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Foreword

It is such a surprise that a book like this has not been written before.
Cancer does not occur in a vacuum. Just as our lives are complex and multi-

layered, so are our individual medical situations with many cancer patients already
experiencing other diseases and conditions, often with no seeming connection to
their cancer. Dealing with the fallout of a cancer diagnosis and treatment is difficult
enough on its own, but when it occurs against a backdrop of other illnesses, the
degree of difficulty can become overwhelming.

The cancer world is becoming increasingly sophisticated with deeper knowledge
about the disease, more high-tech detection approaches, improved treatments and
the commitment towards improved statistics and outcomes. Large amounts of
money are spent on driving research across the cancer spectrum. We celebrate
incremental steps in new knowledge and its application, and so we should!

Within all the closely watched cancer statistics and clinical discussions sit
ordinary people—cancer patients—who have been thrust into the alien world of
oncology and just want to get better. The statistics and graphs actually mean very
little to an individual who will not know on which part of the survival curve he or
she sits until ultimately survival or death occurs.

The trouble is that a lot can go on in the meantime, including simply living with
all the complications and complexities that go with it.

Cancer never sits in its own separate space, not to a patient anyway, even though
sometimes it can feel like an all-encompassing presence. There are other bits of life
that need to be taken account of, including decisions about treatment for example,
which will also have an impact on other people close to us. In the breast cancer area
which is what I know, a mother might decide to put off her breast reconstruction
operation until she has all her young children at school and relatively independent,
physically at least; or a rural woman might opt for mastectomy rather than
breast-conserving surgery because she cannot manage to live away from the
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property for 6 weeks of radiotherapy; another young woman might well decide to
change her chemotherapy regime to protect future fertility prospects. Consideration
about our individual social situation can certainly change the way we approach
cancer treatment.

Twenty-plus years ago, when I was diagnosed with cancer, there was not so
much attention given to an individual’s life circumstances. The focus was squarely
on the tumour with minimal consideration directed towards social needs or emo-
tional well-being. Increasingly, since that time, an individual’s circumstances and
setting have been acknowledged as an important pathway to best managing a
person with cancer—so that what is happening in the heart and in the head is taken
into account as well as how the tumour or disease is clinically presenting.
Psychosocial clinical practice guidelines are a strong acknowledgement of this.

Despite a movement towards considering the whole patient, many people with
cancer would still say their doctors’ treatment approaches did not focus sufficiently
on their holistic care. And that is just within the cancer realm!

From the patient’s perspective, navigating the oncology world is tricky at best. It
is imperative to ensure you have the best team caring for you and that the advice
you are given is accurate and reflects best practice. But who, apart from yourself,
has your whole situation uppermost in considerations? Who is going to actively
consider decisions and their impact on other areas of an individual’s health,
especially when these needs are also complex and ever-changing? How do we best
consider and manage the situation when the cancer treatment aimed at helping us
survive causes long-term damage to our organs or results in a life-threatening
non-cancer condition?

If researchers, clinicians, policy makers and the like are to take strides and really
make a difference in assisting cancer patients with comorbidities or multimorbidi-
ties, then this would be a very positive and welcome step. It will take far more than
goodwill and commitment, but this is an excellent start. It will require collaboration
and I suggest a completely new way of looking at how we approach cancer and
those most directly affected by the disease. It will also need agreed system change
with processes and policies. Perhaps more than anything, it will require champions
and trailblazers.

If we are to make real progress, we need people whose vision can take in wide
horizons. We know this will not be easy. As patients, we are looking for practi-
tioners who are not only specialists, but also subspecialists, and by definition, this
makes collaboration across other areas of medicine and science so much more
challenging.

This book is not able to provide simple solutions; it marks a starting point. It
raises issues for consideration and discussion. It highlights the challenges for
researchers, clinicians and policy makers. Most importantly, it is an
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acknowledgement that if we are to genuinely meet the complex needs of people
affected by cancer, in the short and long terms, then we have to ask questions,
consider other perspectives, collaborate, work on the big picture and look with new
eyes as much as possible from the patient’s perspective.

Lyn Swinburne, AM
Breast Cancer Survivor and Advocate

Founder of Breast Cancer Network Australia
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Preface

The great progress in cancer control could not have been possible without the
single-minded focus on cancer, almost at exclusion of anything else. To control
cancer, one should not to be distracted by the side effects of treatment and often
sheer physical and mental exhaustion that accompanies cancer and its treatment.
Only by putting these aside, one can grasp a chance of changing the course of this
terrible disease.

But as an oncologist who has treated patients for nearly a quarter of the century,
I face the sobering truth that while the frontiers in the war against cancer are
advancing every day, the lay of the land is defined by more than cancer alone. It
takes a few years after the cancer diagnosis before one can embrace the joy of
cancer survivorship, but also face the tragedy of long-standing consequences of
cancer treatment, and the question of could have these been prevented? With more
cancers becoming treatable and treatments better tolerated, we need to learn to
better balance the benefits and risks of treatment in light of coexisting conditions
that the patient is already dealing with.

As cancer is becoming a chronic condition itself and the prevalence of chronic
conditions in the Western population at the all-time high, this book aims to answer
some of the questions related to the interface of cancer and comorbidity that an
oncology practitioners face every day—how does comorbidity impact on cancer
treatment and its outcomes and how can we deliver better care that addresses both
cancer and the comorbid conditions? In some cases, where evidence is not yet well
established, the authors define questions as the basis for future research.

My thanks go to all the contributors of the book who brought with them
tremendous diversity of perspectives and fields truly reflective of the complexity
of the topic and who, through coming together in this project, serve as nidus of the
multidisciplinary collaboration in this field.
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Most importantly, my deepest thanks go to my family for their unwavering
patience and support during the development of the book. I could not have done it
without them.

Bedford Park, SA, Australia Bogda Koczwara, AM

x Preface



Contents

1 What Is Comorbidity? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Diana Sarfati and Jason Gurney

2 How Do We Measure Comorbidity? . . . . . . . . . . . . . . . . . . . . . . . 35
Diana Sarfati

3 Cancer, Chronic Conditions and Social Disadvantage—The
Perfect Storm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Janelle V. Levesque, Afaf Girgis and Paul R. Ward

4 Impact of Comorbidity on Cancer Screening and Diagnosis . . . . . . 105
Steven T. Fleming, Diana Sarfati, Gretchen Kimmick,
Nancy Schoenberg and Ruth Cunningham

5 Impact of Comorbidity on Treatment Decision Making
and Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
Jae Jin Lee and Martine Extermann

6 The Impact of Cancer and Chronic Conditions on Caregivers
and Family Members . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
Sylvie D. Lambert, Janelle V. Levesque and Afaf Girgis

7 Prevention of Chronic Conditions and Cancer. . . . . . . . . . . . . . . . 203
Alexandra McCarthy, Tina Skinner, Michael Fenech
and Shelley Keating

8 Chronic Condition Management Models for Cancer Care
and Survivorship . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Sharon Lawn and Malcolm Battersby

9 The Management of Polypharmacy in People with Cancer
and Chronic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Justin P. Turner, Ross A. McKinnon and J. Simon Bell

xi

http://dx.doi.org/10.1007/978-981-10-1844-2_1
http://dx.doi.org/10.1007/978-981-10-1844-2_1
http://dx.doi.org/10.1007/978-981-10-1844-2_2
http://dx.doi.org/10.1007/978-981-10-1844-2_2
http://dx.doi.org/10.1007/978-981-10-1844-2_3
http://dx.doi.org/10.1007/978-981-10-1844-2_3
http://dx.doi.org/10.1007/978-981-10-1844-2_3
http://dx.doi.org/10.1007/978-981-10-1844-2_4
http://dx.doi.org/10.1007/978-981-10-1844-2_4
http://dx.doi.org/10.1007/978-981-10-1844-2_5
http://dx.doi.org/10.1007/978-981-10-1844-2_5
http://dx.doi.org/10.1007/978-981-10-1844-2_5
http://dx.doi.org/10.1007/978-981-10-1844-2_6
http://dx.doi.org/10.1007/978-981-10-1844-2_6
http://dx.doi.org/10.1007/978-981-10-1844-2_6
http://dx.doi.org/10.1007/978-981-10-1844-2_7
http://dx.doi.org/10.1007/978-981-10-1844-2_7
http://dx.doi.org/10.1007/978-981-10-1844-2_8
http://dx.doi.org/10.1007/978-981-10-1844-2_8
http://dx.doi.org/10.1007/978-981-10-1844-2_8
http://dx.doi.org/10.1007/978-981-10-1844-2_9
http://dx.doi.org/10.1007/978-981-10-1844-2_9
http://dx.doi.org/10.1007/978-981-10-1844-2_9


10 Breaking the Silos: Integrated Care for Cancer and Chronic
Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
Lauren J. Cortis, Paul R. Ward, Ross A. McKinnon
and Bogda Koczwara

11 Advocacy in Cancer and Chronic Conditions—Challenges
and Opportunities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315
Paul Grogan and Sanchia Aranda

12 Research Considerations in Patients with Cancer and
Comorbidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341
Marjan van den Akker, Laura Deckx, Rein Vos and Christiane Muth

