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treatment: a systematic review

Authors: Jed Botham,A Valerie ShiIIingB and John Jones®

Personalised medicine (PM) is becoming increasingly
integrated into standard clinical practice for treating
numerous diseases, including cancer. Implementing PM

into healthcare systems will only be successful with the
acceptance and input of both patients’ and public opinion.
This review, therefore, aimed to identify both patients’ and
public understanding, and perceived benefits and concerns

of PM in cancer treatment. A literature search was conducted
using MEDLINE, EMBASE, PsycINFO and CINAHL databases.
The eligibility criteria specified that papers must explore the
public or patients’ understanding of PM or pharmacogenomic
(PGx) testing in relation to cancer treatment. Patients have

a greater understanding of, and trust in, PM compared with
members of the public, but often misunderstand how genomic
testing in PM works. Key areas that can be targeted to inform
future health literacy interventions include genetic literacy
for the public and understanding of how PM testing and
treatment works for patients.
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Introduction

Personalised medicine (PM) represents an extension of
traditional approaches to healthcare, incorporating an
individual’s genetics and genomics in the prevention, diagnosis,
stratification and treatment of disease. Genetics is the study
of individual genes and how they can be inherited. Genomics
refers to the study of all the genes a person has (their genome)
and how they interact with the environment to influence the
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development of diseases (such as cancer). The prevention and
treatment of cancer is one of the most important areas of PM,
considering that half of all people in the UK will be diagnosed
with cancer in their lifetime.?

According to the Genome UK strategy launched by the UK
government in 2020, implementing PM involves ‘engagement and
dialogue with the public, patients and our healthcare workforce,
placing the patient and the diverse UK population at the heart
of this journey.”! For patients and the public to make informed
decisions regarding their care, they need an understanding of PM,
particularly what genomic tests look for and the implications test
results may have.

The term PM, and what it involves, is still largely unfamiliar
to the public.? For patients, PM is complicated by confusing
language, including the synonymous use of precision,
persondlised, stratified and targeted medicine.” These terms
are also used in varied healthcare scenarios, from genetic risk
screening to genomic testing and treatment. Patient knowledge
of PM influences their decision making in relation to treatment
and, so, providing adequate education and support is vitally
important.®

It has been 2 years since a review of public opinion was
conducted and there has not been a published systematic review
including patient understanding of PM.? This review, therefore,
aims to explore both patients” and the public’s understanding
of PM in relation to cancer treatment, as genomic testing and
medicine is set to revolutionise healthcare. With the treatment of
cancer at the forefront of adoption and implementation of PM,
findings will be able to be shared across specialties. This will help
to inform future public engagements and improve the quality
of dialogue between patients, their families and healthcare
professionals. Without this, the public and patients will be less
well-informed in decision making regarding their care and may
be wary of the wider implications that genomic medicine may
confer.

Aims and objectives

We aimed to identify what patients and the public understand
regarding the use of PM in cancer treatment; learn what patients
and the public perceive as the benefits of PM use in cancer
treatment; and learn what concerns patients and the public have
with the use of PM in cancer treatment.
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Table 1. Inclusion and exclusion criteria

Inclusion Exclusion

Papers exploring patients’
and public understanding
of PM in relation to
cancer treatment.

Papers that look at
patient or public
understanding of PGx
testing to inform cancer
treatment.

At least one group of
participants are members
of the public or patients
and their results are
disaggregated.

Papers only looking at patients’ or
public understanding of predictive
genetic tests for cancer risk genes.
Papers reporting solely on clinical
outcomes of personalised cancer
treatments.

Papers that focus on the
understanding of personalised
treatments used in paediatric
oncology.

Studies that are reviews, conference
abstracts, letters or editorials.
Studies not reported in English.

PGx = pharmacogenomics; PM = personalised medicine.

