) - All of Us research program was developed 

with an explicit focus on diversity and recruitment targeting historically disadvantaged 

and understudied populations. The PMI program was developed to reflect the diversity 

of the USA population from varied social, racial/ethnic, and ancestral populations 

living in a variety of geographies, social environments, economic circumstances, age 

groups and health statuses.75 The aim of the All of US research program is to recruit 

75 percent of participants from groups who are often underrepresented in biomedical 

research, with at least 500,000 from ethnic and racial minorities.  

The National Institute on Minority Health and Disparities (NIMHD), part of the NIH, 

committed approximately $50 million over five years, pending available funding, to 

launch a new program for Transdisciplinary Collaborative Centers (TCCs) for health 

disparities research exploring the potential for PM to promote health equity and 

advance the science of minority health and health disparities.154 However, concern has 

been raised by the European Personalized Medicine Association (EPEMED) and 

NIMHD amongst other organisations that the benefits of pharmacogenomic-guided 

treatments differ across diverse population subgroups. Therefore, a systematic 

literature review was conducted to assess whether developments in 

pharmacogenomics have either widened or reduced health disparities.  
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2.2. Objectives 

To address concerns relating to the clinical benefits of pharmacogenomic interventions 

across diverse subgroups of patients, a systematic literature review was posed to 

identify, synthesise and evaluate the published evidence. A review was conducted with 

the objective to systematically review studies which assessed whether developments 

in pharmacogenomics have either widened or reduced health disparities. Specifically, 

the aim of this study was to examine barriers in effectiveness of pharmacogenomics 

related to ‘model performance’ in subgroups of patients. ‘Model performance’ refers 

to the ability of algorithms including clinical, environmental and genetic information 

to guide treatment. These two factors are highlighted (circled) in  

Figure 2.4.  

 

Figure 2.4 Barriers to the delivery of pharmacogenomic interventions  

 

2.3. Methodology  

A theories of change diagram was first created to inform the research question (see 

appendix 1). The systematic literature review protocol was registered with 

PROSPERO, the international database of prospectively registered systematic reviews 

(identification number CRD42016032517, see appendix 2). The review was then 

conducted in accordance to the Centre for Reviews and Dissemination’s (CRD) 

guidance for undertaking reviews in health care.155 The review was reported in 
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accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis with a focus on health equity (PRISMA-E) guidelines.152  

The scope of the research question was partly informed by the Campbell and Cochrane 

Equity Methods Group and the Cochrane Public Health Group who recommend the 

PROGRESS-Plus approach for the analysis of health inequality information. 

PROGRESS-Plus is an acronym for place of residence, race/ethnicity, 

culture/language, occupation, gender/sex, religion, socioeconomic status and social 

capital and “Plus” captures other characteristics which may indicate a disadvantage, 

such as age and disability.157  This approach summarises a number of social 

stratification factors understood to influence health opportunities and health outcomes, 

including the chance to participate and possibly derive health benefits from  specific 

health interventions. Table 2.1 provides a definition of each of the PROGRESS-Plus 

factors. 

Table 2.1 Definitions of PROGRESS-Plus factors 

PROGESS Definition 

Place of residence Rural/urban, country/state, area deprivation, housing 

characteristics 

Ethnicity* Ethnic background 

Occupation Professional, skilled, unskilled, unemployed etc. 

Gender* Male or female 

Religion Religious background 

Education* Years in and/or level of education attained, school type 

Social capital Neighborhood/community/family support 

Socio-economic 

position* 

(SEP/income) 

Income-related measure e.g. means-tested 

benefits/welfare, affluence 

Plus Definition 

All SEP SEP income related, plus occupation, education, and 

elements 

of place of residence 

Age* Age range 

Disability Existence of physical or emotional/mental disability 

Sexual orientation Heterosexual, gay, lesbian, bisexual, transgender  

Other vulnerable 

groups 

School non-attenders, looked after young person (YP), 

YP in criminal justice system, victims of abuse, 

runaways, teenage parents 
* Included measures within this table which data was sought and extracted. 
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2.3.1. Data sources and searches  

The search string included all existing pharmacogenomic interventions described on 

the website of PharmGKB. A total of 201 drugs were identified that had labels 

containing pharmacogenetic information with differing approvals between European 

Medicines Agency (EMA), US Food and Drug Administration (FDA), 

Pharmaceuticals and Medical Device Agency, Japan (PMDA) and Health Canada, 

Santé Canada (HCSC).145 The types of regulatory recommendations provided were 

split into informative pharmacogenetic test (PGx), actionable PGx, genetic testing 

recommended, and genetic testing required.  

The following databases were searched (via Ovid) between January 1999 and January 

2016: Embase, MEDLINE, PubMed, The Cochrane Library and Cochrane Central 

Register of Controlled Trials (CENTRAL) and Web of Science. The search terms 

consisted of two clauses combined with the Boolean ‘AND’ operator. These terms 

pertained to a list of drugs identified from the PharmGKB website and health disparity 

terms which were developed with reference to PROGRESS-Plus factors. The search 

was restricted to studies of human subjects and written in the English language. 

Further articles were identified from searching the grey literature (this pertained to 

searching using google chrome and browsing websites with content related to 

pharmacogenomics) and backward citation searching of the reference lists of included 

studies and from forward citation searching using google scholar. The summary search 

strategy is summarised in Table 2.2 and the complete search strategy is provided in 

Appendix Table 3.  

Table 2.2 A summary of the review search strategy 

Search 

number 

Search terms Articles returned 

(in EMBASE) 

#1 Variations of terms related to ‘health 

disparities’ 

746064 

#2 Variations of terms related to 

‘pharmacogenomic interventions’ 

59761 

#3 #1 and #2  3037 

#4 Limit #3 to (english language and yr="1999 

- 2016") 

2649 

2.3.2.  
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2.3.3. Study selection  

Studies which were published over a period approximately 15 years were reviewed 

and assessed for inclusion in the review. This time horizon was selected to provide a 

review of the most recent literature to address the research question. It was deemed 

that the most recently published literature would provide a  reflective understanding 

of the current impact of PM on health and care disparities. Randomised controlled 

trials (RCTs), prospective and retrospective cohort studies, case-control studies and 

cross-sectional studies were included if they considered the impact of 

pharmacogenomic interventions on health disparities. It has been recommended that a 

wider array of evidence is included in reviews (such as non-randomised studies) as 

systematic reviews which have a focus on health equity may fail to identify 

assessments of effects on health equity due to strict inclusion criteria.157 However, we 

excluded editorials, letters, historical articles, reviews and abstracts. Abstracts, 

editorials, letters and historical articles were excluded as they were deemed to provide 

more limited evidence. Reviews were excluded it was assumed that the search strategy 

was sufficiently broad to capture relevant evidence related to the research question.  

Table 2.3 Inclusion and exclusion criteria 

Domain Inclusion criteria Exclusion criteria 

Study design Randomised controlled studies, non-

randomised controlled studies, observational 

studies and other study types reported from 

1999 onwards.  

Letters, case reports, editorials 

and reports of studies presented 

only as abstracts prior to 2010. 

Participant 

population 

Adults (≥16 years)  Children (<16 years) 

Interventions Pharmacogenomic interventions. These 

interventions may be described as precision, 

individualised, stratified, personalised, genetic 

and/or genomic medicine.  

Interventions which do not 

stratify patient treatment using 

biomarkers or other genetic 

information.  

 

During study selection, only English-language studies were included due to the 

infeasibility of translating studies to English-language for assessment. Studies were 

included if they were based on persons aged 16 years and above that measured 

outcomes directly and indirectly (e.g. self-reported). Studies that focused on 
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genotyping to guide efficacy and discussed health equity issues were included. 

Moreover, studies were included if terms relating to impact on health disparities were 

stated in the title, abstract or keywords of the publication. Studies which discussed 

equity issues related to uptake rates associated with sociodemographic and 

psychosocial factors were outside the scope of this review. A summary of the inclusion 

and exclusion criteria is provided in Table 2.3.   

2.3.4. Screening, data extraction and quality assessment  

Titles and abstracts were screened by one reviewer (Antony Martin, AM) and 30% 

were double screened by a second independent reviewer (Dr Jennifer Downing, JD). 

Full texts were retrieved where reviewers were in agreement that the study met the 

inclusion criteria (99.4% agreement) and consensus was reached by discussion 

between the two reviewers. After determining article inclusion, one reviewer entered 

study data into evidence tables (AM); a second senior reviewer checked the 

information for accuracy and completeness (JD).  

Following study selection, data were then extracted on the following study 

characteristics: year of publication, setting, study type, sample population, genetic test 

and health equity comment. We classified the included studies based on PROGRESS-

Plus items (as described in Table 2.1).21  

AM graded the strength of the evidence using the Grading of Recommendations, 

Assessment, Development and Evaluations (GRADE), quality assessment method is 

described in Table 2.4 and reported in see appendix 4.158 There were four categories 

of quality ratings in GRADE – ‘high’, ‘moderate’, ‘low’ and ‘very low’. Briefly, the 

default quality rating was ‘high’ for evidence from randomised controlled (including 

cluster) trials and ‘low’ for evidence from observational studies. Evidence for each 

study was examined for risks of bias, inconsistency, indirectness, imprecision and 

publication bias. Quality may be rated down if there is evidence of any of these five 

factors; for example, an observational study where risk of bias is judged to be serious 

would be rated down by 1 point from ‘low’ to ‘very low’. Alternatively, quality may 

be modified upward if there is a large magnitude of effect or if any plausible 

confounders were likely to minimize the observed effect. The quality of reporting of 

individual studies was expanded further in the narrative and additional information 

on how ratings were determined for each study was provided.158 
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Table 2.4 GRADE quality assessment criteria 

Study Design Quality of 

Evidence 

Lower if Higher if 

Randomized trial 

→ 

 

High 

 

 

 

Risk of bias 

-1 Serious 

-2 Very serious 

 

Inconsistency 

-1 Serious 

-2 Very serious 

 

Indirectness 

-1 Serious 

-2 Very serious 

 

Imprecision 

-1 Serious 

-2 Very serious 

 

Publication bias 

-1 Likely 

-2 Very Likely 

Large effect 

+1 Large 

+2 Very large 

 

Dose response 

+1 Evidence of a 

gradient 

 

All plausible 

confounding  

+1 Would reduce a 

demonstrated 

effect or 

 

+1 Would suggest 

a spurious effect 

when results show 

no effect 

 Moderate  

 

 

 

Observational study 

→ 

Low 

 

 

 

 Very low 

 

2.3.5. Data synthesis and analysis 

Results are presented as summaries of individual studies and reported in the context 

of the impact of pharmacogenomic interventions on health disparities. An overview 

of study quality using the GRADE method was provided. Following discussions 

between project collaborators definitions for equity considerations were developed. 

Evidence of equity impact was classified as: 

• pro-equity (symbol: +) which refers to reduction in health disparities compared 

with the general population,  

• anti-equity (symbol: -) which refers to an increase in health disparities, and  

• mixed equity (symbol: ?) which refers to some improvement in an outcome for 

a disadvantaged group but health disparities still persist and increase in other 

areas.  
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2.4. Results 

2.4.1. Study Selection and Characteristics  

A total of 4987 papers were identified following the systematic search of electronic 

databases. We retrieved 80 full-text articles, of which four met the inclusion criteria 

for the review and one additional article was identified from a hand search of reference 

lists and therefore five studies which met the inclusion criteria.159–163 No additional 

studies were identified in the grey literature which met the review inclusion criteria. 

Reasons for exclusion are presented in Table 2.3 and both the number of studies and 

reasons for exclusion following full-text review are provided in Figure 2.5. Meta-

analyses were precluded due to heterogeneity in outcomes, methodologies and settings 

precluded.  

Figure 2.5 PRISMA flow diagram displaying articles included and excluded in this 

review 
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The characteristics of the included studies are presented in Table 2.5. Of the studies 

which were identified: four studies were based on evaluating genotype-guided dosing 

of warfarin to provide predictive information on anticoagulation response,159–162 while 

the fifth focused on the use of genotyping to guide treatment of the antiplatelet drug 

clopidogrel.163 No other drug-gene studies met our inclusion criteria.   
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Table 2.5 Summary of included studies  

AA: African–American; ACS: Acute coronary syndrome; B: Black; C: Caucasian; CH: Chinese; E: European; EA: European–American; ETA: East Asian; IWPC: International warfarin pharmacogenetics consortium; 

J: Japanese; M: Maori; PGx: Pharmacogenetic test; PI: Pacific Islander; SD: Standard deviation; T: Total; W: White.   

Reference N Test type Average 
age 

Age range 
or SD 

Women 
%  

Description of sample Country Equity comment 
 

GRADE 

Kealey et al 
(2007)159 

T=362; 
C=194; 
AA=168 

CYP2C9 (*2 and 
*3) and VKORC 
(11173 C/T) 
genotype 

58.7 45-72 30.9 A prospective cohort of patients (of various 
indications) with a target international 
normalized ratio of between 2.0 and 3.0 
were genotyped 

USA Uncertain usefulness of 
variants in African-Americans 
to provide predictive 
information in 
anticoagulation response 

Ethnicity -  3 

Limdi et al (2008)160 T=575; 
EA=302; 
AA=273 

CYP2C9 (*2, *3, 
*5, *6 and *11) 
and VKORC1 
(1173C/T, 
3730G/A, 
2255C/T, 
1542G/C) 
genotype 

61.1 SD +14.7-
16.0 

48.7 A prospective cohort of patients (of various 
indications) with a target international 
normalized ratio of between 2.0 and 3.0 
were genotyped  

USA Inconsistent ability to 
provide predictive 
information in 
anticoagulation response 

Ethnicity -  3 

Gladding et al 
(2009)161 

T=366; 
M=49; 
PI=21; 
CH=9 

CYP2C9 (*2 and 
*3) and VKORC1 
(1639G/A) 
genotype 

68.6 SD +9-12 - A prospective cross-sectional simulation 
study of patients with severe coronary 
disease   

New 
Zealand 

Study guides warfarin 
maintenance dose and 
therefore may reduce ethnic 
disparities in treatment 
outcomes 

Ethnicity + 2 

Chan et al (2012)162 T=3672; 
W=2543; 
B=639; 
J=227; 
CH=263 

CYP2C9 (*2 and 
*3) and VKORC1 
(1639AA)  
genotype 

-  - - Patients included in IWPC dataset from 22 
study sites with a target international 
normalized ratio of between 2.0 and 3.0  

Singapore Warfarin PGx testing reduces 
inaccurate dosing in white 
patients but black, Japanese 
and Chinese do not benefit 

Ethnicity -  3 

Panattoni et al 
(2012)163 

T=13608; 
E=-; M=-; 
ETA=-; 
PI=- 

CYP2C19 (*2) 
genotype 

- 45-80 - Cost-effectiveness analysis using 
international multicentre RCT data of 
genetic testing for CYP2C19 variants to 
guide thienopyridine treatment patients 
with ACS  

New 
Zealand 

Treatment strategy has 
potential to reduce ethnic 
health disparities 

Ethnicity +  2 
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Studies which were included for data extraction comprised two from the USA,159,160 

two studies from New Zealand161,163 and one study from Singapore.162 Of the included 

studies, four were prospective cohort studies159–162 and one study by Panattoni et al.163 

was a cost-effectiveness analysis. The quality of reporting is shown in Table 2.4 

according to the GRADE criteria. Initially, four of the studies159–162 were rated up due 

to consistent identification of association between cytochrome P450 (CYP) 2C9 

(CYP2C9) enzyme and vitamin K epoxide reductase complex 1 (VKORC1) gene and 

warfarin dose requirements to achieve anticoagulation control. While, the fifth 

study163 was rated up due to consistent identification of association between CYP2C19 

enzyme and metabolism rates of clopidogrel.  

There was limited risk of bias due to study design, importance of recruitment setting, 

presence of self-reported information and response rate. However, of the five studies, 

two studies161,163 were subsequently rated down due to use of prediction modelling 

simulation and possible indirectness issues. Both indirectness (e.g. comparators used) 

and imprecision (e.g. due to inaccuracies in measurement) were not substantial 

concerns for other included studies. Overall, three studies were deemed to be of 

‘moderate quality’159,160,162 and the remaining two studies were deemed of ‘low 

quality’161,163. 

Of the five studies identified, three studies of genotype-guided dosing of warfarin 

reported that ethnic disparities in health care may widen.159,160,162 In contrast, one study 

of genotype-guided dosing of warfarin and one study of genotype-guided anti-platelet 

therapy reported that ethnic disparities in health care may reduce.161,163 In all five 

studies, the impact on disparities in health care was discussed but none of the studies 

quantified the resulting predicted increase or reduction in disparities in health care.   

2.4.2. Predicted impact of genotype-guided dosing of warfarin and health 

disparities  

A study by Gladding et al.161 reported that genotype-guided dosing of warfarin could 

theoretically reduce ethnic health disparities as personalizing treatment using 

pharmacogenetics enables improved treatment by addressing underlying genetic 

differences between individuals. The study tested the frequency of known important 

variants within the VKORC1 (1639G/A) and CYP2C9 (*2 and *3) genes  in a 

population of cardiac patients and then performed a simulation, based on genetic and 
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personal factors, to estimate the mean dose of warfarin for different South Pacific 

ethnic groups.161 The authors report that while genetic variability within an ethnic 

group can be greater than between ethnic groups, no data existed for dose requirements 

in populations of Maori or Pacific Islander in New Zealand, nor have these groups 

been studied extensively in terms of pharmacogenetics. Gladding and colleagues 

highlighted the importance of trial participation and long-term data collection for 

potentially under-served groups.161 Moreover, lack of trial participation and data 

collection can lead to mistreatment for understudied groups and therefore the potential 

treatment benefits may not be fully generalizable.149   

In studies by Kealey et al.,159 Limdi et al.160 and Chan et al.162 the authors highlighted 

inconsistencies in the ability to provide predictive information for anticoagulation 

response with genotype-guided dosing of warfarin for certain ethnic groups compared 

to Caucasians. Moreover, these studies reported that health disparities widen due to 

poor characterization of genetic variants for certain groups of patients. Kealey et al. 

reported that at the time, no studies had been completed to evaluate whether genetic 

variation in CYP2C9 was useful in predicting warfarin response in African-

Americans.159 A subsequent study by Limdi et al.160 found that CYP2C9 and 

VKORC1 accounted for up to 30% of the variability in warfarin dose among 

European-Americans and 10% among African-Americans. Limdi and colleagues 

concluded that although CYP2C9 and VKORC1 genotyping has the potential to 

facilitate the development of individually tailored warfarin dose in both African-

Americans and European-Americans, the ability to predict over-anticoagulation risk 

was limited to European-Americans.160 A further study by Chan et al.162 also found 

that there are different dose requirements between different races and that there was 

considerable overlap in dose distributions depending on genotype combinations. Chan 

and colleagues revealed that genotype-guided dosing of warfarin can reduce 

inaccurate dosing by 18-24% in white individuals, whereas black, Japanese and 

Chinese individuals were not found to benefit from genotype-guided dosing of 

warfarin over standard dosing algorithms.162   
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2.4.3. Genotype-guided treatment compared with treatment of clopidogrel or 

prasugrel alone and health disparities 

A clinical trial found that patients with acute coronary syndromes (ACS) and reduced 

function allele CYP2C19*2 (*2 allele) who are treated with thienopyridines (anti-

platelet medications), have an increased risk of adverse cardiac events with 

clopidogrel, but not prasugrel because prasugrel activation is not predominantly 

dependent on oxidation by the enzyme CYP2C19. A study by Panattoni et al. (2012)163 

found that genotype-guided treatment compared with standard treatment of 

clopidogrel is a potentially cost-effective strategy for the entire New Zealand 

population and in particular for Maoris and Pacific Islander patients. It was reported 

that Maori and Pacific Islander ethnicities have a relatively high incidence of 

CYP2C19*2 allele and therefore poor metabolizers of clopidogrel were more 

commonly identified. Increased cost-effectiveness was found in Maori and Pacific 

Islander ethnicities due to enhanced efficacy.163 Therefore, the authors concluded that 

the introduction of genotype-guided clopidogrel dosing has the potential to reduce 

ethnic disparities in health care as a result of enhanced treatment efficacy within a 

disadvantaged population group.163 

2.5. Discussion of the findings 

Our review which aimed to explore the impact of differing treatment responses on 

disparities in health care has highlighted a paucity of evidence and underreporting as 

only 5 studies were identified. The data that were available centered on differing 

pharmacogenomic treatment responses in different ethnic groups and how this may 

lead to disparities in health care. The case-studies of genotype-guided dosing of 

warfarin and genotype-guided treatment of clopidogrel revealed several barriers which 

need to be overcome in order to fully realize potential treatment benefits.149 Most 

striking from our analysis is that no papers were identified which determined whether 

there were health disparities in the same ethnic group within the same country.  

Disparities in health care may be determined by many different factors and therefore 

more research is needed as pharmacogenomic interventions become implemented into 

practice. It is anticipated that research may have been hindered by the relative lack of 

implementation into clinical practice due to associated lack of cost-effectiveness 

evidence to demonstrate the value of pharmacogenomic interventions to decision-



75 

 

makers. A systematic literature review by Plumpton et al. (2016) found robust 

evidence of cost-effectiveness for pharmacogenomic testing for prevention of adverse 

drug reactions only existed for a limited number of drugs (abacavir, allopurinol, 

carbamazepine, clopidogrel and irinotecan) even though over 200 drugs were 

identified with labels containing pharmacogenetic information.164 A more recent study 

by Payne et al. (2018) found that there is emerging economic evidence base for genetic 

tests.165 However, new methodological, technical practical and organisational 

challenges need to be faced to support health economic decision-making to ensure 

translation to clinical practice.165  

Warfarin has historically been the most widely prescribed anticoagulant and the 

review identified studies which assessed the clinical benefits of pharmacogenomic-

guided dosing of warfarin therapy.  Warfarin has a narrow therapeutic index and thus 

ensuring the correct dose is crucial to prevent either excessive or insufficient 

anticoagulation.166,167 It has been estimated in the US that hospital admissions related 

to warfarin complications were estimated to cost on average US$10,819 per patient 

and that the cost of drug-related morbidity and mortality exceeded US$177 billion.168 

Recently the results of two large RCTs which evaluated genotype-guided dosing of 

warfarin were published, one which was conducted in Europe (EU-PACT)166 and the 

other in the USA (COAG).167  

EU-PACT demonstrated that genotype-guided dosing compared to fixed loading dose 

regimen in newly diagnosed patients with thromboembolic disorder in the UK and 

Sweden found an improved achievement of the primary outcome of percentage time 

within target INR (TTR) evaluated over 3 months.166 Further, a cost-effectiveness 

analysis of the EU-PACT trial showed that genotype-guided dosing in the UK and 

Swedish populations was efficient when compared with current standard clinical 

care.169 COAG failed to show an improvement in TTR compared to a clinical 

algorithm.167 African-American patients in COAG were less likely to achieve TTR in 

the genotyped arm compared with the control arm167 While EU-PACT consisted of an 

ethnically homogenous cohort (97% white), COAG was an ethnically heterogeneous 

cohort (67% white, 27% black, 6% Hispanic). CYP2C9 *2 and *3 allele frequencies 

are lower in African Americans than European Americans (1% and 2%, respectively 

and 6% and 10%, respectively), while other SNPs are present in African Americans 
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but are rare in Caucasians (CYP2C9*8 and *11). The latter SNPs however were not 

assessed to inform dosing African American patients in COAG.166,167  

It is apparent that ethnicity-stratified research may improve tailoring of treatments to 

the individual patient. However such research should ensure sufficient recruitment 

across diverse populations.170 Such population-specific warfarin pharmacogenomic 

dosing algorithms are likely to address, at least in part, a source of health disparities 

in underserved groups of pharmacogenomic research.170–172 Pharmacogenomic 

interventions have the potential to improve health outcomes across individuals. 

However, an alternative view held is that while pharmacogenomics offers benefits, in 

this case, the genotype-guided dosing offers benefits to European (white) patients 

only; genotype-guided dosing based on allele frequencies in diverse groups was not 

possible. While it is possible that weaker predictors of response are available for 

diverse groups of patients, a lack of inclusion of diverse populations in studies may 

have slowed the development of other markers to inform treatment. As illustrated in 

Figure 2.6, few CYP2C9 studies have been conducted in South America, Africa and 

across Asia when compared with Europe and the USA. As described previously, white 

people of European ancestry represent over 80 percent of participation in GWAS 

studies, despite only representing a fraction of the global population.173  

Figure 2.6 Map to show the number of CYP2C9 clinical studies by region recorded on 

clinicaltrials.gov  
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Clopidogrel is a commonly prescribed antiplatelet drug. Clopidogrel is a prodrug 

which is metabolised by CYP2C19 to become active. While patients with reduced-

function variants (*2, *3, *4 and *8) require higher doses of the drug, patients with a 

gain-of-function variant (*17) require lower dose.174 Individuals may have a 

combination of variants and the Clinical Pharmacogenetics Implementation 

Consortium (CPIC) has developed guidelines for differing metabolism rates to inform 

treatment strategies.175 Figure 2.7 describes a clinical algorithm used for CYP2C19 

genotype-guided antiplatelet therapy for individual patient. On the basis of CYP2C19 

genotype, individuals are described as ultrarapid, extensive, immediate or poor 

metabolisers. As such, the individual may be recommended a standard dose of 

clopidogrel (if ultrarapid or extensive metabolisers) or the clinician may consider 

alternative an antiplatelet therapy (if immediate or poor metabolisers).  

Figure 2.7 An example of a clinical algorithm to guide choice of antiplatelet therapy 

based on CYP2C19 variants for ACS/PCI patients 

 

1Other actionable CYP2C19 genotypes exist beyond those described and likewise, 

2prasugrel, ticagrelor or other antiplatelets may be recommended when not clinically 

contraindicated. ACS, acute coronary syndrome; EM; IM, intermediate metabolizer; 

PCI, percutaneous coronary intervention; PM, poor metabolizer; UM, ultrarapid 

metabolizer. Adapted from Scott et al. (2013).175 

The prevalence of variants differs by ethnicity; the most common CYP2C19 loss-of-

function (LOF) allele is *2 with allele frequencies of 29-35% in Asians and only ~15% 

in Caucasians and Africans.175 The identified New Zealand study by Panattoni et al. 

(2012)163 highlights how variation in the frequency of the variant allele in certain 
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ethnic populations (New Zealand Europeans (15%), Maoris (24%), Asians (29%) and 

Pacific Islanders (45%)) can confer benefits in that population and potentially reduce 

health inequalities if the population who benefit most are disadvantaged.   

It is important to note that clopidogrel treatment failure is multi-factorial as non-

compliance, drug-drug interactions and comorbidities may also have a clinically 

significant impact on health outcomes.176 Therefore to date, due to a lack of 

prospective data from RCTs which would adjust for confounding factors, genotyping 

to identify CYP2C19 LOF alleles is not yet widely recommended as part of routine 

clinical care.176 Although, two large prospective RCTs (TAILOR-PCI and POPular 

Genetics study) are underway to address this gap in clinical evidence.176 However, 

similar to the findings presented in Figure 2.6, the global distribution of CYP2C19 

clinical studies has been unequal as illustrated in Figure 2.8. 

Figure 2.8 Map to show the number of CYP2C19 clinical studies by region recorded on 

clinicaltrials.gov  

 

From both pharmacogenomic examples, it is apparent that identifying genetic variants 

in genes across an ethnically diverse population can improve treatment algorithms to 

optimise care. A report by the PMI Working Group further explains that knowledge 

of genetic variability in different ethnic groups is necessary to identify variations in 

disease etiology and course.75 The results of this review identified a small number of 

studies which have focused on the impact of pharmacogenomics on health disparities. 

However, from our findings it is difficult to state with any degree of certainty as to 
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whether health disparities have been widened or reduced by pharmacogenomic 

interventions. Indeed, the results from this review should be treated with caution as 

‘absence of evidence is not evidence of absence’.177,178  

Access to, and knowledge-based disparities in, implementation of pharmacogenomics 

in clinical practice may be compounded by a paucity of evidence of clinical 

effectiveness in underserved groups. Furthermore, provider and patient relations are 

paramount for the potential realisation of PM. There is known substantial disparity in 

uptake of genetic tests, which has been found to be associated with a range of 

psychosocial, sociodemographic factors and clinical factors.179 However it is 

important to understand whether this disparity relates is associated with differing 

health care need. It is therefore important to explore whether such a disparity in uptake 

is appropriate. As such, proactive initiatives to minimise and prevent unwarranted 

disparities should be encouraged. This should include conscious decisions to ensure 

that there is participation across sociodemographic groups during the development 

phase to ensure that the potential benefits from pharmacogenomic research are fully 

realized.149,180   

A limitation of the scope of this review was that impact on health disparities is rarely 

reported in primary clinical studies and observational studies. Moreover, the electronic 

search may have failed to identify potential sources of evidence if terms relating to 

impact on health disparities were not stated in the title, abstract or keywords of the 

publication. Another limitation was that only studies which were written in English 

language were included. As such, there may be relevant studies which were written in 

another language which may have been informative. It is possible that studies 

published in developing countries may have found evidence in support of PM in 

reducing health and care disparities. Furthermore, none of the included studies 

attempted to numerically quantify the overall impact of pharmacogenomic-guided 

interventions on health disparities.159–163 Despite these limitations, it is important to 

emphasise again that we did not identify any studies that specifically evaluated health 

disparities caused by pharmacogenomics within the same ethnic group in the same 

country.  

To address some of the limitations identified and as an alternative approach to 

searching the literature, additional search terms relating to countries and race would 
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have been included. Further, the mentioning of specific genes and alleles would have 

been included in the search strategy. Alternatively, the review would have focused on 

reviewing all warfarin pharmacogenetic studies for evidence of association between 

‘health disparity factors’ and clinical parameters (dose adjustments and INR for 

example) and health outcomes.  

A report by the WHO Commission on Social Determinants of Health (2008) 

highlighted the overarching importance of improving daily living conditions and 

combating the inequitable distribution of money, power and resources in reducing 

health disparities.181 While pharmacogenomics is not a main determinant for 

population health, since translation of research is at such an early stage, a proactive 

approach provides an opportunity to ensure future advancements benefit 

disadvantaged populations.  

In summary, this review has highlighted that there is limited analysis and reporting of 

impact on health disparities in pharmacogenomics studies. In the literature, it is widely 

acknowledged that concerted efforts are required to ensure that the underserved and 

vulnerable populations also have future access to clinical innovations. However, 

whether this is happening is unclear at present, and thus future pharmacogenomics 

studies should incorporate equity assessments to address the existing gap in evidence.  

See appendix 17 and 18 for manuscript publications related to this research. 
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2.6. Implications for future research 

The review highlighted that there exists a paucity of evidence relating to equity 

considerations in clinical studies of PM. Although equity considerations in the 

evaluation of traditional medicine is also uncommon, there is a special case for 

ensuring the translation of pharmacogenomic interventions do not widen health 

disparities. The special case relates to the concern that pharmacogenomics research 

will focus among populations that are seen to constitute larger, more profitable market 

shares. Further, there is concern that there is a lack of regulatory measures that would 

counter potential disincentives for the development of pharmacogenomic 

interventions for potentially less profitable patient populations.  

The example of trastuzumab (Herceptin) therapy in patients with HER2-positve breast 

cancer, illustrates a fast and successful adoption of a pharmacogenomic intervention. 

Trastuzumab therapy has been described as the “poster child” for precision 

medicine.182 It was reported that in the first full year following FDA approval in 1998, 

sales were in excess of $188 million the USA alone and global sales for 2017 were in 

excess of $7 billion.182,183 This exemplifies the level of potential financial incentives 

available to investors, biotechnology and pharmaceutical companies, however PM has 

been slow to translate from ‘bench to bedside’.  

Historically, the major barriers to translation were scientific. Yet, despite vast 

scientific advancements, the major barrier to care are costs of new interventions. 

Currently, there exists poor alignment of incentives among key stakeholders and 

therefore actions are needed to overcome such economic challenges to fully realise the 

potential of PM. Increasingly, payers request that evidence of cost-effectiveness and 

the budgetary impact of an intervention is demonstrated to ensure that the 

commissioning of an intervention is both efficient and affordable.137,184 Such financial 

barriers are combined with other concerns related to difficulties in ensuring standard 

clinical protocols are adhered to, that appropriate care is provided and that patients are 

not harmed.184  

Genotype-guided dosing with warfarin. By contrast, tests which have a low probability 

of identifying patients who require a given intervention, may not be cost-effective. For 

example, BRCA1/2 gene variants may predict the risk of breast and ovarian cancer. 

However, BRCA1/2 variants in the general population are relatively rare so that this 
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test would only be cost-effective when performed on a patient with a family history of 

breast and ovarian cancer as it would be more likely that a variant would be identified. 

Therefore, PM may potentially offer cost savings but may also increase the financial 

burden to payers.184 

In a climate of rising health system costs and pressures to reduce spending, there is 

concern over which genotypes will be the foci of interest for future PM research. There 

may be lower financial incentives for the companies to develop interventions which 

target smaller population groups. As such, racial profiling may occur as a consequence 

of insufficient incentives for companies to develop PM for ethnic/racial minority 

groups. One solution may be to ensure interventions which are developed for minority 

(and other disadvantaged) patient populations that are highly effective are rewarded 

as they may contribute to reducing health disparities. Certainly, genetic research in 

diverse populations can benefit everyone. When researchers only examine European 

DNA, the researchers find variants that are common among Europeans. However, the 

benefit of studying non-European populations is that researchers may identify variants 

that contribute to diseases that are common in those populations, which are less 

common in European populations. Therefore, more research which includes diverse 

populations has the potential to help to generate new treatments for all populations.135 

As such, more funding should be prioritised to conduct minority-focused genetics 

research.  

To date, race has commonly been used as a method of segmenting the population for 

evaluating the effectiveness of pharmacogenomic interventions in race population 

groups. However, increasingly scientists are discontinuing the use of race to categorise 

patients in biological and genetic research.185  It has been suggested that the use of 

race for identifying potentially important SNPs has merely been an interim strategy 

and that as genetic sequencing technologies continue to develop, such stratification 

will eventually disappear from the genetic sciences altogether.186 However, race as a 

social construct should still be studied by social scientists to better understand the 

impact of racism on health. Race should still be included in health research as it 

remains an important variable to monitor health and care disparities.   