13 The Cost of Cure: Chronic Conditions in Survivors of Child,
Adolescent, and Young Adult Cancers . . . . . . . . . . . . . . . . . . . . . 371
Christina Signorelli, Joanna E. Fardell, Claire E. Wakefield,
Kate Webber and Richard J. Cohn

14 Chronic Conditions and Cancer in Older Adults . . . . . . . . . . . . . . 421
Arduino A. Mangoni, Kimberley Ruxton, Anna Rachelle Mislang
and Laura Biganzoli

15 Chronic Conditions and Cancer at the End of Life . . . . . . . . . . . . 455
David C. Currow and Jane L. Phillips

xii Contents

http://dx.doi.org/10.1007/978-981-10-1844-2_10
http://dx.doi.org/10.1007/978-981-10-1844-2_10
http://dx.doi.org/10.1007/978-981-10-1844-2_10
http://dx.doi.org/10.1007/978-981-10-1844-2_11
http://dx.doi.org/10.1007/978-981-10-1844-2_11
http://dx.doi.org/10.1007/978-981-10-1844-2_11
http://dx.doi.org/10.1007/978-981-10-1844-2_12
http://dx.doi.org/10.1007/978-981-10-1844-2_12
http://dx.doi.org/10.1007/978-981-10-1844-2_12
http://dx.doi.org/10.1007/978-981-10-1844-2_13
http://dx.doi.org/10.1007/978-981-10-1844-2_13
http://dx.doi.org/10.1007/978-981-10-1844-2_13
http://dx.doi.org/10.1007/978-981-10-1844-2_14
http://dx.doi.org/10.1007/978-981-10-1844-2_14
http://dx.doi.org/10.1007/978-981-10-1844-2_15
http://dx.doi.org/10.1007/978-981-10-1844-2_15


Chapter 1
What Is Comorbidity?

Diana Sarfati and Jason Gurney

Abstract Comorbidity is “any distinct additional clinical entity that has existed or
that may occur during the clinical course of a patient that has the index disease
under study”. It is related to, but distinct from other constructs such as multimor-
bidity, functional status, disability, allostatic load, frailty, burden of disease and
patient complexity. As populations age, the prevalence of chronic disease increases.
As a consequence, many people live with, rather than die from chronic health
conditions. Cancer is often a chronic disease itself, and is also more prevalent
among the elderly. This confluence in timing means that many cancer patients (if
not most) live with at least one other chronic disease, although the prevalence of
comorbidity varies markedly across populations with different types of cancer.
There are several reasons why cancer and comorbidity co-exist; cancer and other
long-term conditions share common risk factors, some chronic conditions or their
treatments are causally related to cancer and there may be some instances where
there are common physiological pathways between cancer and other conditions.

Keywords Comorbidity � Cancer � Complexity � Chronic disease

Key Points

• The presence of chronic disease—comorbidity—in addition to cancer is now the
norm rather than the exception.

• While comorbidity is common among cancer populations, the precise preva-
lence of comorbidity is difficult to determine; however, it is clear that the
prevalence of comorbidity varies considerably by cancer site.

• There is substantial evidence of differing comorbidity burden between popula-
tion sub-groups, with those in ethnic minority groups and those living in poverty
or deprivation carrying a greater burden.

D. Sarfati (&) � J. Gurney
Department of Public Health, University of Otago Wellington,
7343 Wellington, New Zealand
e-mail: diana.sarfati@otago.ac.nz

© Springer Science+Business Media Singapore 2016
B. Koczwara (ed.), Cancer and Chronic Conditions,
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• The reasons why cancer and comorbidity coexist are multiple and varied.
Cancer and other long-term conditions share many risk factors; there are also
many examples where specific comorbid conditions or their treatments may be
involved in the aetiology of cancer, or vice versa. There may also be common
genetic or physiological links between some chronic conditions and cancer.

1.1 What Is Comorbidity?

Management of patients with several chronic diseases is now the most important task facing
health services in developed counties, which presents a fundamental challenge to the
single-disease focus that pervades medicine.

– Chris Salisbury, The Lancet [1]

As populations age, the prevalence of chronic disease increases. Almost all
chronic diseases are more common among the elderly than younger adults, and are
not life threatening in the short term. Consequently, many people live with, rather
than die from chronic health conditions.

Cancer is often a chronic disease itself, and is also more prevalent among the
elderly. Via a natural convergence in the timing of peak occurrence, concomitant
chronic disease—which we term comorbidity—in addition to cancer is now the
norm rather than the exception. This confluence has the potential to profoundly
impact affected individuals [2–5].

Comorbidity results in increased risk of hospitalisation, adverse effects of
treatment, multiple competing demands on both patient and health care profes-
sionals, high health care costs, reduced quality of life and higher mortality [4–15].
Despite this, much of the research and planning relating to cancer and cancer care
assume a single disease paradigm. For example, patients with comorbidity are often
excluded from randomised controlled trials, which means that it is difficult to
generalise the findings of such trials to those with chronic health problems, or to
predict the difficulties or complications from treatment that such patients may face
[16–19]. Partly as a consequence of this, clinical practice guidelines tend to be very
poor at addressing the needs of older patients with comorbidity [18, 20, 21]. Health
care service providers, policy makers and researchers need to be able to respond
adequately to the requirements of individuals with complex health needs [15, 22].

Despite the importance of comorbidity in the care of cancer patients, there is no
consensus about how to define it, and even less on how to measure it. To add to the
confusion, there are multiple other constructs that are related to—but distinct
from—comorbidity.

2 D. Sarfati and J. Gurney



1.2 The Evolution of the Concept of Comorbidity

In 1970 Feinstein noted that “although patients with more than one diagnosed
disease are frequently encountered in modern medical practice, the inter-rela-
tionships and effects of multiple diseases have not received suitable taxonomic
attention in clinical science” [6]. Feinstein argued that this “neglect of comorbidity”
had many detrimental effects, although his focus was largely on defining comor-
bidity in order to ensure comparability between study groups in studies of treatment
effectiveness, and to ensure that statistics relating to disease were accurate.
Feinstein defined comorbidity as “any distinct additional clinical entity that has
existed or that may occur during the clinical course of a patient that has the index
disease under study”. He noted the importance of comorbid disease in terms of its
potential effects on diagnosis, treatment and outcomes of patients. Subsequent work
by Kaplan and Feinstein in 1974 [23] resulted in possibly the first attempt to
measure comorbidity as a separate construct in its own right. They found that
comorbidity was related to increased risk of mortality, and higher severity of
comorbidity with increased risk among patients with diabetes mellitus.

During the 1980s and early 1990s, the measurement of comorbidity developed
into two distinct branches: diagnostic-based risk (or case-mix) adjustment systems,
and clinically-based comorbidity indices. These approaches differed both in the
underlying assumptions and constructs relating to comorbidity, and in the
approaches that were used to measure comorbidity. While this dichotomy is clearly
distinguishable, it is important to note that both approaches have been used in a
variety of study types with varying aims and objectives [3, 24–29].

1.3 Diagnostic-Based Risk (or Case-Mix) Adjustment
Systems

These were developed largely in the United States in response to the need to
allocate health care resources in managed care environments where populations
were enrolled in health care organisations where there was pressure to develop
systems which could predict future cost and utilisation of healthcare.

These systems were based on routinely collected data that could be applied to
large populations, and often included factors other than comorbidity. The concept
of comorbidity for these tended to be focused on conditions or categories of con-
ditions that were associated with increased health service utilisation or health care
costs [25, 28, 29].

The ACG system developed at John Hopkins University is an example of a
diagnosis-based risk adjustment system. It was developed in response to the
recognition of the increasing costs of health care, the rapid expansion of managed
and capitated care in the US, and an increasing emphasis on ambulatory care [28,
29]. This system uses administrative data to categorise individuals into groups

1 What Is Comorbidity? 3



(ACGs or Adjusted Clinical Groups) with similar health resource use expectations,
based on specified individual or categories of conditions as well as patient factors
such as age and sex [28, 29]. This system has been used in a number of settings,
primarily for health care management purposes, including setting capitation rates
and profiling the efficiency of health care organisations and clinicians [25–34].

1.4 Clinically-Based Comorbidity Indices

Clinically-based comorbidity indices were developed primarily for clinicians and
researchers to assess the role of comorbidity in outcomes for their patients, often in
the context of clinical or epidemiological studies.

They employ a range of approaches and data sources in an attempt to optimise the
measurement of comorbidity [24, 35, 36]. Comorbidity in this context tends to be focused
on conditions that have an impact on patient outcomes, most commonly mortality.

The best known example of a clinically-based comorbidity index is the Charlson
Comorbidity Index (CCI) developed by Mary Charlson and colleagues in 1987
[37]. The Charlson index includes seventeen conditions (in 19 categories) which are
allocated a weight of 1–6, depending on their association with 1-year mortality. For
each individual, these weights are summed to give an overall score. A higher score
indicates a higher the level of comorbidity.

The Charlson index has been validated and used in a huge variety of clinical and
research settings, and has been adapted for use with administrative data [38–41] and
for use with patient self-reporting [42–44]. Subsequently, a number of approaches
to measure comorbidity have been developed [2, 24, 35, 36, 45]. These are
described in detail in the next chapter, but in general can be divided into three
categories:

– Simple counts of conditions [46–48].
– Weighted indices that adjust for seriousness of conditions [23, 37, 49–51].
– Systems that depend on models involving varying numbers of individual con-

ditions [52–54].