Methods
Search strategy

The protocol for this review was prospectively registered with
PROSPERO (reference CRD42021221971). A literature search
was conducted on 13 February 2021 in MEDLINE, EMBASE,
PsycINFO and CINAHL. The full search strategy is detailed in
supplementary material S1. Eligible studies must have aimed to
explore the public or patients’ understanding of personalised
medicine in relation to cancer treatment or genomic testing to
inform cancer treatment. The full list of inclusion and exclusion
criteria are shown in Table 1.

Study selection

A PRISMA flowchart has been produced detailing the study
selection process and the reasons for exclusion of each full-text
paper (Fig 1). The abstracts and titles of the references retrieved
by the electronic searches were screened for relevance by two
researchers and duplicates were removed. Full paper copies of
potentially relevant studies were then obtained and screened
again using the eligibility criteria. The reference lists of all included
studies were also screened for potentially relevant articles that
met the eligibility criteria. Any discrepancies in selection of articles
were resolved by a third researcher.

Data extraction and synthesis

Data from each selected study was extracted into a standardised
data extraction table, including author, year, location, study
design, aspect of PM and sample characteristics of the included
population. Quality appraisal was conducted using the Mixed
Methods Appraisal Tool (MMAT), as described by Hong et al®
The MMAT is a critical appraisal tool, designed for systematic
reviews comprising qualitative, quantitative and mixed methods
studies. Appraisal involves two screening questions and five
methodological quality criteria, which differ depending on study
design. These five methodological quality criteria are scored out of
one and used to formulate a total score out of five for each study.
This was undertaken by one researcher and independently reviewed
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Records identified through
database searching,
n=3,199

Duplicates removed,
n=1,294

Records screened on title
and abstract, n=1,905

l

Full-text articles assessed
for eligibility, n=22

Records excluded,
n=1,883

Full-text articles excluded,
n=12:
not explored understanding,
n=8
study group not patients
identified through or public, n=1
citation searches, not related to cancer, n=2
n=6 editorial, n=1

Additional records

Studies included in
qualitative synthesis,
n=16:
qualitative, n=3
quantitative, n=12
mixed methods, n=1

Fig 1. Identification and selection of eligible studies.

by a second. Studies were not excluded based on their MMAT score,
instead, the score was used to give an overall impression of the
quality of studies identified in the literature search.

Results
Study characteristics and quality

A total of 16 papers were included in the review and are
summarised in the supplementary material S2. The 16 articles
identified cover three main aspects of PM. Five articles focus on
gene expression profiling (GEP) in breast cancer, which analyses
the activity of a number of genes at once and can be used to
inform treatment. Eight papers report on analysis of somatic DNA
mutations, which are acquired mutations that can accumulate and
lead to the development of cancer. Unlike germline mutations,
which can be inherited, somatic mutations are not passed on.
Three papers focus on PM in clinical trials that include a number
of testing modalities. Only four studies scored highly (5/5) on

the MMAT criteria, all of which had clear methodologies and
explanation of participant sampling methods. Lower quality
studies used convenience sampling of patients attending a single
cancer clinic that impacts on the strength of the evidence.

Data synthesis

Results were synthesised in a descriptive manner in order to
provide an overall impression of the findings. This covers key
themes of patients’ and public understanding, benefits and
concerns of PM. Problems with understanding PM related to PM
terminology, how PM testing works and the sources of information
patients use. No data were available to identify the main sources
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of information the public use to research PM. The main benefits
of PM were found to be feeling informed about treatment, the
accuracy of tests and a feeling of benefiting others (altruism).
Concerns identified include the psychological impact of test
results, increased health insurance costs and the number of
biopsies needed for testing.