Significant challenges remain for controlling for stratification in pharmacogenomic 

research to permit replication and comparability of study outcomes. Indeed, scientists 
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have reported that poorly defined phenotypes have restricted the replication of studies 

by using the racial or ethnic identity of individuals recruited to the studies instead of 

providing more precise information about the underlying substructure among 

populations which may affect the results of the study. It is reported that, a failure to 

account for variation within a study population, for example, often referred to as black, 

African American, or white, Caucasian, European, can misconstrue findings. Studies 

still confuse terms with the use of non-equivalent terms such as ‘white’ and African 

American’ where skin colour and geographical ancestry are mixed.173  

Population stratification by race and ethnicity remains a controversial topic in genomic 

research. Different descriptions of race and ethnicity have been used as ‘a fast and 

cheap’ genetic test. However, this suggests that the population may be homogenous, 

but such groupings are inaccurate as different allele frequencies of genes exist and 

membership of such race/ethnic group may merely be a confounding factor. It is 

unknown the overall consequence of such assumptions on health outcomes. Although 

it has been reported that characterizing the ancestry of DNA in a more rigorous and 

meaningful manner is critical for progress in pharmacogenomic research.173 An 

alternative approach suggested is to use a more narrow phenotype definition as a 

simpler approach to clarifying the genetic architecture of study populations and this 

may help to more accurately replicate studies.187  

In summary, pharmacogenomic interventions have the potential to reduce health 

disparities, but there is concern that health disparities could also widen. Moreover, 

strategies need to be developed to ensure pharmacogenomic research is representative 

and that minority-focused research is funded or incentivised.  Furthermore, more 

accurate descriptions to stratify populations are needed as it is anticipated that more 

narrow phenotype definitions will permit more accurate study replication.     
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3. An examination of disparities in the initiation of targeted 

trastuzumab therapy in patients with breast cancer  

In chapter 1, the expression of the human epidermal growth factor receptor 2 (HER2) 

was introduced as example of a prognostic and predictive biomarker to guide 

trastuzumab (Herceptin) therapy in breast cancer patients. Indeed, the expression of 

HER2 is of both prognostic value in determining the course of disease and is predictive 

of treatment benefit. As described in Chapter 2, trastuzumab therapy in patients with 

HER2-positive breast cancer is seen as one of the early and successful translations of 

PM, from ‘bench to bedside.’  

Chapter 2 reviewed studies which examined the impact of pharmacogenomic 

interventions on health disparities. However, there was limited consideration, analysis 

and reporting of the impact on health disparities. In the literature, it is recognised that 

concerted efforts are needed to ensure disadvantaged populations have access to 

clinical innovations. Although to-date, few clinical studies assess the impact on health 

disparities. In chapter 3, as an alternative approach I aim to explore how uptake of PM 

may differ in the clinical setting.  This alternative methodology was employed to 

assess the impact of targeted trastuzumab therapy in patients with breast cancer on 

health disparities. A systematic review and meta-analyses were conducted to examine 

differences in initiation of therapy by clinical, psychosocial and sociodemographic 

subgroups of patients.  

3.1. Background 

To date, health inequalities research in patients with breast cancer have largely 

centered on disparities by race, particularly from USA based studies. The causal 

framework for such health disparities may be impacted by both upstream and 

downstream factors. Studies have found that black patients with HER2-positive 

metastatic breast cancer have poorer prognoses as they are more likely to have an 

aggressive subtype of cancer associated with higher mortality.188,189 However other 

studies have argued that other factors could explain increased mortality risk as black 

patients are diagnosed at a more advanced stage.190  

Later diagnosis may be caused by lower frequency of mammograms, longer waiting 

times between mammograms and less follow-up of suspicious results. Therefore 
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poorer prognosis may exist in part because of later stage diagnosis, but also poorer 

stage specific survival due to greater prevalence of aggressive subtypes of cancer in 

black patients.188,189 Figure 3.1 illustrates how breast cancer mortality and incidence 

in the USA has varied by race over time. The figure shows that overtime (between 

2000 and 2015) the incidence of breast cancer cases has converged, although the 

relative difference between white deaths and black deaths has increased. Other data 

from the NIH NCI have shown that relative survival of female breast cancer patients 

in the USA varies significantly with 85% of white patients, compared with only 70% 

of black patients surviving 10 years or more and this is illustrated in Figure 3.1. 

Figure 3.1 USA Breast Cancer Cases by Race 

 

Data sourced from NIH National Cancer Institute (NCI).191 

 

Data sourced from NIH NCI.191 



87 

 

Health disparities due to aggressive subtypes of cancer and delays in diagnosis may 

be compounded by unequal access to high quality treatment, longer delay from 

diagnosis until treatment, lower likelihood of completing treatment and increased 

treatment refusal may have attributed to disparities in survival.190,192 As such, the 

example of trastuzumab was selected to explore inequalities in uptake of therapy in 

eligible patients with HER2-positive breast cancer.  

Trastuzumab (Herceptin) is a monoclonal antibody which targets the extracellular 

domain of the HER2 receptor and acts by different mechanisms to inhibit cell growth 

by prevention of HER2 dimerization, downregulation of the HER2 receptor by 

endocytic destruction of the receptor, accumulation of the cyclin-dependent kinase 

(CDK) inhibitor p27 and cell cycle arrest, induction of antibody-dependent cellular 

cytotoxicity, and inhibition of constitutive HER2 cleavage/shedding mediated by 

metalloproteases.126 Over-expression of the human epidermal growth factor receptor 

2 (HER2) is seen in approximately 15-30% of breast cancers in women and is of both 

prognostic value and predictive of treatment benefit.120,121 Indeed, trastuzumab 

therapy has revolutionised the treatment of HER2-positive disease in both 

adjuvant120,122–125 and metastatic settings.121  

Since approval for use by the European Medicines Agency (EMA) and US Food and 

Drug Administration (FDA), trastuzumab targeted therapy has been rapidly adopted 

for use.193 The American Society for Clinical Oncology (ASCO) and the European 

Society for Medical Oncology (ESMO) recommend testing every primary invasive 

breast cancer to guide HER2-targeted therapy.194,195 Trastuzumab therapy is widely 

considered a highly effective treatment with a favourable benefit/risk profile with 

gains in overall survival.196,197 Despite concern of a relatively high acquisition cost, 

trastuzumab therapy in HER2 positive breast cancer patients was widely found to be 

a cost-effective oncology therapy across payers within developed countries.196–198 

However, little is known about inequalities in the  implementation of targeted 

trastuzumab therapy in clinical practice.193  

In England, trastuzumab may be recommended as a treatment option for women with 

early and locally advanced breast cancer. Trastuzumab may be given at 3-week 

intervals for 1 year or until disease recurrence (whichever is the shorter period). It may 

be offered as treatment option in early-stage HER2-positive breast cancer following 
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surgery, chemotherapy (neoadjuvant or adjuvant) and radiotherapy (as appropriate). 

Decisions about adjuvant therapy is made based on assessment of the prognostic and 

predictive factors, the potential benefits and side effects of the treatment. Although 

trastuzumab is not recommended if the patient is contraindicated e.g. for patients with 

HR2-positive breast cancer but with certain cardiovascular risk factors.199  

Recently, pertuzumab (Perjeta) received a positive recommendation from NICE and 

is offered in combination with trastuzumab and chemotherapy within its marketing 

authorisation for neoadjuvant treatment of HER2-positive breast cancer; that is, in 

adults with locally advanced, inflammatory or early-stage breast cancer at high risk of 

recurrence. However, pertuzumab is recommended with the condition of a confidential 

price discount as agreed in a patient access scheme (PAS).200 A map of the patient 

pathway for patients with early and local advanced breast cancer is provided in Figure 

3.2.   

In England, trastuzumab may be recommended as a treatment option for women that 

are hormone receptor positive and negative with HER2-positive advanced breast 

cancer. In hormone receptor positive patients, trastuzumab in combination with 

paclitaxel is recommended by NICE for those who have not received chemotherapy 

for metastatic breast cancer and in whom anthracycline treatment is inappropriate. 

Also, trastuzumab monotherapy is recommended for hormone receptor-positive and 

HER2-positive who have received at least two chemotherapy regimens for metastatic 

breast cancer. In hormone receptor negative patients, trastuzumab in combination with 

paclitaxel is recommended by NICE as an option for those patients who have not 

received chemotherapy for metastatic breast cancer and in whom anthracycline 

treatment is inappropriate. Further, trastuzumab monotherapy is recommended as an 

option for hormone receptor-negative and HER2-positive patients who have received 

at least two chemotherapy regimens for metastatic breast cancer. A map of the patient 

pathway for patients with advanced breast cancer is provided in Figure 3.3. 
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Figure 3.2 Patient pathway for early and locally advanced breast cancer  

 

Adapted from NICE guidelines.201 
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Figure 3.3 Patient pathway for managing advanced breast cancer 

 

Adapted from NICE guidelines.202 

By 2030, the global rate of women diagnosed with breast cancer is predicted to 

increase to 3.2 million per year. The economic cost of cancer is estimated to be up to 

4% of global GDP and improvements in both treatments and reductions in health 

disparities provide an opportunity to deliver significant economic benefits.203 Since 

2012, the recorded incidence of breast cancer in the USA has converged between black 

and white women,204 but substantial racial disparities have previously been identified 
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in the mortality rate, stage of diagnosis and treatment patterns.205,206 Therefore to 

further explore the impact of treatment patterns on health disparities, a systematic 

review and meta-analyses was posed to examine differences in the initiation of 

trastuzumab therapy by subgroups of patients. 

3.2. Objectives 

In chapter 3, as an alternative approach, I aimed to explore how uptake of PM may 

differ in the clinical setting with the case study of targeted trastuzumab therapy. The 

aim was to examine the comparative uptake of trastuzumab across clinical, 

psychosocial and sociodemographic subgroups of patients to explore equity of access. 

The primary objective of this systematic literature review was to investigate whether 

in HER2-positive breast cancer the uptake of trastuzumab therapy differed.  

3.3. Methods  

The systematic review protocol was registered with PROSPERO, the international 

database of prospectively registered systematic reviews (identification number 

CRD42017073218, see appendix 5), conducted according to the Centre for Reviews 

and Dissemination’s guidance for undertaking reviews in healthcare 155 and reported 

according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

with a focus on health equity (PRISMA-E) guidelines.156  

3.3.1. Data sources and searches  

A systematic search of PubMed, Web of Science, PsychINFO, Cumulative Index to 

Nursing and Allied Health Literature (CINAHL), The Cochrane Library and Cochrane 

Central Register of Controlled Trials (CENTRAL) and Cochrane Methods search was 

conducted to July 2017. The search terms consisted of two clauses combined with the 

Boolean ‘AND’ operator. Filters were applied to restrict studies to human subjects and 

English-language. Further articles were identified from searching reference lists of 

included studies and forward citation searching using Google Scholar.  In addition, 

grey literature was searched by applying a combination of the search terms from the 

original search using Google Scholar. The full search strategy is detailed in Table 3.1. 
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Table 3.1 Search strategy applied across electronic search engines 

PubMed search (26/07/2017) 

  

 

Search Query Items 

found 

1 ((((breast cancer) AND ((oncogene neu) OR epidermal growth factor receptor 2))) OR 

(((((((her2[TW]) OR her 2[TW]) OR erbb2[TW]) OR erbb 2[TW]) OR erb b2[TW]) 

AND breast[TW])) AND (trastuzumab[TW] OR Herceptin[TW])) 

5548 

2 (((((((((((((utiliz*[TW]) OR utilis*[TW]) OR uptake[TW]) OR access*[TW]) OR 

receive*[TW]) OR inequalit*[TW]) OR dispariti*[TW]))) OR inequit*[TW])) OR 

barrier*[TW])) 

2282438 

3 (((((((((((((((utiliz*[TW]) OR utilis*[TW]) OR uptake[TW]) OR access*[TW]) OR 
receive*[TW]) OR inequalit*[TW]) OR dispariti*[TW]))) OR inequit*[TW])) OR 

barrier*[TW])))) AND (((((breast cancer) AND ((oncogene neu) OR epidermal growth 

factor receptor 2))) OR (((((((her2[TW]) OR her 2[TW]) OR erbb2[TW]) OR erbb 
2[TW]) OR erb b2[TW]) AND breast[TW])) AND (trastuzumab[TW] OR 

Herceptin[TW]))) 

1417 

4 (((((((((((((((utiliz*[TW]) OR utilis*[TW]) OR uptake[TW]) OR access*[TW]) OR 

receive*[TW]) OR inequalit*[TW]) OR dispariti*[TW]))) OR inequit*[TW])) OR 

barrier*[TW])))) AND (((((breast cancer) AND ((oncogene neu) OR epidermal growth 

factor receptor 2))) OR (((((((her2[TW]) OR her 2[TW]) OR erbb2[TW]) OR erbb 
2[TW]) OR erb b2[TW]) AND breast[TW])) AND (trastuzumab[TW] OR 

Herceptin[TW]))) Filters: Humans 

1104 

5 (((((((((((((utiliz*[TW]) OR utilis*[TW]) OR uptake[TW]) OR access*[TW]) OR 
receive*[TW]) OR inequalit*[TW]) OR dispariti*[TW]))) OR inequit*[TW])) OR 

barrier*[TW])))) AND (((((breast cancer) AND ((oncogene neu) OR epidermal growth 

factor receptor 2))) OR (((((((her2[TW]) OR her 2[TW]) OR erbb2[TW]) OR erbb 
2[TW]) OR erb b2[TW]) AND breast[TW])) AND (trastuzumab[TW] OR 

Herceptin[TW]) Filters: Humans; English 

1049 

Web of Science search (26/07/2017) 

  
  

Search Query Items 

found 

1 TOPIC: (breast cancer) AND TOPIC: (oncogene neu OR epidermal growth factor 
receptor 2) 

10872 

2 TOPIC: (her2 OR her 2 OR erbb2 OR erbb 2 OR erb b2) AND TOPIC: (breast) 32257 

3 TOPIC: (trastuzumab OR Herceptin) 13473 

4 TOPIC: #1 OR #2 35059 

5 TOPIC: #4 AND #3 8456 

6 TOPIC: (utiliz* OR utilis* OR uptake OR access* OR receive* OR inequalit* OR 
dispariti* OR inequit* OR barrier*) 

3744904 

7 TOPIC: #5 AND #6 1671 

8 TOPIC: #5 AND #6 English only 1650 

 
 

PsycINFO search (26/07/2017) 

  

  

Search Query Items found 

1 TX her2 OR her 2 OR erbb2 OR erbb 2 OR erb b2 OR epidermal growth factor 

receptor OR breast  

58,759 

2 trastuzumab OR Herceptin 37 

3 #1 AND #2 33 
 

 

CINAHL search (26/07/2017) 

  

  

Search Query Items found 

1 TX her2 OR her 2 OR erbb2 OR erbb 2 OR erb b2 OR epidermal growth factor 

receptor OR breast  

113728 

2 TX trastuzumab OR Herceptin 2546 

3 TX utiliz* OR utilis* OR uptake OR access* OR receive* OR inequalit* OR dispariti* 

OR inequit* OR barrier*  

578781 

4 #1 AND #2 AND #3  Language: English 573 

 
 

Cochrane Central Register of Controlled Trials (CENTRAL) and Cochrane Methods search 

(26/07/2017) 

  

  

Search Query Items found 
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1 TX her2 OR her 2 OR erbb2 OR erbb 2 OR erb b2 OR epidermal growth factor 

receptor OR breast  

31332 

2 TX trastuzumab OR Herceptin 1328 

3 TX utiliz* OR utilis* OR uptake OR access* OR receive* OR inequalit* OR dispariti* 

OR inequit* OR barrier*  

265040 

4 #1 AND #2 AND #3  Language: English 606 

 

3.3.2. Study selection  

Prospective and retrospective observational studies, case-control and cross-sectional 

studies were included if they assessed the uptake of trastuzumab therapy in eligible 

HER2-positive early breast cancer or metastatic breast cancer adult patients (>16 

years). The review included studies which measured outcomes directly and indirectly 

(e.g. self-reported). 

Studies were excluded if patients were HER2-negative or where information on uptake 

of trastuzumab therapy was absent. Studies which examined time to initiation, 

duration and completion of trastuzumab therapy were beyond the scope of this review. 

We excluded editorials, letters, historical articles, reviews and abstracts published 

before 2010. As no evidence of a systematic bias exists from the use of English-

language restrictions in systematic review-based meta-analyses in conventional 

medicine, this review included only peer-reviewed, English-language publications.207 

Further information about our inclusion criteria is provided in Table 3.2.  

Table 3.2 Inclusion criteria 

Study design Systematic reviews, randomised, non-randomised and observational studies. 

Population HER2 positive patients with early and locally advanced breast cancer and also patients 

with advanced breast cancer. 

Intervention Targeted trastuzumab therapy.  

Outcomes A comparison of absolute and relative uptake rates of trastuzumab (e.g. by calculating 

odds ratio and risk ratios). Sociodemographic, psychosocial and clinical factors and 

associated uptake rates will be compared. 

Other 
considerations 

The review will include evidence from international studies; however, the appraisal will 

be in the context of developed countries. 

3.3.3. Data extraction and quality assessment  

Search results from databases were combined and duplicates removed. Titles and 

abstracts were screened to determine whether they met the pre-specified inclusion 

criteria by one reviewer (AM) and 10% were double screened by a second independent 

reviewer (MC). Full texts were retrieved where reviewers agreed that the article met 

the inclusion criteria (95.6% agreement) and consensus was reached. After 
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determining article inclusion, one reviewer entered study data into evidence tables 

(AM); a second reviewer (JD) checked 30% of data extracted for accuracy and 

completeness.   

Data were extracted on the following study characteristics: year of publication, study 

type, setting, sample population, source of information, study period, cancer status, 

rate of trastuzumab initiation, and reported clinical, psychosocial and 

sociodemographic factors. The quality of evidence was assessed using the Effective 

Public Health Practice Project (EPHPP) Quality Assessment Tool for Quantitative 

Studies.208 The pre-defined quality assessment criteria include six components: 

selection bias, study design, confounders, blinding, data collection methods, 

withdrawals and dropouts, and global rating. With any study where the inclusion or 

data quality was unclear, the study was discussed with up to two additional reviewers 

(MC and JD).  

3.3.4. Data synthesis and analysis 

Results are presented as summaries of individual studies. Data presented includes 

study type, country, age of participants, study duration, source of information, cancer 

status of participants and the proportion of trastuzumab uptake. In addition, a summary 

of associations between reported clinical, psychosocial and sociodemographic factors 

and uptake of trastuzumab is presented. Each association was classified as tested and 

statistically significant in multivariate analyses, or tested and significant in univariate 

analyses, or tested and not significant. 

For each study, the reported proportions of patients who received or did not receive 

trastuzumab were included in a meta-analysis of pooled uptake. The initiation of 

trastuzumab therapy was largely defined as the receipt of trastuzumab therapy within 

one year of diagnosis. Forest plots of pooled data were prepared with RevMan V5.3 

(RevMan, 2014) using the Mantel-Haenszel method and assuming a random effects 

model to account for heterogeneity between studies. The extent of heterogeneity was 

examined using visual inspection of data, clinical aspects, methodological aspects and 

the Higgin’s I2 statistic.209 Approximately, heterogeneity was classified as low, 

moderate and high with an I2 of 25%, 50% and 75%, respectively.210 In addition, the 

non-parametric Cochran’s Q test assessed statistical differences in proportions of 
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uptake by matched sets. The weighted mean estimate from each study was used and 

95% confidence intervals (95% CI) were calculated using normal approximation.  

The uptake of trastuzumab therapy were pooled by the geographical location of each 

individual study and due to large variability in uptake by country, studies were 

grouped by continent. Meta-analyses were also conducted where the proportion of 

uptake were classified by subgroup of clinical, psychosocial or sociodemographic 

factor. Clinical factors included tumour stage, tumour grade, tumour size, lymph node 

spread, hormone receptor status, number of comorbidities, cardiovascular events, 

surgery type and year of diagnosis. Psychosocial factors included the interrelation of 

social factors and patient behavior. Sociodemographic factors included education 

level, socioeconomic status, employment, insurance coverage, marital status, age, 

race/ethnicity and geography. 

3.4. Results  

3.4.1. Study selection and characteristics  

Following removal of duplicates, a total of 2651 papers were identified by the search 

of electronic databases. A total of 107 observational studies, of which 26 met the 

inclusion criteria for the review and 7 additional articles were identified from a search 

of reference lists and citations searching which resulted in 33 studies which met the 

inclusion criteria. The review flow diagram and reasons for exclusion are presented in 

Figure 3.4 and the details of included studies are summarized in Table 3.3.  
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Figure 3.4 PRISMA flow diagram displaying articles included and excluded in this 

review 
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Table 3.3 Summary of studies included in review   

Reference Study type Country Mean age 

(range) 

Study period 

time 

Source of information Cancer 

status 

TTT initiation 

Adusumilli et 
al. (2017) 

Retrospective cohort 
study 

India 50 (27-76) January 2007 to 
December 2013 

Private payment for therapy,  Department of Medical Oncology, 
Nizam’s Institute of Medical Sciences, Hyderabad, Telangana 

EBC 76/212 (35.8%)c 

Barron et al. 

(2009) 

Retrospective cohort 

study 

USA 53.8 (SD 

10.9) 

1 June 2005 to 30 

June 2006 

Administrative health claims from three commercial health plans 

located in westem and southeastern U.S 

MBC 51/72 (70.8%)d 

Boons et al. 

(2016) 

Retrospective cohort 

study 

Netherland

s 

- June 2008 to 

December 2009 

7 randomly selected Dutch hospitals (3 general hospitals, 2 top 

clinical hospitals, 1 academic hospital, and 1 specialized oncology 
hospital) 

EBC 

MBC 

EBC: 147/160 (91.9%)c 

MBC: 75/91 (82.4%)c  

Byfield et al. 

(2016)  

Retrospective cohort 

analysis 

USA 52 (SD 9) 1 January 2008 to 

31 August 2013 

Physician-reported data for insured patients, Oncology Management 

Registry linked with Optum Research Database 

EBC 662/915 (72.3%)d 

Chan and 

McGregor 
(2012) 

Prospective cohort 

study 

Australia  56 (29-90) 1 October 2006 to 

31 March 2009 

Private hospital, Mount Hospital EBC Private hospital: 110/110 

(100.0%)c  
Other setting: 13/25 (52.0%)c 

Chavarri-

Guerra et al. 

(2014) 

Cross-sectional 

survey 

Mexico - - Web-based survey of Mexican Oncologists (18.6% response) BC <1 cm tumors: 54.3%c 

>1 cm tumors: 77.5%c   

Coulson et al. 
(2010) 

Retrospective cohort 
study 

UK 68 (34-91) September 2007 
to August 2008 

North Trent Cancer Network  EBC 129/185 (69.7%)d 
4/14 (28.6%) borderline HER2+d 

Cyr et al. 

(2011) 

Retrospective cohort 

study 

USA 84 (80-96) 1 January 1998 to 

30 June 2009 

John Cochran Veterans Hospital, St. Louis, Missouri EBC 1/11 (9.1%)c  

Freedman et 

al. (2013) 

Retrospective cohort 

study 

USA - September 2005 

to December 2009 

NCCN Breast Cancer Outcomes Database Project  EBC 920/1109 (83.0%)f 

Goddard et al. 
(2012)a 

Retrospective cohort 
study 

USA - 1 January 1998 to 
31 December 

2007 

Kaiser Permanente Northwest (KPNW), Oregon and Southwest 
Washington 

EBC 
MBC 

1998-2004: 35/366 (9.6%)c 
2005-2007: 71/130 (54.6%)c 

Goddard et al. 

(2012)a 

Retrospective cohort 

study 

USA - 1 January 1999 to 

31 December 
2007 

KPNW Oregon and Southwest Washington EBC 

MBC 

1999-2005: 33/63 (52.4%)c 

2006-2007: 28/33 (84.8%)c 

Haas et al. 

(2011) 

Retrospective cohort 

study 

USA 54 (35-65) 1 July 2006 to 30 

June 2008 

Claims from large national health plan, Aetna, Hartford, CT EBC 79/137 (57.7%)c 

Harris et al. 

(2013) 

Retrospective cohort 

study 

Australia 55 (21-91) 2008 to 2011 Four Sydney-based cancer centers EBC 168/176 (86.7%)c 

Herk-sukel et 
al. (2013) 

Retrospective cohort 
study 

Netherland
s 

48.8 (-)b 1 January 2000 to 
31 December 

2008 

Eindhoven Cancer Registry linked to the PHARMO Record  BC Adjuvant chemo 43/58 (74.1%)c 
Palliative chemo 22/24 (91.7%)c 

Kaufman et 

al. (2012)a 

Prospective cohort 

study 

USA 54.6 (20-

92)b 

December 2003 to 

February 2006 

registHER study  MBC 841/1001 (84.0%)c 
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Reference Study type Country Mean age 

(range) 

Study period 

time 

Source of information Cancer 

status 

TTT initiation 

Li et al. 
(2017) 

Retrospective cohort 
study 

China - 2010 to 2015 13 hospitals in Eastern China EBC 
MBC 

EBC: 412/1017 (40.5%)c 
MBC: 366/720 (50.8%)c 

Liebrich et al. 

(2007) 

Cross-sectional 

survey 

Germany 57.4 (20-

89) 

2007 ONkeyLINE (voluntary tumour registry), Lower Saxony EBC  334/433 (77.1%)f 

Marla et al. 

(2010) 

Audit UK - 2007 to 2008 Six UK hospitals EBC 238/386 (61.7%)c 

Munck et al. 
(2011) 

Retrospective cohort 
study 

Netherland
s 

60 (21-101) September 2005 
to January 2007 

Netherlands Cancer Registry EBC 1057/1928 (54.8%)c 
1057/1114 (94.9%) (with 

adjuvant chemotherapy)c 

Neugut et al. 

(2014) 

Retrospective cohort 

study 

USA 56.0 (40-

79)b 

May 2006 and 

June 2010 

BQUAL study: New York City  EBC   119/152 (78.3%)c 

Noonan et al. 
(2012) 

Retrospective cohort 
study 

Canada 56 (-) January 2005 to 
January 2010 

Newfoundland and Labrador Provincial Tumour Registry EBC 113/148 (76.4%)c 

Palmieri et al. 

(2011) 

Retrospective cohort 

study 

UK 52.3 (31.1-

80.7) 

January 2006 and 

December 2008 

Imperial College Healthcare NHS Trust EBC 128/177 (72.3%)c 

Peters et al. 

(2015) 

Retrospective cohort 

study 

Germany 64 (-)b 2006 to 2013 Patients’ Tumor Bank of Hope database EBC 255/331 (77.0%)c 

Reeder-Hayes 
et al. (2016) 

Retrospective cohort 
study 

USA 75.4 (-)b 2009 to 2013 Surveillance, Epidemiology, and End Results SEER-Medicare–
linked data set 

EBC 672/690 (97.4%)f 

Rugo et al. 

(2013)a 

Prospective cohort 

study 

USA 53.5 (20-

93) 

December 2003 to 

February 2006 

registHER study  MBC 772/919 (84.0%)g 

Seferina et al. 

(2015)a 

Retrospective cohort 

study 

Netherland

s 

51 ( 27–72) January 2005 to 

December 2007 

Five Dutch hospitals in southeast Netherlands EBC 196/251 (78.1%)c 

Seferina et al. 

(2016)a 

Retrospective cohort 

study 

Netherland

s 

- January 2005 to 

December 2007 

Five Dutch hospitals in southeast Netherlands EBC 230/269 (85.5%) (with adjuvant 

chemotherapy)c 

Stenehjem et 

al. (2014)a 

Retrospective cohort 

study 

USA 57 (SD 

13)c 

1 January 2005 to 

31 December 
2012 

Huntsman Cancer Institute Tumor Registry, SEER reporting registry, 

Utah 

EBC 186/245 (75.9%)c 

Tsai et al. 

(2017) 

Retrospective cohort 

study 

USA 49.9 (24-

63)b 

2006 to 2011 Cancer registry and claims-linked data set EBC 680/934 (72.8%)e 

Vaz-Luis et 

al. (2016)a 

Retrospective cohort 

study 

USA 75.4 (-)b 2011 to 2013 SEER Medicare database EBC 428/770 (55.6%)e 

Webster et al. 
(2012) 

Retrospective cohort 
study 

Wales - 
UK 

- 1 January 2005 to 
31 December 

2008 

South East Wales Cancer Network EBC 237/336 (70.5%)c 

Whitfield et 

al. (2012) 

Audit Australia 

and New 
Zealand 

- January 2006 to 

December 2008 

Royal Australasian College of Surgeons – National Breast Cancer 

Audit  

EBC 2006 - 356/707 (50.4%)  

2007 - 474/714 (66.4%)  
2008 - 668/908 (73.6%)f 
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Reference Study type Country Mean age 

(range) 

Study period 

time 

Source of information Cancer 

status 

TTT initiation 

Zurawska et 
al. (2013) 

Retrospective cohort 
study 

Canada 53 (40.9-
65.1) 

1 January 2005 to 
31 December 

2006 

Odette Cancer Centre, Toronto, Ontario EBC 76/94 (80.9%)c 

BC, breast cancer; EBC, early breast cancer; MBC, metastatic breast cancer. 
aResearch conducted in same cohort. 
bWeighted mean calculated from group averages.  

c Receipt of trastuzumab within study period 
d Receipt of trastuzumab within 6 months of diagnosis 
e Receipt of trastuzumab within first 9 months of diagnosis 

f Receipt of trastuzumab within 1 year of diagnosis 

g Receipt of trastuzumab-based first-line regimens (>=21 days of trastuzumab in first-line therapy) prior to first disease progression  
f Receipt of trastuzumab (defined as having start date for trastuzumab at any time after diagnosis but before any recurrence)  
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Studies comprised a variety of observational research designs including retrospective cohort 

studies (n = 26),211,212,221–230,213,231–236,214–220 prospective cohort studies (n = 3),192,237,238 audits 

(n = 2),239,240 and cross-sectional surveys (n = 2).241,242 The results of each study quality 

assessment is outlined in Table 3.4. Few studies failed to meet a moderate score on one or more 

items of the EPHPP quality assessment checklist for quantitative studies and none of the studies 

which met the inclusion criteria were deemed ineligible for inclusion following quality 

assessment. Seven studies received strong global ratings.220,227,229,233,234,238 Over half of the 

studies received moderate global ratings based on confounders (e.g. control of confounders not 

well described),214,215,230–232,235–237,239,240,217–219,221,222,224,226,228 withdrawals and dropouts (e.g. 

did not report the number of participants who withdrew, dropped out, or completed the 

study),213,225 and selection bias.212 The remaining studies received weak global ratings due to 

low scores on study design due to the use of cross-sectional surveys,241,242 and limited sample 

size may have precluded controlling for confounders.211,216,223 Overall, the quality rating for 

the 33 reviewed studies was moderate largely due to the features of observational study design 

and limited control of confounders in the analyses. Two of the included studies were part of 

the registHER study,192,238 a large prospective, multicenter, US based cohort study which 

described the natural history of disease and treatment patterns for patients with HER2-positive 

metastatic breast cancer. Data from both studies were included in the results, and  there is likely 

to be some data duplication.218,219 Similarly, data were included in our analysis from three 

studies that used data from the Surveillance, Epidemiology, and End Results (SEER)-Medicare 

database but covered different time periods, with some overlap, and assessed different 

outcomes.229,232,234 
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Table 3.4 Component and Global Assessment of Study Quality by Using the Effective Public 

Health Practice Project Quality Assessment Tool for Quantitative Studies 

 

Sample size of studies ranged from 11216 to 1928.224 Studies were from identified from 10 

different countries, including 14 from the USA,192,212,232–234,238,214,216–220,225,229 five from the 

Netherlands,213,222,224,230,231 four from the UK,215,227,235,239 three from Australia221,237 and one 

also from New Zealand,240 two from Canada,226,236 two from Germany,228,242 one from 

China,223one from India211 and one from Mexico.241 Age was variably reported, but the lowest 

recorded was a median of 50 years211 and the highest was a median of 84 years.216 

3.4.2. Uptake of trastuzumab therapy for breast cancer  

From 33 observational studies, 14,644 patients were exposed to trastuzumab therapy. Uptake 

of trastuzumab therapy was defined as the initiation of trastuzumab therapy following diagnosis 

within the study period. A large variability in uptake of trastuzumab in HER2-positive early 

breast cancer patients (9.1 to 100%) and metastatic breast cancer patients (50.8 to 84.0%) was 

identified. The pooled uptake estimate was 71.3% (95% CI 64.6 to 77.9), with high 

Reference Selection 

Bias 

Study 

Design 

Confounder

s 

Blinding Data 

Collection 

Method 

Withdrawal & 

Dropouts 

Global 

Rating 

Adusumilli et al. (2017) 3 2 3 2 1 2 3 

Barron et al. (2009) 2 2 1 2 1 2 2 
Boons et al. (2016) 1 2 1 2 1 2 2 

Byfield et al. (2016)  1 2 3 2 2 2 2 

Chan and McGregor 
(2012) 

2 2 3 2 1 2 2 

Chavarri-Guerra et al. 

(2014) 

3 3 3 2 3 3 3 

Coulson et al. (2010) 1 2 2 2 1 2 2 

Cyr et al. (2011) 3 2 3 2 1 2 3 

Freedman et al. (2013) 1 2 3 2 1 2 2 
Goddard et al. (2012) 1 2 3 2 1 2 2 

Goddard et al. (2012) 1 2 3 2 1 2 2 

Haas et al. (2011) 1 2 1 2 1 2 1 
Harris et al. (2013) 1 2 3 2 1 2 2 

Herk-sukel et al. (2013) 2 2 3 2 1 2 2 

Kaufman et al. (2012) 1 2 2 2 1 2 1 
Li et al. (2017) 2 2 3 2 1 2 3 

Liebrich et al. (2007) 3 3 3 2 3 3 3 
Marla et al. (2010) 1 2 2 2 1 2 2 

Munck et al. (2011) 1 2 2 2 1 2 2 

Neugut et al. (2014) 1 2 1 2 1 2 2 
Noonan et al. (2012) 1 2 2 2 1 2 2 

Palmieri et al. (2011) 1 2 1 2 1 2 1 

Peters et al. (2015) 1 2 2 2 1 2 2 
Reeder-Hayes et al. 