Data sources used to estimate comorbidity have also varied, including admin-
istrative data, medical charts, physical examination, personal interviews and
self-reporting [3, 8, 45, 55].

1.5 Recent Evolution Relating to the Concept
of Comorbidity

In October 2003, the National Institute on Aging (NIA) Geriatrics and Clinical
Gerontology Program convened a taskforce on comorbidity. The objective of this
taskforce was to ‘explore conceptual and methodological complexities of comor-
bidity’ [14].

4 D. Sarfati and J. Gurney



There was general consensus that comorbidity was a complex and heterogeneous
concept, and that no single measure would be likely to adequately serve all research
and clinical purposes. The taskforce determined that the definition and measure-
ment of comorbidity depended on the objective that was being addressed, the
setting and population(s) of interest, the extent to which comorbid conditions
inter-relate, and the severity and timing of conditions. The conclusion, then, was
that more research was needed on the measurement and impact of comorbidity, but
that a balance needed to be maintained on advancing the conceptual and theoretical
aspects of comorbidity on one hand, and not losing sight of the practical issues of
measuring comorbidity on the other.

Subsequent work has tended to shift into more complex conceptualisations of
comorbidity. For example, Karlamangla et al. [56] suggested a categorisation of
comorbidity that was based on body systems (i.e. mental function, sensory, pain,
voice and speech functions, and movement, skin, cardiovascular, haematological,
immunological, respiratory, digestive, metabolic, endocrine, GU/reproductive/
sexual, and neuromusculoskeletal systems). They suggested each could be classi-
fied on a spectrum ranging from high-functioning, through subclinical abnormali-
ties and through to clinically-manifest disease of various severities. For example, in
the endocrine system, abnormal fasting blood glucose levels may be categorised as
a subclinical abnormality, where overt diabetes mellitus controlled by diet may be
considered disease on the less severe end of the spectrum, while insulin dependent
diabetes mellitus with complications may be on the more severe end of the spec-
trum. The authors also suggested that interactions between domains could be
included; for example, the known synergies between hypertension and diabetes
could be included in the estimate of overall patient comorbidity, although it was
unclear how this would be achieved. In this way, sub-clinical disease could be
explicitly recognised, disease clusters would be accounted for, the system would
not depend solely on diagnosed disease and high functioning would be measured as
well as low functioning. Whilst these aims are laudable, the collection of data
required for such a measurement tool would be intensive, expensive and often not
feasible.

In their narrative review, Valderas et al. [12] attempted to ‘define and measure
the concept of comorbidity’. They identified four distinctions that could be made in
relation to comorbidity. The first three are related to the definition of comorbidity
itself:

1. The requirement to be clear about what a comorbid entity is, and how these can
be identified and defined.

2. The relative importance of the primary condition, and given the co-existence of
multiple conditions, which can be considered primary.

3. The chronology of the conditions—i.e. are they co-occurring, and does the order
in which they occur affect genesis, prognosis or treatment.

The fourth distinction highlighted was that related to ‘expanded conceptualisa-
tions’ relating to comorbidity. Such conceptualisations, expanded on below,

1 What Is Comorbidity? 5



included those of multimorbidity, where no single condition is considered primary;
burden of disease, which includes elements of multimorbidity and functional status;
and patient complexity, which expands this idea further into other factors which
may influence patient outcomes and healthcare resource requirements, such as
socioeconomic status, lack of social support or language difficulties. Other related
constructs not explicitly included in the paper by Valderas et al. include allostatic
load, disability and frailty [57–60].

1.6 Constructs Related to Comorbidity

The multiple constructs related to comorbidity are further described below.

1.7 Multimorbidity

Multimorbidity is the “the co-occurrence of multiple chronic or acute diseases and
medical conditions within one person” [61]. It is distinct from comorbidity in that
the latter implies an index disease under study. The concept of multimorbidity shifts
the focus from a single disease paradigm to one where the causes and effects of
multiple combined conditions are explored.

Multimorbidity is a particularly useful concept in the context of primary care,
where practitioners are responsible for the overall health of their patients rather than
the management of a single disease entity [62]. However more recently, there have
been strong calls to reorient the health system in general away from a single-disease
orientation [1, 18, 19, 63]. Much of the research on multimorbidity has focused on
the epidemiology and effects of multimorbidity. For example, van der Akker et al.
[64] used data from a network of family health practitioners in the Netherlands to
identify permanent, chronic or recurrent conditions. They found that 29.7 % of the
population had two or more conditions, and that multimorbidity was more common
among older people, women and those with lower education, or those who did not
have private health insurance. There was also evidence that certain conditions
tended to cluster. They concluded that this clustering of diseases was likely to be
due to a combination of causal mechanisms, such as common genetic, immuno-
logical, environmental or behavioural risk factors, or artefactual mechanisms,
particularly chance clustering, or detection bias where a patient is more likely to
have a second condition diagnosed because of health service contact related to a
first condition.

More recently, Barnett et al. analysed data from primary care databases in the
United Kingdom for 1.75 million patients [65]. They found that nearly a quarter of
all patients had more than one chronic condition, that the likelihood of multimor-
bidity increased with increasing deprivation, and that whilst multimorbidity was
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more common among those aged over 65 years, in absolute terms there were more
people under 65 years with multimorbidity.

Multimorbidity, like comorbidity, has been found to be associated with an
increased risk of disability, poor functional status, higher health care expenditure,
polypharmacy, and complications of care [18, 19, 42, 63, 65–71].

1.8 Functional (or Performance) Status

Functional limitations are defined as limitations in performance at the level of the whole
organism or person [58]. Functional status is broader than this, and is the ability or
otherwise to carry out everyday tasks. Scrag (2008) articulately describes it as “captur
[ing] much of what seasoned clinicians ascertain in an instant as they watch a patient
enter a room, rise from a chair, or clamber onto an exam table” [72].

The presence of chronic disease is directly related to functional status. Pain and
stiffness in arthritis, shortness of breath in chronic respiratory disease, and dys-
phasia or dyspraxia as a result of a stroke, all lead to a loss of ability to carry out
everyday tasks. Functional status is measured by the ability or otherwise to carry
out such tasks, and is often related to both the presence and the consequences of
chronic disease [73]. Assessment of functional status may be based on
self-reporting or proxy reporting of ability to carry out specified tasks; for example
the World Health Organisation performance status instrument (WHO-PS) or the
physical functioning scale of the SF-36, or physical performance tests such as
ability to open and close fasteners, gait speed, ability to climb stairs or rise from a
chair [74]. Functional status is a predictor of morbidity, mortality, length of hospital
stay and hospital charges independent of other characteristics, including age and
comorbidity [9, 75–77]. The measurement of functional status as an outcome is also
useful in determining the impact of the consequences of chronic disease.

1.9 Disability

Disability is closely related to the concept of functional status. It is defined as a
“limitation in performance of socially defined roles and tasks within a sociocultural
and physical environment” [58]. Functional impairments can lead to disability, but the
extent to which this occurs depends on the physical, social and psychological envi-
ronments in which people live [60]. Environments can be more or less disabling. For
example, an individual with severe arthritis may be considerably less disabled if they
have access to mobility aids, and aids to assist with tasks requiring dexterity.

Disability, like functional status, is most commonly assessed using self-reported
difficulty in specific tasks, and these are assessed in the clinical setting by screening
tools such as Activities of Daily Living (ADLs) and Instrumental Activities of daily
Living (IADLs) [57].
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1.10 Allostatic Load

While disability takes explicit account of a person’s environment, allostatic load is a
purely physiological measure of ill-health. It is a measure of cumulative, chronic
physiological dysfunction across multiple body systems [59]. Seeman’s hypothesis
was that organisms must adapt body systems to alter their internal milieu in
response to environmental challenges. When these adaptive responses are no longer
able to cope with such challenges, progressive dysregulation occurs and can be
measured. Allostatic load is related to, but is not the same as comorbidity. Chronic
disease may result in a cumulative physiological burden which results in an increase
of the allostatic load. Seeman et al. see the measure of allostatic load as an indicator
that an individual may be decompensating as a result of various internal and
external challenges including comorbid disease:

No single form of comorbidity occurs with high frequency, but rather a multiplicity of
diverse combinations are observed (e.g. osteoarthritis and diabetes, colon cancer, coronary
heart disease, depression and hypertension). This diversity underscores the need for an early
warning system of biomarkers that can signal early signs of dysregulation across multiple
physiological systems [59].

Allostatic load was initially measured using 10 biological parameters, which are
physiologically related to a number of homeostatic metabolic processes, such as the
hypothalamic-pituatary-adrenal axis, the sympathetic nervous system, and the
cardiovascular system. The parameters were systolic and diastolic blood pressure,
waist/hip ratio, serum high density lipoprotein and total cholesterol, plasma gly-
cosylated haemoglobin, serum dihydroepiandrosterone, 12 h cortisol excretion and
urinary norepinephrine and epinephrine excretion [59]. In later work, serum fib-
rinogen, C-reactive protein and interleukin 6, all measures of chronic inflammation,
were added to the measure of allostatic load [59, 78].