Understanding of terminology

Five papers reported on patient and public understanding of PM
terminology.”™" The concept of PM was understood by 89% of
patients enrolled in clinical trials, 48 % of patients undergoing
somatic testing and 27 % of the public. Of patients undergoing
somatic testing, 19% did not include genomic medicine in their
definition of PM.29 The term ‘somatic mutation’ was correctly
defined by 0.7%-12% of patients.®'® Only 13% of patients knew
the difference between somatic and germline testing.'®"" The
concept of ‘targeted therapy’ was understood by 59%—-85% of
pcltients.7'1°'11

Understanding how PM test works

Seven papers explored patients’ understanding of how PM tests
work.”8121® Between 91% and 92% of patients were aware

that GEP test results can be used to inform chemotherapy
decisions."'® Knowledge that GEP predictions can only be made
when the patient is receiving hormone therapy, was reported to be
21%-25%.""® Hormone therapy involves blocking the production
of hormones that a person produces, or interfering with the way
the hormone interacts with the cancer, in order to inhibit the
growth of hormone-sensitive tumours. Between 50%-84% of
patients understand that somatic testing can be used to inform
treatment.”®121 Less than half of patients (48 %) reported having
sufficient knowledge of how PM works to make an informed
decision regarding genomic testing in cancer.'?

Information seeking

Six papers identified where patients most commonly seek
information regarding PM.""37"5"718 Between 27% and 62%

of patients had sought information regarding PM."" The most
common sources were the internet and doctors.!"">"*"718 Ninety-
one per cent of patients report their cancer specialist as being

the most helpful source of information and 24% indicated that
internet sources were most useful.’ Those who sought information
performed significantly better on the genetic knowledge test.'

Feeling informed about treatment

Eight papers discussed the ability of PM testing to inform
treatment >1214151719-21 Batween 57% and 92% of patients
believed that PM testing aided in decision making regarding
treatment.*'21>2%21 Of patients with breast cancer, 65% were
satisfied that they may need less intensive chemotherapy based
on their genomic test and often felt that the test had ‘rescued’
them from side effects."”'® When the public were posed with a
hypothetical situation of a life-threatening cancer diagnosis, 84%
said they would not change their treatment approach if it was
the only one available, even if PM indicated it was not going to
work."® Only 13% would accept that PM approach would predict
treatment failure and so would not undertake the treatment.'
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Accuracy of tests

Six papers cite the accuracy of PM testing as a benefit for
p(:\tients.g'B']'r"]6'18'22 GEP tests are perceived to be accurate

and trustworthy to inform chemotherapy decisions by 76% of
patients.'® Qualitative research found that patients felt a benefit
from using a ‘new’ and ‘innovative’ test, often without discussing
test limitations with their doctor.>'® Only 43% of patients knew
that the test is not always correct.”® In clinical trials, 76% of patients
had higher expectations of therapy as a result of testing, compared
with the expected benefits described to them by their doctor.*%2

Altruism

Five papers found that patients feel positive about being involved
in PM testing research in order to benefit others>1218:20.22 |
patients in a clinical trial interviewed reported wanting their
experience to benefit others and 76% would be willing to
undergo a new biopsy to assess a marker of interest.>?? Of those
undergoing somatic testing, 91% of patients would share their
genomic cancer tests results for research purposes.'? Patients
undergoing GEP testing were also positive that they were
contributing to medical research.'®2

Psychological impact of test results

Five papers reported that the psychological impact of PM

test results were a concern for patients.®'2"*17'8 Of patients
undergoing genomic sequencing, 32% felt a psychological
burden while awaiting test results.® Patients were most concerned
that tests are not always part of routine investigations, which
potentially delays results and the start of chemotherapy.'>'>"
Patients have also expressed anxiety related to the potential of a
‘not interpretable’ results, where an actionable mutation has not
been found.'®

Increased health insurance cost

The potential for PM to increase health insurance costs was
reported as a concern for both patients and the public in four
papers.'?'71%22 0f members of the public in the USA, 40%
believed that PM will significantly increase the cost of healthcare
over the next 5 years."” This is a concern for patients in the USA
and Canada, but to a much lesser degree, reported by only 9% of
those included.'>":2 Fifteen per cent of patients found insurance
discrimination as the top concern.'? Greater individual variability
in concerns regarding insurance costs were found in other studies,
with 27% of patients agreeing that it was a concern, 46%
disagreeing and 27% were neutral.??