(2016) 

1 2 1 2 1 2 1 

Rugo et al. (2013) 1 2 2 2 1 2 1 
Seferina et al. (2015) 1 2 2 2 1 2 2 

Seferina et al. (2016) 1 2 2 2 1 2 2 

Stenehjem et al. (2014) 1 2 2 2 1 2 2 
Tsai et al. (2017) 1 2 1 2 1 2 1 

Vaz-Luis et al. (2016) 1 2 1 2 1 2 1 

Webster et al. (2012) 1 2 2 2 1 2 2 
Whitfield et al. (2012) 1 2 2 2 1 2 2 

Zurawska et al. (2013) 2 2 2 2 1 2 2 

Note: Effective Public Health Project Practice ratings: 1 = strong, 2 = moderate, 3 = weak. Abbrevation: NA, not applicable. 
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heterogeneity between studies (I2=99.05%, P<0.001) (Figure 3.5). Due to large variability in 

study location, studies were grouped by continent and the pooled uptake of trastuzumab was 

found to be higher in Australia/Oceana with 93.7% (95% CI 89.5 to 97.9%), followed by 

Europe (75.4%; 95% CI 70.0 to 80.8%) and North America (69.6%; 95% CI 59.7 to 79.5%), 

with the lowest uptake in Asia based on two studies (39.1%; 95% CI 34.9 to 43.3%) (P<0.001). 

For Cyr et al (2011), the proportion of uptake was 9.1% (1/11) and there was high uncertainty 

in actual uptake in that setting and the margin of error was negative due to the small sample 

size when a normal distribution was fit.  

Figure 3.5 Meta-analysis of individual-level data for trastuzumab therapy uptake by continent 

 

   

3.4.3. Subgroup analyses  

As presented in Table 3.5, 21 studies tested in univariate or multivariate analyses at least one 

factor associated with initiation of trastuzumab and these were categorised as clinical, 

psychosocial or sociodemographic. Subgroup analyses of clinical factors included advanced 

tumour stage, tumour grade, tumour size, lymph node involvement, Charlson Comorbidity 

Index (CCI) score and hormone receptor status. Given an absence of evidence, subgroup 
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analyses of psychosocial factors were precluded. Subgroup analyses of socioeconomic factors 

included: age, ethnicity, education, socioeconomic status, marital status and geography. 

Associations between trastuzumab initiation and predictors identified are summarised in Table 

3.6. 
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Table 3.5 Summary of factors associated with uptake of targeted trastuzumab therapy  
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~ 
                     

Marital status 
                       

~ 
    

~ ~ 
   

Age 
 

~ 
    

~ ~ ✓

✓ 

  
~ ✓ 

 
~ 

  
~ 

 
✓ ✓ ✓ ✓ ✓

✓ 

 
✓ 

  
~ ✓

✓ 

 
✓ 

 

Ethnicity 
        

~ 
          

~ 
   

✓

✓ 

~ 
   

~ ~ 
   

Geographical 

region 

(urban/rural, 
SEER region) 

           
~ 

   
✓ 

  
✓ 

    
~ 

    
~ ~ 

 
~ 

 

Institution 
        

✓

✓ 

                        

Notes: ~, tested, but not statistically significant; ✓, tested in univariable analyses, and significant; ✓✓, tested multivariable, and significant. Abbreviations: Charlson Comorbidity Index, CCI; Estrogen Receptor, ER; 
Progesterone Receptor, PR; Surveillance, Epidemiology, and End Results, SEER 
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Table 3.6 Summary of meta-analysis of factors associated with initiation of trastuzumab therapy  

 

 

Studies included Total events Total events (ref) Heterogeneity  Summary unadjusted odds ratio  

M-H, Random, 95% CI 

Tumour stage: 

≥Stage II vs. stage I (ref) 

≥Stage III vs. stage I-II (ref) 

 
211,212,217,220,225,233–235 
211,212,217,220,225,233–235 

 
1834/2328 

652/796 

 
747/1283 

1929/2815 

 
P=0.0002, I2=76% 

P=0.03, I2=54% 

 
3.55 (2.41-5.23)**** 

2.07 (1.44-2.96)*** 

Tumour grade: 

≥Grade 2 vs. grade 1 (ref) 

≥Grade 3 vs. ≤grade 2 (ref) 

 
225–227,229,230,233–235 
217,225,227,230,233–235,243 

 
1920/3274 

1874/2754 

 
184/425 

1018/1873 

 
P=0.008, I2=63%  

P=<0.00001, I2=81% 

 
2.55 (1.53-4.25)** 

1.74 (1.23-2.47)* 

Tumour size: 

≥1cm vs. <1cm (ref) 

≥2cm vs. <2cm (ref) 

≥3cm vs. <3cm (ref) 

 
235,240 
226,227,229–231,233,234  
227,229–231,233,234 

 

559/940 

1297/1844 

794/1133 

 

108/341 

1096/2018 

2500/2601 

 

P=0.41, I2=0% 

P=0.79, I2=0% 

P=0.88, I2=0% 

 

3.16 (2.43-4.11)**** 

2.02 (1.76-2.32)**** 

1.80 (1.54-2.10)**** 
Lymph node status: 

Positive vs. negative 

 
225–227,229,230,233,234 

 

1072/1514 

 

1218/2221 

 

P<0.00001, I2=90% 

 

1.63 (0.95-2.80) 

Hormone receptor status: 

HR positive vs. negative (ref) 

ER positive vs. negative (ref) 

PR positive vs. negative (ref) 

 
212,217,225,227,229,230,233–235 
211,212,220,226,227 
212,227 

 
1227/1733 

213/374 

103/147 

 
2068/3345 

231/337 

71/95 

 
P=0.74, I2=0% 

P=0.32, I2=14% 

P=0.99, I2=0% 

 
1.54 (1.35-1.77)**** 

1.05 (0.74-1.50) 

0.79 (0.44-1.42) 
Comorbidity (CCI): 

CCI 0 vs. >0 (ref) 

CCI ≤1 vs. >1 (ref) 

 
217,220,225,229,230,234 
217,220,229,230,234 

 

1802/2611 

2094/3205 

 

595/1127 

193/407 

 

P=0.22, I2=29% 

P=0.55, I2=0% 

 

1.62 (1.32-1.99)**** 

1.52 (1.22-1.88)*** 
Age:  

<50 vs. ≥50 (ref) 

<60 vs. ≥60 (ref) 
<70 vs. ≥70 (ref) 

 
217,220,225,227,228,230,233,240 
217,225,227,228,230,233,240 
217,225,228,234,238,240 

 

1558/1926 

2710/3398 
3409/4235 

 

2413/3525 

978/1534 
485/1034 

 

P=0.002, I2=68% 

P=0.002, I2=72%  
P<0.00001, I2=81% 

 

2.15 (1.58-2.92)**** 

2.59 (1.88-3.56)**** 
3.90 (2.53-6.03)**** 

Ethnicity: 

White vs. black (ref) 
White vs. other (ref) 

White vs. non-white (ref) 

 
192,217,225,229,233,234 
217,225,229,233,234 
192,225,229,233,234 

 

2870/4205 
2200/3412 

2870/4205 

 

296/440 
421/575 

717/1015 

 

P=0.15, I2=38% 
P=0.57, I2=0% 

P=0.11, I2=44% 

 

1.26 (0.92-1.72) 
0.82 (0.66-1.01) 

0.99 (0.79-1.24) 

Education: 

High vs. low (ref) 
 
217,233,234 

 
996/1349 

 
802/1183 

 
P=0.82, I2=0% 

 
1.13 (0.94-1.36) 

Socioeconomic status: 

High vs. low (ref)  

 
217,220,229,233,234 

 

1121/1795 

 

1650/2499 

 

P=0.14, I2=43% 

 

1.03 (0.86-1.25) 
Marital status: 

Married vs. single (ref) 

 
229,233,234 

 

694/1276 

 

1078/1766 

 

P=0.17, I2=44% 

 

0.84 (0.68-1.04) 

Geographical region: 

Rural vs. urban (ref) 

 
233,234,240 

 

461/798 

 

1798/2433 

 

P=0.90, I2=0% 

 

0.83 (0.61-1.12) 

Test for overall effect: **** = P<0.00001, ***=P<0.0001, **=P<0.001, *=P<0.01; Ref = Reference. 
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Tumour stage 

Overall, 9 studies211,212,217,220,221,225,233–235 reported data facilitating comparison of 

trastuzumab initiation by tumour stage. The pooled estimate of patients with stage ≥II 

in comparison to stage I, indicated on average higher initiation of trastuzumab with 

more advanced tumour stage, although there was high evidence of heterogeneity 

between studies (combined OR 3.55, 95% CI: 2.41 to 5.23, P<0.00001, I2=76%). 

However all eight studies which compared trastuzumab initiation between stage ≥II 

and stage I indicated that patients with more advanced tumour stage had a higher odds 

of trastuzumab initiation.211,212,217,220,225,233–235 The pooled estimate of patients with 

stage ≥III in comparison to stage I-II also indicated higher initiation by more advanced 

tumour stage with moderate heterogeneity between studies (combined OR 2.07, 95% 

CI: 1.44 to 2.96, P<0.0001), I2=54%) (Figure 3.6). Of eight studies, four indicated that 

more advanced tumour stage had a higher odds of initiation217,233–235 and four were 

equivocal.211,212,220,225  

Figure 3.6 Odds ratios of trastuzumab therapy initiation by later tumour stage in 

comparison with earlier 
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Tumour grade 

There were 10 studies217,221,225–227,229,230,233,235,244 that reported trastuzumab initiation 

by tumour grade. The pooled estimate of patients with grade ≥2 in comparison to grade 

1, indicated higher trastuzumab initiation by higher tumour grade. However, there was 

moderate evidence of heterogeneity between studies (combined OR 2.55, 95% CI:1.53 

to 4.25, P=0.0003, I2=63%). Of eight studies, four studies225,229,233,234 indicated that 

patients with grade ≥1 in comparison to grade 1 had a higher odds of initiation by 

higher grade and four were equivocal.226,227,230,235 The pooled estimate of patients with 

grade ≥3 and grade ≤2, also indicated higher uptake by higher tumour grade with high 

heterogeneity between studies (combined OR 1.73, 95% CI: 1.23 to 2.47, P<0.00001, 

I2=81%) (Figure 3.7).  Of eight studies comparing trastuzumab initiation between 

grade ≥3 and grade ≤2, four indicated higher odds of initiation by higher grade217,233–

235 and four were equivocal.225,227,230,243  

Figure 3.7 Odds ratios of trastuzumab therapy initiation by higher tumour grade 

status in comparison with lower  

 

Tumour size 

There were 9 studies226,227,229–231,233–235,240 that reported trastuzumab initiation by 

tumour size. The pooled estimate of patients with tumour size ≥1cm in comparison to 
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<1cm, indicated higher trastuzumab initiation by larger tumour size. There was no 

evidence of heterogeneity between studies (combined OR 3.16, 95% CI:2.43 to 4.11, 

P<0.00001, I2=0%). Of two studies comparing trastuzumab initiation between tumour 

size ≥1cm and to <1cm, one indicated a higher odds of initiation by larger tumour240 

and one was equivocal.235  The pooled estimate of patients with tumour size ≥2cm in 

comparison to <2cm indicated higher trastuzumab initiation by larger tumour size. 

There was no evidence of heterogeneity between studies (combined OR 2.02, 95% 

CI:1.76 to 2.32, P<0.00001, I2=0%). Of seven studies comparing trastuzumab 

initiation between tumour size ≥2cm and to <2cm, four indicated a higher odds of 

initiation by larger tumour227,229,233,234 and three were equivocal.226,230,231 The pooled 

estimate of patients with tumour size ≥3cm in comparison to <3cm also indicated 

higher initiation by larger tumour size (combined OR 1.80, 95% CI: 1.54 to 2.10, 

P<0.00001, I2=0%)) with no evidence of heterogeneity between studies (Figure 

3.8).Of six studies comparing trastuzumab initiation between tumour size ≥3cm and 

to <3cm, four indicated a higher odds of initiation by larger tumour227,229,233,234 and 

two were equivocal.230,231   
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Figure 3.8 Odds ratios of trastuzumab therapy initiation by larger tumour size in 

comparison with smaller  

 

Lymph node 

There were 7 studies225–227,229,230,233,234 that reported trastuzumab initiation by 

tumour lymph node status. The pooled estimate of patients with node positive in 

comparison to node negative was not significant (combined OR 1.63, 95% CI: 0.95 

to 2.80, P=0.08, I2=90%) with high evidence of heterogeneity between studies 

(Figure 3.9 

Figure 3.9). Of seven studies comparing trastuzumab initiation between node positive 

and negative, four indicated a higher odds of initiation in lymph node positive 

patients227,229,230,233 and three were equivocal.225,226,234   

Figure 3.9 Odds ratios of trastuzumab therapy initiation by positive node status in 

comparison with negative  
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Hormone receptor status 

There were 12 studies211,212,234,235,217,220,225–227,229,230,233 that reported trastuzumab 

initiation by hormone receptor (HR) status (including estrogen receptor (ER) and 

progesterone receptor (PR).  The pooled estimate of patients with HR negative status 

in comparison to positive, indicated higher trastuzumab initiation in patients with HR 

negative status (combined OR 1.55, 95% CI:1.35 to 1.78, P<0.00001, I2=65%) with 

moderate heterogeneity between studies. Of nine studies comparing trastuzumab 

initiation between HR status, four indicated a higher odds of initiation in HR 

negative,217,229,233,234 and five were equivocal.212,225,227,230,235 The pooled estimate of 

patients with ER negative status in comparison to positive was not significant 

(combined OR 1.05, 95% CI:0.74 to 1.50, P=0.78, I2=14%) with minimal evidence of 

heterogeneity between studies. Of five studies comparing trastuzumab initiation 

between ER status, all five were equivoval.211,212,220,226,227 The pooled estimate of 

patients with PR negative status in comparison to positive was not significant 

(combined OR 0.79, 95% CI:0.44 to 1.42, P=0.44, I2=0%) with no evidence of 

heterogeneity between studies (Figure 3.10). Of two studies comparing trastuzumab 

initiation between PR status, both were equivocal.212,227   
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Figure 3.10 Odds ratios of trastuzumab therapy initiation by hormone receptor 

positive in comparison with negative  

 

Comorbidities  

There were 6 studies217,220,225,229,230,234 that reported trastuzumab initiation by CCI 

score. The pooled estimate of patients with CCI =0 in comparison to >0, indicated 

higher trastuzumab initiation by patients with a lower CCI score with moderate 

evidence of heterogeneity between studies (combined OR 1.62, 95% CI:1.32 to 1.99, 

P<0.00001, I2=29%). Of six studies comparing trastuzumab initiation between CCI =0 

and >0, three indicated higher odds of initiation in patients with a CCI score equal to 

zero217,229,230 and three were equivocal.220,225,234  The pooled estimate of patients with 

CCI 0-1 in comparison to >1, indicated higher uptake of trastuzumab by patients with 

a lower CCI score (combined OR 1.52, 95% CI:1.22 to 1.88, P=0.0001, I2=0%) with 

no evidence of heterogeneity between studies (Figure 3.11). Of five studies comparing 

trastuzumab initiation between CCI 0-1 and >1, two indicated higher odds of initiation 

in patients with a lower CCI score217,229 and three were equivocal.220,230,234 
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Figure 3.11 Odds ratios of trastuzumab therapy initiation by lower Charlson 

Comorbidity Index Status in comparison with higher 

 

Treatment characteristics 

Although not included in meta-analyses, three studies found that more recent year of 

diagnosis was a predictor of higher initiation of trastuzumab therapy217,229,233 and one 

study found year of diagnosis was equivocal.224 Whitfield et al (2012)240 found a 

positive association between surgeon caseload and trastuzumab initiation. Reeder-

Hayes et al (2016)229 found that patients were more likely to initiate trastuzumab 

therapy if patients received breast conserving surgery compared to mastectomy but 

found an inverse relationship if breast conserving surgery was delivered in 

combination with radiotherapy. Further, the study did not identify a significant 

association between trastuzumab initiation in patients who had a mastectomy and 

patients who had a mastectomy in combination with radiotherapy. In a study by 

Seferina et al. (2015), mastectomy versus breast conserving strategy, breast 

conserving versus no surgery, receipt of adjuvant endocrine therapy, and receipt of 

radiotherapy were not predictors of trastuzumab initiation.230 Noonan et al. (2012)226 

also failed to identify a significant relationship between trastuzumab initiation and 

receipt of radiotherapy. Seferina et al. (2015)230 found that there was a significant 

positive association between receipt of neoadjuvant chemotherapy and trastuzumab 

initiation. Neugut et al. (2014)225 found that recommendation for chemotherapy and 
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use of adjuvant chemotherapy were predictors of trastuzumab initiation. Noonan et al. 

(2012)226 did not identify a significant relationship between trastuzumab initiation in 

patients receiving anthracycline-based versus non-anthracycline-based chemotherapy.  

Age 

There were 10 studies217,220,225,227,228,230,233,234,238,240 that reported trastuzumab 

initiation by age of patient. The pooled estimate of younger patients less than 50 years 

in comparison to patients older than 50 years, indicated that as age increased, initiation 

reduced but there was high heterogeneity between studies (combined OR 2.15, 95% 

CI:1.58 to 2.92, P<0.00001, I2=68%). Of eight studies comparing trastuzumab 

initiation between <50 years and ≥50 years, six indicated a higher odds of initiation in 

younger patients217,227,228,230,233,240 and two were equivocal.220,225 The pooled estimate 

of younger patients less than 60 years in comparison to patients older than 60 years, 

found that as age increased, initiation reduced (combined OR 2.59, 95% CI:1.88-3.56, 

P<0.00001, I2=71%) with high heterogeneity between studies. Of seven studies 

comparing trastuzumab initiation between <60 years and ≥60 years, six indicated a 

higher odds of initiation in younger patients217,225,227,228,230,240 and one was 

equivocal.233 The pooled estimate of patients less than 70 years in comparison to 

patients older than 70 years, found that as age increased, initiation reduced (combined 

OR 3.90, 95% CI:2.53 to 6.03, P<0.00001, I2=81%) with high heterogeneity between 

studies (Figure 3.12). Of six studies comparing trastuzumab initiation between <70 

years and ≥70 years, four indicated a higher odds of initiation in younger 

patients217,228,234,240 and two were equivocal.225,238  
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Figure 3.12 Odds ratios of trastuzumab therapy initiation by younger age group in 

comparison with older 

 

Ethnicity 

There were 6 studies192,217,225,229,233,234 that reported trastuzumab initiation by ethnicity 

of patient. The pooled estimate of white patients in comparison to black patients was 

not significant (combined OR 1.26, 95% CI:0.92 to 1.72, P=0.16, I2=38%) with low 

heterogeneity between studies. Of six studies comparing trastuzumab initiation 

between white and black patients, one study indicated a higher odds of initiation in 

white patients234 and five were equivocal.192,217,225,229,233 The pooled estimate of white 

patients in comparison to other patients was not significant (combined OR 0.82, 95% 

CI:0.66 to 1.10, P=0.06, I2=0%,) with no evidence of heterogeneity between studies. 

Of five studies comparing trastuzumab initiation between white and other patients, all 

five were equivocal.217,225,229,233,234 The pooled estimate of white patients in 
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comparison to non-white (including ‘black’, ‘Latina’ and ‘Asian’) patients was not 

significant (combined OR 0.99, 95% CI:0.79 to 1.24, P=0.90, I2=44%) with low 

heterogeneity between studies (Figure 3.13). Of six studies comparing trastuzumab 

initiation between white and non-white patients, one study indicated a higher odds of 

initiation in non-white patients and five studies were equivocal.192,225,229,233,234 

Figure 3.13 Odds ratios of trastuzumab therapy initiation by white ethnic group in 

comparison with other 

 

Education 

There were 3 studies217,233,234 that reported trastuzumab initiation by education status 

of patient. The pooled estimate of patients with more education in comparison to less 

education was not significant (combined OR 1.13, 95% CI:0.94 to 1.36, P=0.19, 

I2=0%) with no evidence of heterogeneity between studies (Figure 3.14). In Freeman 

et al. (2013) and Vaz-Luis et al. (2016) high education was selected as completion of 

college. Whereas, in Tsai et al. (2017) high education was for estimated completion 
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of college based on geographic location. Of three studies comparing trastuzumab 

initiation between higher educated and less, all were equivocal. 217,233,234  

Figure 3.14 Odds ratios of trastuzumab therapy initiation by higher education status in 

comparison with lower 

 

Socioeconomic status 

There were 5 studies217,220,229,233,234 that reported trastuzumab initiation by 

socioeconomic status of patient. The pooled estimate of economically advantaged 

patients in comparison to deprived patients was not significant (combined OR 1.03, 

95% CI:0.86 to 1.25, P=0.74, I2=43%) with low heterogeneity between studies (Figure 

3.15). 

Of five studies comparing trastuzumab initiation between economically advantaged 

and disadvantaged, all were equivocal.217,220,229,233,234 In Freeman et al. (2013) 

socioeconomic status was estimated based on employment status. In Vaz-Luis et al. 

(2016) and Adusumilli et al. (2017) socioeconomic status was based on socioeconomic 

group. Reeder-Hayes et al. (2016) measured socioeconomic status by proportion 

below poverty-line in a local area. Tsai et al. (2017) measured socioeconomic status 

by median household income by local area and Haas et al. (2011) reported 

socioeconomic status by household income of above and below $75,000 per year.   
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Figure 3.15 Odds ratios of trastuzumab therapy initiation by lower socioeconomic 

status in comparison with higher 

 

Marital status 

There were 3 studies229,233,234 that reported trastuzumab initiation by marital status of 

patient. The pooled estimate of married patients in comparison to single patients was 

not significant (combined OR 0.84, 95% CI:0.68 to 1.04, P=0.11, I2=44%) with low 

heterogeneity between studies (Figure 3.16). Of three studies comparing trastuzumab 

initiation between married and single, one study indicated a higher odds of initiation 

in married patients234 and two studies were equivocal.229,233 

Figure 3.16 Odds ratios of trastuzumab therapy initiation by single marital status in 

comparison with married 

 

Geography 

There were 3 studies233,234,240 that reported trastuzumab initiation by geography in 

terms of urban or rural location. The pooled estimate of rural initiation in comparison 

to urban initiation was not significant (combined OR 0.83, 95% CI:0.61 to 1.12, 

P=0.23, I2=0%) with low heterogeneity between studies (Figure 3.17). Of three studies 

comparing trastuzumab initiation between urban and rural location, all were 

equivocal.233,234,240 Although not included in meta-analysis across five other studies, 
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geographical location of care facility was a significant predictor of trastuzumab 

initiation in three studies217,223,224 and equivocal in two other studies.220,229   

Figure 3.17 Odds ratios of trastuzumab therapy initiation by rural geography in 

comparison with urban 

 

3.5. Discussion of findings  

This study identified variability in trastuzumab initiation in HER2 positive breast 

cancer patients, both between study settings and within studies. The presence of 

comorbidities and lower disease burden in terms of lower stage, lower grade and 

smaller tumour size were found to be associated with significantly lower trastuzumab 

initiation. Further, therapy initiation was also found to be significantly lower in 

hormone receptor positive patients. In terms of patient sociodemographics, this review 

did not identify any significant association in trastuzumab initiation by ethnicity, 

education status, socioeconomic status, marital status and geographical region. 

However, older age was found to be significantly associated with lower initiation.    

According to ASCO and ESMO guidance, in special circumstances, such as low 

disease burden (dependent on tumour stage, grade and size), presence of 

comorbidities, and/or presence of a long disease-free interval, clinicians may offer 

first-line endocrine therapy only.195,245  There has been debate on the necessity for 

trastuzumab-based chemotherapy in patients with low disease burden (T1N0),246 but 

a meta-analysis of trastuzumab trials has shown that this patient groups derives 

clinically relevant treatment benefit.247 Therefore in accordance with guidance, 

clinicians are recommended to provide HER2-targeted therapy based combinations 

for first-line treatment.    
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Pivotal trials (HERA trial,248 the BCIRG 006 trial,249 and N9831/B-31123,250) found 

that patients, regardless of age, lymph node status, menopausal status or hormone 

status saw an increase in disease-free survival.251 It has also been recommended that 

large post-registration studies are conducted as subgroups, such as node negative 

patients were underrepresented in trials (HERA and (BCIRG)-006) and in randomized 

trials, a high proportion of tumours tended to be more aggressive than those seen in 

clinical practice.217,246,252,253  

Underrepresentation of elderly populations in clinical trials is widely reported and this 

study also found that age was associated with lower initiation of therapy, with patients 

under 50 years old being 2.15 times more likely than those over 50 years to start 

trastuzumab therapy. The odds were even higher with patients older than 60 and 70 

years.  This is consistent with the fact that older breast cancer patients are less likely 

to receive adjuvant chemotherapy despite the fact that older patients benefit to an 

equivalent extent from adjuvant chemotherapy as younger patients.254  Given the 

sizeable treatment benefit from trastuzumab therapy and the aggressive biology of 

HER2-expressing tumours, ESMO have recommended that despite absence of 

evidence from randomised studies, treatment decisions should be based on biological 

factors.195  

According to SEER data, in the USA, approximately 50% of diagnosed breast cancer 

patients are 65 years or older and 35% are 75 years or older.255 Yet in clinical trials 

and in published studies, the overall proportion of patients older than 60 years was 

approximately 10% and subgroup analyses by age has largely been poorly reported.256 

While the HERA study had comparatively unrestricted inclusion criteria, the 

proportion of patients older than 60 years was only 16.2%, diverging from the typical 

population served in routine clinical practice.246  Larger studies which reflect the entire 

age spectrum of patients are needed to determine safety and efficacy within older and 

also comorbid patients.240   

Before initiation of therapy, many patients need to undergo primary breast surgery and 

therefore need to be sufficiently fit for surgery. As elderly patients are likely to have 

co-morbidities, and therefore may not be fit for surgery, this may be one reason for 

the lower usage of trastuzumab in the elderly.  Another reason for the lower use of 

trastuzumab in older patients may be its potential to cause cardiotoxicity; in the 
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Slamon et al. phase III trial,121 cardiac events were reported in 27% and congestive 

heart failure (CHF) was reported in 16% of metastatic breast cancer patients treated 

concurrently with anthracyclines. A recent meta-analysis found that trastuzumab 

induced cardiotoxicity (TIC) occurred in 12% (CI: 11.3-12.9%) of patients and age, 

hypertension, diabetes and previous anthracycline use were identified as risk factors 

for TIC.257 Therefore, older patients may be less likely to receive therapy to avoid 

exposure to a potentially cardiotoxic treatment, especially if there is underlying 

cardiovascular comorbidity. Thus, while our findings may suggest that there is an 

inequality of access with older age, this may not be the case as there may have been 

good clinical reasons to avoid the use of trastuzumab in older patients. An individual 

patient data meta-analysis would be required to determine the likely reasons for lower 

use of trastuzumab in the elderly. 

While findings from this review did not reveal consistent disparities in uptake of 

targeted-therapy by ethnicity, there remains a general underrepresentation of research 

in diverse ethnic groups.148 Indeed, evidence from one study identified disparities by 

ethnicity, despite the presence of a clear biologic predictor of treatment benefit.234 In 

the USA between 2000 and 2010, breast cancer mortality decreased annually by 2%, 

primarily due to earlier diagnosis and improved treatment strategies,192,258,259 although 

this decline was slower in black patients and a widening disparity ratio in breast cancer 

mortality was observed between white and black patients increasing from 30.1% to 

41.8%.258,260 Furthermore, to successfully address the persistent mortality gap in 

minority patients, and given their underrepresentation in clinical trials, additional 

research into underlying tumour and host biology is needed to improve treatment 

response.     

Treatment disparities remain despite widespread efforts to improve access to care 

among minority groups. One study found that 8% of breast cancers were reported at 

an advanced stage in black patients compared to 5% in white patients and delayed 

diagnosis resulted from lower frequency of mammograms, longer waiting times 

between mammograms and less consistent follow-up of suspicious mammogram 

results among black patients in the USA.190 Within Europe, concerns have been raised 

regarding challenges in funding the HER2 test which also may have impacted 

trastuzumab utilization.261 Moreover, wide variation in the turnaround time for HER2 
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testing may hinder equity of access to the timely implementation of HER2-directed 

therapy. The current pathway is variable with receipt of results varying from 2 days 

up to 4 weeks. A rapid patient pathway for HER2 testing which takes 3-6 days from 

initial biopsy to the receipt of the test result is described in Figure 3.18. It is anticipated 

that more rapid point-of-care-testing (POCT) will also improve equity of access as 

time taken from test to result reduces. It is anticipated that a shorter duration will mean 

that HER2 testing will be more accessible to disadvantaged populations. As this will 

mean less loss to follow-up and reduced anxiety caused by a longer wait time which 

may encourage testing.   

Figure 3.18 Pathway for HER2 testing of internal cases at Guys & St Thomas’ Hospital  

 

Adapted from Shaaban et al. (2013).262 

Studies have also found that following diagnosis, black patients with HER2 positive 

metastatic breast cancer have poorer prognostic factors and independently worse 

clinical outcomes than white patients.190,192 Another study found that of patients 

diagnosed with small breast tumours (≤2cm) during 2004 and 2011, 24% of black 

patients and 18% of white patients were likely to present with lymph node 

metastases.204 Therefore, disparities in mortality may exist in part due to later stage 
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diagnosis, but also poorer stage specific survival due to greater prevalence of 

aggressive subtypes of cancer in black patients.188,189  

Trastuzumab is an expensive therapy and aspects of health care delivery may 

contribute to underuse in deprived populations.263 Even for insured patients, the 

burden of care may be significant due to outpatient expenses and thus, lack of 

affordability may be associated with factors such as age, education and race.229 

Moreover, in some lower-middle income countries where trastuzumab has been 

provided for a relatively small numbers of patients, trastuzumab has contributed 

appreciably to the financial burden of health care.264,265 Within the USA, the burden 

of cancer care is evident as some patients have had to sell their homes to provide 

funding.266 Pricing of drugs for chronic myeloid leukaemia (CML) is a reflection of 

the unsustainable prices of cancer drugs which has been challenged by leading CML 

experts and oncologists.267 Consequently, issues of affordability affect not only lower-

middle income countries but also higher income countries. However, following patent 

expiry, biosimilars may provide more financially accessible alternatives; however, 

greater efforts are needed to address barriers faced by patients. With uptake of targeted 

trastuzumab therapy it may also be interesting to explore time trends to see whether 

uptake has increased over time. It is anticipated that following the introduction of a 

novel therapy there is lower uptake followed by higher uptake over time. Some 

disparities in uptake by country may be explained by differential introduction of 

targeted trastuzumab therapy and becoming part of routine clinical practice.  

Further, trastuzumab therapy is typically recommended for a duration of 12 

months.194,195 As such, the pairing of trastuzumab with intensive chemotherapy 

regimens and long duration of treatment may be a significant barrier to patients with 

limited transport options, employment uncertainty, poor support network and this may 

be combined with a preconception from providers that patients identified as 

vulnerable, may be less able to tolerate and complete therapy.217,229 

Further research is needed into other aspects of the care pathway of trastuzumab 

therapy as disparities have been identified in time to initiation,268 duration269–272 and 

completion213,217,225,231,237,255,273–275 of therapy. Disparities in long term adherence have 

been found to be associated with ethnicity,268,275 socioeconomic status,223 education 

attainment,217,275 employment and insurance status.217 These differences in treatment 
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duration and completion may have been amplified by the need for frequent infusions 

over a prolonged period. While it is possible that patients may benefit from shorter 

durations of therapy,276 this has not been well studied, and guidelines recommend one 

year of therapy for all patients, until disease progression and/or unacceptable 

toxicity.245,277  

The meta-analyses presented in this paper identified substantial heterogeneity that 

could be attributed to methodological and/or clinical variations in the characteristics 

of the included studies. Moreover, changing patterns of therapy delivery, scheduling, 

and settings could have resulted in differences in uptake at different time periods. 

Furthermore, it is also possible that some of the findings may be due to factors unique 

to each study and which could not be identified by means of a systematic review or 

meta-analysis. This review may also have been limited by the inclusion of only cohort 

studies for a number of reasons may be impacted by publication bias. There may have 

been incentives to pursue publication of such research if there was an understanding 

of underutilisation to highlight an unmet need. Alternatively, there may have been 

publication bias due to incentives aligned with describing high utilisation at a 

particular centre of trastuzumab. Further it was not possible to understand why there 

was underuse of trastuzumab and determine what the causal factor was. Similarly, 

selection bias due to inclusion in such a study design may overstate what actual uptake 

may be as it could be that some eligible people may not have been identified. As such 

multiplicity may also be a cause for concern as some of the studies may have been 

published in relation to statistical significance, and other ‘uninteresting’ findings may 

have been omitted (e.g. selective reporting), leading to misleading results and spurious 

conclusions.  

A limitation specific to this review is that screening may have failed to identify 

relevant studies which did not comment on initiation of trastuzumab therapy in the 

title or abstract. Moreover, studies did not address the full range of factors which may 

explain underuse of therapy in certain groups of patients and psychosocial factors 

remain understudied. Further, included studies focused on HER2 positive patients but 

the proportion of HER2 borderline patients and how therapy varied was not extracted. 

In addition, information on why patients were not selected for trastuzumab therapy 

was not consistently described and thus precluded from this review. Additional 
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research should examine prescribing behaviour at the provider level to explore other 

stakeholder factors, as well as explore other inequalities in the HER2 positive breast 

cancer care pathway, such as receipt of chemotherapy and hormone therapy.243,278  

In conclusion, this review has identified a pattern of care delivery which requires 

further exploration to ensure equitable access in clinical practice. However, relevant 

comorbidities, and cardiac risk factors vary by subgroup, and therefore initiation of 

trastuzumab therapy may be influenced by a number of confounders which is a 

limitation in the assessment of uptake in observational studies. In addition, while the 

treatment regimens may reflect local clinical practice, these studies may not be 

representative of general clinical practice due to sample selection bias.  

See appendix 15 and 19 for poster and manuscript publications related to this research. 

3.6. Implications for future research  

Trastuzumab is a pioneering therapy with important treatment benefits for HER2 

positive breast cancer patients. This review has demonstrated that disparities in 

initiation of trastuzumab therapy exist dependent on disease burden, comorbidities and 

age of patients. Indeed, these findings support an association of effect that may have 

wider implications for other targeted therapies. Further research is needed to examine 

unequal access to other high-quality treatments, disparities in adherence and in therapy 

completion.  