In the development of the measure of allostatic load, each of these parameters
was measured in a group of 70–79 year olds. Each parameter was categorised into
quartiles, and the number of parameters for each individual that fell into the highest
risk quartile was summed to give a total score. Higher scores were cross-sectionally
and longitudinally related to all-cause mortality, cardiovascular disease, and a
poorer cognitive and physical functioning, and frailty [59, 78, 79].

1.11 Frailty

Frailty has been defined as a “physiologic state of increased vulnerability to
stressors that results from decreased physiologic reserves, and … dysregulation, of
multiple physiologic systems” [57]. Frailty is considered a physiological syndrome
related to, but separate from comorbidity and disability [57, 80]. Frailty is char-
acterised by weakness, decreased endurance and slowed performance. It is related
to poor nutrition, concurrent chronic disease, loss of muscle mass, reduced
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metabolic rate, decreased activity and energy expenditure [81]. It has been mea-
sured in a variety of ways, for example, Fried (2001) categorised those with frailty
as having a combination of any three of unintentional weight loss, weakness, poor
endurance, slowness or low physical activity [81], whereas Baldaucci used age
greater than 85 years, high ADL score, three or more comorbidities and the diag-
nosis of a geriatric syndrome (any one of delirium, dementia, depression, osteo-
porosis, incontinence, falls, etc.) [80, 82]. Frailty is strongly related to increasing
age and is most common in the very elderly. It has also been found to be more
common among cancer patients than similarly aged patients without cancer [83].
Frailty may cause disability independently of coexisting disease and may be caused
by comorbidity [57]. Frailty is strongly associated with adverse outcomes including
disability, mortality and dependency [57, 80, 81, 84–86].

1.12 Burden of Disease/Illness

Burden of disease (in this context) expands the concept of multimorbidity to include
the functional status of individuals. Burden of disease is a combined measure of the
number of chronic diseases, their severity and their impact on functional status [9].
It is therefore a measure of chronic disease, and its impact on the individual con-
cerned. There is no gold standard measure for burden of disease. The first attempt to
measure this construct was in 1995 by Greenfield et al. [87]. Their aim was to
measure a “composite illness-based measure of risk for substantial declines in
health” (Total Illness Burden Index or TIBI). They did this by identifying the
presence of chronic disease divided into categories (such as pulmonary disease,
heart disease, stroke and neurological disease, gastrointestinal disease, other can-
cers, arthritis, eye problems, hearing problems, hypertension, diabetes mellitus and
arthritis) among a cohort of patients. For each category or condition, they assessed
the likely impact on functional status, both through clinician assessment and
through statistical assessment of the association of each, with outcomes such as the
physical functioning scale of the SF-36 instrument. TIBI scores have been asso-
ciated with poorer outcomes in general, and among cancer patients specifically [87,
88].

Mandelblatt (2001) assessed burden of disease by examining the separate roles
of comorbidity and functional status, as well as life-expectancy and self-rated health
on treatment patterns and outcomes, for a cohort of older women with early stage
breast cancer [9]. They posited that biological aging and the effects of chronic
disease would result in physiological dysregulation, which is in turn a determinant
of functional status and disability (Fig. 1.1). These three components of total illness
burden (number of chronic conditions, physiological dysregulation and functional
status) would then impact on life expectancy and other health outcomes. They
found that whilst these separate constructs were correlated with each other, the
strength of the correlation varied considerably, suggesting that each was capturing a
different dimension of illness burden. However, they also found that, even in
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combination, these variables did not explain much of the variance in number of
treatments received among this cohort of patients. Interestingly, this group of
patients were healthier than average breast cancer patients, so the authors concluded
that their estimates of the effects of burden of illness on cancer treatment were likely
to be somewhat conservative.

Clinically, total illness burden may be measured using instruments such as the
Comprehensive Geriatric Assessment (CGA) tool. This tool provides data on
patient functional status, comorbidity, polypharmacy, existence of geriatric syn-
dromes, nutritional status, social support and psychological status [89–93]. Studies
that have used the CGA tool among older patients with cancer have found that
people who score poorly on CGA tend to have poorer survival, higher levels of
treatment toxicity, and higher mortality [85, 94–96].

1.13 Complexity

Complexity is the broadest related construct [97, 98], as it includes all determinants
of health at an individual level. These include a broad range of factors including, but
not limited to socioeconomic, cultural, and environmental factors that are likely to
impact on patient care and outcomes.

Safford (2007) developed a graphical model of patient complexity that involved
a series of vectors, each relating to individual determinants of health, and each with
a force and magnitude resulting either in increasing or decreasing complexity
(Fig. 1.2) [97]. The concept of complexity reflects the intricate interactions between
a multitude of factors that impact on care and outcomes at an individual level. The
presence of chronic disease is one of these, but it is only one part of a highly
complex and dynamic system [98, 99].

Severity of Illness

(Physiological capacity)

Functional
status/

Disability

Biological aging

Health habits

Chronic health 

conditions
Life expectancy

Fig. 1.1 Conceptual model of total illness burden. Source Buchner and Wagner (1992); cited in
Mandleblatt et al. [9]
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1.14 How Are the Comorbidity-Related Constructs
Linked?

There is considerable overlap between these inter-related concepts, and the
boundaries between them are blurred.

Figure 1.3 is amended and expanded from Valderas et al. [12]. It shows the close
relationship between comorbidity and multimorbidity, the difference being that

Fig. 1.2 Vector model of complexity. Source Safford et al. [97]

Fig. 1.3 Comorbidity and related constructs. Expanded from Valderas et al. [12]
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comorbidity is measured in relation to a primary index disease, whilst multimor-
bidity is a total measure of all diseases occurring concurrently in an individual. In
this figure, functional status and frailty are represented as separate constructs, but
clearly they are both strongly related to each other and to other factors, particularly
increasing age and presence of chronic disease. Total morbidity burden is a broader
concept encompassing elements of comorbidity, frailty and functional status.
Disability is closely related to the concept of functional status, but includes broader
elements such as the degree of social support, and other disabling or enabling
features of the environment. Finally at the broadest level, patient complexity
encompasses all previous elements, as well as other factors that determine health
outcomes in an individual.

1.15 Why Should We Focus on Comorbidity in Cancer?

There are many reasons why it is important for cancer researchers and clinicians
alike to pay attention to comorbidity. We have outlined some of these reasons
below.

Comorbidity is common. The exact prevalence of comorbidity among cancer
patients varies both by cancer site and by the method used to measure comorbidity;
but regardless, comorbidity is common among cancer patients [3, 100, 101]. For
example, in New Zealand 70 % of those with colon cancer and 72 % of those with
lung cancer have at least one comorbid condition [47, 102, 103]. As the population
ages, comorbidity will become even more common.

Comorbidity affects outcomes. Comorbidity has a major negative effect on the
likelihood of survival from cancer [2, 47, 51, 103–112]. Comorbidity acts on
survival both through direct mechanisms, related to the increased physiological
burden of disease, and through indirect mechanisms, related to the effects comor-
bidity has on treatment choice and/or effectiveness.

Cancer patients with comorbidity are substantially less likely to be offered active
therapy [47, 108, 109, 113–116]. For example, among New Zealanders with stage
III colon cancer, patients with comorbidity were considerably less likely to be
offered adjuvant chemotherapy (84 % of patients with a Charlson score of 0,
compared with 19 % of those with a Charlson score of 3). When chemotherapy was
offered to those with the highest level of comorbidity (Charlson Score 3), there was
a 60 % reduction in excess mortality [47, 102]. There is growing evidence that
many such treatments are often both tolerated and effective among those with
comorbidity [47, 108, 109, 114, 115, 117–121]. Comorbidity also has an important
impact on other outcomes, such as functional status, quality of life, length of stay in
hospitals, quality and costs of care [5, 8, 10, 12, 26, 46, 99].

Mental illness is also associated with substantially poorer outcomes from cancer.
Cancer patients may have impaired functional status, poor nutritional status, be
suffering from depression or anxiety, and are sometimes dealing with complex
social issues. Despite this complexity, cancer treatment tends to be highly silo’ed
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and delivered in specialised units that are focused, unsurprisingly, on the treatment
of cancer.

The impact of comorbidity is modifiable. There is evidence that focusing at a
clinical level on more complex patients with comorbidity can result in benefits in
terms of both improved outcomes and satisfaction with care for patients [13, 57, 97,
122]. Systems can be redesigned to optimise healthcare processes for complex
patients, and from a policy perspective, incorporating complexity of patient mix
into quality measurements and performance profiling, results in a more compre-
hensive understanding of health service quality and processes [1, 5, 15, 18, 19, 63].

As we will see in the next section, comorbidity is common among cancer
populations. Despite this fact, there is a scarcity of evidence about how to manage
these patients. Patients with comorbidity are routinely excluded from randomised
controlled trials that are designed to identify the benefits and harms of cancer
treatment, and there is lack of consensus on how best to manage these patients.
Clinicians are left to weigh up the benefits and potential harms of treatment
strategies for themselves, without evidence to inform them.

1.16 How Common Is Comorbidity in Cancer?

Whilst there is general agreement that comorbidity is common among cancer
patients, it is remarkably difficult to state with any certainly how common it is. This
is because the prevalence of comorbidity varies, sometimes dramatically, depending
on the measure of comorbidity used, the data available, the study population, and
the cancer site.