Number of biopsies

Four papers assessed the impact of biopsies on patients’ opinion
of PM.2121422 The greatest concern for those taking part in a PM
clinical trial was the number of biopsies needed.?? Ninety-three
per cent of patients would rather take part in a trial that required
no new biopsies, if absolutely necessary, 39% would consent to
one biopsy and 30% would consent to more than two biopsies.”'?
In China, 76% of patients would refuse any number of additional
biopsies.'? Complications as a result of a biopsy were cited as the
greatest factor for not pursuing testing.'?
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Discussion

We have demonstrated that both patients and the public

are enthusiastic to engage in conversations regarding PM in
cancer treatment. Patients have a greater understanding of PM
terminology compared with members of the public. The extent

of patient understanding, however, depends on the context in
which they have been exposed to PM. Patients were often found
to be unsure of how PM tests work and many experienced a
psychological burden while awaiting and interpreting test results.
Despite concerns, patients are more willing than the public to use
genomic tests to inform cancer treatment. The public cite concerns
of increasing healthcare costs as the main drawback of PM. This
may be because if PM tests are not covered by the NHS or health
insurance, they could be unaffordable if one was required to pay
for the test privately. These findings also illustrate the impact of
illness on psychology, with patients less concerned about cost,
instead hopeful that the tests will improve outcomes despite many
reporting a lack of understanding.

Understanding and concerns of PM in patients

The emergence of PM has led to an increasing number of clinical
trials for genetic and genomic tests and treatments, particularly

in cancer.?? Understanding of PM terminology was greater in
patients enrolled in clinical trials, compared with those undergoing
testing purely to inform their treatment. A recent study found that
if members of the public are given an educational intervention
prior to enrolment in a hypothetical cancer clinical trial, they
express greater interest and increased likelihood of enrolling.?*
Importantly, the education intervention increased participation
of members of the public with lower levels of education the most.
Two of the clinical trials in this review had a disproportionate
number of patients with degree level of education or higher (66%
and 69.5%).>2% This may be because these patients are more likely
to independently research trials beforehand and so are more likely
to enrol.

This highlights the opportunity for education interventions in
clinical trials to aid in patient understanding of PM. In return, more
patients, particularly those who have lower level of education, may
participate in such trials which will improve inclusivity and help
further clinical research.

Such success with education in clinical trials could, therefore,
be used as a template to aid in routinely educating patients
undergoing PM tests, such as GEP and somatic testing. Patients
have voiced concerns that doctors do not always explain PM
terminology in a patient-friendly manner: ‘Because I can’t make
sense of some of the terms, other people have to explain them
to me. When the doctor explains it to me, he explains it so quickly
that I immediately forget it again.?" A lack of health literacy
not only hinders patients’ ability to give informed consent, but
also leads to poor adherence to treatment and worse health
outcomes.?” This is important to address as it will undermine
patients’ and healthcare professional’s ability to undertake shared
decision making, one of the main aims that the NHS has set out
regarding PM."

Simple education interventions (such as a picture book or video)
to explain PM terminology, facilitated by a genetic counsellor,
increases patient knowledge significantly.’® Genetic counsellors
typically help patients understand and assess risk of inheriting or
passing on a medical condition.® The vast majority of cancer is

e706

not inherited and many of these patients undergo genomic testing
of their cancer to inform treatment and prognosis. Patients and
the public struggle to understand the difference between inherited
genetic risk testing and genomic testing to confer prognosis

or guide treatment. These are complex scientific concepts,

with distinctions between them that even trained healthcare
professionals often find difficult to understand.

The role of the genetic counsellor, therefore, needs to evolve to
incorporate non-genetic specialisms, help to educate patients with
non-inherited cancers and train colleagues in the multidisciplinary
team on how to do so. This process has already begun, with the
NHS in the UK proposing a change in title from ‘genetic counsellor’
to ‘genomic counsellor’ to reflect the emphasis on testing non-
inherited conditions.?” While this may have little impact when
understanding of genomics is low, the work of genomic counsellors
to help educate patients has the potential to improve awareness
and understanding of the concept.