It is known that disparities in long term adherence and completion may differ by 

treatment burden. With the example of trastuzumab, while it is possible that patients 

may benefit from shorter durations of therapy, this has not been well studied, and 

guidelines recommend one year of therapy for all patients, until disease progression 

and/or unacceptable toxicity. Therefore, future research should include preference 

elicitation of patient subgroups to explore the impact of different modalities of 

trastuzumab therapy may have on both patient and provider treatment acceptability.   

To elicit the preferences of individuals for alternative trastuzumab therapy approaches, 

a discrete choice experiment (DCE) may be conducted. DCEs are a systematic 

methodology designed to quantify the value of preferences that participants place on 

therapy attributes. This method requires that the management strategy in conjunction 
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with attributes (characteristics) can be described in terms which can be understood by 

participants and that enable individuals to be able to prioritise between the attributes 

and level of attributes. The DCE requires that participants choose between two 

hypothetical scenarios resulting from the combination of a set of predefined attributes 

(characteristics) that in turn will consist of different levels.279  

Depending on the treatment setting, an important contributor to possible health 

disparities is the drug cost of trastuzumab. However, in the USA Roche’s trastuzumab 

patent will expire in June 2019 and has already expired in Europe in July 2014. Some 

biosimilars and non-originator biologicals of trastuzumab are in development or 

already approved to offer a cheaper alternative to trastuzumab therapy. Roche recently 

released an improved treatment, pertuzumab (Perjeta). Although, there is concern that 

the relatively small incremental treatment benefit may not justify the increase in 

treatment costs. With a price discount, pertuzumab is recommended by NICE for 

treating HER2-positive early breast cancer before surgery and for treating breast 

cancer in that has recurred in the breast following initial treatment, as well as 

metastatic cancer. Although treatment is not recommended for treating HER2-positive 

early breast cancer after surgery due to cost concerns.280  

Regardless of drug cost, health disparities exist within countries like the UK with 

universal healthcare systems. Therefore, system-level interventions that identify 

eligible patients objectively and consistently, as well as interventions that focus on 

removing barriers to therapy at the patient and provider level are needed to ensure 

treatment reaches deprived populations. Studies assessing individual level data are 

needed to better characterize factors underlying disparities in breast cancer treatment. 

Fortunately, the increasing use of electronic data records provides an opportunity to 

better identify eligible patients and more effectively assess accessibility. Therefore, in 

Chapter 4, individual level data for patients who underwent BRCA gene testing was 

retrieved. The data permitted an in-depth examination of underlying factors to inform 

equity of access to BRCA gene testing.  
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Chapter 4 

Trends in BRCA testing over time 
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4. Trends in BRCA testing over time and socioeconomic deprivation  

In chapter 1, germline BRCA1 and BRCA2 (BRCA) testing was first introduced as an 

example of predisposition biomarkers. Those who inherit a BRCA variants which 

affect function are at increased risk of developing breast, ovarian and other cancers. 

Moreover, BRCA status was introduced as both a prognostic and predictive biomarker 

of response to treatment.   

In chapter 2, the systematic review did not identify any studies which had assessed the 

impact of BRCA guided treatment on health disparities. In both chapter 2 and chapter 

3, challenges in the methodological approach to examining the impact on health 

disparities was raised. Both chapter 2 and chapter 3 raised challenges in defining the 

impact of PM on health disparities. Indeed, chapter 2 demonstrated that health equity 

assessments are rare in effectiveness studies and chapter 3 highlighted difficulties in 

assessing equity of access to breast cancer treatment. Further, the value of individual 

level data in health equity assessments was emphasised as individual level data are 

needed to better characterise factors underlying disparities.  As such, in chapter 4, 

individual level data was retrieved and examined for people who underwent BRCA 

gene testing.  

4.1. Background  

Breast cancer (BC) is the most commonly diagnosed cancer in women in the United 

Kingdom (UK) with an approximate lifetime risk of 12-13%.190,281  Ovarian cancer 

(OC) has a lifetime risk of 1.4-2.5%.112,281 Breast cancer affects men with a much 

lower lifetime risk of <1%.282 Although the susceptibility factors are unclear in the 

majority of patients with breast and ovarian cancer, some of these cancers are caused 

by germline variants which affects function in BRCA1 or BRCA2, with variation in the 

relative contribution of BRCA1 and BRCA2.  

It has been estimated that germline BRCA variants which affect function exist in 0.2 

to 0.3% of the overall general population, in 5 to 10% of patients with BC,111 in 5 to 

13% of patients with OC,112 and in 0.4 to 1.2% of patients with prostate cancer (PC).113  

BRCA variants have also been found to be associated with cancers of the pancreas, 

stomach, skin, colon and others.114 Identification of patients with BRCA variants which 

affect function is important as the presence of such germline variants affects treatment, 
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follow-up and cancer prevention.115 Further, risk-reducing lifestyle modifications, 

medications and procedures may be indicated, for example, bilateral mastectomy 

and/or salpingo-oophorectomy.116,117 Studies have found BRCA testing to be clinically 

effective and cost-effective, particularly in individuals with a family history of 

hereditary breast and ovarian cancer (HBOC).  Indeed, a recent modelling study found 

that implementation of BRCA testing across the general female population aged 30 

years and older would be cost-effective.283  

On 14 May 2013, the celebrity Angelina Jolie raised public awareness of BRCA testing 

globally following her widely publicised New York Times editorial ‘My Medical 

Choice.’284 The editorial described Jolie’s experience, why she decided to undergo 

BRCA testing and why she opted to undergo risk-reducing procedures (a preventative 

double mastectomy) because of her BRCA status.285–287 About the same time, on 25 

June 2013, the National Institute for Health and Care Excellence (NICE) published its 

updated guidance for Familial Breast Cancer Testing [CG164].288  NICE 

recommended that testing should be conducted in patients with ovarian or breast 

cancer, or in their relatives, where the combined probability of identifying a BRCA1 

or BRCA2 variant which affects function is greater or equal to 10%.288   

The NICE guideline for CG164 updated previous guidance on familial breast cancer, 

published in 2004 and 2006.289,290 BRCA testing was expanded to individuals affected 

with a relevant cancer (except those with Ashkenazi Jewish ancestry) if their combined 

BRCA1 and BRCA2 probability of identifying variant which affects function was 10% 

or more (CG164 1.5.13). Those from Ashkenazi Jewish ancestry were excluded from 

this guideline as they are of higher risk for a BRCA mutation. In addition, BRCA testing 

expanded to individuals unaffected by cancer if their combined probability of 

identifying a BRCA1 and BRCA2 variant which affects function was ≥10% and an 

affected relative was unavailable for testing (CG164, 1.5.12).291 Specifically, this 

paper does not include predictive BRCA gene testing which describes the use of a 

BRCA test in an asymptomatic person to predict future risk of disease where a variant 

which affects function was found within a BRCA gene is already known within the 

family and the patient’s DNA is tested for that variant alone (CG164, 1.3.6).288,292  This 

will be the subject of chapter 5. 
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At the same time, there was a lot of publicity created over the potential use of 

chemoprevention using tamoxifen or raloxifene.286  

Figure 4.1 Model of a clinical pathway for BRCA testing  

 

Note: Vartiant of uncertain significance,VUS. Adapted from Eccles et al. (2015).293 

The extent to which Jolie’s editorial and NICE CG164 led to changes in uptake rates 

of BRCA testing in terms of equity of access has not been previously explored in the 

UK.288  Disparities in cancer survival by deprivation groups persist for most types of 

cancer and also across geographical settings.294–296 The NHS atlas of variation (2013) 

reported that North West England has one of the lowest rates of BRCA genetic 

testing.297 However, in 2016/17, the lowest rate reported by UK Genetic Test Network 

(UKGTN) was in Yorkshire and Humber Commissioning Region (23.4 per 100,000) 

and the highest was in the South East Commissioning Hub (71.1 per 100,00) lowest.298 

Therefore, to explore disparities within the North West region, the aim of this study 

was to analyse trends in uptake rates following Jolie’s editorial and NICE CG164 and 

relate this to equity of access to BRCA testing. This study followed Standards for 

Reporting Implementation Studies (STaRI) guidelines for transparent and accurate 

reporting of implementation studies.299   
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4.2. Objective 

Following the publication of clinical guidelines, the impact on uptake of the given 

health intervention and how the intervention is implemented is uncertain. Therefore, 

the aim of this study was to explore uptake of BRCA testing and to examine 

inequalities in uptake. The primary objective of this study was to assess the impact of 

updated NICE clinical guidance (CG164) on uptake of BRCA testing over time in the 

catchment area of Merseyside and Cheshire Regional Genetic Service (RGS). The 

secondary objective was to compare the observed level of testing with the expected 

level of testing in the catchment population by Index of Multiple Deprivation (IMD).  

4.3. Methods 

4.3.1. Study population and data sources  

Research was conducted using retrospective, routinely collected hospital data from the 

Merseyside and Cheshire Regional Genetic Service (RGS) hosted by Liverpool 

Women’s NHS Foundation Trust (LWH). The RGS is responsible for care in 

Merseyside and Cheshire (with the exception of boundary areas) serving a catchment 

area in North West England of approximately 2.4 million people. North West England 

is characterized as containing some of the most deprived areas in England (Figure 4.2). 

Figure 4.3 illustrates the comparative burden of disease in the North West of England 

in comparison to the United Kingdom. The distribution of disease burden is described 

in terms of disability-adjusted life years (DALYs), expressed as the number of years 

lost due to ill-health, disability or early death. Although the distribution of diseases is 

relatively similar to the rest of the UK with the exception of relatively higher chronic 

respiratory diseases and increasing levels of cirrhosis. 
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Figure 4.2 Map Illustrating the Deprivation Score for England  

 

Sourced from the Department for Communities and Local Government – Index of 

Multiple Deprivation 2015, by Ward (2016). 
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Figure 4.3 The North West England and the United Kingdom, comparison of the 

burden of disease  

 

Note: Disability adjusted life years (DALYs) sourced from The Lancet (2018).300   

Information about women aged ≥18 years old from April 2010 and March 2017 who 

received BRCA testing were recorded in a routinely collected hospital dataset. For the 

purposes of this research, BRCA testing refers to DNA sequencing analysis of both 

BRCA1 and BRCA2 genes and comparing that analysis to reference sequence. Testing 

also included multiplex ligation-dependent probe amplification (MLPA) dosage 

analysis to exclude the presence of whole deletion or duplication. The method of 

sequence analysis has changed over the timeframe of the study from bi-directional 

fluorescent sequencing in 2010 to long range polymerase chain reaction (PCR) and 

next generation sequencing on Illumina MiSeq (minimum 100x coverage) using an in-

house variant calling bioinformatic pipeline with sanger confirmation of variants 

called or areas of the gene with less than 100x coverage.   
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Patients aged <18 years old and patients registered at an address outside of England 

were excluded from the deprivation analysis as information on level of deprivation 

was not available for 5.7% (80/1393) of patients. Baseline characteristics of patients 

who received BRCA testing and also the study setting population were collected.  

Socioeconomic deprivation is intrinsically linked to health, and it is widely 

acknowledged that with many diseases, the incidence is higher in more deprived 

populations.4 These inequalities are due to complex structural factors including 

differential exposure to risk factors like stress and pollution, protective factors like 

education and good housing, and lifestyle risk factors like smoking, alcohol and 

unhealthy diet.301 Figure 4.4 (a) illustrates the pattern of deprivation within each area, 

taken from the Index of Multiple Deprivation (IMD) for 2015 and Figure 4.4 (b) 

illustrates the incidence of new cases for all cancers for 2011-2015 within Merseyside 

and Cheshire. IMD is a statistic of relative deprivation and is part of the Indices of 

Deprivation. It combines information on seven domain indices (which measure 

different types or dimensions of deprivation which include income deprivation, 

employment deprivation, health deprivation and disability, education skills and 

training deprivation, barriers to housing and services, living environment deprivation 

and crime) to produce an overall relative measure of deprivation. The population is 

diverse in terms of social deprivation, including some of the most and least deprived 

areas in England. 
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Figure 4.4 Map of Merseyside and Cheshire illustrating: (a) IMD score and (b) 

incidence of new cases for all cancers  

 (a)       

  

(b) 

 

Source: (a) Deprivation Score – Index of Multiple Deprivation 2015. Department for Communities and Local 

Government, Middle level SOA (2011). (b) New cases of all cancers, standardised incidence ratio, 2011-2015. 

English cancer registration data from the National Cancer Registration and Analysis Services’ Cancer Analysis 

System, Middle level SOA (2011). 
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4.3.2. Time periods of interest  

The primary objective was to examine the impact of the release of NICE CG164, it 

would be impossible to disentangle the possible impact of Jolie’s editorial. Therefore, 

our defined time point of interest was the combination of the New York Times 

editorial by Angelina Jolie on 14 May 2013 and the release of NICE CG164 guidance 

on 25 June 2013.284,288 These combined publications provided information and 

guidance on the use of BRCA testing for the diagnosis and treatment specifically for 

breast and ovarian cancers and risk assessment of family members. In this study we 

compare ‘pre-publication’ with ‘post-publication’ as both the Jolie editorial and the 

NICE guidance were published within weeks of each other in 2013. 

4.3.3. Measures  

We summarise baseline characteristics of patients who received BRCA testing which 

included gender, age, type of cancer, whether a variant which affects function was 

found and IMD. Monthly trends in the proportion of patients who received testing 

were measured over time. Then we analysed horizontal equity for BRCA testing by 

deprivation group, classified by the IMD pre and post-publication.  

Based on postcode of residence, each patient who received BRCA testing was assigned 

to a Lower Layer Super Output Area (LSOA) and this was mapped to an IMD quintile 

calculated across the whole of England using this measure. LSOAs are the smallest 

geographical units for which IMD scores are available. There are 32482 LSOAs in 

England and each LSOA contains a small cluster of postcodes with comparable 

characteristics and have a mean population of approximately 1500 people. LSOAs are 

not necessarily homogenous in terms of sociodemographics, although often border 

natural geographical features like roads and rail lines.  

For all the recipients of BRCA testing at Merseyside and Cheshire RGS, their LSOA 

were mapped to an IMD quintile. The comparator group, described as ‘the catchment 

population’ included all LSOAs which were located within local authority (LA) 

districts within Merseyside and Cheshire. As such, the LSOAs from within the LA 

districts (including Cheshire East, Cheshire West and Chester, Halton, Knowsley, 

Liverpool, Sefton, St. Helens, Warrington and Wirral) were mapped to IMD quintile 

and the population for each IMD quintile were calculated for the catchment 

population. The IMD score combines seven indicators (income, employment, health 
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deprivation and disability, education, skills and training, barriers to housing and 

services, crime, and living environment), into a single deprivation index. We defined 

equity of access based on the philosophy of the NHS in the UK as having an objective 

of providing equal health care access for equal health care need.302 

4.3.4. Statistical analysis  

An interrupted time series (ITS) regression was implemented to examine the causal 

effect of NICE CG164 and Jolie’s editorial on BRCA testing. It is important to examine 

whether a change in trends of uptake is meaningful to ensure that guidelines effectively 

impact uptake of new technologies over time. An ITS was implemented as it uses 

multiple consecutive pre and post-intervention observations in a single population and 

incorporates time. The counterfactual was estimated by extrapolation of the pre-

intervention trend and assumes that in the absence of the intervention the trend would 

otherwise remain the same. As the observations are undertaken in the same population, 

between group differences do not present a problem.  

The crude rate of BRCA testing (unadjusted for changes in population size over time) 

was presented as it was assumed that individual-level variables remained relatively 

stable over the study period.303 The data were adjusted to assess monthly trends in 

testing from April 2010 to March 2017 per 100,000 population for the catchment area 

of Merseyside and Cheshire RGS. Analyses were based on 37 monthly pre-publication 

data points (Apr 2010–Apr 2013) and 45 monthly post-publication data points (July 

2013–Mar 2017).  An ITS analysis was performed to estimate the overall publication 

impact (intervention effect) by predicting what would have been observed post-

publication (or counterfactual rates) had pre-publication levels and/or trends continued 

uninterrupted and comparing this with what was modelled using observed post-

publication data. The endpoint of the observed post-publication period (March 2017) 

was used to calculate the average difference over the post-publication time points on 

the aggregated time-series to estimate two parameters of interest associated with both 

publications: change in subsequent level of testing and change in subsequent trend 

prior to the publications, the level of change in testing following the publications and 

following through the remainder of the study period.304,305  

ITS, known as segmented regression analysis, is a strong quasi-experimental 

alternative when randomised design is not feasible and has the causal hypothesis that 
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observations after treatment have a different level (or slope) from those before the 

intervention (or in this case the intervention is the two publications). The regression 

model was specified as following: Ŷt = β0 + β1 * timet + β2 * interventiont + β3 * 

post_interventiont + et. Here Ŷt  is the incidence of BRCA testing at time point t. β0  

estimates the baseline level of the outcome just before the beginning of the time series. 

β1 estimates the pre-intervention trend, β2 the change in the level between the time 

point immediately before vs. after the lag period and β3 the change in trend occurring 

immediately after the lag period. The final model specification was derived using a 

backward-stepwise approach (P<0.1) to remove non-significant regression terms in 

order to maximize statistical power.  

With time series data, observations may be treated as both outcome and then predictor 

variables over time. Assessments of autocorrelation and partial autocorrelation were 

undertaken to assess how much information there is in previous values that helps 

predict the current value. A generalized least squares (GLS) model with autoregressive 

moving average (ARMA 6,0) process was fitted. Autocorrelation describes the 

correlation between BRCA testing in one time point and BRCA testing in the previous 

period. Such observations nearer together in time are more often strongly correlated 

and this may be due to seasonality e.g. the impact of ‘Christmas time’ on health care 

access. As such, failing to account for the correlated nature of time series data could 

lead to spurious conclusions regarding the effect of the NICE CG164 or celebrity 

endorsement. With the inclusion of the lagged autoregressive process (ARMA 6,0) 

model (to reduce noise in the time series that could be due to seasonality), the Durbin-

Watson (DW) statistic tested for autocorrelation in the residuals from the regression 

and indicated no significant autocorrelation. The DW test has the null hypothesis of 

no autocorrelation of residuals and we failed to reject the null hypothesis. This 

provided confidence in conclusions drawn from estimates of the potential impact of 

NICE CG164 and Jolie’s editorial. Finally, the likelihood ratio test and residual plot 

indicated that the model was correctly specified. The absolute and relative effect of 

the publications was calculated and the 95% confidence intervals (CI) for coefficients 

were calculated by the bootstrapping method. Statistical and economic analysis was 

conducted using R (version 3.42) and RStudio 1.1.383.306    
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To address the secondary objective of this study, the IMD score for each member of 

the catchment population was defined as that of their respective LSOA for the 

purposes of analysis. Deprivation scores were divided into national quintiles for the 

catchment population. Odds ratios and associated confidence intervals were calculated 

for the quintiles in a binary logistic regression analysis. See appendix 6 for study 

protocol).   

4.4. Results 

The ITS model was found to fit the data well (with a reported adjusted R2 = 0.74 and 

F-statistic = 75.75). Between April 2010 and March 2017, 1394 BRCA tests were 

undertaken, of whom 170 (12.2%) had a BRCA variant which affects function was 

found. Patient baseline characteristics are described in Table 4.1. Female patients 

made up 96.2% of the study population and the mean age at the time of the BRCA test 

was 53.4 years (SD 13.0; range 16-93 years). Of the total study population, 58.5% had 

breast cancer, 23.2% had ovarian cancer, 2.4% had BOC, 3.0% had another type of 

cancer and 12.8% were personally unaffected by cancer but their combined probability 

of identifying a BRCA variant which affects function was 10% or more and an affected 

relative was unavailable for testing. The likelihood that patients were identified with 

a variant which affects function was significantly lower by 36% in the post-publication 

period with 11.1% (129/1157) compared with the pre-publication period with 17.4% 

(41/236) (P=0.008). 
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Table 4.1 Baseline study population demographics 

  
Pre-

Publication 

n (%) 

Post-

Publication 

n (%) 

Total study 

population n 

(%) 

General Merseyside & 

Cheshire population n (%) 

Number 
 

236 (100.0) 1157 (100.0) 1,393 (100.0) 2454534 (100) 

Gender Female 230 (97.5) 1110 (95.9) 1340 (96.2) 1,255,031 (51.1)  
Male 6 (2.5) 47 (4.1) 53 (3.8) 1,199,503 (48.9) 

Age  
 

51.6 (12.2) 53.8 (13.1) 53.4 (SD 13.0) 41.1 (-) 

Cancer  Breast 178 (75.4) 637 (55.1) 815 (58.5) 
 

 
BOC 8 (3.4) 26 (2.2) 34 (2.4) 

 

 
Ovarian  36 (15.3) 287 (24.8) 323 (23.2) 

 

 
Other cancer 8 (3.4) 34 (2.9) 42 (3.0) 

 

 
Unaffected 6 (2.5) 173 (15.0) 179 (12.8) 

 

Genetic 

test result 

No variant which affects 

function was found * 

195 (82.6) 1028 (88.9) 1223 (87.8) 

 
Variant which affects 

function was found 

41 (17.4) 129 (11.1) 170 (12.2) 
 

IMD 1 (Most deprived) 63 (28.9) 322 (29.4) 385 (29.3) 797,326 (33.0)  
2 32 (14.7) 159 (14.5) 191 (14.5) 373,335 (15.5)  
3 39 (17.9) 189 (17.3) 228 (17.4) 377,279 (15.6)  
4 48 (22.0) 219 (20.0) 267 (20.3) 418,590 (17.3)  
5 (Least deprived) 36 (16.5) 206 (18.8) 242 (18.4) 447,723 (18.5) 

Note: n, Number; SD, standard deviation; BOC, breast and ovarian cancer; IMD, index of multiple deprivation. 

*This includes results where benign variants or variants of unknown significance (VUS) were identified. 

At the beginning of the period of observation, there were an estimated 0.14 BRCA tests 

received per 100,000 population per month and a per month increase of 0.01 BRCA 

tests received per 100,000 population (P=0.085) over the period March 2010 and April 

2013 (Table 4.2). Based on our segmented regression analysis, testing increased by 

0.30 per 100,000 (95% CI 0.09 to 0.51) following the combined publications, which 

was approximately an 84.3% increase (P=0.006), followed by a 0.01 per 100,000 

population (95% CI 0.01 to 0.02) (P=0.002) increased trend in testing per month.  

Table 4.2 Temporal trends in receipt of BRCA testing from 2010 to 2017 

Parameter Coefficient Standard 

error 

95% Confidence 

Intervals 

P-value 

Constant β0 0.1411 0.0731 -0.0021, 0.2844 0.0572 

Secular trend β1
a 0.0058 0.0034 -0.0007, 0.0124 0.0846 

Change in level β2 0.3015** 0.1057 0.0944, 0.5086 0.0056 

Change in trend 

β3
a 

0.0139** 0.0043 0.0056, 0.0223 0.0016 

Goodness of fit measures: RSE: 0.5603 (77 DF), Multiple R2: 0.747, Adjusted R2:  0.737; F-statistic: 

75.75 (3 on 77 DF), p-value: <0.0001  

Abbreviations: Residual Standard Error, RSE; DF, Degrees Of Freedom;  

Note: ***P < 0.001, **P < 0.01, *P < 0.05 
a per month 
 

At the end of the post-publication observation period (45 months follow-up), it was 

estimated that testing had increased from 0.62 to 1.52 per 100,000 population. This 

translated to an approximate 145% (95% CI 30.4 to 295.7%) increase in testing, or an 

absolute increase in testing of 0.89 per 100,000 population (95% CI 0.04 to 1.13). 
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Therefore, between April 2010 and March 2017, testing rates increased approximately 

11-fold from 0.14 to 1.52 tests per 100,000 population per month. The trend in 

incidence of BRCA testing is illustrated in Figure 4.5.  

Figure 4.5 Standardised incidence of BRCA testing per 100,000 population per month.  

 

   

The red dots indicate the observed uptake per month. The red line represents the trend line pre and post-

publication of Jolie’s editorial and NICE CG164. The blue dashed line represents the extrapolated pre-

publication regression line. *Post-publication is the period which followed the New York Times 

Editorial ‘My Medical Choice’ by Angelina Jolie and update to NICE CG164.    

Figure 4.6 illustrates the standardised change in uptake of BRCA testing pre and post-

publication by IMD quintile (1=most deprived to 5=least deprived). While pre-

publication testing was limited, the number of BRCA tests increased more than four-

fold per year across all quintiles post-publication. However, there were large 

disparities in uptake across the different geographical areas (Figure 4.7  
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Figure 4.7).  

Figure 4.6 Adjusted receipt of BRCA testing pre and post-publication across IMD 

quintiles 

 

Abbreviations: IMD = Index of Multiple deprivation.  
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Figure 4.7 Map of Merseyside and Cheshire illustrating receipt of BRCA testing: (a) 

Pre-Publication and (b) Post-Publication 

 (a)       

  

(b) 
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Note: Colour code indicates the number of people who underwent BRCA testing by 

Middle Super Output Area (MSOA). Darker colour indicates that a higher number 

underwent BRCA testing. 

Social deprivation data derived from patient postcode were analysed for all LSOAs 

within the catchment area of Merseyside and Cheshire. The catchment area 

deprivation scores were divided into population-matched quintiles, with proportions 

of BRCA tests received calculated for each. A chi-squared test assessed whether the 

observed frequencies of BRCA testing by IMD quintiles matched the expected 

frequencies. We found that BRCA testing by IMD quintile differed significantly from 

the expected proportion of BRCA testing given the catchment population distribution 

(P=0.04), shown in Figure 4.8.   

Figure 4.8 Distribution of cancer BRCA testing Pre and Post-Publication 

 

In Table 4.3, odds ratios were calculated for each quintile relative to the incidence 

within the most deprived group (first quintile). The trend in odds of receiving BRCA 

testing were higher, but not significantly, during the pre-publication period as 

deprivation reduced (OR 1.21 95% CI 0.99 to 1.48, P=0.06).  During the post-

publication period, testing was significantly higher as deprivation reduced (OR 1.18 

95% CI 1.08 to 1.29, P<0.001). However, this statistical significance may be explained 

by increased sample size post-publication period. This difference is suggestive of a 

horizontal inequity.  
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Table 4.3 Comparative odds ratios for each population-matched IMD quintile 

Quintile Pre-
publicati
on 
N / P (%) 

Pre-publication  
OR (95% CI) 

Post-
publicati
on 
N / P (%) 

Post-publication  
OR (95% CI) 

1 (most 
deprived) 

63 / 
797,326 
(7.9x10-5) 

Ref.  322 / 
797,326 
(40.4x10-

5) 

Ref.  

2 32 / 
373,335 
(8.6x10-5) 

1.08 [0.71, 1.66] 159 / 
373,335 
(42.6x10-

5) 

1.05 [0.87, 1.28] 

3 39 / 
377,279 
(10.3x10-

5) 

1.31 [0.88, 1.95] 189 / 
377,279 
(50.1x10-

5) 

1.24 [1.04, 1.48]* 

4 48 / 
418,590 
(11.5x10-

5) 

1.45 [1.00, 2.11]* 219 / 
418,590 
(52.3x10-

5) 

1.30 [1.09, 1.54]* 

5 (least 
deprived) 

36 / 
447,723 
(8.0x10-5) 

1.02 [0.68, 1.53] 206 / 
447,723 
(46.0x10-

5) 

1.14 [0.96, 1.36] 

Total effect:   1.21 [0.99, 1.48] (P = 
0.06) 

 1.18 [1.08, 1.29]*** (P = 
0.0002) 

Pre-Publication Heterogeneity: Chi² = 1.99, df = 3 (P = 0.58); I² = 0% 
Post-Publication Heterogeneity: Chi² = 2.93, df = 3 (P = 0.40); I² = 0%  

Abbreviations: N, number; P, population; OR, odds ratio; CI, confidence interval; Ref., reference; df, 

degrees of freedom; I2,  Higgin’s I2 statistic;  

***P<0.001, **P<0.01, *P<0.05. 
 

An assessment of testing by quintile found that pre-publication, the odds of receiving 

BRCA testing were higher in the fourth quintile compared to the first (OR 1.45 95% 

CI 1.00-2.11, P<0.05). Post-publication, the odds of receiving testing were higher in 

the third and fourth quintile, compared to the first quintile (OR 1.24 95% CI 1.04-1.48, 

P<0.05) and (OR 1.48 95% CI 1.09-1.54, P<0.05).  

4.5. Discussion  

This study found that the implementation of NICE clinical guidelines in combination 

with celebrity endorsement yielded an estimated 145% increase in BRCA testing. 

While NICE clinical guidelines are recommendations ‘as an option’ and should be 

implemented in the NHS within 3 months of publication, delayed implementation at a 

local level may limit patient access for some.307 
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Whilst it was anticipated that both the publication of NICE CG164 and Jolie’s editorial 

were the main contributors to increased BRCA testing, it is of course possible that there 

were other contributors. However, as advancements in genomic technologies continue 

and become more widespread, a ‘mainstreaming model’ has been introduced where 

BRCA testing is now offered as part of routine gynae-oncology care pathway and such 

streamlining may have also contributed to increased testing.308 This mainstreaming 

model involved up-skilling of oncology specialists (through online, face-to-face 

learning packages and written algorithms) to consent, order, interpret and deliver 

results for genetic testing (as described in Figure 4.9).309,310    

Figure 4.9 Comparison of time and appointment savings of UK-wide implementation of 

mainstream and traditional BRCA testing pathways, adapted from George et al. 

(2016)308 

 

(a) In the mainstream pathway the BRCA testing can be completed in 3-4 weeks at existing cancer 

clinic appointments and only women with a variant which affects function have genetics follow-up. (b) 

In the traditional pathway all patients have at least two genetics appointments for testing leading to 

substantial increases in the time and resources required.  
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Adapted from Kinney et al. (2006).
311

 

Increased testing may also be the result of advances in effective treatment options that 

are tailored to BRCA variants such as olaparib, a poly ADP-ribose polymerase (PARP) 

inhibitor which has been proven to prolong progression-free survival in BRCA variant 

which affects function found in breast and ovarian cancers.312,313 In essence, increased 

treatment options may have encouraged clinicians to offer testing due to an improved 

risk-benefit profile. Further, as direct-to-consumer (DTC) BRCA tests have become 

widely available, it is possible that marketing campaigns and confirmatory testing due 

to the use of DTC tests may have increased demand. 

While our study found that BRCA testing increased across all socioeconomic groups, 

some increased more than others. However, further research is needed to quantify the 

extent to which these findings support an association of effect and reflect different 

health needs for BRCA testing that control for differences in cancer incidence and other 

confounders. Whilst it was anticipated that both the publication of CG164 and Jolie’s 

editorial were the main contributors to increased BRCA testing, the extent to which 

these contributors may have impacted different socioeconomic groups based on their 

differential awareness and demand is uncertain. A recent qualitative study by Wright 

et al. (2018) found that some patients felt regretful and angry when BRCA testing was 

offered to them as many had already been diagnosed with cancer and that the timing 

of the test was illogical.314 While some patients had heard of BRCA testing they 
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believed that they were ineligible based on beliefs shaped by recent media discussions 

as no members of their family had breast cancer.314  

The identification of BRCA variants in ovarian cancer patients may have significant 

financial implications as olaparib has a UK list price of £3950 per pack per month.315 

Further, the pairing of olaparib with intensive chemotherapy regimens and long 

duration of treatment may present a significant barrier for some patients as some 

providers may perceive that some patients may be less able to tolerate and adhere to 

therapy. Therefore, the expected risk-benefit ratio may be lower in patients identified 

as vulnerable. As such, implementation studies are needed to examine care delivery to 

ensure equity of access based on equal access for equal health care need.  

ITS regression use multiple consecutive pre and post-intervention observations in a 

single population and incorporates time. The counterfactual was estimated by 

extrapolation of the pre-intervention trend and assumes that in the absence of the 

intervention the trend would otherwise remain the same. As the observations are 

undertaken in the same population, between group differences do not present a 

problem. However, other events occurring around the same time may have been a 

source of confounding. As an alternative approach, difference-in-difference design 

typically refers to a controlled before-and-after study in which the outcome is 

measured at a single baseline (pre-intervention) time point and a single post-

intervention time point (and time is not incorporated in the model). The counterfactual 

is estimated based on the control group alone and assumes that trends are parallel in 

the two groups. Similarly, this approach is susceptible to between group confounders. 

As an alternative method, spline modelling may have been implemented if data for 

additional variables is available. Spline modelling is a non-parametric regression 

technique that models non-linearities and interactions between variables. Spline 

modelling overcomes the assumption that the relationship between the predictor and 

outcome is linear. If additional variables were collected, Spline modelling would have 

the advantage of testing non-linearity in the predictor variables for modelling non-

linear functions.  

A study limitation was that the rate of BRCA testing was unadjusted and a control arm 

was precluded to examine what the counterfactual would have been in the absence of 

the intervention. Therefore, the comparison between rates of BRCA testing pre- and 
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post-publication of CG164 and Jolie’s editorial may have been confounded by changes 

in individual-level variables such as age, sex and other factors which impact the 

clinical need for BRCA testing. A possible solution to control for changes in these 

factors would be to match for changes in such baseline characteristics overtime. 

However, such analysis was not undertaken and further research could adjust for these 

characteristics by multivariate matched data to control for time invariant residual 

biases.316 Other approaches include use of a synthetic control method and a lagged-

dependent-variable approach.316 While this study also found that socioeconomic 

deprivation appears to be associated with lower rates of BRCA testing. Although this 

association may be multifactorial, however multivariate analysis was not possible in 

this study due to a lack of comparative data available for the catchment population. 

The significance of the results of this study are nevertheless interesting and with 

clinical relevance as post-publication as the observed rate of BRCA testing was also 

found to be higher in the least deprived population, compared to the most deprived 

population. 