In their review of the impact of comorbidity on chemotherapy use and outcomes
among patients with solid tumours, Lee et al. reported a wide prevalence range for
comorbidity of 0.4–90 % among cancer patients [100]. Data from the New Zealand
context suggests that approximately half of all cancer patients have at least one
other chronic condition recorded, and a third have two or more [123, 124]. In their
Annual Report to the Nation on the Status of Cancer, Edwards et al. reported that
approximately 40 % of U.S. cancer patients have at least one comorbid condition
[101].

Not surprisingly, studies that use a more inclusive measure of comorbidity
demonstrate a higher prevalence of comorbidity than those that use a more
restrictive approach. For example, Tammemagi et al. used an extensive and
inclusive approach to identify comorbid conditions from computerised medical
records in their cohort of patients with breast cancer, and found that 72 % had at
least one condition [118]. This compares with Gonzalez et al., who used data
extracted only from routine discharge abstracts and found that 13 % of women with
breast cancer had at least one Charlson index-related comorbid condition [125].
Even if the approach to measuring comorbidity is limited to a single comorbidity
index, the Charlson index, there is still a large range of prevalence estimates. Most
studies that use the Charlson index report that 10–75 % of cancer patients have at
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least one Charlson index-related condition [47, 125–132]. The variation is largely
due to characteristics of the study population and the data collected. For example,
studies that are restricted to older patients generally demonstrate higher levels of
comorbidity. Comorbidity also tends to be higher among patients with certain
cancers, particularly smoking-related cancers such as lung, head and neck and
bladder cancers [105]. Studies based on administrative data, often, but not always,
report lower levels of comorbidity than those based on medical notes review or
self-reporting [40, 110, 133–136].

Is comorbidity more or less common among cancer patients compared to the
general population? There is universal agreement that comorbidity is common
among cancer patients in general. However, it is less clear whether cancer patients
have higher rates of comorbidity than similarly aged non-cancer populations. Some
authors have noted generally similar prevalence rates of comorbid conditions
among cancer patients compared with non-cancer populations [137, 138]. In con-
trast, other studies have reported that cancer patients have somewhat higher levels
of comorbidity than the general population [101, 139, 140]. Two studies compared
the self-reported prevalence of conditions from the US National Health Interview
Study among those with a history of cancer to those without [139, 140]. Hewitt
et al. found that among those aged over 65 years, 3.9 % of cancer patients reported
having three or more chronic medical conditions, compared with 2.3 % of those
without a history of cancer [140]. Similarly, Smith et al. found that, with the
exception of patients with melanoma, non-Hodgkin’s lymphoma and prostate
cancer, cancer patients were more likely to report two or more conditions than those
without cancer [139]. More recently, Edwards et al. reported that 40 % of lung,
breast, colorectal and prostate cancer patients had at least one comorbid condition
compared to 31 % of time period-, age- and sex-matched individuals from the
general population [101].

By contrast, there are two studies that have reported that cancer patients actually
have lower levels of comorbidity than age matched controls. The first study, by
Repetto et al., compared cancer patients to patients admitted to hospital medical or
geriatric services who would be expected to have higher levels of multimorbidity
than people of a similar age in the general population [141], while the second study,
by Piccirillo et al., compared comorbidity data extracted from hospital notes for
cancer patients with self-reported national data on similar conditions. Both these
sets of authors concluded that the differences between the cancer and non-cancer
populations were likely to reflect inadequacies in the data comparison [142].

One obvious reason for inconsistencies in the comparison of the comorbidity
burden between cancer and non-cancer populations is likely to be that the preva-
lence of comorbidity varies considerably by cancer site. In their matched
case-control study of men with newly diagnosed cancer, Driver et al. found that the
overall (modified Charlson) comorbidity scores were similar for men with and
without cancer [143]. However, they found that there was variation by cancer type:
in particular, men who had been diagnosed with potentially screen-detected cancers
(such as prostate cancer and melanoma) had lower comorbidity scores than
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age-matched population controls, whilst those with smoking-related cancers had
higher scores [143]. Other studies have also found a similar pattern [101, 144, 145].

As well as variation in terms of the general burden of comorbidity, there is also
natural variation in the types of comorbidities that patients are affected by,
according the cancer type. In some instances, there is a clear association between
the kind of comorbidity and the cancer type: for example, in the New Zealand
context, more than half of liver cancer patients have cirrhosis of the liver [146].
Unsurprisingly, recent data from the U.S. suggests that more than a third (34 %) of
lung cancer patients also have Chronic Obstructive Pulmonary Disorder (COPD)
compared to just 10 % of breast cancer patients [101].

Tables 1.1, 1.2, 1.3, and 1.4 show a range of prevalence estimates for the most
common conditions for patients with lung, breast, colorectal and prostate cancers,
respectively. They show that there is variation in prevalence estimates of specific
conditions even within cancer sites. For example, estimates of the prevalence of
diabetes among colorectal cancer patients range between 6 and 18 %, of hyper-
tension between 16 and 47 % and of chronic respiratory disease between 5 and
22 %. As with global comorbidity measures, these variations are a function of the
study populations, the data collected and the definitions used for specific comorbid
conditions. These tables do usefully show that the most common concomitant
conditions include hypertension, respiratory disease, heart disease, cerebrovascular
disease, previous cancer, arthritis and diabetes. They also show that the prevalence
of some comorbid conditions varies between sites, for example respiratory condi-
tions are (unsurprisingly) particularly high among patients with lung cancer, with
estimates ranging from 15 to 47 % compared with prostate (1–30 %), colorectal
cancer (5–22 %) and breast (all 3–14 % except for one outlier at 52 %).

1.17 Cancer, Comorbidity and Disparity

The prevalence of long term health conditions is not evenly distributed across the
population. Disparities in health occur across many axes, including gender,
socioeconomic position, geography and sexual orientation. However, health
inequities between people of different ethnicity and/or different socioeconomic
status are perhaps the largest and most persistent [147, 148].

Comorbidity is generally more common among ethnic minority and Indigenous
populations, and among those with higher levels of poverty or deprivation, both
within the general population and within cancer populations. The causes of these
disparities are related to the uneven distribution of determinants of health, and
deficits in health care systems and infrastructures (expanded in Chap. 1.3) [149–
151]. For example, the indigenous populations of Australia, New Zealand, the U.S.
and Canada, all have a higher prevalence of comorbidity, and are more likely to
have multiple, complex comorbidity than non-Indigenous people [147, 152–154].

These patterns are echoed in cancer populations. For example, in the New
Zealand colon cancer context only 23 % of Māori had no recorded comorbidity
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compared with 37 % of non-Māori [102]. Māori colon cancer patients also had
more than twice the risk of diabetes, heart failure, respiratory disease and renal
disease than non-Māori, and were 80 % more likely to have three or more comorbid
conditions [102]. In the U.S., Black lung cancer patients were more likely to have at
least one comorbid condition that impacts on survival (65 % vs. 59 %) [111], while
only 14 % of Black breast cancer patients had no recorded comorbidity compared
to 34 % of White patients [118]. In Australia, only 50 % of Indigenous cancer
patients had no recorded comorbidity compared to 69 % of non-Indigenous cancer
patients, and were three times more likely to have diabetes (30 % vs. 10 %) [155].

Cancer patients of lower socioeconomic status (SES) are also at increased risk of
comorbidity. For example, Schrijvers et al. observed that breast cancer patients
from a low SES background were nearly three and a half times more likely to have
at least one comorbidity compared to breast cancer patients from a high SES
background, even after adjusting for age [156]. Louwman et al. observed that
cancer patients from a low SES backgrounds were at 50 % higher risk of serious
comorbidity compared to those with high SES across a considerable range of cancer
types—with a particularly high prevalence of cardiovascular and cerebrovascular
disease, COPD, diabetes and gastrointestinal disease [157].

Comorbidity has been shown to be in part responsible for ethnic and socioe-
conomic disparities in cancer survival. For example, a study by Hill et al. showed
that a third of the disparity in colon cancer survival between Māori and non-Māori
New Zealanders was due to comorbidity [102]. Similarly, Shepphard et al. found
that comorbidity was the most important factor in explaining the three fold poorer
survival among First Nations women with breast cancer in Canada, compared with
non-Indigenous women [158]. Even for a given level of comorbidity, comorbidity
may affect some groups of patients differently to others. For example, in Australia,
Indigenous cancer patients with diabetes had an overall survival disadvantage
compared to Indigenous cancer patients without diabetes, with an all-cause Hazard
Ratio (HR) = 1.4 (95 % CI 1.1–1.8) adjusted for age, sex and cancer site [159].
Fewer non-Indigenous cancer patients had diabetes, and those that had diabetes
showed no difference in survival compared to their counterparts without diabetes.

In the US, the evidence relating to the impact of comorbidities on ethnic/racial
inequalities in outcomes is somewhat inconsistent. Several authors have found that
comorbidity partially or completely explains such disparities [118, 160–165], while
others have concluded that comorbidity may not be important in this regard [166–
168].