Patients undergoing PM testing for cancer also experience
considerable psychological concerns while awaiting and
interpreting test results. It could be argued that a lack of
understanding of how genomic tests are used to inform treatment
contributes to the anxiety some patients experience. Genomic
counsellors may help to address concerns by educating patients
on the implication of potential PM test results. Alongside the
development of infrastructure for diagnosing cancer faster and
more effectively via rapid diagnostic centres, this education and
more efficient diagnostic pathway will help to ease the integration
of PM into standard clinical prclctice.28

Understanding and the concerns of PM of the public

Members of the public were found to be largely unfamiliar with
the term PM in cancer, and this lack of awareness is a major barrier
to the integrating PM within healthcare systems.? The difficulties
that the public have in understanding PM is not confined to cancer
and has been found in other contexts; for example, a study of
parents with a child undergoing PM testing reported that a proper
explanation of genomic testing from healthcare professionals is
the most important issue that needs to be addressed.?

Despite a lack of knowledge, the systematic review by Holden
et al found that the public are enthusiastic about the idea of
integrating PM into standard clinical practice.” This is particularly
true in studies that observed positive public opinion of PM use in
conditions such as asthma and depression.>**" In the context of
informing cancer treatment, however, the public are less likely to
use the results of PM testing to inform cancer treatment compared
with patients if the test meant foregoing treatment that will not
be effective.!” This hesitation shows a lack of trust in the evidence
for genomic testing, which would limit the full potential of a PM
approach to healthcare.

For the members of the public who have not personally
experienced a cancer diagnosis, they may believe they would
be more likely to choose high levels of chemotherapy without
considering the side effects of these medications. The reluctance
to incorporate PM into cancer treatment may, therefore, stem
from a lack of exposure to the topic and subsequent lack of
understanding of the potential benefits of PM. Greater education
of, and exposure to, PM is needed for the public to be able to
trust in genomic testing methods. Lower uptake of genomic tests
will mean increased NHS spending on potentially less-effective
treatments and delays in finding the right treatment for patients.
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Genome UK’s 2020 initiative states: ‘We will commit to needs to be education and upskilling regarding PM. Currently,
communicating openly with patients and the public and make this issue is being address by a PGx working party, with input
increasing understanding of genomics and health literacy central from key specialties, including oncology. As only one paper has
to our communications and outreach approach over the next 10 been published relating to public opinion of PM in oncology,
years.! Despite clear intentions from the UK government, there further research is needed in this area, particularly outside of the
is little evidence of dialogue with the public on PM or provision USA. The public’s concerns regarding PM can be addressed with
of educational material. The NHS website’s information for adequate healthcare policy ensuring equal access to PM for all,
cancer does not mention the possibility of genomics to aid in without significantly increasing healthcare costs. |
cancer diagnosis or treatment. It could be argued that without
the availability of patient-friendly educational material on PM in Supplementary material
cancer, knowledge and understanding will be slow to change and
concerns will not be addressed. Additional supplementary material may be found in the online

Education and support for patients is, however, available from version of this article at www.rcpjournals.org/fhj:
charities such as Cancer Research UK, Macmillan Cancer Support 51— Full search strategy.
and Breast Cancer Now, all of which provide education on PM 52 - Study characteristics and quality.

and how this can impact someone’s care on their websites. These
are valuable resources that healthcare professionals can signpost
to patients to improve understanding and offer local support to
patients via groups affected by the same condition. 1 Department of Health and Social Care, Department for Business,
Energy & Industrial Strategy, Office for Life Sciences, Lord Bethell

Diff . d di d di of Romford. Genome UK: the future of healthcare. GOV.UK, 2020.
itferences in understanding and concerns according to [Accessed 29 October 2020]. www.gov.uk/government/publications/

population genome-uk-the-future-of-healthcare
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