Other studies in the USA have found that rates of referrals for BRCA testing in patients 

with a diagnosis of OC and BC differed by race and insurance status.317,318 Further, 

there are concerns that common polymorphisms in ethnic minority groups may not be 

recognized in the testing laboratory and as such, individuals of ethnic minority groups 

may be more likely to be reported as of uncertain significance. Indeed, variants of 

uncertain significance (VUS) present an important challenge as the clinical 

significance of the result cannot be inferred from the sequence information alone.113 

Furthermore, the misinterpretation of VUS can result in harm to both patients and 

families. Identification of a VUS may mean that the clinician has to make a decision 

about future care management when it is unknown whether or not the individual has a 

genetic mutation or not. Such uncertainty may lead the clinician to treat appropriately 

as the variant may be meaningful for the health of the patient. However, identification 

of a VUS may also lead the clinician to overtreat or undertreat the patient. Both of 

these alternatives may have negative health consequences due to inappropriate 

treatment provision.319 It has been reported that up to 20% of BRCA tests report VUS, 

but in well-characterized ethnic populations, the proportion may drop to 5% or less.293  



151 

 

A survey found that ethnic minority BC patients were less willing to undergo 

molecular testing.320 More, there are multiple reasons why they have limited access to 

genetic services due to location, socioeconomic factors, less awareness and distrust. 

Another study for genetic testing for Long QT syndrome (LQTS) found that those who 

were anxious or depressed were more likely to perceive barriers to communicating 

genetic information to family members.321 Meanwhile, a patient preference elicitation 

study found that the valuation of genetic testing for colorectal cancer varied by income 

and employment status.322  

In cystic fibrosis (CF), implementation of CF newborn screening programs across the 

US remains suboptimal in nonwhite populations due to poor characterization of CFTR 

gene variants in diverse ethnic groups.323 Similarly, high-risk APOL1 genotypes 

increase the risk of kidney disease by seven-fold, and they are more common in 

individuals of African descent. However, the mechanisms by which APOL1 genotypes 

increase the risk of kidney disease remains poorly understood, and thus treatments that 

specifically target individuals with high-risk genotypes have been slow to develop.142 

Therefore, potential disparities in genetic testing may not only depend on 

socioeconomic status, but also on differing clinicians and patient preferences, poor 

characterization of genetic variants and insufficient mechanisms to manage more 

vulnerable patient populations.142,179,297,318,324 Thus, as with BRCA testing, the 

prevalence of disease in different population groups is an important factor to consider 

when analyzing disparities.  

Cancer Research UK (CRUK) reported that in more deprived groups, there were 

approximately 15,000 net excess cancer cases overall.325 CRUK further reported that 

while the incidence of OC was higher in more deprived groups, the incidence of BC 

was higher in less deprived groups.325 Such evidence suggests that novel approaches 

including the analyses of patient level data, patient preference elicitation studies and 

qualitative research are needed to understand more about differences in uptake.       

There remains a paucity of evidence to inform how different modalities of 

implementation of BRCA testing could be used to target deprived populations within 

the UK. Although one survey found that following celebrity endorsement from 

Angelina Jolie, there was increased awareness of health challenges, more purposeful 

communication efforts may better assist public understanding given the complexity of 
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the information.326 A survey found that the increased presence of HBOC in the media 

since Jolie’s disclosure led to greater awareness from people from different social 

backgrounds.285 However another study found that increased awareness of testing is 

not always associated with improved understanding about the implications of 

testing.326 An economic study in the USA found that while BRCA testing increased 

following publication of Jolie’s editorial, the proportion of patients which consumed 

additional health care resources declined.327 Our study found that there was reduced 

likelihood that patients were identified with a variant which affects function in the 

post-publication period. Therefore, this association highlight the importance of 

ensuring potential surges in health seeking do not result in unnecessary resource use 

that may not benefit patients at low risk. In our study it was not possible to examine 

whether BRCA testing was guideline concordant due to a lack of personal and family 

history of cancer data. 

It is well known that BRCA test results may have wider implications for other family 

members.113,114 Indeed, BRCA test results may indicate future health care needs within 

family relatives or need for exploration. However, restricted communication may have 

compounding implications for health care disparities. Therefore, research is needed to 

examine how BRCA test results are communicated with family members and this is 

explored further in chapter 5. 

While this research has identified an interesting association of effect relating to the 

impact of Jolie’s editorial and NICE guidelines and also inequalities in uptake of 

BRCA testing, the overall findings are subject to some limitations. All models are 

imprecise, despite the fact that Autoregressive Integrated Moving Average (ARIMA) 

models inherently account for autocorrelation, non-stationarity, and seasonality. 

However, estimates of the overall effect on rates of genetic testing involved 

extrapolation which is inevitably associated with uncertainty. Furthermore, the 

regression method chosen assumed linear trends over time and although it assumed 

larger standard errors in the post-publication period. The main threat to validity in 

interrupted time series analyses relate to time-varying confounding, such as co-

interventions, possibly changes in treatment coding, or changes in the population 

under study.328 Another problem with such analyses is that interventions may be 
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implemented at different rates and inconsistently and therefore, there remains 

uncertainty in the overall impact. 

An additional study limitation was that in designing the analysis, it was not feasible to 

add a non-equivalent no-treatment control group. In addition, although it is not 

obvious where there would be variation in the provision of health service as both the 

Merseyside and Cheshire RGS and the gynae oncology team are regional, cover the 

same geographical footprint and both work to standard testing protocols. The RGS is 

the provider for genetic testing for patients within the region and only data processed 

through the RGS is included within the paper. Any patient accessing testing through 

another provider is not included. Those patients living near the boundary of the region 

may have attended the adjacent RGS or some patients may have accessed private 

testing. Another limitation relates to the sensitivity of IMD quintiles matched to each 

LSOA. Moreover, within each LSOA there may be significant variation in terms of 

deprivation and this is an important consideration when interpreting the results. 

Additionally, recorded BRCA data might be subject to recording errors or adjudication 

errors, and the reliability of the coding of BRCA tests might have changed over time. 

However, there was no evidence of changes in treatment coding or significant changes 

in the study population.  

In conclusion, this study shows that clinical guidelines and celebrity endorsements 

may have had a significant impact on health service use in terms of the rate of BRCA 

testing. However, while such publications may increase awareness and uptake, the 

proportion of patients identified with having BRCA variants which affect function was 

found to have decreased. This highlights the importance of ensuring that potential 

surges in health seeking do not translate to inappropriate resource use that may not 

benefit patients at low risk and that may result in a significant cost burden to the 

taxpayer. The NHS in the UK has the philosophy of offering ‘a comprehensive service, 

available to all’ irrespective of ability to pay.302 Additional studies which control for 

confounders are needed to ensure equity in access to BRCA testing which is based on 

equal access for equal health care need.  

See appendix 16 and 20 for poster and manuscript publications related to this research. 
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4.6. Implications for future research 

Implementation studies have emerged as an important discipline to inform how 

interventions are introduced into healthcare systems from ‘bench to bedside to 

community.’299 As such, this study offers a valuable contribution to equity research in 

the implementation of BRCA testing and may be used as a benchmark to inform future 

studies. Moreover, this study highlights the potential value of analysing patient level 

data to explore important research questions such as the impact of clinical guidelines 

and celebrity endorsement on equity of access to BRCA testing.  

The ITS methodology utilised in this study provides an alternative approach to 

examining treatment effect as a randomised design was not feasible. This quasi-

experimental methodology has the causal hypothesis that changes in the observations 

after a selected timepoint may be different due to a treatment effect at the selected 

timepoint. However, as previously discussed, this approach did not include a control 

group or adjust for confounding and therefore there were a number of limitations to 

consider. As such, other studies which explore how BRCA testing has been 

disseminated and implemented across the spectrum of contexts and settings are needed 

to ensure population-level health improvements do not conceal widening health 

disparities.299  

Increasingly, patient participation has become central across all aspects of health 

research. Indeed, the creation of a partnership between patients, carers, the public, and 

researchers, can inform the research process by providing a ‘voice’ to all stakeholders. 

Patient, carer & public involvement & engagement (PCPIE) may contribute to the 

research process at all stages, from informing the research question to coordinating 

dissemination strategies of the research findings. Progressively, researchers are 

recognising the value of incorporating qualitive research on patients’ experiences into 

quantitative studies of those same patients’ outcomes.329  

The value of expert judgement from Key Opinion Leaders (KOL) and from patient 

groups and patient charities is well recognized. Moreover, additional studies to 

examine patient-provider perceptions may be informative in the identification of 

barriers and facilitators to BRCA testing. Different structured and unstructured 

methodologies exist for obtaining and combining judgements to explore and inform 

implementation strategies. 
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A preference elicitation study is a broad umbrella term for different methodologies to 

reveal preferences of patients and health professionals to inform decision making. In 

the absence of revealed preference data, an example of Discrete Choice Experiments 

(DCE) present a quantitative technique for eliciting preferences by asking individuals 

to state their preference over hypothetical scenarios for intervention and service 

attributes. Each alternative is described by several attributes and their responses are 

used to determine whether preferences are significantly influenced by the attributes 

and also their relative importance.279 Recently with the introduction of routine BRCA 

testing as part of the gynae-oncology care pathway, a DCE may be implemented to 

examine the acceptability of the change in patient pathway. By assessing subgroups 

of patients to examine preferences, in terms of acceptability, it may be possible to 

identify attributes which may be barriers and facilitators to equity of access to 

‘mainstreamed BRCA testing.’ 

In the future, enhanced health surveillance systems may provide information relating 

to those who were offered BRCA testing but refused. As such, it will be possible to 

understand more about equity of access. However, existing surveillance systems such 

as NHS hospital episode statistics (HES) only record health services consumed, 

although it is possible to explore uptake by IMD using HES data. HES data is 

increasingly being used to conduct comparative effectiveness studies to examine real 

world implementation. Therefore, using HES data, it is recommended that an 

examination is undertaken to explore the changes in uptake of BRCA testing since 

testing rates have risen over time but the proportion of individuals found with a variant 

which affects function has reduced.  

Ethical approval: HRA REC 227795/17CAG0183 approved. See appendix 6-12 for 

full documentation relating to ethical approval. 
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5. Trends in Predictive BRCA testing and socioeconomic deprivation  

In chapter 4, analysis explored trends in BRCA testing in individuals affected with a 

breast or ovarian cancer, if their combined probability of identifying a BRCA variant, 

which affects function, was ≥10%. Further, the analysis included trends in individuals 

unaffected by cancer if their combined probability of identifying a BRCA variant, 

which affects function, was ≥10% and if an affected relative was unavailable for 

testing.  

Those who inherit a BRCA variant, which affects function, are at increased risk of 

developing breast, ovarian and other cancers. Therefore, in chapter 5, an analysis was 

undertaken to examine trends in uptake of predictive BRCA testing. Predictive BRCA 

testing describes testing undertaken in an asymptomatic person to predict future risk 

of disease where a variant, which affects function, was found within a BRCA gene in 

their family. Moreover, a statistical regression analysis was undertaken to explore 

clinical and sociodemographic factors associated with uptake of predictive BRCA 

testing.  

5.1. Background   

Some cancers may be caused by variants known to affect the BRCA gene function.111–

113 Hereditary risk refers to the increased risk individuals have for  developing certain 

diseases based on genes inherited from their parents. Both BRCA1 and BRCA2 variants 

may be inherited from either parent, which can significantly influence the risk of 

developing breast cancer, ovarian cancer, prostate cancer and has been found to be 

associated with pancreas, stomach, skin, colon and other cancers.113,114 The risk of 

developing cancer exists in all individuals as genetic changes accumulate when cells 

divide over time. However certain inherited variants may predispose cells to grow 

uncontrollably and this may increase an individual’s risk of developing cancer.114 

BRCA1 and BRCA2 encode proteins that are essential for the repair of DNA double-

strand breaks by homologous recombination (HR).115BRCA1 and BRCA2 belong to a 

class of tumour suppressor genes and as such, a variant which affects function in either 

gene may prevent cells from growing and dividing as usual. Therefore, individuals 

who inherit a BRCA mutation are at increased risk of developing certain cancers. 

Moreover, the identification of an inherited BRCA mutation is important as this 
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information may be used to guide more frequent follow-up and cancer prevention 

strategies.115 Different options may be available to males and females, and options 

may also differ dependent on age, family history and existing comorbidities. These 

could include; risk-reducing lifestyle modifications, medications and some procedures 

may be indicated, such as bilateral mastectomy and/or salpingo-oophorectomy.116,117  

In the general population, known BRCA pathogenic variants are rare. They are known 

to exist in only 0.2 to 0.3% of the general population and were first discovered because 

they were more common in individuals who develop cancer.111–114 However, the child 

of a person with a BRCA gene alteration has a 50% probability of dominant 

inheritance. Therefore, the children of a parent with a BRCA gene alteration would 

have an increased risk of developing cancer, regardless of gender.330 The family 

relative who has a known a BRCA gene mutation may be referred to as the proband. It 

has been reported that inherited BRCA gene alterations confer a 39% to 85% lifetime 

risk of female breast cancer and an 11% to 62% lifetime risk of ovarian cancer.331 

Consequently, predictive BRCA testing may be offered in an asymptomatic individual 

to predict future risk of disease where a BRCA mutation has been identified in a family 

relative (e.g. a proband). Subsequently, an individual’s DNA would be tested for that 

variant alone.  

BRCA test results may have wider implications for other family members. Such results 

may indicate future health care needs within family relatives. However restricted 

communication may have implications for health care disparities. Therefore, research 

is needed to examine how BRCA test results are communicated with family members. 

Despite marked benefits from BRCA testing in the form of decreased cancer incidence, 

morbidity, and mortality, it has been reported in some settings that a lower proportion 

of women with high-risk histories undergo BRCA testing.332,333 Further, it has been 

reported that women from families with few female relatives are unlikely to recognise 

their BRCA carrier risk until they develop cancer.331  In 2011, the Ontario Ministry of 

Health and Long-Term Care (MOHLTC)  introduced a publicly funded, population-

wide genetic testing for HBC through Cancer Care Ontario (CCO).333 However, 

enrolment rates were found to be lower in some settings and the consideration of the 

‘inverse care law’ was suggested whereby the more advantaged in society are the first 

to participate and benefit from care.333  
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An old but relevant study by Holloway et al (2008)334 found evidence that low social 

deprivation was significantly associated with greater attendance to genetic services 

based on Scottish patients with a family history of breast cancer. A more recent study 

by Cragun et al. (2015)335 found that individuals with education less than or equal to 

college graduate and also individuals older than 45 years were significantly (P<0.001) 

less likely to be referred for BRCA counselling and to undergo BRCA testing in a 

population of young black women with BC. A cross-sectional study by Yusuf et al 

(2015)336 found a significant association (P<0.05) between level of education and 

willingness to undergo genetic testing among insured participants. Moreover, a large 

cross-sectional study (N=22,371) by US Census Bureau found that individuals with 

bachelor degree or more were almost seven times more likely to be aware of cancer 

genetic testing OR 6.97 (6.34 to 7.66) (P<0.001), compared to individuals that did not 

graduate high school.337 Other large cross-sectional studies (N=10,394; N=10,883) 

have found similar results.338,339 A randomised trial by Butrick et al (2016)340 non-

Hispanic white (NHW) were twice as likely to complete BRCA genetic counseling and 

testing (OR 1.96 (1.20 to 3.20) (P<0.05)) compared to individuals from minority 

ethnic groups.  

Some studies have emphasised that while much is known about how women manage 

BRCA-related cancer risk, less research has explored how men manage BRCA-related 

cancer risks. However studies have found that males were less aware of genetic testing 

than females (P<0.05).337,341–343 As such, concern has been raised that males at risk of 

BRCA-related cancer risk are insufficiently tested.344 Males have a 50% likelihood of 

having inherited a gene variant from a parent, as well as an equal risk of passing the 

variant to subsequent generations.344 Although males are at a lower risk of developing 

BRCA-related cancers. Males with BRCA1 mutation have a lifetime BC risk of 1-5% 

and 2-3% risk of pancreatic cancer. While males with a BRCA2 mutation have a 

lifetime BC risk of 5-10%, 15-25% risk of prostate cancer, and a 3-5% risk of 

melanoma. The comparative statistics for males in the general population has a 0.1% 

BC risk, 16% risk of prostate cancer, 1% risk of pancreatic cancer and 1-2% risk of 

melanoma.344,345  

Access to health care services is an important social determinant of health.3 Yet the 

design and structure of health services may mean that health services are unavailable 
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or unacceptable in some population groups. Indeed, there is concern that socially 

disadvantaged populations, such as ethnic minorities or those with lower levels of 

education may underutilise such services despite the lack of a direct financial barrier 

to care.333  

As discussed in chapter 4, on 14 May 2013, Angelina Jolie raised public awareness of 

BRCA testing following the release of the New York Times editorial ‘My Medical 

Choice.’284 Jolie described her experience and why she decided to undergo predictive 

BRCA testing and subsequently opted to undergo risk-reducing procedures as a result 

of her BRCA status.285–287 Concurrently, NICE published its updated guidance for 

Familial Breast Cancer Testing [CG164].288 NICE recommended that testing should 

be conducted in patients with ovarian or breast cancer where the combined probability 

of identifying a BRCA1 or BRCA2 variant which affects function is greater or equal to 

10%.288 In addition, NICE (1.3.6) recommended testing in asymptomatic relatives 

where a variant which affects function was identified within a BRCA gene in their 

family (as described in Figure 4.1). Then the individual’s DNA may be recommended 

for testing that variant alone to predict future risk of disease.288,292  

Figure 5.1 Model of a clinical pathway for predictive BRCA testing,  

 

Note: BRCA positive denotes the identification of a BRCA variant which is known to affect function 

and BRCA negative means that no variant which is known to affect function was identified. However, 
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this pathway does not explain how variants of uncertain clinical significance (VUS) should be 

managed and this will be addressed in the discussion. Adapted from Slade et al. (2016).346 

The extent to which Jolie’s editorial and NICE CG164 led to changes in uptake rates 

of predictive BRCA testing has not been previously explored in the UK.288  Therefore, 

to explore disparities within the North West region, the aim of this study was to 

analyse trends in uptake following the publication of Jolie’s editorial and NICE 

CG164 and relate uptake to equity of access to predictive BRCA testing. This study 

followed STaRI guidelines for transparent and accurate reporting of implementation 

studies.299   

5.2. Objective 

Research is therefore needed to assess equal access for equal health care need. An 

analysis was undertaken to examine trends in predictive BRCA testing which describes 

the receipt of a BRCA test in an asymptomatic person to predict future risk of disease 

where a variant which affects function was found within a BRCA gene within the 

family and then an individual’s DNA is tested for that variant alone (CG164, 

1.3.6).288,292   

The primary objective of this study was to assess the impact of Jolie’s editorial and 

updated NICE clinical guidance (CG164) on uptake of BRCA testing over time in the 

catchment area of Merseyside and Cheshire Regional Genetic Service (RGS).  

To assess disparities in uptake further, the secondary objectives were to explore 

predictors of BRCA testing in family members and predictors of time taken to undergo 

BRCA testing in family members following proband testing.    

5.3. Methodology 

5.3.1. Study population and data sources  

As in Chapter 4, this research was conducted using retrospective, routinely collected 

hospital data from the Merseyside and Cheshire RGS hosted by Liverpool Women’s 

NHS Foundation Trust. As previously described, the RGS is responsible for care in 

Merseyside and Cheshire (with the exception of boundary areas).  
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The NICE guideline for CG164 updated previous guidance on familial breast cancer, 

published in 2004 and 2006.289,290 Specifically, this analysis explored predictive BRCA 

gene testing which describes the receipt of a BRCA test in an asymptomatic person to 

predict future risk of disease where a variant which affects function was found within 

a BRCA gene is already known within the family and the patient’s DNA is tested for 

that variant alone (CG164, 1.3.6).288,292   

Data was collected for individuals aged ≥18 years old from April 2010 and March 

2017 who received predictive BRCA testing. As in Chapter 4, for the purposes of this 

research, BRCA testing refers to DNA sequencing analysis of both BRCA1 and BRCA2 

genes and comparing that analysis to reference sequence. Likewise, testing also 

included MLPA dosage analysis to exclude the presence of whole deletion or 

duplication. The method of sequence analysis has changed over the timeframe of the 

study from bi-directional fluorescent sequencing in 2010 to long range PCR and next 

generation sequencing on Illumina MiSeq (minimum 100x coverage) using an in-

house variant calling bioinformatic pipeline with sanger confirmation of variants 

called or areas of the gene with less than 100x coverage.   

As in Chapter 4, patients aged <18 years old and patients registered at an address 

outside of England were excluded from the deprivation analysis as information on 

level of deprivation was not available for 4.9% (38/779) of patients. Baseline 

characteristics of individuals who received predictive BRCA testing and also the study 

setting population were described.  

5.3.2. Measures  

Baseline characteristics were summarised for people who received predictive BRCA 

testing which included age, gender, which BRCA gene was tested and whether a 

variant which affects function was found. In addition, the number of predictive BRCA 

testing provided following proband testing and the average number of days from 

proband testing to predictive BRCA testing in relatives was examined. For all the 

recipients of predictive BRCA testing at Merseyside and Cheshire RGS, LSOA of 

residence was mapped to an IMD quintile. Additionally, monthly trends in the 

proportion of patients who received testing were measured over time.  
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5.3.3. Statistical analyses  

Segmented regression to explore trends in predictive BRCA testing  

As with Chapter 4, our defined time point of interest was the combination of the New 

York Times editorial by Angelina Jolie on 14 May 2013 and the release of NICE 

CG164 guidance on 25 June 2013.284,288 An ITS regression was implemented to 

examine the causal effect of NICE CG164 and Jolie’s editorial on BRCA testing. 

Likewise, we compare ‘pre-publication’ with ‘post-publication’ as both the Jolie 

editorial and the NICE guidance were published within weeks of each other in 2013. 

As with Chapter 4, the crude rate (unadjusted for changes in population size over time) 

of predictive BRCA testing was presented as it was assumed that individual-level 

variables remained relatively stable over the study period.303 The testing was adjusted 

to assess monthly trends in testing from April 2010 to March 2017 per 100,000 

population for the catchment area. The analysis was based on 37 monthly pre-

publication data points (Apr 2010–Apr 2013) and 45 monthly post-publication data 

points (July 2013–Mar 2017). An ITS analysis was performed to estimate the overall 

publication impact by predicting what would have been observed post-publication had 

pre-publication levels and/or trends continued uninterrupted and comparing this with 

what was modelled using observed post-publication data. As described in chapter 4, 

the endpoint of the observed post-publication period (March 2017) was used to 

calculate the average difference over the post-publication time period.304,305  

As in Chapter 4, the regression model was specified as: Ŷt = β0 + β1 * timet + β2 * 

interventiont + β3 * post_interventiont + et. Here Ŷt  is the incidence of predictive 

BRCA testing at time point t. β0  estimates the baseline level of the outcome just before 

the beginning of the time series. β1 estimates the pre-intervention trend, β2 the change 

in the level between the time point immediately before vs. after the lag period and β3 

the change in trend occurring immediately after the lag period. A backward-stepwise 

approach to remove non-significant (P<0.1 was selected due to small sample size) 

regression terms to maximize statistical power. A GLS model with autoregressive 

moving average (ARMA 1,1) process was fitted and Durbin-Watson statistic tested 

for autocorrelation in the residuals from the regression and indicated no significant 

autocorrelation. Finally, the likelihood ratio test and residual plot indicated that the 
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model was correctly specified. For the ITS model, 95% CI for the coefficients were 

then calculated.  

To examine the implementation of predictive BRCA testing, the IMD score for each 

member of the catchment population was defined based on their respective LSOA. 

Deprivation scores were then divided into national deprivation quintiles for the 

catchment population and a binary logistic regression analysis was undertaken using 

R (version 3.42) and RStudio 1.1.383.306    

Predictors of BRCA testing in family members 

It is uncertain whether all family members who are eligible for predictive BRCA 

testing following proband testing go on to access testing. Therefore, research is needed 

to assess horizontal equity for predictive BRCA testing in family members. There is 

concern that some groups may not pursue testing even though they are eligible.  

 As such, a a bivariate regression analysis was conducted to explore individual 

associations with predictive BRCA testing of relatives for a family mutation to see 

whether differences in uptake may exist. Predictor variables included: gender, type of 

BRCA test received, cancer history, socioeconomic status represented by IMD and 

Education status, represented by the IMD domains for education, skills and training.  

To build the multivariate logistic regression models, both clinically and statistically 

significant predictors (P<0.1 on univariate analysis) were included. All predictors 

were included in the multivariate model and were removed in a backward stepwise 

process if they were not statistically significant predictors and if they confounded 

relationships between other variables in the model (defined as a change in the odds 

ratio of at least 10%). This was to explore whether a confounding variable changes the 

effect. If there was a change above the described threshold, it may mean the model is 

not well specified. STATA 15.0 statistical software was used (STAT Corp., College 

Station, TX).  

Predictors of time from proband BRCA testing to predictive BRCA testing 

Similarly, it is uncertain whether all family members who are eligible for predictive 

BRCA testing, access in a timely manner and there is concern that some people delay 

testing even though they are eligible. It is important to consider that delay to predictive 
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BRCA testing may mean that the individual has less health information and may not 

have access to interventions to manage health risk. Research is therefore needed to 

assess equal access for equal health care need or whether some groups delay accessing 

testing.  

An exploration of  predictors of time from proband BRCA testing to receipt of BRCA 

testing by family relatives was undertaken. The distribution of time to BRCA testing 

was estimated using the Kaplan-Meier method by gender, age, gene, test result, IMD 

and education and skills rank.347  

To evaluate significant factors associated with time to BRCA testing, the Cox 

proportional (CP) hazards model was used, incorporating variance adjustment for 

observations clustered by family relation.347 The CP hazards model is semi-parametric 

as no assumptions are made about the shape of the baseline hazard function. Three 

important assumptions for a CP hazards model is that survival times between 

individuals in the sample were distinct, there was a multiplicative relationship between 

the predictors and the hazard, and that there was a constant hazard ratio over time 

(proportional hazards assumption). 

Factors significant on univariate analysis were included in the Cox regression 

multivariable analysis, which was used to compute hazard ratios (HRs) with 95% 

confidence intervals to identify independent prognostic factors for BRCA testing using 

a forward selection variable-selection process (P<0.1 was considered statistically 

significant). STATA 15.0 statistical software was used (STAT Corp., College Station, 

TX). 

5.4. Results 

5.4.1. Predictive BRCA testing pre and post-NICE CG164 

Descriptive statistics for predictive BRCA testing pre and post-NICE 

CG164  

Between April 2010 and March 2017, 779 predictive BRCA tests were undertaken, of 

whom 336 (43.1%) had a BRCA variant which affects function. Patient baseline 

characteristics are described in Table 4.1 Female patients made up 537 (68.9%) of the 

study population and the mean age at the time of the BRCA test was 46.4 years (SD 
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15.2; range 18-87 years). Of the total study population, 321 (41.2%) received a BRCA1 

test, 457 (58.7%) received a BRCA2 test, 1 patient received both a BRCA1 and BRCA2 

test. The likelihood that patients were identified with a variant which affects function 

was 43.0% in the post-publication period compared with the pre-publication period 

with 43.6%. 

Table 5.1 Baseline study population demographics 

 
Pre-

Publication 

n (%) 

Post-

Publication,  

n (%) 

Total study 

population, n 

(%) 

%/SD Cheshire & 

Merseyside 

population, n 

(%) 

Number 179 600 779 
 

2454534 (100) 

Gender Female 130 (72.6)  407 (67.8) 537 68.9 1,255,031 (51.1) 

Male 49 (27.4) 193 (32.2) 242 31.1 1,199,503 (48.9) 

Age  (SD) 46.4 (14.8) 46.4 (15.2) 46.4  15.2 41.1 (-) 

Gene tested 
     

BRCA1 81 (45.3) 240 (40.0) 321 41.2 
 

BRCA2 97 (54.2) 360 (60.0) 457 58.7 
 

BRCA1 and BRCA2 1 (0.6) 0 (0) 1 0.1 
 

Genetic test result 
     

No variant affects function 

identified* 

101 (56.4) 342 (57.0) 443 56.9 
 

Variant affects function 

identified 

78 (43.6) 258 (43.0) 336 43.1 
 

Neighborhood Index of 

Multiple Deprivation 

(IMD) 

     

1 (most deprived) 56 (32.7) 197 (34.6) 253 34.1 797,326 (33.0) 

2 31 (18.1) 91 (16.0) 122 16.5 373,335 (15.5) 

3 26 (15.2) 91 (16.0) 117 15.8 377,279 (15.6) 

4 38 (22.2) 103 (18.1) 141 19.0 418,590 (17.3) 

5 (least deprived) 20 (11.7) 88 (15.4) 108 14.6 447,723 (18.5) 

Unknown 8 (-) 30 (-) 38 
  

Education and skills rank 
     

1 (lowest rank) 85 (49.7) 156 (27.4) 241 32.5 646235 (26.8) 

2 45 (26.3) 91 (16.0) 136 18.4 374609 (15.5) 

3 24 (14.0) 96 (16.8) 120 16.2 377554 (15.6) 

4 15 (8.8) 92 (16.1) 107 14.4 389920 (16.2) 

5 (highest rank) 2 (1.2) 135 (23.7) 137 18.5 625935 (25.9) 

Unknown 8 (-) 30 (-) 38 
  

Average days (SD) to 

family testing following the 

identification of proband 

variant  

1089 (SD 1349) 991 1008 1292 
 

Median days to family 

testing following the 

identification of proband 

variant 

433  389 390 
  

Note: n, Number; SD, standard deviation; BOC, breast and ovarian cancer; IMD, index of multiple 

deprivation. *This includes results where benign variants or variants of unknown significance (VUS) 

were identified. 
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Segmented regression for predictive BRCA testing pre and post-NICE CG164  

The ITS model was found to fit the data relatively well (with a reported adjusted R2 = 

0.64 and F-statistic = 47.98). At the beginning of the observation period, there were 

an estimated 0.14 BRCA tests received per 100,000 population per month and a trend 

in testing was not identified over the period March 2010 and April 2013 (Table 5.2). 

Based on our segmented regression analysis, testing increased by 0.23 per 100,000 

(95% CI 0.08-0.35) following the combined publications, which was approximately 

an increase of 64.3%, although a significant trend in testing post-publication was not 

identified.  

Table 5.2 Temporal trends in receipt of predictive BRCA testing from 2010 to 2017 

Parameter Coefficient Standard 

error 

95% Confidence 

Intervals 

P-value 

Constant β0 0.1444** 0.0523 0.0420, 0.2468 0.0072 

Secular trend β1
a 0.0013 0.0024 -0.0034, 0.0060 0.5946 

Change in level β2 0.2344** 0.0764 0.0847, 0.3482 0.0030 

Change in trend 

β3
a 

0.0040 0.0030 -0.0020, 0.0099 0.1928 

Goodness of fit measures: RSE: 0.143 (77 DF), Multiple R2: 0.652, Adjusted R2:  0.638; F-statistic: 

47.98 (3on 77 DF), p-value: <0.0001  

Abbreviations: Residual Standard Error, RSE; DF, Degrees Of Freedom;  

Note: ***P < 0.001, **P < 0.01, *P < 0.05 
a per month 
 

At the end of the post-publication observation period (45 months follow-up), it 

was estimated that testing had increased from 0.25 to 0.61 per 100,000 population. 

This translated to an approximate 242% increase in testing, or an absolute increase in 

testing of 0.36 per 100,000 population. Therefore, between April 2010 and March 

2017, testing rates increased approximately four-fold from 0.14 to 0.61 tests per 

100,000 population per month. The trend in incidence of predictive BRCA testing is 

illustrated in Figure 5.20. 
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Figure 5.2 Standardized incidence of predictive BRCA testing per 100,000 population 

per month.  

 

   

The points indicate the observed predictive BRCA testing per month. The red line represents the trend 

line pre and post-publication of Jolie’s editorial and NICE CG164. The blue dashed line represents the 

extrapolated pre-publication regression line. *Post-publication is the period which followed the New 

York Times Editorial ‘My Medical Choice’ by Angelina Jolie and update to NICE CG164.    

Predictive BRCA testing pre and post-NICE CG164 by IMD 

Figure 5.3 illustrates the standardised change in uptake of predictive BRCA testing pre 

and post-publication by IMD quintile (1=most deprived to 5=least deprived). While 

pre-publication testing was limited, the number of BRCA tests increased more than 

two-fold per year across all quintiles post-publication.  
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Figure 5.3 Adjusted receipt of predictive BRCA testing pre and post-publication across 

IMD quintiles 

 

Social deprivation data were collected for all LSOAs within the catchment area of 

Merseyside and Cheshire. The catchment area deprivation scores were divided into 

population-matched quintiles, with proportions of predictive BRCA tests received 

calculated for each as shown in Figure 5.4.   

Figure 5.4 Distribution of predictive BRCA testing Pre and Post-Publication across 

IMD quintiles 
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In Table 5.3, odds ratios were calculated for each quintile relative to the incidence 

within the most deprived group (first quintile). There were no significant trends in 

predictive BRCA testing by deprivation statues (OR 1.02 95% CI 0.81 to 1.27, 

P=0.89).  Likewise, during the post-publication period, no significant trends in testing 

were identified (OR 0.94 95% CI 0.83 to 1.06, P=0.29).  

Table 5.3 Comparative odds ratios for each population-matched IMD quintile 

Quintile Pre-

publication 

N / P (%) 

Pre-publication  

OR (95% CI) 

Post-

publication 

N / P (%) 

Post-publication  

OR (95% CI) 

1 (most deprived) 56 / 

797,326 

(7.0x10-5) 

Ref.  197 / 797,326 

(24.7x10-5) 
Ref.  

2 31 / 

373,335 

(8.3x10-5) 
1.18 [0.76, 1.83] 

91 / 373,335 

(24.4x10-5)  0.99 [0.77, 1.26] 

3 26 / 

377,279 

(6.9x10-5) 
0.98 [0.62, 1.56] 

91 / 377,279 

(24.1x10-5) 0.98 [0.76, 1.25] 

4 38 / 

418,590 

(8.8x10-5) 
1.29 [0.86, 1.95] 

103 / 418,590 

(24.6x10-5)  1.00 [0.78, 1.26] 

5 (least deprived) 20 / 

447,723 

(4.5x10-5) 
0.64 [0.38, 1.06] 

88 / 447,723 

(19.7x10-5)  0.80 [0.62, 1.02] 

Total effect:   1.02 [0.81, 1.27]  

(P =0.89) 

 0.94 [0.83, 1.06] (P =0.29) 

Pre-Publication Heterogeneity: Chi² = 5.02, df = 3 (P = 0.17); I² = 40% 

Post-Publication Heterogeneity: Chi² = 2.15, df = 3 (P = 0.54); I² = 0% 

Abbreviations: N, number; P, population; OR, odds ratio; CI, confidence interval; Ref., reference; df, 

degrees of freedom; I2,  Higgin’s I2 statistic;  

***P<0.001, **P<0.01, *P<0.05. 
 

Predictive BRCA1 testing pre and post-NICE CG164 by IMD 

Figure 5.5 illustrates the standardised change in uptake of predictive BRCA1 testing 

pre and post-publication by IMD quintile (1=most deprived to 5=least deprived). 