1.18 Why Do Cancer and Comorbidity Coexist?

We have established that cancer and comorbidity commonly occur together—but
why is this so? The principal reasons for this co-occurrence vary by (and within)
cancer types, but the cause of this association might be attributed to one or more of
the following.
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1.18.1 Common Conditions Occur Commonly

The primary drivers of comorbidity patterns among cancer patients are the same as
those that drive patterns of multimorbidity in the community at large. Thus the
underlying pattern of comorbidity in the general population (for example, cardio-
vascular disease, metabolic disease and mental health disorders) are common to
both cancer and non-cancer populations [65, 66, 101].

1.18.2 Cancer and Comorbid Conditions Share Many
Common Risk Factors

The strongest single driver of the co-occurrence of cancer and other chronic con-
ditions is increasing age. Smoking, poor diet, lack of physical activity, obesity and
alcohol abuse are all risk factors for a range of common non-cancer conditions,
including diabetes, hypertension, respiratory, cardiovascular and peripheral vas-
cular disease and liver disease. They are also risk factors for many cancers,
including cancers of lung, bladder, head and neck, colorectum, liver and breast
[169].

In their Annual Report to the Nation on the Status of Cancer, Edwards et al.
[101] compared the prevalence of comorbidity among cancer patients to that of the
general (age-matched) population. Compared with the general population, they
observed a similar prevalence of comorbidity for older breast and prostate cancer
patients (30–32 % of those aged 66 years and over), considerably higher comor-
bidity prevalence among lung cancer patients (53 %), with colorectal cancer
patients intermediate between the two (41 %). These results (and those of others
[101, 123, 143–145]) suggest that the wide spectrum of comorbidity prevalence
among cancer patients is informative with respect to the question of why cancer and
comorbidity coexist: at one end of the spectrum—the lung cancer end—we have
patients who are diagnosed with cancers that are strongly associated with risk
factors (like particularly smoking), which are in turn also strongly associated with
the development of other chronic conditions, such as COPD. At the other end of the
spectrum—the breast and prostate cancer end—are patients diagnosed with cancers
that are not strongly associated with such risk factors.

1.18.3 Comorbidity May Increase or Decrease
Predisposition to Cancer

There are a number of chronic conditions, in particular chronic infections, diseases
of the immune system and diabetes, which are causally associated with an increased
risk of cancer. For example, Hepatitis B can cause chronic liver disease which is

1 What Is Comorbidity? 21



strongly associated with hepatocellular carcinoma, and tuberculosis patients have
an increased risk of lung cancer [170]. Conditions associated with immune sup-
pression (such as HIV/AIDS) or dysregulation of the immune system (such as
rheumatoid arthritis) are associated with a number of cancers [171–173]. HIV/AIDS
is related to Kaposi’s Sarcoma, Hodgkin’s disease and anal cancers [171] and
rheumatoid arthritis is associated with non-Hodgkin’s lymphoma and other
haematological malignancies [172, 173]. The exact mechanisms through which
these associations occur have yet to be fully clarified, but are likely to be multi-
factorial [173].

We know that the presence of diabetes is associated with an increased risk of
several cancers, including colorectal, pancreatic, liver, endometrial and bladder
cancers [173–176]. Whilst in part, these associations may be related to common risk
factors between diabetes and cancer (such as obesity), there is also evidence that
there are specific biological pathways that directly link diabetes with cancer [173,
175, 176]. Type II diabetes is caused (in part) by insulin resistance, which in turn is
associated with hyperinsulinaemia (high circulating levels of insulin) and high
levels of other insulin-like growth factors, which promote cellular proliferation and
affect programmed cell death (apoptosis), increasing the risk of cancer develop-
ment. In addition to hyperinsulinaemia and hyperglycaemia, chronic inflammation
is also thought to be an important neoplastic factor in the link between diabetes and
cancer [177].

Whilst patients with diabetes are at increased risk of a number of cancers, they
are also at lower risk of lung, and prostate cancers and Hodgkins disease [176, 177].
It is not known why this is the case, but it is postulated to be due to changes in
hormone profiles, growth factors and steroids. Patients with hypothyroidism have
also been found to have lower rates of breast cancer [173].

1.18.4 Treatment for Comorbidity May Increase
or Decrease the Risk of Cancer

As well as the direct effect of long term conditions on cancer risk, medications used
to treat such conditions may impact on risk. For example, long term use of
immunosuppressive medications, such as those that might be taken by renal failure
patients following transplant, are associated with an increased risk of cancer
development [178–181]. In contrast, the use of Non-Steroidal Anti-Inflammatory
(NSAID) drugs, such as those used chronically among arthritis sufferers, is asso-
ciated with a reduced risk of colorectal cancer [182–184]. In addition, there is some
evidence that metformin, an hypoglycaemic medication commonly used in the
management of diabetes, is associated with a reduced incidence of cancer among
diabetic patients [177, 185]. However, it is possible that the latter association is at
least partly exaggerated by a methodological problem known as immortal time bias
[178–181, 186].
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1.18.5 Treatment for Cancer May Cause or Exacerbate
Comorbidity

As well as comorbidity affecting cancer outcomes, the inverse can also be true,
wherein treating a cancer can impact on comorbidity outcomes. Therapies for
cancer can increase the risk of developing a comorbid condition, including car-
diovascular, musculoskeletal, metabolic or other complications. For example,
hormonal treatment for breast and prostate cancer will affect the metabolism and
may, in turn, lead to associated complications of diabetes control, and an increased
risk of osteoporosis [187]. Some forms of chemotherapy (anthracyclines), as well as
anti-HER2 therapies, have been associated with cardiac failure [188], while
androgen deprivation therapy for prostate cancer is associated with a greater risk of
cardiovascular problems and worsening of pre-existing cardiac disease [189, 190].

It is likely that the impact of cancer treatment on the development or exacer-
bation of comorbid disease is greatest amongst those who are at highest risk of
developing these conditions in the first place, or those who already have some
pre-existing (likely related) comorbid disease. However, we really do not know
how much cancer and its treatment impacts on patient comorbidity, for the reasons
given earlier. Patients with significant comorbidity are generally excluded from
clinical trials, and also because data pertaining to cancer patients tends to focus on
cancer-specific outcomes rather than broader health outcomes.

1.18.6 There May Be Common Genetic or Physiological
Pathways Between Cancer and Comorbidities

A possible example of this is the inverse relationship between neurodegenerative
disorders (such as Alzheimer’s and Parkinson’s disease) and cancer [191–198]. For
example, Roe et al. [196] found that there was both a low risk of cancer among
Alzheimer’s disease patients (HR = 0.31; 012–0.86) and low risk of Alzheimer’s
disease among cancer patients (HR = 0.57; 0.36–0.90) after adjustment for
demographic, smoking and other factors.

Neurodegenerative diseases are related to neuronal loss and cellular destruction,
while cancer is a disease of unchecked cellular proliferation. At the cellular level,
there is a fine balance between mechanisms that repair DNA and promote cell
growth, and those that stop cellular replication and induce apoptosis. The
hypothesis relating to the negative correlation between cancer and neurodegener-
ative disorders is that if the balance favours cell growth and repair, then an indi-
vidual may be protected from neurodegenerative disorders but may be at increased
risk of cancer; whilst if the balance favours effective inhibition of cell growth and
replication the opposite will be true [198]. However it is also possible that these
associations are at least in part related to methodological problems in the studies
that have investigated them, including immortality bias.
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1.19 Future Directions for Practice or Research

We have outlined some suggested areas of future practice and/or novel research
below:

• There is a need to monitor, at a national and international level, the prevalence
of comorbidity among cancer populations, and disparities within these popu-
lations. Ongoing collection of comorbidity data among cancer populations
(perhaps as a legislated part of regional and national cancer registers) would
have multiple benefits, for example, there is a paucity of information regarding
how the prevalence and impact of comorbidity is changing over time. As will be
discussed in the next chapter, there are methods of measuring comorbidity using
routinely-available datasets that would make such monitoring possible.

• There is also a need for further research on how specific comorbid conditions or
their treatments interact to either increase or decrease the risk of cancer. Such
research would require large, high quality, population-level datasets in order to
be informative, particularly for those comorbid conditions and/or cancers that
are not highly prevalent.

• There is a need for a greater understanding of the role of genes in determining
the predisposition to certain comorbid conditions, and how this predisposition
relates (either directly or indirectly) with the development of cancer. The advent
of population-level genome data in combination with population-level routine
healthcare data will assist in potentially ground-breaking discoveries in this area.

• Finally, there is a general need for the inclusion of more comorbid patients in
clinical trials. Our understanding of whether cancer treatment might cause or
exacerbate comorbidity is limited by the fact that there is a tendency for patients
with comorbidity to be excluded from clinical trials. The exclusion of such
patients ignores clinical reality, where many (if not most, in some cancer con-
texts) cancer patients live with at least one comorbid condition. Stratification of
comorbid patients into treatment arms is one mechanism of overcoming this
problem.
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Chapter 2
How Do We Measure Comorbidity?