While pre-publication testing was limited, the number of BRCA1 tests increased from 

approximately two-to-threefold per year across all quintiles post-publication.   
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Figure 5.5 Adjusted receipt of predictive BRCA1 testing pre and post-publication 

across IMD quintiles 

 

As before, the Merseyside and Cheshire catchment area deprivation scores were 

divided into population-matched quintiles, with proportions of predictive BRCA1 tests 

received calculated for each as shown in Figure 5.6.   

Figure 5.6 Distribution of predictive BRCA1 testing Pre and Post-Publication across 

IMD quintiles 

 

In Table 5.4, odds ratios were calculated for each quintile relative to the incidence 

within the most deprived group (first quintile). There were no significant trends in 
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predictive BRCA1 testing by deprivation status (OR 0.77 95% CI 0.55 to 1.08, 

P=0.14). Likewise, during the post-publication period, no significant trends in testing 

were identified (OR 0.94 95% CI 0.77 to 1.15, P=0.56). 

Table 5.4 Comparative odds ratios for each population-matched IMD quintile for 

BRCA1 

Quintile Pre-

publicatio

n 

N / P (%) 

Pre-publication  

OR (95% CI) 

Post-

publicatio

n 

N / P (%) 

Post-publication  

OR (95% CI) 

1 (most 

deprived) 

30 / 

797,326 

(3.8x10-5) 

Ref.  77 / 

797,326 

(9.7x10-5)  

Ref.  

2 10 / 

373,335 

(2.7x10-5)  

0.71 [0.35, 1.46] 30 / 

373,335 

(8.0x10-5) 

0.83 [0.55, 1.27] 

3 11 / 

377,279 

(2.9x10-5)  

0.77 [0.39, 1.55] 41 / 

377,279 

(10.9x10-5) 

1.13 [0.77, 1.64] 

4 17 / 

418,590 

(4.1x10-5)  

1.08 [0.60, 1.96] 40 / 

418,590 

(9.6x10-5) 

0.99 [0.68, 1.45] 

5 (least 

deprived) 

9 / 

447,723 

(2.0x10-5)  

0.53 [0.25, 1.13] 36 / 

447,723 

(8.0x10-5) 

0.83 [0.56, 1.24] 

Total effect:   0.77 [0.55, 1.08]  

(P=0.14) 

 0.94 [0.77, 1.15] 

(P=0.56) 

Pre-Publication Heterogeneity: Chi² = 2.20, df = 3 (P = 0.53); I² = 0% 

Post-Publication Heterogeneity: Chi² = 1.62, df = 3 (P = 0.66); I² = 0% 

Abbreviations: N, number; P, population; OR, odds ratio; CI, confidence interval; Ref., reference; df, 

degrees of freedom; I2,  Higgin’s I2 statistic;  

***P<0.001, **P<0.01, *P<0.05. 

5.4.1.1 Predictive BRCA2 testing pre and post-NICE CG164 by IMD 

Figure 5.7 illustrates the standardised change in uptake of predictive BRCA1 testing 

pre and post-publication by IMD quintile (1=most deprived to 5=least deprived). 

While pre-publication testing was limited, the number of BRCA2 tests increased from 

approximately two-to-four fold per year in the post-publication period.   
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Figure 5.7 Adjusted receipt of predictive BRCA2 testing pre and post-publication 

across IMD quintiles 

 

As before, the Merseyside and Cheshire catchment area deprivation scores were 

divided into population-matched quintiles, with proportions of predictive BRCA2 tests 

received calculated for each as shown in Figure 5.8. There appeared to be a trend of 

lower uptake of BRCA2 testing in the first and fifth quintile.  

Figure 5.8 Distribution of predictive BRCA2 testing Pre and Post-Publication across 

IMD quintiles 

 

In Table 5.5, odds ratios were calculated for each quintile relative to the incidence 

within the most deprived group (first quintile). There were no significant trends in 
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predictive BRCA2 testing by deprivation status (OR 1.28 95% CI 0.94 to 1.74, 

P=0.12). Likewise, during the post-publication period, no significant trends in testing 

were identified (OR 0.93 95% CI 0.79 to 1.09, P=0.37). 

Table 5.5 Comparative odds ratios for each population-matched IMD quintile for 

BRCA2 

Quintile Pre-

publicatio

n 

N / P (%) 

Pre-publication  

OR (95% CI) 

Post-

publicatio

n 

N / P 

Post-publication  

OR (95% CI) 

1 (most 

deprived) 

26 / 

797,326 

(3.3x10-5) 

Ref.  120 / 

797,326 

(15.1x10-5) 

Ref.  

2 20 / 

373,335 

(5.4x10-5) 

1.64 [0.92, 2.94] 61 / 

373,335 

(16.3x10-5) 

1.09 [0.80, 1.48] 

3 15 / 

377,279 

(4.0x10-5) 

1.22 [0.65, 2.30] 50 / 

377,279 

(13.3x10-5) 

0.88 [0.63, 1.22] 

4 21 / 

418,590 

(5.0x10-5) 

1.54 [0.87, 2.73] 63 / 

418,590 

(15.1x10-5) 

1.00 [0.74, 1.36] 

5 (least 

deprived) 

11 / 

447,723 

(2.5x10-5) 

0.75 [0.37, 1.52] 52 / 

447,723 

(11.6x10-5) 

0.77 [0.56, 1.07] 

Total effect:   1.28 [0.94, 1.74] 

(P=0.12)  

 0.93 [0.79, 1.09] 

(P=0.37) 

Pre-Publication Heterogeneity: Chi² = 3.29, df = 3 (P = 0.35); I² = 9% 

Post-Publication Heterogeneity:  

Abbreviations: N, number; P, population; OR, odds ratio; CI, confidence interval; Ref., reference; df, degrees of 

freedom; I2,  Higgin’s I2 statistic;  

***P<0.001, **P<0.01, *P<0.05. 

Predictive BRCA testing pre and post-NICE CG164 in females by IMD 

Figure 5.9 illustrates the standardised change in uptake of predictive BRCA testing in 

females pre and post-publication by IMD quintile (1=most deprived to 5=least 

deprived). While pre-publication testing was limited, the number of BRCA tests 

increased from approximately two-to-three fold per year in the post-publication 

period.   
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Figure 5.9 Adjusted receipt of predictive BRCA testing in females for pre and post-

publication across IMD quintiles 

 

The Merseyside and Cheshire catchment area deprivation scores were divided into 

population-matched quintiles, with proportions of predictive BRCA tests received by 

females calculated for each as shown in Figure 5.10.  

Figure 5.10 Distribution of predictive BRCA testing in females for Pre and Post-

Publication across IMD quintiles 

 

In Table 5.6, odds ratios were calculated for each quintile relative to the incidence 

within the most deprived group (first quintile). Pre-publication there were no 

significant trends in predictive BRCA testing in females by deprivation status (OR 0.84 
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95% CI 0.65 to 1.10, P=0.20).  However, during the post-publication period, a trend 

of lower testing in less deprived females was identified (OR 0.78 95% CI 0.67 to 0.91, 

P<0.001). It is uncertain whether family size by deprivation group may explain this 

finding, or possibly family migration (to other areas in UK) or testing being accessed 

privately.  

Table 5.6 Comparative odds ratios for each population-matched IMD quintile for 

females 

Quintile Pre-

publicatio

n 

N / P (%) 

Pre-publication  

OR (95% CI) 

Post-

publicatio

n 

N / P (%) 

Post-publication  

OR (95% CI) 

1 (most 

deprived) 

47 / 

797,326 

(5.9x10-5) 

Ref.  149/ 

797,326 

(18.7x10-5) 

Ref.  

2 25 / 

373,335 

(6.7x10-5) 
1.14 [0.70, 1.85] 

56 / 

373,335 

(15.0x10-5) 
0.80 [0.59, 1.09] 

3 16 / 

377,279 

(4.2x10-5) 
0.72 [0.41, 1.27] 

53 / 

377,279 

(x10-5) 
0.75 [0.55, 1.03] 

4 26 / 

418,590 

(6.2x10-5) 
1.05 [0.65, 1.70] 

71 / 

418,590 

(14.0x10-5) 
0.91 [0.68, 1.20] 

5 (least 

deprived) 

13 / 

447,723 

(2.9x10-5) 
0.49 [0.27, 0.91]** 

55 / 

447,723 

(12.2x10-5) 
0.66 [0.48, 0.90]** 

Total effect:   0.84 [0.65, 1.10] 

(P=0.20) 

 0.78 [0.67, 0.91] 

(P<0.001) 

Pre-Publication Heterogeneity: Heterogeneity: Chi² = 5.53, df = 3 (P = 0.14); I² = 46% 

Post-Publication Heterogeneity: Chi² = 2.37, df = 3 (P = 0.50); I² = 0% 

Abbreviations: N, number; P, population; OR, odds ratio; CI, confidence interval; Ref., reference; df, 

degrees of freedom; I2,  Higgin’s I2 statistic;  

***P<0.001, **P<0.01, *P<0.05. 

Predictive BRCA testing pre and post-NICE CG164 in Males by IMD 

Figure 5.11  
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Figure 5.11 illustrates the standardised change in uptake of predictive BRCA testing in 

males pre and post-publication by IMD quintile (1=most deprived to 5=least 

deprived). While pre-publication testing was relatively limited, the number of BRCA 

tests increased from approximately two-to-five fold per year in the post-publication 

period.   
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Figure 5.11 Adjusted receipt of predictive BRCA testing in males for pre and post-

publication across IMD quintiles 

 

The Merseyside and Cheshire catchment area deprivation scores were divided into 

population-matched quintiles, with proportions of predictive BRCA tests received by 

males calculated for each as shown in Figure 5.12.  

Figure 5.12 Distribution of predictive BRCA testing in males for Pre and Post-

Publication across IMD quintiles 

 

In Table 5.7, odds ratios were calculated for each quintile relative to the incidence 

within the most deprived group (first quintile). During the pre-publication period, 

there was a trend of higher testing in less deprived males (OR 1.92 95% CI 1.21 to 

3.06, P=0.006).  During the post-publication period, a trend of higher testing in less 
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deprived males was identified (OR 1.42 95% CI 1.14 to 1.77, P=0.002). It is uncertain 

what may be the causal factor for this but this finding should be interpreted with 

caution due to the small overall sample size.   

Table 5.7 Comparative odds ratios for each population-matched IMD quintile for 

males 

Quintile Pre-

publicati

on 

N / P (%) 

Pre-publication  

OR (95% CI) 

Post-

publicati

on 

N / P (%) 

Post-publication  

OR (95% CI) 

1 (most 

deprived) 

9 / 

797,326 

(1.1x10-5) 

Ref.  48 / 

797,326 

(6.0x10-5) 

Ref.  

2 6 / 

373,335 

(1.6x10-5) 

1.42 [0.51, 4.00] 35 / 

373,335 

(9.4x10-5) 
1.56 [1.01, 2.41]* 

3 10 / 

377,279 

(2.6x10-5) 

2.35 [0.95, 5.78] 38 / 

377,279 

(10.1x10-

5) 

1.67 [1.09, 2.56]* 

4 12 / 

418,590 

(2.9x10-5) 

2.54 [1.07, 6.03]* 32 / 

418,590 

(7.6x10-5) 
1.27 [0.81, 1.99] 

5 (least 

deprived) 

7 / 

447,723 

(1.6x10-5) 

1.39 [0.52, 3.72] 33 / 

447,723 

(7.4x10-5) 
1.22 [0.79, 1.91] 

Total effect:   1.92 [1.21, 3.06]** 

(P=0.006) 

 1.42 [1.14, 1.77]** 

(P=0.002) 

Pre-Publication Heterogeneity: Chi² = 1.34, df = 3 (P = 0.72); I² = 0% 

Post-Publication Heterogeneity: Chi² = 1.41, df = 3 (P = 0.70); I² = 0% 

Abbreviations: N, number; P, population; OR, odds ratio; CI, confidence interval; Ref., reference; df, 

degrees of freedom; I2,  Higgin’s I2 statistic;  

***P<0.001, **P<0.01, *P<0.05. 
 

5.4.2. Analysis of predictive BRCA testing in proband family  

Descriptive analysis of number of BRCA tests received following 

proband testing  

Predictive BRCA testing describes the receipt of a BRCA test in an asymptomatic 

person to predict future risk of developing cancer where a variant which affects 

function was found within a BRCA gene in a family member (proband). In 83.4% 

(387/464) of probands (index patients), subsequent predictive BRCA testing was 

received by family relatives. Within the observation period, the amount of predictive 

BRCA testing in family relatives varied with most families receiving one test and some 

receiving more than five predictive BRCA tests as shown in Figure 5.13. 
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Figure 5.13 Number of predictive BRCA tests received per family 

 

  

Note: This histogram indicates the number of family members by proband received 

BRCA testing 

Of 779 relatives underwent predictive BRCA testing it was unknown how many of 

these relatives corresponded to the 1393 probands who met the criteria for BRCA 

testing. There was not a direct link between the two datasets and limited data was 

collected from hospitals which provided data outside of LWH. Approximately 25% of 

items were missing as illustrated in the missingness map (Figure 5.14). After 

consultation with the data provider, it was explained that much data was unavailable 

because some data came from outside of LWH and was therefore incomplete. Further, 

the original dataset was not designed for research and as such, core information should 

as age, gender and type of cancer was not routinely collected. Data were therefore 

assumed missing at random (MAR).  
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Figure 5.14 Missingness map to illustrate level of missing data in study sample for 

number of predictive BRCA tests received 

 

 

To gain a better understanding of the distribution of BRCA testing by subgroup, 

boxplots were generated for gender, BRCA gene, type of cancer, pre or post-NICE 

CG164, IMD and education and skills rank (Figure 5.15). In Figure 5.15A, probands 

mainly were female (98.2%) and an average of 1.81 predictive BRCA tests were 

received. Figure 5.15B and C boxplots illustrated a similar distribution of testing by 

BRCA gene and proband type of cancer. Figure 5.15D showed a larger spread in testing 

post-NICE CG164. Figure 5.15E and F describes the distribution of testing by IMD 
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and education and skills rank. Both the comparative boxplots found much variation by 

quintile of the proband.  

Figure 5.15 Boxplot for the number of predictive BRCA tests received  
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(A) Boxplot for the number of predictive BRCA testing by gender of proband. (B) Boxplot for the 

number of predictive BRCA testing by type of gene tested in proband. (C) Boxplot for the number of 

predictive BRCA testing by type of cancer of proband. (D) Boxplot for the number of predictive BRCA 

testing by proband testing pre or post-NICE CG164. (E) Boxplot for the number of predictive BRCA 

testing by Index of Multiple Deprivation of proband. (F) Boxplot for the number of predictive BRCA 

testing by education and skills rank of proband. 
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Multivariate logistic regression to explore predictors of BRCA testing following 

proband testing 

Non-complete cases were dropped from the analysis, which reduced the sample size 

from 464 observations to 166 observations (of 7 variables). Multiple imputation 

methods were precluded as data was assumed to be MAR.348 Therefore, a small sample 

size of 166 patients were included in the analysis who were assumed to be the first in 

their family to test for a BRCA variant. Of these 166 index patients, 97.0% (161/166) 

were female, 51.2% (85/166) and 48.2% (80/166) had undergone BRCA1 and BRCA2 

testing, 60.8% (101/166) had breast cancer, 19.3% (32/166) had ovarian cancer, 6.6% 

(11/166) had other cancers and 13.3% (22/166) were unaffected by cancer. Of 166 

patients, 58.4% (97/166) and 41.6% (69/166) were from an LSOA defined as 

disadvantaged and advantaged by IMD, respectively. Further, 50.6% (84/161) and 

49.4% (82/161) were from an LSOA defined as lower education and a higher level of 

education (based on education, skills and training assignment).  

In multivariate logistic regression analysis, gene tested and cancer type were found to 

be associated with family testing at 10% level of significance (Table 5.8). Independent 

variables including sex, IMD and education were not found to be significant 

predictors. Increased likelihood of family testing was identified in probands tested 

from BRCA2 status, but only a weak significant association was identified (P=0.086).  

While decreased family testing was seen when the proband was unaffected by cancer 

(OR=0.14, 95% CI=0.06 to 0.33). In the final multivariate regression model, no 

statistically significant interactions were identified which may have been in part due 

to small sample size. See appendix 13 for reporting of regression output. 
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Table 5.8 Variables associated with BRCA testing of relatives for a family mutation in 

BRCA-positive participants 

  Univariate test of association a Multivariate test of 

association b 

 

  OR 95% CI P-value OR 95% CI P-

value 

Sex Female Ref.   Ref.   

 Male 1.18 0.19-7.31 0.856 - - - 

Gene BRCA1 Ref   Ref   

 BRCA2 1.51 0.91-2.49 0.109 1.59* 0.94-

2.70 

0.086 

Type Breast cancer Ref.   Ref.   

 Ovarian cancer 0.68 0.34-1.34 0.265 0.71 0.36-

1.41 

0.331 

 Other cancer 0.59 0.22-1.59 0.299 0.57 0.22-

1.52 

0.262 

 Unaffected by 

cancer 

0.14 0.06-

0.34*** 

<0.001 0.14*** 0.06-

0.33 

<0.001 

IMD  Disadvantaged Ref.   Ref.   

 Advantaged 0.94 0.55-1.60 0.824 - - - 

Education Lower 

education  

Ref.   Ref.   

 Higher 

education 

0.93 0.54-1.58 0.779 - - - 

Note:  . = <0.10* = <0.05, ** = <0.01, *** = <0.001, OR = odds ratio, CI = confidence interval, Ref = 

reference, IMD = Index of Multiple Deprivation, Education = Education, Skills and Training rank. 

a  Bivariate model comparing family testing and independent variables individually. 

b Multivariate model selection based on backward stepwise process (P<0.10)  

5.4.3. Analysis of time to predictive BRCA testing in proband family 

Descriptive analysis of time from proband BRCA testing to receipt of predictive 

BRCA testing  

Figure 5.16 illustrates the time from proband BRCA testing to receipt of predictive 

BRCA testing in family. Mean time to predictive testing was 1008 (SD 1292) days 

with a median of 390 days (range, 0 to 7090 days).  
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Figure 5.16 Time from receipt of proband BRCA test to predictive BRCA testing  

 

The data was explored further by describing the date distribution of proband BRCA 

testing as shown in Figure 5.17. This figure highlights the spread of proband BRCA 

testing which was first offered to some patients as early as 1997 and therefore, there 

was a wide distribution in the number of possible days to predictive BRCA testing in 

family relatives.  
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Figure 5.17 Date and distribution of proband BRCA testing   

 

Figure 5.18 describes the date and distribution of predictive BRCA testing. Records of 

predictive BRCA testing occurred between January 2010 and September 2017. It 

appears that there was a peak in predictive BRCA testing in November 2014 to 

November 2016, which may relate to the publication of CG164 and the Jolie’s 

editorial.   
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Figure 5.18 Date and distribution of predictive BRCA testing in family   

 

A missingness map (Figure 5.19) was created which illustrated that 4% of data was 

missing and 96% was observed based. Data was largely available with some missing 

data for variables which mapped postcode to LSOA and LSOA to IMD and other 

variables. Also, for some patients, the days since proband testing was not available. 

These data were assumed to be MAR as it was assumed that the probands underwent 

BRCA testing outside of the RGS for Merseyside and Cheshire.  
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Figure 5.19 Missingness map to illustrate level of missing data in study sample for days to 

proband testing 
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As before, boxplots were generated to explore the distribution of days between 

proband BRCA testing and predictive BRCA testing to explore possible predictors. It 

appeared that relatives of probands who were tested for BRCA2 gene, females and 

younger populations tended to wait longer to undergo predictive BRCA testing.  

Figure 5.20 Boxplot of time from proband BRCA testing  
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(A) Time to predictive BRCA test by type of BRCA test. (B) Time to predictive BRCA test by test 

result. (C) Time to predictive BRCA test by gender. (D) Time to predictive BRCA test by age group. 

(E) Time to predictive BRCA test by Index of Multiple Deprivation (IMD). (F) Time to predictive 

BRCA test by education and skills rank.   

Note: Q1 = most deprived, Q5 = least deprived; N/A, not available. Note: Q1 = lowest rank, Q5 = 

highest rank; N/A, not available.  

Kaplan-Meier (KM) plots were created to explore variation in time to predictive 

BRCA testing by gene tested, test result, gender, age, IMD and Education, as 

illustrated in Figure 5.21. Based on the KM time to event plot, all illustrated a 

relatively quick uptake of predictive BRCA testing for the first 50% of relatives who 

received testing. In the KM plots for BRCA gene (A), age (D) and IMD (E), there 

appeared disparities in time to uptake of BRCA testing. 
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Figure 5.21 Time to predictive BRCA testing 
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(A) Time to predictive BRCA testing for BRCA1/2 (B) Time to predictive BRCA testing by gender. 

(C) Time to predictive BRCA testing by BRCA gene tested. (D) Time to predictive BRCA testing age 

group. (E) Time to predictive BRCA testing by Index of Multiple Deprivation (IMD). (F) Time to 

predictive BRCA testing by education and skills quintile.  
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Cox proportional hazards regression to examine predictors of days to predictive 

BRCA testing  

The primary outcome included the length of time until predictive BRCA testing. In 

univariate analysis, people aged >40 were more likely to receive predictive BRCA 

testing in less time (HR 1.39, 95% CI 1.19 to 1.64). Relatives of probands that were 

tested for BRCA2 were more likely to receive predictive BRCA testing in less time in 

comparison to relatives of probands who underwent BRCA1 testing (HR 1.40, 95% CI 

1.19 to 1.64). In addition, the hazard ratio for predictive BRCA testing in the least 

deprived quintile (Q5) was found to be higher than the most deprived quintile (Q1) 

(HR 1.30, 95% CI 1.01 to 1.67). 

The Cox proportional hazards regression examined how groups differ in time to 

BRCA testing and adjusting for multiple predictors included in the model. As before, 

non-complete cases were dropped from the analysis, which reduced the sample size 

from 669 observations to 636 observations. Therefore, multiple imputation methods 

were precluded as missing data was assumed to be MAR.348 The recommended 

method to handle tied failures (Breslow) was implemented and other methods  

included Efron, Exact Marginal Likelihood and Exact Partial Likelihood which 

provided similar results.348 

The final Cox regression model is presented in Table 5.9. The regression indicated 

that the risk of BRCA testing for people aged >40 was significantly higher than for 

people aged <40 years (HR 1.41, 95% CI 1.20 to 1.67).  A further exploration of the 

data found that 29 people who received BRCA testing were 18 to 21 years and ‘waited’ 

an average of 1539 days (SD 1547) which was considerably higher than the average 

wait for the overall population of 1008 days (SD 1292). This further exploration was 

undertaken as younger populations may have been ineligible at time of proband 

testing. Therefore, an exploration was undertaken to explore whether the duration was 

longer.  

In the final model, the hazard ratio for BRCA2 testing was found to be significantly 

higher than BRCA1 testing (HR 1.39, 95% CI 1.18 to 1.64). In addition, the hazard 

ratio for predictive BRCA testing in the least deprived quintile (Q5) was found to be 

higher than the most deprived quintile (Q1) (HR 1.26 95% CI 0.98 to 1.68), although 

this was not significant at the 5% level of significance (P<0.05). However, the inverse 
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was found when comparing the fourth quintile to be less and this was significant (HR 

0.78 95% CI 0.62 to 0.98). Other variables were not included in the model as they 

were not found to be statistically significant. See appendix 14-15 for reporting of 

regression output. 

Table 5.9 Univariate and Cox regression multivariate analysis for time to BRCA 

testing 

  Univariate analysis 

 

Cox regression multivariate 

analysis 

Variable  HR 95% CI p-

value 

HR 95% CI p-

value 

Sex Female Ref.   Ref.   

 Male 0.96 0.82-

1.13 

0.634 - - - 

Age <40 years Ref.   Ref.   

 >40 years 1.39*** 1.19-

1.64 

<0.001 1.41*** 1.20-

1.67 

<0.001 

Gene BRCA1 Ref   Ref   

 BRCA2 1.40*** 1.19-

1.64 

<0.001 1.39*** 1.18-

1.64 

<0.001 

 BRCA1&2 3.17 0.44-

22.69 

0.250    

Result Negative Ref.   Ref.   

 Positive 0.94 0.81-

1.10 

0.442 - - - 

Index of 

Multiple 

Deprivation 

1 (most 

deprived) 

Ref.   Ref.   

2 0.94 0.75-

1.18 

0.572 0.84 0.67-

1.06 

0.140 

3 1.11 0.87-

1.40 

0.398 1.02 0.80-

1.29 

0.895 

4 0.84 0.67-

1.05 

0.129 0.78** 0.62-

0.98 

0.033 

5 (least 

deprived) 

1.30** 1.01-

1.67 

0.044 1.26* 0.98-

1.62 

0.075 

Education 

and skills 

rank  

1 (lowest rank) Ref.   Ref.   

2 0.92 0.72-

1.16 

0.475 - - - 

3 0.93 0.73-

1.18 

0.538 - - - 

4 0.99 0.78-

1.27 

0.962 - - - 

5 (highest 

rank) 

0.88 0.71-

1.11 

0.281 - - - 

Note:  . = <0.10* = <0.05, ** = <0.01, *** = <0.001, HR = hazard ratio, CI = confidence interval, Ref 

= reference, IMD = Index of Multiple Deprivation, Education = Education, Skills and Training rank. 

5.5. Discussion  

Following the implementation of CG164 and Jolie’s editorial, there was an estimated 

242% increase in predictive BRCA testing. However, as discussed in chapter 4, the 
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true impact is uncertain as the counterfactual is unknown and this result may be 

confounded by other factors. Future research should control for observable covariates 

to adjust for factor which could also explain this increase in predictive BRCA 

testing.316 This increase was comparable with the association of effect findings from 

the evaluation in the previous chapter for BRCA testing in individuals affected with a 

relevant cancer (except those with Ashkenazi Jewish ancestry) if their combined 

BRCA1 and BRCA2 probability of identifying variant which affects function was 10% 

or more (CG164 1.5.13). Likewise, there was an increase in predictive BRCA testing 

across all socioeconomic groups. However, testing increased in some groups more 

than others. 

Indeed, testing increased in some socioeconomic groups more than others. Differing 

rates of predictive BRCA testing by gender were found and there was a trend of less 

testing in more deprived males. However, an inverse relationship was found in females 

(with more testing in more deprived quintiles). Therefore, further research is needed 

to explore whether these findings support an association of effect to reflect differing 

health needs for predictive BRCA testing or whether this reflects an inequality in 

access. Further research should adjust for confounding factors such as age, smoking, 

BMI, cancer history and other covariates for each LSOA as these may also change 

over time. In addition, future research should examine the impact of changes in trend 

of BRCA testing on subsequent resource consumption. Such research may be used to 

indicate the appropriateness of health care resource use. Although it was anticipated 

that both the publication of CG164 and Jolie’s editorial were the main contributors to 

increased predictive BRCA testing, the extent to which these publications impacted 

different groups based on their differential awareness and demand remains uncertain. 

In hereditary cancer syndromes, a clinically important and cost-effective method to 

potentially decrease cancer incidence is to target BRCA gene testing toward families 

with a known variant which affects function.349 Our research examined 

sociodemographic information of probands to examine predictors of BRCA testing in 

family relatives. We found that predictive BRCA testing was more likely in families if 

probands were tested for a BRCA2 mutation. It is uncertain what the reason would be 

for this difference by gene affected. The results also showed that predictive BRCA 

testing was less likely to be received by family relatives if probands were unaffected 
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by cancer. This is an intuitive finding as the benefit/risk ratio for testing in relatives 

would be lower than for family relatives of probands who were affected by cancer. 

One study also found that uptake of risk-reducing surgeries was less common in 

carriers of BRCA variants which affect function if first or second-degree family 

relatives had not deceased from cancer.350     

In lower socioeconomic groups and in different multicultural settings, uptake may be 

lower than expected. Further, we found that in many family relatives of probands, 

predictive BRCA testing is delayed, some for as many as several years after the 

proband learns that they carry a BRCA variant which affects function. Additional 

analyses examined the association between time since proband testing to predictive 

BRCA testing and characteristics of family relatives. It was found that the median time 

to testing was 390 days with wide variability. It was found that the expected hazard 

was 1.41 times higher for predictive BRCA testing in people aged >40 years than 

people aged <40 years. From our data, it is unclear the proportion of younger people 

who were eligible for testing, received information from their proband, attended 

counselling and refused or delayed predictive BRCA testing. Previous research has 

highlighted the need for more tailoring of predictive test counselling to the needs of 

young people.351,352  

Potentially, the age disparity may be because younger populations were more likely to 

be eligible for testing as second or third degrees relatives. Within this dataset it was 

not possible to know whether the relative which received predictive BRCA testing was 

a first-degree relative (e.g. parent or sibling), second-degree relative (e.g. grandparent 

or aunt or uncle) or third-degree relative (e.g. cousin). A study by Healey et al. (2017) 

found that larger, more geographically diverse families have greater difficulty in 

disseminating BRCA mutation risk information with relatives.353 The study found that 

at least one relative had not been informed in 52.7% of families, 4.3% were first-

degree, 27% were second-degree and 62% were third-degree relatives.353 

Interestingly, the expected hazard was 1.31 times higher for predictive BRCA2 testing 

than predictive BRCA1 testing. Although the reason for this disparity is unknown. The 

data also showed that the expected hazard was 1.26 times higher for predictive BRCA 

testing in populations from the least deprived IMD quintile (Q5) compared to the most 

deprived quintile (Q1). These findings support an association of effect that merit 
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further research to examine whether these disparities in predictive BRCA testing may 

be explained by differing health care need or whether they present inequalities in 

access. Despite testing being free at point of delivery, the impact of free testing and 

free counselling may not be sufficient to remove barriers to access. For example, it 

may be that relatives with lower socioeconomic status may not be able to afford time 

from their work or have reliable childcare available to allow time to attend 

appointments. In addition, further research is needed to explore uptake of BRCA 

testing in diverse ethnic groups and also to explore differences from within groups. A 

study by Fehniger et al (2013) found that African American and Asian/Pacific Islander 

participants were significantly less likely to disclose their results to their relatives.354 

In addition, relatives of African American participants were significantly less likely to 

test.354 Therefore, further research should explore how social circumstances and 

experiences may impact uptake of BRCA testing.355   

BRCA testing first became clinically available in the mid-1990’s and historically, those 

who took up the test, were females affected by cancer. However, today, there are many 

genetic counseling programs, which commonly test unaffected relatives. While 

probands may have typically received genetic counselling in a medical setting, 

relatives may often be informed of the implications of BRCA testing by the proband 

themselves. Therefore, as genetic testing programmes expand, it is anticipated that 

mechanisms to facilitate communication in families are needed following the 

identification of genetic variants which affect function.356,357 It has been argued that 

informing other family members at-risk is discussed or put forward as an option 

because the efficacy and safety profile of BRCA testing is well-known. Moreover, it is 

argued that the utility of BRCA testing information should mean that mandatory 

guidelines are created to communicate risk information.358 Further, it has been argued 

that it is unacceptable for such information to be withheld where effective prevention 

is available and effective treatments exist.358,359  

There is an ongoing debate related to issues of confidentiality, right not to know and 

duty to warn. Such complex ethical and legal questions may reduce changes to current 

policies. Moreover, insurance issues should be considered as the outcomes may have 

financial implications for the whole family in the future.358,360–363 As such, support 

programmes for probands have been proposed which include the provision of 
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additional counselling, training and educational materials such as information leaflets 

and online information. Importantly, the impact of “family letters” with concise 

information provided by the healthcare professionals (HCP) has been questioned. 

Alternative and supplementary methods of communication are proposed but further 

consideration for direct contact by HCPs has been suggested.358,364 Alternatively, there 

have been high-profile appeals for population-wide BRCA screening to be offered to 

all females aged 30 and over.332,365,366 However, careful consideration of the potential 

limitations of population-wide screening in the context of the associated risks and 

benefits is needed. Further, it is uncertain if population-wide screening would mitigate 

differential uptake of predictive BRCA testing.     

An important limitation of the analysis of potential health care disparities was that 

relatives only had access to BRCA testing if probands had access to testing, and were 

tested. Data was not collected for probands who could not access testing or refused 

testing. Several other limitations of our study exist which have to be carefully 

considered with the interpretation of the results. As discussed before, although 

ARIMA models adjust for autocorrelation, non-stationarity, and seasonality, they are 

imprecise. Moreover, the estimates of the impact of CG164 and Jolie’s editorial on 

rates of predictive BRCA testing required extrapolation and thus, there was uncertainty 

in the predictions. Further, a linear trend over time was applied and with additional 

data it may be possible to examine possible cyclical trends. Another limitation relates 

to validity of the time series regression as it did not adjust for possible time-varying 

confounding, such as co-interventions, possibly changes in treatment coding, or 

changes in the population under study.328 Likewise, there was concern that the impact 

of CG164 may have been underestimated as clinical guidelines may be implemented 

at different rates and inconsistently.  

Another limitation was that there was a high level of missing data relating to the 

proband testing (approximately 25%) conducted outside of Merseyside and Cheshire 

RGS. Further, the number of predictive BRCA tests which were received outside of 

the NHS was uncertain. An additional limitation relates to the insensitivity of IMD 

matched to each LSOA as within each LSOA there may be significant variation in 

terms of deprivation. Additionally, recorded data might be subject to recording errors 

or adjudication errors, and further, the reliability of the coding of BRCA tests might 
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have changed over time. Although there was no evidence of changes in treatment 

coding during the study.  

In conclusion, this study shows that clinical guidelines and celebrity endorsements 

may have had a significant impact on health service use in terms of the rate of BRCA 

testing. Therefore, it is important to ensure that potential surges in health seeking do 

not translate to inappropriate health resource use. This study of predisposition genetic 

testing found at least one family relative of 83.4% of probands was tested for a BRCA 

variant, which affects function. Moreover, this study identified populations, which 

may be less likely to receive BRCA testing for known genetic variants and therefore, 

further research is recommended. As discussed, there is currently no procedure, which 

guarantees that relatives of probands receive timely information about their BRCA 

status.  

The issue is becoming increasingly important with the mainstreaming of BRCA gene 

testing in clinical oncology. Moreover, as genetic testing for cancer predisposition 

becomes more accepted and available, it is important to ensure the communication of 

genetic testing results and subsequent family genetic testing translates to underserved 

populations. The disparities identified in this study should be used to guide health 

providers and researchers of populations, which deserve special consideration in the 

assessment of health inequalities. Future studies should examine the most effective 

ways to facilitate communication of proband BRCA results to ensure underserved 

populations to realize the potential of genetic testing for cancer predisposition.  

5.6. Implications for future research 

Previous research has shown that an individual’s socioeconomic status and degree of 

social advantage or disadvantage may be pivotal in their ability to access and benefit 

from health resources. As represented by Whitehead’s (1991) social determinants of 

health and social identity, differences in social structures may impact opportunities for 

care.3 Historically deprived ethnic minority groups have been underrepresented in 

genomic research and had lower involvement in clinical trials. Therefore targeted 

interventions such as BRCA gene testing have the potential to increase health 

inequalities.367 Therefore it is important that all relevant individuals regardless of their 

social advantage, are able to access such health services.  
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A founding principle of the NHS was to provide equal access for equal health need.302 

As such, the NHS should consider novel approaches to ensure that all individuals have 

equal opportunity and access to preventative genetic care. A failure to implement 

predictive BRCA testing in disadvantaged populations may result in widening health 

disparities between advantaged and disadvantaged populations with a predisposition 

to developing cancer. However, it is necessary to consider the efficiency-equity trade-

off in allocating scarce resources. Several key questions should be addressed, which 

includes whether choices vary based on the economic feasibility of risk-reducing 

options and also, differing potential benefits from risk-reducing options by social 

advantage. It may be that the expected risk-benefit ratio is lower in patients identified 

as vulnerable and therefore predictive testing may not be encouraged by HCPs. 

Further research should examine satisfaction and health outcomes associated with 

different models of care specific to the communication of genetic risk. As part of this 

research, Patient, Carer & Public Involvement & Engagement (PCPIE) is central to 

understanding barriers, which may exist. As such, qualitative research is needed to 

explain why disparities in proband testing and testing of family relatives may exist. In 

the future, it is anticipated that health surveillance systems may unveil more 

information relating to the extent of communication of risk information in relatives of 

probands and also what information was provided.  
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6. General discussion  

6.1. Introduction 

Precision medicine (PM) offers the prospect of ensuring the ‘right treatment, for the 

right patient and at the right time’.1 As a new wave of genomic technologies lead the 

way towards increasingly personalised care, consideration of the implications for 

health inequalities is required. Although medical advancements within PM may be 

viewed universally as a social good, they have the potential to reduce, widen and create 

health and care disparities which did not previously exist. The creation of health 

disparities between individuals and subgroups that are avoidable may be considered 

unjust.134,135,368 Such intervention-generated inequalities may occur due to more 

limited improvements or reductions in the health of disadvantaged groups.         

The aim of this research was to evaluate health inequalities which may be generated 

by PM by using relevant exemplars. In this chapter, I summarise my findings in 

relation to the aims and objectives of my thesis, and then discuss the importance of 

health equity assessments when considering health innovations, highlighting some key 

opportunities for the future and some of the key challenges. I discuss the implications 

of my findings and both strengths and limitations of the research undertaken. Finally, 

I reflect on my research experiences over the duration of this research and future 

challenges.  

6.2. Summary of findings  

Pharmacogenomic research is perhaps the most advanced area of PM and translation 

of research from ‘bench to bedside’ has been observed in some areas. Currently, there 

are over 200 drugs with labels containing pharmacogenetic information.164 With the 

example of pharmacogenomics studies, evidence of the impact of pharmacogenomic 

interventions on health disparities was explored in terms of inequalities in relative 

effectiveness in different patient groups and health equity considerations. A systematic 

literature review was undertaken and the results highlighted that there is a paucity of 

reporting on health equity impacts in clinical studies (Chapter 2).369  

Developments in pharmacogenomics may theoretically reduce health disparities as 

personalizing treatment improves health outcomes by addressing underlying genetic 

differences between individuals. However, inconsistencies in the ability to guide 
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treatment exists by subgroup due to natural variation and limited characterisation of 

genetic variants in diverse racial/ethnic populations. Therefore, limited trial 

participation and data collection may lead to mistreatment for understudied groups and 

potential treatment benefits may therefore not be fully generalisable. As such, 

information related to how novel therapies translate within different subgroups is 

paramount to ensure beneficial aggregate population effects do not conceal widening 

disparities.370–372  

In addition to examining disparities in intervention effectiveness, an analysis of 

disparities in uptake was undertaken to explore implementation. With the example of 

trastuzumab for HER2-positive breast cancer (BC) patients, an analysis of 

observational studies was undertaken to explore disparities in uptake (Chapter 3).  

Trastuzumab for HER2-positive BC patients presents one of the earliest and most 

significant advancements in PM. Therefore, a meta-analysis of observational studies 

was conducted to explore whether all eligible patients went on to initiate therapy. The 

study highlighted disparities in initiation of trastuzumab therapy exist dependent on 

disease burden, comorbidities and age of patients.373 These findings have wider 

implications for other targeted therapies and highlighted the importance of exploring 

disparities in uptake in real world settings. It is anticipated that open source and 

improved accessibility to pseudonymized patient level data are needed to better adjust 

for confounders, which may better explain the drivers underlying disparities in 

treatment uptake that may be identified. Increasingly, the possibility to analyse larger 

electronic data records presents important opportunities to better identify and track 

eligible patients and more effectively evaluate health equity. Increasingly, such 

implementation studies are undertaken to inform how new treatments translate into 

clinical practice.374  

Genetic testing is gradually becoming a vital tool to identify individuals who are 

anticipated to benefit most from targeted treatments. Therefore, an analysis was 

conducted to explore trends in BRCA gene testing in Merseyside and Cheshire 

(Chapter 4). The study explored the impact of clinical guidelines and celebrity 

endorsement on uptake by socioeconomic deprivation. The study highlighted the 

importance of ensuring that population-level health improvements do not conceal 

widening health disparities.299 However, the analysis was limited as it was not possible 
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to observe who was eligible for BRCA testing but did not undergo testing. In the future, 

enhanced health surveillance systems are needed to provide information relating to 

eligibility and uptake of BRCA testing (for people who received and did not receive). 

As such, it will be possible to understand more about health equity. However, to date, 

the concept of genetic testing remains a contentious subject as the test results may 

have wider implications for other family members. Subsequent health care needs 

within family relatives may be informed by the BRCA test result and therefore 

restricted communication may have implications for health disparities. Therefore, a 

subsequent analysis was conducted to examine how BRCA test results are 

communicated with family members (Chapter 5).   

This research has had the objective of examining the impact of PM on health 

disparities. This was a broad objective and a somewhat impossible task to definitively 

answer the question whether PM overall has contributed to widening or reducing 

health disparities. Therefore, case studies were presented which looked at alternative 

approaches for assessing health care inequalities. However, the scope of the research 

objective permitted an exploration into the era of PM and also the challenge of health 

equity research. Indeed, the research question offered the opportunity to reflect on 

current research methods. Specifically, the objective raised questions related to how 

we incorporate health equity considerations into primary research, how we report 

equity and subgroup impact in different study types. The research also raised questions 

as to how we collect evidence of implementation of new health technologies and what 

information is needed to inform impact on health equity. There is also a need to look 

more closely at the quality of existing measures of deprivation. It is uncertain to the 

extent measures such as the Index of Multiple Deprivation for England (IMD) are 

sufficiently sensitive as within area disparities may be significant.3  

Equity assessments within clinical study publications 

For the translation of new treatments ‘from bench to bedside’ in the UK, health 

regulators have typically focused on surpassing ‘four hurdles’ with evidence 

generation.375 The ‘four hurdles’ are described as necessary for treatments to obtain 

regulatory approval so that they may be offered by health providers. Increasingly, 

other national health regulatory authorities require that new treatments are of 

appropriate quality, efficacious in the indications for which they are to be used, that 
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they are safe in relation to their efficacy and that they are clinically- and cost-

effective.375 However to date, there have been limited requirements for health equity 

impact assessments of new treatments.  

The systematic literature review conducted in Chapter 2, highlighted the paucity of 

efficacy studies which consider implications for health disparities. The review largely 

found that implications for health equity remain unknown for pharmacogenomic 

interventions. Recently, approaches to integrating health equity-considerations in 

randomized trials by using the PROGRESS Plus framework (Place of residence, 

Race/ethnicity/culture/language, Occupation, Gender, Religion, Education, Socio-

economic status, Social capital and “Plus” that includes other context specific factors) 

was developed.376 The terms disadvantage and vulnerability are used in relation to 

belonging to a group which may adversely affect your opportunities and health.  

It has been reported that through the careful design of research questions, inclusion of 

diverse population groups and assessing the role of equity factors in the design and 

analyses of trials, trialists can contribute to developing the evidence base on the effects 

of interventions in disadvantaged groups.376 However, the primary objectives in trial 

design typically relate to identifying treatment effect and studying safety. As such, the 

appropriateness for equity assessments should be questioned. However, it may be that 

existing reporting practices do not require researchers to address questions related to 

the impact on health disparities and therefore such information is not routinely 

reported.  

Recruitment of diverse populations in clinical trials 

Within Genome Wide Association Studies (GWAS), there is concern that targeted 

therapies will be developed with the focus to provide treatments only for certain 

population groups. While approximately 40% of the US population is of non-European 

descent, in 2009, 96% of studies were conducted in individuals of European descent. 

In 2016, although non-European participation increased, 81% of studies were 

conducted in individuals of European decent.135,150,377 There are concerns that ‘salami-

slicing’ of population groups will occur and only ‘profitable’ genotypes will benefit 

from advancements within PM.137   
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Our review found that there was poor characterisation of genetic variants for diverse 

ethnic groups for genetically guided-dosing of warfarin for anticoagulation 

response.369 Indeed, poor characterisation of genetic variants may in part be a result of 

biological differences but may also be due to limited trial participation which has the 

potential to lead toward mistreatment.149 Most striking from our review was that no 

studies were identified which determined whether there were health disparities within 

the same ethnic group within the same country. Further, there has been considerable 

heterogeneity in descriptions, specifically in groups of Asian and African ancestry and 

it is anticipated that this may hinder research and information about disease biology.150  

European bias in GWAS is possible as a result of a combination of systemic and 

historical factors. It is anticipated that the bias may be due to convenience, or to 

reduced sample size requirements. For example, information from individuals who 

may share similar exposures may be preferred as uniform trial recruitment practices 

may be applied. Research has identified that some of the barriers to participation in 

clinical trials relate to mistrust, fear of randomisation/experimentation, and other 

logistical issues (such as language, transportation and financial barriers).372,378,379 A 

concern for health disparities may also be compounded by a lack of incentives for the 

private sector to develop interventions for ‘less profitable’ genotype groups.152,380 

Multinational and multi-ethnic collaborations in genomics are needed to represent 

diversity and to close disparities in prevention, detection, and treatment. However, in 

many countries there may be inadequate resources available to undertake genomic 

studies, including local expertise. Among the few who have training, there are issues 

of professional retention. Also, inadequate infrastructure for quality data generation 

may exist (inadequate capacity for biospecimen handling and transfer from collection 

sites to processing sites; inadequate database systems for receipt and documentation 

of specimen tracking, reporting, and archiving; and lack of basic working equipment 

for genomic and biomarker analysis). Moreover, protocols and practices may not be 

optimal or standardised for the needs of the local environment. Standard operating 

procedures, quality assurance, and quality control protocols often need to be put in 

place. In case new services may be integrated, the availability of genetic counselling, 

access to novel therapeutics, sustainable funding structures for such genomic tests and 

stable secure bioinformatics may be limited. However, some of these disparities may 
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be bridged by forging partnerships between programs between countries and 

organisations and the undertaking of collaborative projects.180  

To increase inclusion of diverse populations in genomic research, the PMI All of Us 

Research Program (formerly PMI-Cohort program) has sought to extend PM to all 

diseases with a research cohort which contains more than one million US participants. 

The cohort aims to reflect the diversity of the US population from diverse social, 

racial/ethnic, and ancestral populations living in a variety of geographies, social 

environments, and economic circumstances, and from all age groups and health 

statuses.75 Further, other organisations in the USA, such as the National Institute on 

Minority Health and Disparities (NIMHD), part of the NIH, have committed funding, 

to explore the potential for PM to promote health equity and advance the science of 

minority health and health disparities.154  

It has been reported that the facilitators for participation include community 

engagement, perceived personal benefit, good patient-provider relationship and 

increased awareness about clinical trials.372 Genomics England developed a strategy 

to ensure that there is trust and confidence in the 100,000 genomes projects. There 

were three overall objectives to achieve this strategy by putting patients at the centre, 

engagement of partners and initiating debate and understanding to ensure a lasting 

legacy. Indeed, Genomics England have worked closely with patients, patient groups 

and charities, patient and public involvement (PPI) groups and participants throughout 

the 100,000 genomes project. Each NHS Genomic Medicine Centre has established 

PPI groups who work together with representatives from Genomics England and NHS 

England in a national General Medicine Council (GMC) PPI network.381,382  

The 100,000th genome was sequenced in December 2018 and recently, the government 

has since announced a new National Genomic Healthcare Strategy.383 The strategy is 

targeted at rare diseases and the government is setting out a number of plans to ensure 

the UK is able to offer a predictive, preventative and personalised health  and care 

service for people with rare diseases alongside plans to sequence 5 million genomes 

in the UK over the next 5 years.384 A focus of these projects has been to identify rare 

diseases so that new treatments may be developed to address an existing unmet need. 
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Availability of patient level data  

Public Health England (PHE) was established to protect and improve the nation’s 

health and wellbeing, and reduce inequalities. PHE is an executive agency sponsored 

by the Department of Health and Social Care.385 Since conception, a series of ‘NHS 

Atlas of Variation in Healthcare’ reports have been published to monitor variations 

including genetic testing service delivery.38,297 Further, NHS England has invested in 

the NHS RightCare programme to assist every health economy in England to adopt 

the NHS RightCare approach at the centre of their transformation programmes. The 

programme aims to ensure that the right person has the right care, in the right place, at 

the right time, making the best use of available resources. The programme was 

developed to use data intelligence to identify any unwarranted variation in care and 

works in partnership with a number of organisations, national programmes and patient 

groups.386   

On the 7th of May 2018, NHS England released details of their ‘Action Plan [on] 

Health Inequalities.387,388 NHS England stated that a key aim of the Genomic Medicine 

Service is to provide consistent and equitable care for England’s population. Further, 

NHS England reported that following the recent development of a new contractual 

model with the Genomic Laboratory Hubs and the National Genomic Informatics 

Service (NGIS), information relating to activity and performance of genomic testing. 

NHS England report that implementation data for genomic testing will better enable 

equity of access to be identified and monitored. It has been proposed that the number 

and types of tests can be seen with the prospect of access to patient level data in the 

future. Further, it will be possible to assess genomic testing by clinical indication, 

ethnicity, gender and referring organisation such that this information will enable 

equity of access to be monitored.387–389  

The NHS Long Term Plan was recently introduced to meet the changing needs of 

society and as medicine advancements, so that we have a service fit for the future.390 

As part of the NHS Long Term Plan, Personalised Care will benefit up to 2.5 million 

people by 2024 by increasing their choice and control over the way their care is 

planned and delivered. Personalised Care aims to adopt a whole-system approach, 

integrating services around the individual and this is widely aided by technological 

innovations.391 It is anticipated that improvements in ‘big data’ storage and electronic 
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health records (EHRs) will contribute to the realisation of individualised care. The big 

data revolution is providing opportunities to store, match-up, analyse and visualise 

datasets in ways which were previously impossible. The ‘real’ revolution relates to the 

volumes of data that can be collected and stored, with the amount of information stored 

globally estimated to double every 40 months.99 As more data continues to be 

collected, treatment will increasingly be tailored to the individual as more information 

is collated to inform treatment response.130 Moreover, the generation of real world 

evidence (RWE) with EHRs offers opportunities to examine how treatments work 

beyond the clinical trial setting. Moreover, big data techniques are a component of the 

vision of PM as they enhance the ability of clinicians to select the most effective 

treatments and identify those that are less likely to benefit due to side effects.99,130  

Big data and EHRs also provide opportunities and challenges for addressing health 

and health care disparities.392,393 One opportunity is to improve public health 

surveillance by connecting defined populations to clinical data and health outcomes. 

In addition, the use of big data and EHRs offers the opportunity to better understand 

the etiology of health disparities through simulation modelling and systems science.393 

However, challenges exist with the collection of data in hard to reach population 

groups and therefore such innovations may widen disparities in health. For example, 

a digital divide may lead to population exclusion in some population groups.393 

Furthermore, data collection concerns may disproportionately impact disadvantaged 

population groups associated with security and personal detriment related to 

insurance, access to financial products and employment.381 

6.3. Strengths and limitations 

This research has raised important challenges for addressing health care inequalities 

related to the reporting of equity impact assessments, the importance of diverse 

participation in clinical trials and how health care disparities may be assessed using 

routinely collected hospital data. However, the research undertaken was subject to a 

number of limitations. The pharmacogenomic interventions evidence review was 

limited by the search approach as it is considered that efficacy studies rarely discuss 

implications for health disparities within the abstract of study publications. Similarly, 

the review of observational studies of trastuzumab uptake in HER2-positive breast 

cancer patients was limited as it was uncertain whether differences in uptake were a 
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result of health care disparities or differing health need. Both reviews, highlighted the 

need to undertake assessments of patient level data to adjust for confounding which 

may permit a better understanding of the impact of PM on health disparities. Further, 

the review may not be representative of clinical practice due to selection and 

publication bias.  

Access to patient level data is necessary to examine disparities in health care and adjust 

for confounding factors. Although the examination of BRCA testing was limited by a 

lack of comparative data available for the catchment population or comparator group 

who did not access BRCA testing. Such a comparator group would permit the 

exploration of predictors of uptake of BRCA testing. However, the results of this 

research were nevertheless interesting and with clinical relevance as we were able to 

examine trends and explore some associations. An additional limitation relates to the 

insensitivity of deprivation measures matched to each geographical area as there may 

be significant variation in terms of deprivation. Further, with reflection back to 

Whitehead’s (1991) social determinants of health, there may be a number of factors 

which may impact health disparities and these may not be adequately captured in 

existing measures.3 Also, specific to many health service research studies is that the 

data sets which are analysed are often collected with quite a different purpose and as 

such, the quality of the data may bias the results of any analyses undertaken.  

6.4. Implications of findings  

Prospective recognition of potential consequences provides the opportunity to be 

proactive in the optimization of potential benefits of PM to reach disadvantaged 

populations. Adhering to the NHS founding principles we should ensure that every 

individual who could benefit from PM has access and information to make an 

informed decision.  We can prospectively include health equity concerns as an explicit 

feature of PM research. As such, equity implications may be more closely monitored. 

Further, with the development of clinical studies, consideration of equity implications 

is paramount if we are to address health care disparities.  

Advancements in technology bring many opportunities to use EHRs and other data 

sources to better monitor uptake. A feedback mechanism is needed on surveillance 

data to identify locations of underuse and trigger agencies to investigate potential 

barriers in access or under-performing dissemination practices. Specifically, with 
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respect to predisposition BRCA testing, dissemination models should be piloted and to 

compare the relative effectiveness of these strategies in reducing disparities in uptake.  

6.5. Novel contributions of this thesis 

Novel contributions of this thesis are described.   

1) This research was the first study to systematically review studies which reported 

the impact of pharmacogenomics on health disparities by examining reporting of 

treatment effectiveness across population subgroups. This study explored equity 

assessments within studies which assessed clinical effectiveness and how this can 

be included.  

2) This research was the first study to analyse disparities in the uptake of trastuzumab 

in HER2-positive breast cancer patients as reported in observational studies. The 

research highlighted that the increased availability of individual level data is 

needed to explore health disparities. 

3) A case study of BRCA gene testing was chosen to explore equity of access using 

individual patient level data. This was the first study to evaluate the impact of 

clinical guidelines on uptake of BRCA testing and explore across subgroups of 

patients by deprivation in Cheshire and Merseyside. This study highlighted the 

need for collection of more data (including those eligible for testing but did not 

undergo testing) to examine differences in testing by the deprivation group which 

adjusts for confounders. 

4) This thesis considered alternative approaches for analysis of health care disparities 

including uptake, likelihood of testing by subgroup and time taken for family 

members to undergo predictive BRCA testing. This was the first study to explore 

inequalities in uptake of BRCA testing which was specific to Cheshire and 

Merseyside.    

6.6. Final remarks 

Advancements in PM have generated a significant opportunity to decrease health 

disparities by reducing the impact of bias and false stereotypes on decision-making in 

clinical care.148 Moreover, treatment based health care disparities should be reduced 

as personalising treatment improves patient health outcomes across individuals by 

addressing underlying genetic variation between individuals. In addition, there is an 
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opportunity for research and developments efforts within PM to target diseases which 

especially impact disadvantaged population groups.163  

It is important to realise that the tools of PM and public health present complementary 

approaches to disease prevention and treatment in populations experiencing health-

related disparities. As public health sciences begin to use more complex sources of 

data, better surveillance, and targeted implementation strategies, such studies may 

yield findings that could potentially improve our understanding of disease, and address 

under-served populations. Ultimately, both population approaches and individual 

precision interventions are needed to improve overall population health and help 

reduce health care disparities.  

As an economist, we typically infer logically through a deductive process, what might 

be predicted, and these predictions can be tested and this forms the basis for 

explanation. My early experience has meant that I was largely removed from 

implementation (as my experience was focused within cost-effectiveness analyses). 

However, this research highlighted to me the need to reflect upon the drivers 

underlying the data to explain “why” a relationship occurs. I found that the 

conversations I had with Dr Greenhalgh at Liverpool Women’s Hospital, and my 

supervisory team (also clinical and public health specialists) invaluable as it helped to 

contextualise the findings and to understand possible why such a finding may have 

been identified. 

The balance between efficiency and equity are both important concepts within 

resource allocation. All health systems in the world face this same challenge and 

increasingly face rising health care expenditure alongside rising expectations to fund 

new treatments. The focus of health economic evaluations is on maximising efficiency 

but methods exist to incorporate health equity impact into decision-making.36,394–397 

Health decision-making and consideration of health equity in any publicly funded 

healthcare system is based on both scientific and social value judgements. Distributive 

justice is the term used to describe what is appropriate, or right, for how resources are 

allocated in a society.398 However, vastly different perspectives on how resources 

should be distributed exist and each approach has different merits.  
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Healthcare is unavoidably concerned with efficient distribution of scarce resources, 

and therefore, this involves difficult political and economic decisions to allocate 

resources. The NIH view “the 21st century is the century of biology” and state “the 

nation that invests in biomedical research will reap untold rewards in its economy and 

the health of its people”399. However, population health is not determined by the 

frontiers of science and molecular biology. Improvements in population health 

requires persistent social determinants of health to be addressed which should also 

include nutrition, employment and living conditions.98,181  While new treatments for 

rare diseases may contribute to reducing health disparities, I am concerned about the 

sustainability of such investments and the opportunity cost of such investments. A 

recent study assessed public preferences for funding orphan treatments and found that 

disease rarity did not justify the current funding provided.400 As new treatments 

develop, regulators need to revisit policies to ensure incentives are aligned 

appropriately and the sustainability of the NHS is ensured.      

6.7. Future plans and challenges 

Previous research has shown that communication of BRCA mutation information for 

subsequent predisposition BRCA testing in relatives varies considerably. There is a 

need for tailoring of predictive test counselling to accommodate the needs of 

vulnerable populations and their relatives.350–355 Therefore, as genomic technologies 

expand and become part of routine hospital care, it is anticipated that mechanisms to 

facilitate communication in families are needed.356,357 

There are many alternative modes of service delivery in the communication of genetic 

information. The development of patient-centric study designs may contribute to 

reducing health care disparities by examining patient preferences for alternative care 

pathways.401 By assessing the preferences of subgroups, it may be possible to identify 

attributes which may be barriers and facilitators to ensuring more equitable delivery 

of health interventions. It is important to consider the preferences of subgroups 

including disadvantaged populations to avoid intervention-generated inequalities.402 

However such research may be limited by the ability to identify the perspectives of 

hard to reach populations who may not speak English or be otherwise able to 

participate in such studies. However, I feel that a discrete choice experiment to 

examine how alternative care pathways may increase the communication of BRCA 
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status information with relatives would be a fruitful area for study following on from 

this thesis. However such research should ensure disadvantaged populations are 

recruited to ensure to more effectively reduce health and care disparities. 

In summary, there is a need to ensure the implementation of PM is equitable and 

integrates perspectives beyond scientific including ethical, legal and social 

perspectives. However, to delay the implementation of PM until they are perfected 

does not represent a realistic solution. Therefore, to avoid genetic discrimination in 

the translation of PM, researchers should also examine the potential for widening 

health disparities. An examination of whether PM limitations exist such that their use 

could have the effect of creating or perpetuating inequitable access to health care is 

needed. Moreover, evidence is required to better understand PM from the perspective 

of the potential for inequities to occur. Investments in parallel to improve on the 

limitations of PM interventions and barriers to access. It is noted that early 

identification of the potential for inequalities provides an opportunity to take proactive 

measures to ensure more equitable implementation. As such, by anticipating and 

addressing risks for barriers to access to health care, we will move closer towards the 

realising the benefits of PM. 
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3: Systematic literature review search strategy (chapter 2) 

Search 

Number, by 
Date and 

Database Search Terms 

Articles 

Returned, n 

January 2016 

EMBASE   

1 
((((((health adj2 inequalit*) or health) adj2 equit*) or health) adj2 inequit*) or (social gradient* adj3 (reduc* or difference* or disparit* or increase* or inequit* or inequalit* or equit* or 

disadvantage*))).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  1483 

2 (gender-based or gender-related or gender differences or gender factors).mp.  33483 

3 ((sex or gender) adj2 (analysis or specific or difference? or factor? or inequit$ or disparit$ or inequalit$)).mp. 359995 

4 ((ethnic$ or race or racial or religio$ or cultur$ or minorit$ or refugee or indigenous or aboriginal) adj3 (analysis or difference$ or specific or disparit$ or inequalit$ or inequit$)).mp. 105055 
5 exp geriatrics/  45976 

6 exp homosexuality/  218191 

7 exp disabled person/  27930 
8 ((poverty or low-income or socioeconomic$ or social) adj2 (analysis or disadvantage$ or specific or difference? or factor? or inequalit$ or depriv$ or inequit$ or disparit$)).mp.  40646 

9 exp educational status/  48514 

10 exp socioeconomics/  201417 
11 ((discriminat$ or social exclu$ or social inclu$) adj3 (religion or culture or race or racial or aboriginal or indigenous or ethnic$)).mp.  1322 

12 ((urban or rural or inner-city or slum) adj2 (difference$ or specific or analysis or inequit$ or disparit$ or inequalit$)).mp.  7056 

13 
((resource-poor or (low-income adj countr$) or (middle income adj countr$) or africa or developing countr$ or south america or china or asia or latin america) adj2 (relevance or analysis 
or specific or difference or applicab$ or inequit$ or disparit$ or inequalit$)).mp.  1843 

14 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13  746064 

15 exp personalized medicine/  15782 

16 

((Abacavir or abiraterone or acetaminophen or afatinib or afutuzumab or aliskiren or amitriptyline or anastrozole or arformoterol or aripiprazole or arsenic trioxide or atazanavir or 

atomoxetine or atorvastatin or axitinib or azathioprine) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 

pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  400 

17 

((Belimumab or boceprevir or bosutinib or brentuximab vedotin or busulfan) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 

genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword]  57 

18 

((Cabazitaxel or capecitabine or carbamazepine or carglumic acid or carisoprodol or carvedilol or celecoxib or ceritinib or cetuximab or cevimeline or chloroquine or chlorpropamide or 

cisplatin or citalopram or clobazam or clomifene or clomipramine or clopidogrel or clozapine or codeine or crizotinib) adj5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword] 1258 

19 
((Dabrafenib or dapsone or darifenacin or darunavir or dasatinib or denileukin diftitox or desflurane or desipramine or desloratadine or dexlansoprazole or dextromethorphan or diazepam 
or divalproex sodium or doxepin or dronedarone or drospirenone) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* 

or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  161 

20 
((Efavirenz or eliglustat or eltrombopag or emtricitabine or erlotinib or erythromycin or esomeprazole or ethinyl or estradiol or everolimus or exemestane) adj5 (personalised or 
personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, 

drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  744 
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21 
((Fampridine or fesoterodine or fluorouracil or fluoxetine or flurbiprofen or fluvoxamine or fosamprenavir or fulvestrant) adj5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword]  291 

22 
((Galantamine or gefitinib or glibenclamide or glimepiride or glipizide) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 
genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword]  127 

23 
((Homoharringtonine or hydralazine) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 
pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  10 

24 

((ibritumomab or ibrutinib or iloperidone or imatinib or imipramine or indacaterol or indinavir or irinotecan or isoflurane or isoniazid or isosorbide dinitrate or ivabradine or ivacaftor) 

adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, 
abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  507 

25 

((lansoprazole or lapatinib or lenalidomide or letrozole or lomitapide) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 

genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword]  86 

26 

((mafenide or maraviroc or mercaptopurine or methylene blue or metoclopramide or metoprolol or mipomersen or modafinil or mycophenolic acid) adj5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword]  168 

27 

((nalidixic acid or nefazodone or nelfinavir or nilotinib or nitrofurantoin or norelgestromin or norfloxacin or nortriptyline) adj5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword]  78 

28 
((ofatumumab or olanzapine or omeprazole) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* 

or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  94 

29 

((panitumumab or pantoprazole or paroxetine or pazopanib or peginterferon alfa-2b or pegloticase or perphenazine or pertuzumab or phenylacetic acid or phenytoin or pimozide or 

ponatinib or posaconazole or prasugrel or pravastatin or primaquine or probenecid or propafenone or propranolol or protriptyline or pyrazinamide) adj5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword]  344 

30 
((quinidine or quinine) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 
pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  32 

31 

((rabeprazole or ranolazine or rasburicase or regorafenib or rifampin or risperidone or ritonavir or rituximab or rosuvastatin or ruxolitinib) adj5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword]  271 

32 

((Sevoflurane or sildenafil or simeprevir or sirolimus or sodium benzoate or sodium nitrite or sodium phenylbutyrate or sofosbuvir or succimer or succinylcholine or sulfadiazine or 

sulfamethoxazole or sulfasalazine or sulfisoxazole or sunitinib) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 
pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  172 

33 

((tamoxifen or telaprevir or telithromycin or tenofovir or terbinafine or tetrabenazine or thioguanine or thioridazine or ticagrelor or timolol or tiotropium or tipranavir or tolterodine or 

tositumomab or tramadol or trametinib or trastuzumab or trastuzumab emtansine or tretinoin or trimethoprim or trimipramine) adj5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword]  570 

34 
((valproic acid or vandetanib or vardenafil or velaglucerase alfa or vemurafenib or venlafaxine or vitamin c or voriconazole or vortioxetine) adj5 (personalised or personalized or 
individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword]  156 

35 
(warfarin adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. 
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  895 
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36 
(zonisamide adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. 
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword] 2 

37 
((personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*) adj5 (medicin* or health* 

or drug*)).mp.  54384 
38 or/15-37  59761 

39 14 and 38  3037 

40 limit 39 to (english language and yr="1999 - 2016") (2649) 2649    
January 2016 

MEDLINE (Ovid)   

1 
((((((health adj2 inequalit*) or health) adj2 equit*) or health) adj2 inequit*) or (social gradient* adj3 (reduc* or difference* or disparit* or increase* or inequit* or inequalit* or equit* or 

disadvantage*))).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword] 1117 
2 (gender-based or gender-related or gender differences or gender factors).mp.  22298 

3 ((sex or gender) adj2 (analysis or specific or difference? or factor? or inequit$ or disparit$ or inequalit$)).mp.  276176 

4  ((ethnic$ or race or racial or religio$ or cultur$ or minorit$ or refugee or indigenous or aboriginal) adj3 (analysis or difference$ or specific or disparit$ or inequalit$ or inequit$)).mp.  45975 
5 exp geriatrics/  27790 

6 exp homosexuality/ 23970 

7 exp disabled person/  53716 
8 ((poverty or low-income or socioeconomic$ or social) adj2 (analysis or disadvantage$ or specific or difference? or factor? or inequalit$ or depriv$ or inequit$ or disparit$)).mp.  144892 

9 exp educational status/  42933 

10 exp economics/  519938 
11 ((discriminat$ or social exclu$ or social inclu$) adj3 (religion or culture or race or racial or aboriginal or indigenous or ethnic$)).mp.  1055 

12 ((urban or rural or inner-city or slum) adj2 (difference$ or specific or analysis or inequit$ or disparit$ or inequalit$)).mp.  2529 

13 
((resource-poor or (low-income adj countr$) or (middle income adj countr$) or africa or developing countr$ or south america or china or asia or latin america) adj2 (relevance or analysis 
or specific or difference or applicab$ or inequit$ or disparit$ or inequalit$)).mp.  1323 

14 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13  1058614 
15 exp personalized medicine/  7250 

16 

((Abacavir or abiraterone or acetaminophen or afatinib or afutuzumab or aliskiren or amitriptyline or anastrozole or arformoterol or aripiprazole or arsenic trioxide or atazanavir or 

atomoxetine or atorvastatin or axitinib or azathioprine) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 
pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  198 

17 

((Belimumab or boceprevir or bosutinib or brentuximab vedotin or busulfan) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 

genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword]  26 

18 

 ((Cabazitaxel or capecitabine or carbamazepine or carglumic acid or carisoprodol or carvedilol or celecoxib or ceritinib or cetuximab or cevimeline or chloroquine or chlorpropamide or 

cisplatin or citalopram or clobazam or clomifene or clomipramine or clopidogrel or clozapine or codeine or crizotinib) adj5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword]  610 