Diana Sarfati

Abstract This chapter reviews methods used to measure comorbidity in the con-
text of cancer; summarising methods, identifying contexts in which they have been
used and assessing the validity, reliability and feasibility of each approach.
Measures of comorbidity are categorised according to whether they are based on
individual conditions or simple counts, on dysfunction/function of organ systems,
on conditions that have been weighted and combined into indices or based on
alternative approaches. Twenty-one separate approaches are described. Content and
face validity of the measures varied but tended to be higher for those developed for
cancer populations. Some evidence supporting criterion validity of all approaches
was found. Where reported, reliability tended to be moderate to high. Some
approaches tended to score well on all aspects, but were resource intensive in terms
of data collection. There is no gold standard approach to measuring comorbidity in
the context of cancer. All summary approaches require simplifying assumptions
and, by necessity, result in loss of information. Approaches vary in their strengths
and weaknesses, with the choice of measure depending on the study question,
population studied and data available.
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KFI Kaplan-Feinstein Index
MACSS Multipurpose Australian Comorbidity Scoring System
NCI National Cancer Institute
SCI Simplified Comorbidity Index
TIBI Total Illness Burden Index
WUHNCI Washington University Head and Neck Comorbidity Index
PBCI Pharmacy-based Comorbidity Index

Key Points

• There is no single measure of comorbidity that is optimal for all purposes.
• All summary measures of comorbidity require simplifying assumptions, which

results in loss of information.
• There are four broad approaches to measuring comorbidity identified in the

literature; individual conditions or condition counts, organ-based systems,
weighted indices or other miscellaneous approaches.

• The choice of comorbidity measure depends on the study question, the popu-
lation studied and the data available.

2.1 Introduction

Given the importance of comorbidity, it is important to consider how we quantify it,
particularly in the context of cancer-related studies. However, the underlying
construct of comorbidity is difficult, if not impossible, to measure. This is partly due
to the limitations of data, but also to the complexity of this underlying entity.

For this reason and despite the importance of comorbidity, there is little con-
sensus about the best approach to measuring it [1]. The difficulties in measuring
comorbidity arise from several factors:

• The definition and importance of comorbidity depends on the definition of the
primary condition. For example, different concomitant conditions are likely to
be important in terms of their impact on outcomes for patients with breast
cancer, compared to those with congestive heart failure. For this reason, a
number of authors have suggested that disease-specific indices are preferable to
general ones [2–4].

• Defining what a comorbid condition is can be difficult [5–7]. For example,
conditions may be defined as specific entities such as angina, peripheral vascular
disease or previous myocardial infarction, or may be aggregated to a group of
related conditions such as ‘cardiovascular disease’. Even when conditions are
clearly defined, their importance is likely to vary depending on other factors,
such as the timing and severity of conditions [8].
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• Understanding the combined effects of multiple conditions is difficult.
Conditions may or may not have a synergistic effect on each other, and if such
an effect is present, it may be additive or multiplicative. Gross et al. found that
the effects of combinations of comorbidities on survival among cancer patients
were complex and difficult to predict [9].

• The best approach to measuring comorbidity may also be affected by the out-
come that is being investigated [10, 11]. For example, Preen et al. found that
focusing on conditions present at current admission, or the year previously, was
most effective for assessing the impact of comorbidity on mortality, while
reviewing a five-year lookback period for comorbidity was better for assessing
readmission rates [11].

This section reviews approaches to measuring comorbidity in the context of
cancer studies. It summarises the various approaches used to measure comorbidity,
indicates the context in which each has been used, and assesses the validity of each
approach. This section is an updated and extended version of work published
previously [1].

Data relating to each index or measure are presented in relation to:

1. A general description of the measure or index. This includes the original pur-
pose of the index or measure, a description of the process through which
comorbid conditions were identified, whether severity was accounted for,
whether and how conditions were combined to form an index and the extent to
which the index has been used in the context of cancer patients.

2. Content and face validity. Both these measures relate to the degree to which a
measure actually evaluates the construct that it purports to measure [12].
Content validity assesses the extent to which a measure includes all relevant
items and face validity assesses the extent to which the measure makes sense,
given what is known about the construct and the factors used to measure it.
These are qualitative assessments, which include the degree to which the
measure is relevant to cancer, whether all important conditions are included and
how these conditions have been selected, whether other important factors are
included, such as severity of conditions and whether the measure can be ‘in-
dividualised’ for specific study purposes.

3. Criterion validity relates to the extent to which an index or measure performs in
the expected way [12]. Specifically it is the extent to which a measure correlates
with some other measure of the construct under study. Criterion validity can be
either concurrent or predictive.

(a) Concurrent validity refers to the degree to which the measure correlates with
another measure taken at the same time. In relation to comorbidity, this will
usually be another validated measure of comorbidity.
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(b) Predictive validity is the extent to which the measure is able to predict future
outcomes of interest, such as cancer survival or receipt of treatment.

4. Reliability is “the extent to which repeated measurements of a stable phe-
nomenon by different people at different times and places get similar results”
[13]. Reliability depends on the simplicity, clarity and ease of use of the scale, as
well as the quality of the data and training of the abstractors. Interrater reliability
can be reported as a percentage of agreement between abstractors, Spearman’s
correlation coefficient or a kappa (k) statistic. Where there are more than two
abstractors/raters, an interclass correlation coefficient (ICC) is used [12]. Both
the k statistic and the ICC are in a range between 0 and 1. Reliability coefficients
are considered to be fair to moderate when they exceed 0.40 and moderate to
good when they exceed 0.75 [2].

5. Feasibility includes the simplicity, cost, time and effort required to use the
measure.

Table 2.1 summarises the key characteristics of twenty-one separate approaches
used to measure comorbidity among cancer populations in order of the date of the
first paper in which each measure or index appears, the population characteristics in
which each was developed, the sources of data used, and the method for item
generation for each approach.

Table 2.2 summarises the scoring approaches for each measure of comorbidity,
including the number of items, the severity scale, the score range (if relevant), and
the distribution of each index or measure.

Following these tables is a description of the different approaches used to
measure comorbidity; individual conditions or simple condition counts,
organ-based approaches, weighted indices and other approaches.

2.2 Individual Conditions or Counts of Conditions

The simplest approach to measuring comorbidity is to measure the prevalence of
individual conditions, and to either include them separately in models or to simply
combine them by summing the total number of conditions [27, 39–45].

The total count of conditions depends on how conditions are defined, and which
are included in the count. There are several examples where authors have identified
individual conditions using an explicit process in the context of cancer.

Satariano et al. [21] identified seven conditions (myocardial infarction, other
types of heart disease, diabetes, other forms of cancer, and respiratory, gallbladder
and liver conditions) that were associated with all-cause mortality, breast cancer
mortality or mortality from other causes after adjustment for age, stage and other
comorbid conditions among a cohort of patients with breast cancer. These seven
were combined in a simple unweighted index based on the number of conditions
present. The Satariano index has also been modified for use with administrative data
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[46], and for use in combination with measures of performance, functional status,
depression and cognitive status in the Comprehensive Geriatric Assessment tool [47].

Yancik et al. [24] reported on the NIA/NCI Collaborative Study on Comorbidity
and Cancer (NIA/NCI SEER study). This was a collaboration between the National
Institutes of Aging (NIA) and the National Cancer Institute (NCI) and investigated
the comorbidity burden of older people with cancer. Their aim was to assess the
extent to which these conditions affect diagnosis, treatment and survival from
cancer. The total sample consisted of more than 7600 people, aged 65 years or
older, with diagnosed cancers of breast, cervix, ovary, prostate, colon, stomach and
bladder. They used data from the SEER program, relating to incident cancers linked
to standardised data on comorbidity, abstracted from medical notes by trained
registrars. Data on comorbidity were collected from the period four months prior to
diagnosis until diagnosis, and each condition was coded according to severity, with
these categories collapsed into two, based on whether or not the patient was
receiving active management for the specified condition. A group of high severity
conditions was specified in subsequent papers (including chronic obstructive pul-
monary disease, diabetes requiring insulin, high severity heart disease, previous
malignant cancer and renal failure) [48]. Conditions were treated separately in most
descriptive and multivariable analyses, but were combined as a simple count in
some [48].

Tammemagi et al. [34] carried out a study to investigate the effect of comorbidity
on lung cancer survival, and to assess the extent to which these effects were
mediated by differences in receipt of treatments. Data on comorbidities were
classified using a system developed by the US Department of Health and Human
Services in which ICD 9 diseases are collapsed into 259 homogenous groups, of
which 56 categories were considered in this study. The authors identified 19 con-
ditions which predicted survival among lung cancer patients. The authors combined
comorbidities by using a simple count. Subsequently, Tammemagi et al. applied a
similar approach to a cohort of 906 breast cancer patients [33].

Elixhauser et al. [25] developed a measure of comorbidity using administrative
data for general (not cancer specific) use. The main focus of this work was to
identify those pre-existing conditions recorded in administrative data that had an
effect on major short term patient outcomes (cost of care, length of hospital stay and
in-hospital mortality). Using administrative data, Elixhauser et al. excluded the
primary reason for hospitalisation and only included secondary conditions that were
not related to the Diagnosis-related group (DRG) of the primary condition. They
excluded diagnoses that could have been due to complications of treatment or
conditions that were likely to have a trivial impact on resource use or outcomes.
There was a final list of 30 comorbidities, which was tested to assess the impact of
each condition on cost, length of stay, and in-hospital mortality. There was no
attempt made to combine these conditions into a summary index, except as a simple
comorbidity count. However more recently, van Walraven et al. [36] modified the
Elixhauser system to allow it to be expressed as a summary score.
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The effect of individual specific comorbid conditions has also been assessed in
cancer patient populations. The most commonly assessed single condition in this
context is diabetes mellitus, which is generally found to have a negative impact on
outcomes from cancer [9, 45, 49–51].