19 
((Dabrafenib or dapsone or darifenacin or darunavir or dasatinib or denileukin diftitox or desflurane or desipramine or desloratadine or dexlansoprazole or dextromethorphan or diazepam 
or divalproex sodium or doxepin or dronedarone or drospirenone) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* 

or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  100 

20 

((Efavirenz or eliglustat or eltrombopag or emtricitabine or erlotinib or erythromycin or esomeprazole or ethinyl or estradiol or everolimus or exemestane) adj5 (personalised or 

personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, 

drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  656 
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21 
((Fampridine or fesoterodine or fluorouracil or fluoxetine or flurbiprofen or fluvoxamine or fosamprenavir or fulvestrant) adj5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword]  519 

22 
((Galantamine or gefitinib or glibenclamide or glimepiride or glipizide) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 
genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword]  24 

23 
((Homoharringtonine or hydralazine) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 
pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  12 

24 

((ibritumomab or ibrutinib or iloperidone or imatinib or imipramine or indacaterol or indinavir or irinotecan or isoflurane or isoniazid or isosorbide dinitrate or ivabradine or ivacaftor) 

adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, 
abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  289 

25 

 ((lansoprazole or lapatinib or lenalidomide or letrozole or lomitapide) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 

genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword]  28 

26 

((mafenide or maraviroc or mercaptopurine or methylene blue or metoclopramide or metoprolol or mipomersen or modafinil or mycophenolic acid) adj5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword]  120 

27 

((nalidixic acid or nefazodone or nelfinavir or nilotinib or nitrofurantoin or norelgestromin or norfloxacin or nortriptyline) adj5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword]  69 

28 
((ofatumumab or olanzapine or omeprazole) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* 

or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  63 

29 

((panitumumab or pantoprazole or paroxetine or pazopanib or peginterferon alfa-2b or pegloticase or perphenazine or pertuzumab or phenylacetic acid or phenytoin or pimozide or 

ponatinib or posaconazole or prasugrel or pravastatin or primaquine or probenecid or propafenone or propranolol or protriptyline or pyrazinamide) adj5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword]  330 

30 
((quinidine or quinine) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 
pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  54 

31 

((rabeprazole or ranolazine or rasburicase or regorafenib or rifampin or risperidone or ritonavir or rituximab or rosuvastatin or ruxolitinib) adj5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword]  287 

32 

((Sevoflurane or sildenafil or simeprevir or sirolimus or sodium benzoate or sodium nitrite or sodium phenylbutyrate or sofosbuvir or succimer or succinylcholine or sulfadiazine or 

sulfamethoxazole or sulfasalazine or sulfisoxazole or sunitinib) adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 
pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  144 

33 

((tamoxifen or telaprevir or telithromycin or tenofovir or terbinafine or tetrabenazine or thioguanine or thioridazine or ticagrelor or timolol or tiotropium or tipranavir or tolterodine or 

tositumomab or tramadol or trametinib or trastuzumab or trastuzumab emtansine or tretinoin or trimethoprim or trimipramine) adj5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword]  1689 

34 
((valproic acid or vandetanib or vardenafil or velaglucerase alfa or vemurafenib or venlafaxine or vitamin c or voriconazole or vortioxetine) adj5 (personalised or personalized or 
individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword]  177 

35 
(warfarin adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. 
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  568 
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36 
(zonisamide adj5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)).mp. 
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]  1 

37 
((personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*) adj5 (medicin* or health* 

or drug*)).mp.  54384 
38 or/15-37  35595 

39 14 and 38  2375 

40 limit 39 to (yr="1999 - 2016")  1898    
January 2016 

PubMed (last 6 months)   
1 ((health) AND (inequalit* or equit* or inequit*)) OR ((social gradient* and (reduc* or difference* or disparit* or increase* or inequit* or inequalit* or equit* or disadvantage*))  30275 

2 (gender-based or gender-related or gender differences or gender factors)   514025 
3 ((sex or gender) and (analysis or specific or difference* or factor* or inequit* or disparit* or inequalit*))  279104 

4 ((ethnic* or race or racial or religio* or culture* or minorit* or refugee or indigenous or aboriginal) and (analysis or difference* or specific or disparit* or inequality* or inequit*))  883967 

5 geriatrics   51468 
6 homosexuality  24614 

7 disabled person  56052 

8 ((poverty or low-income or socioeconomic* or social) and (analysis or disadvantage* or specific or difference* or factor* or inequality* or depriv* or inequit* or disparit*))  478051 
9 educational status  58071 

10 socioeconomics  383399 

11 ((discriminat* or social exclu* or social inclu*) and (religion or culture or race or racial or aboriginal or indigenous or ethnic*))  11647 
12 ((urban or rural or inner-city or slum) and (difference* or specific or analysis or inequit* or disparit* or inequality*))  123326 

13 
((resource-poor or (low-income and countr*) or (middle income and countr*) or africa or developing countr* or south america or china or asia or latin america) and (relevance or analysis 

or specific or difference or applicab* or inequit* or disparit* or inequality*))  840741 
14 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13  2739648 

15 personalized medicine  27424 

16 

((Abacavir or abiraterone or acetaminophen or afatinib or afutuzumab or aliskiren or amitriptyline or anastrozole or arformoterol or aripiprazole or arsenic trioxide or atazanavir or 

atomoxetine or atorvastatin or axitinib or azathioprine) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or 

pharmacogenetic or pharmacogenomic))   4026 

17 
((Belimumab or boceprevir or bosutinib or brentuximab vedotin or busulfan) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or 

genomic or pharmacogenetic or pharmacogenomic))  576 

18 
((Cabazitaxel or capecitabine or carbamazepine or carglumic acid or carisoprodol or carvedilol or celecoxib or ceritinib or cetuximab or cevimeline or chloroquine or chlorpropamide or 
cisplatin or citalopram or clobazam or clomifene or clomipramine or clopidogrel or clozapine or codeine or crizotinib) and (personalised or personalized or individualised or 

individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))   12253 

19 
((Dabrafenib or dapsone or darifenacin or darunavir or dasatinib or denileukin diftitox or desflurane or desipramine or desloratadine or dexlansoprazole or dextromethorphan or diazepam 
or divalproex sodium or doxepin or dronedarone or drospirenone) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or 

pharmacogenetic or pharmacogenomic))  3167 

20 
((Efavirenz or eliglustat or eltrombopag or emtricitabine or erlotinib or erythromycin or esomeprazole or ethinyl or estradiol or everolimus or exemestane) and ((personalised or 
personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))   13270 

21 
((Fampridine or fesoterodine or fluorouracil or fluoxetine or flurbiprofen or fluvoxamine or fosamprenavir or fulvestrant) (personalised or personalized or individualised or individualized 

or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))  5200 

22 
((Galantamine or gefitinib or glibenclamide or glimepiride or glipizide) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or 

genomic or pharmacogenetic or pharmacogenomic))  1442 

23 
((Homoharringtonine or hydralazine) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or 
pharmacogenomic))  315 
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24 
((ibritumomab or ibrutinib or iloperidone or imatinib or imipramine or indacaterol or indinavir or irinotecan or isoflurane or isoniazid or isosorbide dinitrate or ivabradine or ivacaftor) and 
(personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))  5584 

25 
((lansoprazole or lapatinib or lenalidomide or letrozole or lomitapide) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic 

or pharmacogenetic or pharmacogenomic)) 938 

26 
((mafenide or maraviroc or mercaptopurine or methylene blue or metoclopramide or metoprolol or mipomersen or modafinil or mycophenolic acid) and (personalised or personalized or 

individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic)) 2508 

27 
((nalidixic acid or nefazodone or nelfinavir or nilotinib or nitrofurantoin or norelgestromin or norfloxacin or nortriptyline) and (personalised or personalized or individualised or 
individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic)) 2042 

28 
((ofatumumab or olanzapine or omeprazole) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or 

pharmacogenomic))  982 

29 

((panitumumab or pantoprazole or paroxetine or pazopanib or peginterferon alfa-2b or pegloticase or perphenazine or pertuzumab or phenylacetic acid or phenytoin or pimozide or 

ponatinib or posaconazole or prasugrel or pravastatin or primaquine or probenecid or propafenone or propranolol or protriptyline or pyrazinamide) and (personalised or personalized or 

individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))  4022 
30 ((quinidine or quinine) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic)) 736 

31 
((rabeprazole or ranolazine or rasburicase or regorafenib or rifampin or risperidone or ritonavir or rituximab or rosuvastatin or ruxolitinib) and (personalised or personalized or 

individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic)) 4615 

32 

((Sevoflurane or sildenafil or simeprevir or sirolimus or sodium benzoate or sodium nitrite or sodium phenylbutyrate or sofosbuvir or succimer or succinylcholine or sulfadiazine or 

sulfamethoxazole or sulfasalazine or sulfisoxazole or sunitinib) and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or 

pharmacogenetic or pharmacogenomic))  4379 

33 

((tamoxifen or telaprevir or telithromycin or tenofovir or terbinafine or tetrabenazine or thioguanine or thioridazine or ticagrelor or timolol or tiotropium or tipranavir or tolterodine or 

tositumomab or tramadol or trametinib or trastuzumab or trastuzumab emtansine or tretinoin or trimethoprim or trimipramine) and (personalised or personalized or individualised or 

individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))  12879 

34 
((valproic acid or vandetanib or vardenafil or velaglucerase alfa or vemurafenib or venlafaxine or vitamin c or voriconazole or vortioxetine) and (personalised or personalized or 

individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))  3988 

35 (warfarin and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))  1919 
36 (zonisamide and (personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic))  67 

37 
((personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic) and (medicine or health or 
drug))  534951 

38  or/15-37 limit (yr="09/09/2016 – 09/03/2016")  32982 

39 14 and 38 limit (yr="09/09/2016 – 09/03/2016")  746    
January 2016 

Web of Science   
1 (health NEAR/2 inequalit*) 24161 

2 (health near/2 equit*) 9261 
3 (health near/2 inequit*)  5374 

4 ("social gradient"* near/3 (reduc* or difference* or disparit* or increase* or inequit* or inequalit* or equit* or disadvantage*))  65 

5 (“gender-based” or “gender-related” or “gender differences” or “gender factors”) 175936 
6 ((sex or gender) near/1 (inequity or disparity or inequality))  15402 

7 ((ethnic$ or race or racial or religio$ or cultur$ or minorit$ or refugee or indigenous or aboriginal) near/3 (analysis or difference$ or specific or disparit$ or inequalit$ or inequit$))  232013 

8 (geriatrics OR homosexuality OR "disabled person")  429561 

9 ((poverty or low-income or socioeconomic$ or social) near/2 (analysis or disadvantage$ or specific or difference? or factor? or inequalit$ or depriv$ or inequit$ or disparit$))  372535 

10 ("educational status" OR socioeconomics)  60882 

11 ((discriminat$ or "social exclu$" or "social inclu$") near/3 (religion or culture or race or racial or aboriginal or indigenous or ethnic$))  164 
12 ((urban or rural or "inner-city" or slum) near/2 (difference$ or specific or analysis or inequit$ or disparit$ or inequalit$))  31356 
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13 
(("resource-poor" or ("low-income" near/1 countr$) or ("middle income" near/1 countr$) or africa or "developing countr$" or "south america" or china or asia or "latin america") near/2 
(relevance or analysis or specific or difference or applicab$ or inequit$ or disparit$ or inequalit$))  35709 

14 (#13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1)  1569969 

15 (personalized medicine)  44905 

16 

((Abacavir or abiraterone or acetaminophen or afatinib or afutuzumab or aliskiren or amitriptyline or anastrozole or arformoterol or aripiprazole or “arsenic trioxide” or atazanavir or 

atomoxetine or atorvastatin or axitinib or azathioprine) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 

pharmacogenetic* or pharmacogenomic*))  720 

17 
 ((Belimumab or boceprevir or bosutinib or "brentuximab vedotin" or busulfan) near/5 (personalised or personalized or individualised or individualized or stratified or precision or 

genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))   86 

18 
((Cabazitaxel or capecitabine or carbamazepine or "carglumic acid" or carisoprodol or carvedilol or celecoxib or ceritinib or cetuximab or cevimeline or chloroquine or chlorpropamide or 
cisplatin or citalopram or clobazam or clomifene or clomipramine or clopidogrel or clozapine or codeine or crizotinib) near/5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  1977 

19 
((Dabrafenib or dapsone or darifenacin or darunavir or dasatinib or "denileukin diftitox" or desflurane or desipramine or desloratadine or dexlansoprazole or dextromethorphan or 
diazepam or "divalproex sodium" or doxepin or dronedarone or drospirenone) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* 

or genomic* or pharmacogenetic* or pharmacogenomic*))  192 

20 
((Efavirenz or eliglustat or eltrombopag or emtricitabine or erlotinib or erythromycin or esomeprazole or ethinyl or estradiol or everolimus or exemestane) near/5 (personalised or 
personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  1299 

21 
((Fampridine or fesoterodine or fluorouracil or fluoxetine or flurbiprofen or fluvoxamine or fosamprenavir or fulvestrant) near/5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  853 

22 
((Galantamine or gefitinib or glibenclamide or glimepiride or glipizide) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 

genomic* or pharmacogenetic* or pharmacogenomic))   853 

23 
((Homoharringtonine or hydralazine) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 
pharmacogenomic*))   31 

24 
((ibritumomab or ibrutinib or iloperidone or imatinib or imipramine or indacaterol or indinavir or irinotecan or isoflurane or isoniazid or “isosorbide dinitrate” or ivabradine or ivacaftor) 

near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  836 

25 
((lansoprazole or lapatinib or lenalidomide or letrozole or lomitapide) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 

genomic* or pharmacogenetic* or pharmacogenomic*))  106 

26 
((mafenide or maraviroc or mercaptopurine or “methylene blue” or metoclopramide or metoprolol or mipomersen or modafinil or “mycophenolic acid”) near/5 (personalised or 

personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  604 

27 
((“nalidixic acid” or nefazodone or nelfinavir or nilotinib or nitrofurantoin or norelgestromin or norfloxacin or nortriptyline) near/5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  223 

28 
((ofatumumab or olanzapine or omeprazole) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 

pharmacogenetic* or pharmacogenomic*))  287 

29 

((panitumumab or pantoprazole or paroxetine or pazopanib or “peginterferon alfa-2b” or pegloticase or perphenazine or pertuzumab or “phenylacetic acid” or phenytoin or pimozide or 

ponatinib or posaconazole or prasugrel or pravastatin or primaquine or probenecid or propafenone or propranolol or protriptyline or pyrazinamide) near/5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  703 

30 
((quinidine or quinine) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 

pharmacogenomic*))   134 

31 
((rabeprazole or ranolazine or rasburicase or regorafenib or rifampin or risperidone or ritonavir or rituximab or rosuvastatin or ruxolitinib) near/5 (personalised or personalized or 
individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  1046 

32 

((Sevoflurane or sildenafil or simeprevir or sirolimus or “sodium benzoate” or “sodium nitrite” or “sodium phenylbutyrate” or sofosbuvir or succimer or succinylcholine or sulfadiazine or 

sulfamethoxazole or sulfasalazine or sulfisoxazole or sunitinib) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* 
or pharmacogenetic* or pharmacogenomic*))  810 
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33 
((tamoxifen or telaprevir or telithromycin or tenofovir or terbinafine or tetrabenazine or thioguanine or thioridazine or ticagrelor or timolol or tiotropium or tipranavir or tolterodine or 
tositumomab or tramadol or trametinib or trastuzumab or “trastuzumab emtansine” or tretinoin or trimethoprim or trimipramine) near/5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  5745 

34 
((valproic acid or vandetanib or vardenafil or “velaglucerase alfa” or vemurafenib or venlafaxine or “vitamin c” or voriconazole or vortioxetine) near/5 (personalised or personalized or 
individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))   740 

35 (warfarin near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)) 1446 

36 (zonisamide near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*))  3 

37 
((personalised or personalized or individualised or individualized or stratified or precision or genetic or genomic or pharmacogenetic or pharmacogenomic) near/5 (medicine or health or 

drug))  190144 

38 or/15-37  216471 
39 14 and 38 (yr="1999 - 2016")  2101    

January 2016 

Cochrane CENTRAL and Cochrane Methods   
1 (social gradient* near/3 (reduc* or difference* or disparit* or increase* or inequit* or inequalit* or equit* or disadvantage*)):ti,ab  3 
2 (health near/2 (inequalit* or equit* or inequit*)):ti,ab  135 

3 (gender-based or gender-related or gender differences or gender factors):ti,ab  6119 

4 ((sex or gender) near/2 (analysis or specific or difference? or factor? or inequit$ or disparit$ or inequalit$)):ti,ab  2731 
5 ((ethnic$ or race or racial or religio$ or cultur$ or minorit$ or refugee or indigenous or aboriginal) adj3 (analysis or difference$ or specific or disparit$ or inequalit$ or inequit$)):ti,ab  0 

6 MeSH descriptor: [Geriatrics] explode all trees  215 

7 MeSH descriptor: [Homosexuality] explode all trees 375 
8 MeSH descriptor: [Disabled Persons] explode all trees 1013 

9 ((poverty or low-income or socioeconomic$ or social) near/2 (analysis or disadvantage$ or specific or difference? or factor? or inequalit$ or depriv$ or inequit$ or disparit$)):ti,ab  582 

10 MeSH descriptor: [Educational Status] explode all trees (1264) 1264 
11 MeSH descriptor: [Socioeconomic Factors] explode all trees (7840)  7840 

12 ((discriminat$ or social exclu$ or social inclu$) near/3 (religion or culture or race or racial or aboriginal or indigenous or ethnic$)):ti,ab   0 
13 (urban or rural or inner-city or slum) near/2 (difference$ or specific or analysis or inequit$ or disparit$ or inequalit$):ti,ab  12 

14 
(resource-poor or (low-income adj countr$) or (middle income adj countr$) or africa or developing countr$ or south america or china or asia or latin america) near/2 (relevance or analysis 

or specific or difference or applicab$ or inequit$ or disparit$ or inequalit$):ti,ab   0 
15 MeSH descriptor: [Precision Medicine] explode all trees  0 

16 

((Abacavir or abiraterone or acetaminophen or afatinib or afutuzumab or aliskiren or amitriptyline or anastrozole or arformoterol or aripiprazole or arsenic trioxide or atazanavir or 

atomoxetine or atorvastatin or axitinib or azathioprine) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 
pharmacogenetic* or pharmacogenomic*)):ti,ab   34 

17 
((Belimumab or boceprevir or bosutinib or brentuximab vedotin or busulfan) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* 

or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab   4 

18 

((Cabazitaxel or capecitabine or carbamazepine or carglumic acid or carisoprodol or carvedilol or celecoxib or ceritinib or cetuximab or cevimeline or chloroquine or chlorpropamide or 

cisplatin or citalopram or clobazam or clomifene or clomipramine or clopidogrel or clozapine or codeine or crizotinib) near/5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab   90 

19 

((Dabrafenib or dapsone or darifenacin or darunavir or dasatinib or denileukin diftitox or desflurane or desipramine or desloratadine or dexlansoprazole or dextromethorphan or diazepam 

or divalproex sodium or doxepin or dronedarone or drospirenone) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* 

or pharmacogenetic* or pharmacogenomic*)):ti,ab   9 

20 
((Efavirenz or eliglustat or eltrombopag or emtricitabine or erlotinib or erythromycin or esomeprazole or ethinyl or estradiol or everolimus or exemestane) near/5 (personalised or 

personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab   40 

21 
((Fampridine or fesoterodine or fluorouracil or fluoxetine or flurbiprofen or fluvoxamine or fosamprenavir or fulvestrant) near/5 (personalised or personalized or individualised or 
individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  19 
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22 
((Galantamine or gefitinib or glibenclamide or glimepiride or glipizide) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 
genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  2 

23 
((Homoharringtonine or hydralazine) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 

pharmacogenomic*)):ti,ab   0 

24 
((ibritumomab or ibrutinib or iloperidone or imatinib or imipramine or indacaterol or indinavir or irinotecan or isoflurane or isoniazid or isosorbide dinitrate or ivabradine or ivacaftor) 

near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab   29 

25 
((lansoprazole or lapatinib or lenalidomide or letrozole or lomitapide) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or 
genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  10 

26 
((mafenide or maraviroc or mercaptopurine or methylene blue or metoclopramide or metoprolol or mipomersen or modafinil or mycophenolic acid) near/5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  (8) 8 

27 
((nalidixic acid or nefazodone or nelfinavir or nilotinib or nitrofurantoin or norelgestromin or norfloxacin or nortriptyline) near/5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  5 

28 
((ofatumumab or olanzapine or omeprazole) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or 
pharmacogenetic* or pharmacogenomic*)):ti,ab  (10) 10 

29 

(panitumumab or pantoprazole or paroxetine or pazopanib or peginterferon alfa-2b or pegloticase or perphenazine or pertuzumab or phenylacetic acid or phenytoin or pimozide or 

ponatinib or posaconazole or prasugrel or pravastatin or primaquine or probenecid or propafenone or propranolol or protriptyline or pyrazinamide) near/5 (personalised or personalized or 
individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  (35) 35 

30 
((quinidine or quinine) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or 

pharmacogenomic*)):ti,ab  4 

31 
((rabeprazole or ranolazine or rasburicase or regorafenib or rifampin or risperidone or ritonavir or rituximab or rosuvastatin or ruxolitinib) near/5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  (23) 23 

32 
((Sevoflurane or sildenafil or simeprevir or sirolimus or sodium benzoate or sodium nitrite or sodium phenylbutyrate or sofosbuvir or succimer or succinylcholine or sulfadiazine or 
sulfamethoxazole or sulfasalazine or sulfisoxazole or sunitinib) near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* 

or pharmacogenetic* or pharmacogenomic*)):ti,ab  (11) 11 

33 
((tamoxifen or telaprevir or telithromycin or tenofovir or terbinafine or tetrabenazine or thioguanine or thioridazine or ticagrelor or timolol or tiotropium or tipranavir or tolterodine or 
tositumomab or tramadol or trametinib or trastuzumab or trastuzumab emtansine or tretinoin or trimethoprim or trimipramine) near/5 (personalised or personalized or individualised or 

individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  39 

34 
((valproic acid or vandetanib or vardenafil or velaglucerase alfa or vemurafenib or venlafaxine or vitamin c or voriconazole or vortioxetine) near/5 (personalised or personalized or 

individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  (9) 9 

35 (warfarin near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab  53 
36 (zonisamide near/5 (personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*)):ti,ab 0 

37 
((personalised or personalized or individualised or individualized or stratified or precision or genetic* or genomic* or pharmacogenetic* or pharmacogenomic*) near/5 (medicin* or 

health* or drug*)):ti,ab   1114 
38 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14  17070 

39 {or #15-#37}  1647 

40 #38 and #39  50 
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4: GRADE quality assessment of studies included in systematic review (chapter 2) 

 Quality of 

Evidence 

Risk of bias 

 

Inconsistency 

 

Indirectness 

 

Imprecision Publication 

bias 

 

Large 

effect 

Dose response All plausible 

confounding   

GRADE score 

Overall  

Kealey et al. 

(2007),  USA 

[1] 

 

High No serious 

limitation 

No serious inconsistency 

(upweighted because of 
evidence of CYP2C9 and 

dose response)  

No serious 

indirectness 

No serious  Undetected No No No  3 

Limdi et al. 

(2008), USA 

[2] 

High No serious 

limitation 

No serious inconsistency 

(upweighted because of 

evidence of CYP2C9 and 

dose response)   

 

No serious 

indirectness 

No serious 

imprecision  

Undetected No No No 3 

Gladding et 

al. (2009), 

New Zealand 

[3] 

Low (descriptive 

study) 

No serious 

limitation 

No serious inconsistency 

(upweighted because of 

evidence of CYP2C9 and 
dose response) 

Serious – 

simulation 

used  

No serious 

imprecision 

Undetected No Yes 

Study provides 

evidence of 
dose response 

but is 

simulation.  
 

No  2 

Chan et al. 

(2012), 

Singapore 

[4] 

High (large 

sample size) 

No serious 

limitation 

No serious inconsistency 

(upweighted because of 
evidence of CYP2C9 and 

dose response) 

 

No serious 

indirectness 

No serious 

imprecision 

Undetected No Yes No 3 

Panattoni et 

al. (2012), 

New Zealand 

[5] 

Low (cost-
effectiveness 

study) 

No serious 
limitation 

No serious inconsistency 
(upweighted because of 

evidence of CYP2C9 and 

dose response) 

No serious 
indirectness 

No serious 
imprecision 

Undetected No Yes 
Results 

modelled in 

terms of 
QALYs too. 

No 2 
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2. Limdi NA, Arnett DK, Goldstein JA et al. Influence of CYP2C9 and VKORC1 on warfarin dose, anticoagulation attainment and maintenance among European–Americans and African–Americans. 

Pharmacogenomics 9, 511–526 (2008).  
3. Gladding P, Stewart R, Webster M, White H. A simulation of warfarin maintenance dose requirement using a pharmacogenomic algorithm in an ethnically diverse cohort. Hear. Lung Circ. 18, S11 (2009).  

4. Chan SL, Suo C, Chia KS, Teo YY. The population attributable fraction as a measure of the impact of warfarin pharmacogenetic testing. Pharmacogenomics 13, 1247–1256 (2012). 
5. Panattoni L, Brown PM, Ao B, Te Webster M, Gladding P. The cost effectiveness of genetic testing for CYP2C19 variants to guide thienopyridine treatment in patients with acute coronary syndromes: a New 

Zealand evaluation. Pharmacoeconomics 30, 1067–1084 (2012). 
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5: Systematic review protocol to examine factors associated with uptake of targeted 

trastuzumab therapy in patients with breast cancer (chapter 3) 
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6:Study protocol version 1.0 – evaluation of the uptake rate of BRCA testing (chapter 

4) 
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7: Favoural opinion of the London – Surrey Research Ethics Committee (REC) 

(chapter 4 & 5)  
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8: HRA Initial Assessment Letter (chapter 4 & 5) 
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9: Application to the confidentiality advisory group (CAG) (chapter 4 & 5) 
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10: Confidential Advisory Group (CAG) recommendation letter (chapter 4 & 5) 
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11: University of Liverpool Sponsorship Approval (chapter 4 & 5)  
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12: Sponsor permission to proceed notification (chapter 4 & 5) 
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13: Multivariate logistic regression model selection with backward stepwise approach 

(chapter 5) 

*Significance (P<0.1) 

 Note: _cons estimates baseline odds.

                                                                               

        _cons     1.624158   .5122281     1.54   0.124     .8753382    3.013567

  2.Education      1.43394   .6825665     0.76   0.449     .5640952      3.6451

        2.IMD     .4950672    .240044    -1.45   0.147     .1913994    1.280524

               

  Unaffected      .2640699   .1438096    -2.45   0.014     .0908163    .7678456

     Ovarian      .7613187   .3167867    -0.66   0.512     .3368056    1.720892

Other cancer      .7305609   .4638495    -0.49   0.621     .2104793    2.535732

       Type_n  

               

       BRCA2      1.404071   .4612233     1.03   0.302      .737527    2.673008

     BRCA1&2             1  (empty)

       Gene_n  

               

           M      2.722081   2.594791     1.05   0.293     .4202459    17.63188

        Sex_n  

                                                                               

         Pred   Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

                              Robust

                                                                               

Log pseudolikelihood = -107.50595               Pseudo R2         =     0.0441

                                                Prob > chi2       =     0.2404

                                                Wald chi2(7)      =       9.17

Logistic regression                             Number of obs     =        165

      2.Gene_n dropped and 1 obs not used

note: 2.Gene_n != 0 predicts failure perfectly

. logistic Pred i.Sex_n i.Gene_n i.Type_n i.IMD i.Education, vce(robust)
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Final model 

Note: _cons estimates baseline odds.

                                                                               

        _cons     1.721262   .5256589     1.78   0.075     .9460135     3.13182

        2.IMD     .6477019   .2169529    -1.30   0.195     .3359374    1.248797

               

  Unaffected      .2678214   .1455978    -2.42   0.015     .0922784     .777303

     Ovarian      .7761402   .3238386    -0.61   0.544     .3425964    1.758319

Other cancer      .7359576   .4562267    -0.49   0.621     .2183662    2.480392

       Type_n  

               

       BRCA2      1.408812   .4609422     1.05   0.295     .7419127    2.675183

     BRCA1&2             1  (empty)

       Gene_n  

               

           M      2.569253   2.439895     0.99   0.320     .3994499    16.52538

        Sex_n  

                                                                               

         Pred   Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

                              Robust

                                                                               

Log pseudolikelihood = -107.78076               Pseudo R2         =     0.0417

                                                Prob > chi2       =     0.2133

                                                Wald chi2(6)      =       8.35

Logistic regression                             Number of obs     =        165

Note: _cons estimates baseline odds.

                                                                               

        _cons     3.642656   .9363546     5.03   0.000     2.200972    6.028675

        2.IMD      .836647   .2399263    -0.62   0.534     .4769163    1.467717

               

  Unaffected      .1498271   .0695644    -4.09   0.000     .0603086    .3722216

     Ovarian      .5127443   .1917164    -1.79   0.074     .2463965    1.067007

Other cancer      .7135314   .3824521    -0.63   0.529     .2495571    2.040122

       Type_n  

               

       BRCA2      1.582269   .4609782     1.57   0.115     .8939045    2.800717

     BRCA1&2      .3001309   .4123982    -0.88   0.381     .0203099    4.435206

       Gene_n  

                                                                               

         Pred   Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

                              Robust

                                                                               

Log pseudolikelihood =  -148.0319               Pseudo R2         =     0.0680

                                                Prob > chi2       =     0.0025

                                                Wald chi2(6)      =      20.25

Logistic regression                             Number of obs     =        281



321 

 

 

 

  

Note: _cons estimates baseline odds.

                                                                               

        _cons     4.047379   .8284994     6.83   0.000     2.709772    6.045261

               

  Unaffected      .1392582   .0613979    -4.47   0.000     .0586857    .3304526

     Ovarian      .7124554    .248279    -0.97   0.331     .3598554    1.410546

Other cancer      .5726373   .2844275    -1.12   0.262     .2163166    1.515896

       Type_n  

               

       BRCA2      1.591587   .4305647     1.72   0.086     .9366095    2.704593

     BRCA1&2      .2470735   .3535242    -0.98   0.329     .0149585    4.080985

       Gene_n  

                                                                               

         Pred   Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

                              Robust

                                                                               

Log pseudolikelihood = -177.43257               Pseudo R2         =     0.0624

                                                Prob > chi2       =     0.0003

                                                Wald chi2(5)      =      23.39

Logistic regression                             Number of obs     =        370

. logistic Pred i.Gene_n i.Type_n, vce(robust)
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14: Cox-Proportional Hazards Regression to examine time to predisposition BRCA 

testing (chapter 5) 

 

Univariate analysis and significant predictors (P<0.05) were included. The final 

model is outlined below.  

 

                                          last observed exit t =     7,090

                                     earliest observed entry t =         0

                                                at risk from t =         0

    675,532  total analysis time at risk and under observation

        666  failures in single-record/single-failure data

        666  observations remaining, representing

                                                                              

          3  observations end on or before enter()

        669  total observations

                                                                              

 exit on or before:  failure

obs. time interval:  (0, Time]

     failure event:  Event == 1

                                                                              

          5      1.257369    .161884     1.78   0.075     .9769492    1.618279

          4      .7801633   .0908518    -2.13   0.033     .6209564    .9801891

          3      1.016137   .1231789     0.13   0.895     .8012491    1.288657

          2      .8407116   .0989289    -1.47   0.140     .6675499    1.058791

        IMDQ  

              

      BRCA2       1.38919   .1164834     3.92   0.000      1.17866    1.637325

    BRCA1&2      4.722318   4.770418     1.54   0.124     .6520543    34.20005

       Gene1  

              

     2.Age40     1.412243   .1192369     4.09   0.000     1.196855    1.666392

                                                                              

          _t   Haz. Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

Log likelihood  =   -3451.5903                  Prob > chi2      =      0.0000

                                                LR chi2(7)       =       45.93

Time at risk    =       649444

No. of failures =          636

No. of subjects =          636                  Number of obs    =         636

Cox regression -- Breslow method for ties

Iteration 0:   log likelihood = -3451.5903

Refining estimates:

Iteration 4:   log likelihood = -3451.5903

Iteration 3:   log likelihood = -3451.5904

Iteration 2:   log likelihood = -3451.6055

Iteration 1:   log likelihood = -3451.9139

Iteration 0:   log likelihood = -3474.5543

   analysis time _t:  Time

         failure _d:  Event == 1

. stcox i.Age40 i.Gene1 i.IMDQ
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Therefore, we do not reject the null hypothesis that the hazards are proportional in 

this model.  

Further, the proportional hazards assumption was tested graphically and were 

approximately parallel when comparing the covariates in the regression model.  

 

  

                                                                      

      global test                       10.53        7         0.1606

                                                                      

                                         chi2       df       Prob>chi2

                                                                      

      Time:  Time

      Test of proportional-hazards assumption

. estat phtest
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15: Poster presentation at the International Society for Pharmacoeconomics and 

Outcomes Research (ISPOR), Baltimore, USA 2018 - Trastuzumab uptake in HER2-

positive breast cancer patients:a systematic review and meta-analysis of observational 

studies (Chapter 2) 
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16: Poster presentation at the International Society for Pharmacoeconomics and 

Outcomes Research (ISPOR), Barcelona, Spain, 2018 – Trends in BRCA gene testing 

over time and socioeconomic deprivation (chapter 4) 
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17 Published peer-reviewed papers that directly stemmed from my thesis (chapter 2) 

(Cannot make publicly available due to the publishers’ copyright policies) 

 

18 Published peer-reviewed papers that directly stemmed from my thesis (chapter 1 & 

2) 

(Cannot make publicly available due to the publishers’ copyright policies) 
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19 Published peer-reviewed papers that directly stemmed from my thesis (chapter 3) 

(Cannot make publicly available due to the publishers’ copyright policies) 

 

 

20 Published peer-reviewed papers that directly stemmed from my thesis (chapter 4) 

 (Cannot make publicly available due to the publishers’ copyright policies) 
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