2.3 Content and Face Validity

The validity of using individual conditions or condition counts varies with different
studies, the approach used to identify relevant conditions, and the number of
conditions included. The content and face validity will be higher in studies where
conditions have been specifically identified due to their likely importance for cancer
patients [21, 24, 34]. Where conditions are added together in a simple unweighted
index, the implicit assumption is made that all conditions are equally important in
their relationship to outcomes, which is unlikely to be the case.

2.4 Criterion Validity

2.4.1 Concurrent

Comorbidity counts tend to be correlated with other measures of comorbidity where
such comparisons are made [33, 39, 52].

2.4.2 Predictive

Results are variable depending on how individual conditions are treated. Generally
higher comorbidity counts are related to lower receipt of treatment and/or poorer
outcomes [9, 27, 39, 41, 42, 44, 53]. For example, Satariano et al. found that
comorbidity as measured by their index was strongly associated with an increased
risk of all-cause mortality, and non-breast cancer mortality [21]. Subsequently,
higher Satariano index scores were found to be associated with poorer colon cancer
survival, whether medical records, administrative data, or both were used [46]. For
the NIA/NCI index, patients with comorbidity were less likely to receive aggressive
treatment and had poorer survival compared with other patients [24, 48, 54].
Among cancer patients, the Elixhauser system has been found to be associated with
lower receipt of treatments for cancer and worse cancer-specific, non-cancer related
and all-cause survival [55–57]. Tammemagi’s approach to measuring comorbidity
was better at predicting all-cause and competing mortality than the Charlson index
or simple comorbidity counts [33, 34].
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2.5 Reliability

Newschaffer et al. found that the Satariano index had an excellent inter-rater reli-
ability with a kappa score of 0.955 (p < 0.001) [46]. No reliability data have been
reported for the NIA/NCI approach. Reliability is generally not relevant for those
approaches that are based on administrative data, because, within a given study,
data are extracted in a standardised way from electronically stored records.

2.6 Feasibility

Approaches which require notes review are more time consuming and require
training, however in many cases these could be converted to administrative data
based systems [46].

2.7 Organ-Based Approaches

These approaches assess the impact of comorbidity on the function (or dysfunction)
of body organs or systems (such as the respiratory, cardiovascular, gastrointestinal
and renal systems).

The earliest example of this, and one of the earliest attempts to measure
comorbidity in general, is the cumulative illness rating scale (CIRS). CIRS is a
measure of physical impairment based on assessment of organ dysfuntion [14].
Each of 13 independent body systems (cardiac, vascular, respiratory, ear/nose and
throat, upper GI, lower GI, liver, renal, other genitourinary, musculoskeletal,
neurological, endocrine/metabolic and psychiatric) are rated according to the
severity of organ dysfunction on a Likert scale (0-none, 1-mild, 2-moderate,
3-severe, 4-extremely severe). A single illness may impact on more than one organ
system and can therefore be counted more than once. For example, a stroke may
impair neurological, vascular and musculoskeletal systems. Scores can be kept
separate for each organ system or summed to give a total score. Information for the
calculation of a CIRS score is collected by clinical review, with the developers of
the index commenting that assessment for the CIRS should be ‘based on an ade-
quate and complete medical examination and health history’. CIRS was modified
by Miller et al. to form CIRS-G, which was specifically created to be used in
geriatric populations [58]. Subsequent minor modifications have been made for
geriatric psychiatric populations and for use with acute conditions [59, 60]. CIRS
has been used to identify the negative impact of comorbidity on cancer survival in
general [61, 62], and for a number of specific cancers, including laryngeal cancer
[63, 64], prostate cancer [65], and colorectal cancer [66].
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Kaplan and Feinstein [15] were particularly interested in the role of comorbidity
among adult diabetic patients. They classified comorbid conditions as being either
‘vascular’ or ‘non-vascular’, the former considered potentially related to diabetes.
As a measure of severity, they classified each condition as being ‘cogent’, if it
might be expected to adversely affect the individual’s life expectancy, or
‘non-cogent’, if the condition could be controlled, had no direct effects on vital
organs or was related to a single episode in the past. Cogent conditions were further
classified according to their severity with grade 1 being slight decompensation of
vital systems, and grade 3 being recent full decompensation of vital systems, or
chronic conditions that threatened life. The analysis was carried out in a categorical
manner, so that individuals were variously categorised as having cogent or
non-cogent comorbidity; vascular or non-vascular cogent conditions, and according
to the highest grade of any single condition. The KFI has been used in a number of
studies, both by itself and as a comparison to other indices, including in relation to
breast [46], head and neck [64] and prostate cancer [65].

Piccirillo et al. modified the Kaplan-Feinstein Index, initially into the Modified
Medical Comorbidity Instrument and then into the Adult Comorbidity Evaluation-
27 (ACE-27) index [32, 67, 68]. The purpose was specifically to assess comorbidity
in the context of cancer. Cancer registry personnel were trained to collect comor-
bidity data, and define it according to protocols [69]. Twenty-seven conditions that
occurred reasonably frequently and were considered to have a negative impact on
prognosis were included [67]. The ACE-27 was initially assessed using newly
diagnosed patients from one of six hospitals between 1999 and 2002, for whom
ACE-27 data were available (n = 11,906) [32]. The ACE-27 system grades specific
comorbid conditions into three grades, according to severity in the same way as the
KFI. Once all an individual’s comorbid conditions are identified and classified, an
overall ranking is assigned based on the severity of the single most severe condi-
tion, except where there were two or more conditions in different body systems that
have a grade 2 (moderate) severity, in which case the overall score is grade 3
(severe). More recently, work has been done to convert the ACE-27 into a
claims-based index using ICD codes to differentiate the severity of individual
conditions [70]. Picirrillo et al. assessed ACE-27 among 17,712 patients admitted
for prostate, respiratory tract, breast, digestive system, gynaecological, urinary or
head and neck cancers at a single academic cancer specialist centre [67]. ACE-27
has also been used successfully in a number of other cancer-related studies
[54, 70–76].

The Index of Coexistent Disease combines two dimensions; a measure of
comorbid disease severity and a measure of functional impairment [20]. The index
is a modified version of an earlier (unnamed) comorbidity index that had been used
to assess the role of comorbidity in the receipt of treatment among older patients
with breast or prostate cancers [77, 78]. The earlier index included three
dimensions:
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1. A measure of severity of comorbid conditions
2. A measure of acute exacerbations of these conditions
3. A measure of functional impairment.

However, the index was later modified to exclude the acute aspect of comorbid
conditions [20]. The severity of comorbidity is assessed for each of 14 organ
systems (organic heart disease, ischemic heart disease, primary arrhythmias, con-
gestive heart failure, hypertension, cerebrovascular accident, peripheral vascular
disease, diabetes mellitus, respiratory problems, malignancies, hepatobiliary dis-
ease, renal disease, arthritis, and gastro-intestinal disease) which are rated on a
five-point scale, ranging from no co-existent disease to severe uncontrolled disease
based on explicit criteria. The degree of physical impairment due to these and other
conditions within 10 functional areas (circulation, respiration, neurological, mental
status, urinary, fecal, feeding, ambulation, transfer, vision hearing and speech) are
graded on a three point scale from no impairment to severe/serious impairment.
Individuals are then classified according to the highest grade for any of the cate-
gories in each of the comorbidity and functional impairment dimensions. Finally,
these two dimensions are combined into a four-point ordinal scale indicating no,
mild, moderate or severe coexistent disease as per Table 2.3 [79]. Data are required
from clinical notes (ideally including nursing, medical, and laboratory findings).
The ICED (or its immediate precursor) has been used for assessment of the role of
comorbidity in treatment and survival for breast, [39, 78] prostate [77, 80, 81] and
head and neck cancers [63, 64].

The Total Illness Burden Index (TIBI) was developed as a measure of case-mix
for use in comparisons between hospitals, treatments or health care organisations
[22]. It is based on a patient report of symptoms and was designed to be a measure
of impact on poor health, on functional status and on quality of life outcomes, not
mortality or costs of care. It is, therefore, not strictly speaking a measure of
comorbidity, but a measure of impact of illness burden on patients. TIBI has
subsequently been adapted specifically for use among men with prostate cancer

Table 2.3 Scoring system for the index of coexistent disease (OECD)

Highest comorbidity severity
score (0–3)

Highest functional status
score (0–2)

ICED level
(0–3)

0 0 0

0 1 0

1 0 1

2 0 1

1 1 2

2 1 2

3 Any 3

Any 2 3
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(TIBI-CaP) [23, 82]. In this instrument, 84 items are included in 11 sub-dimensions
for which severity scores are calculated, based on patient symptom reports. The
sub-dimensions are also weighted according to the greatest expected clinical impact
on the patient [23, 82]. A subset of TIBI (the cardiopulmonary index) has been used
to assess patient outcomes among breast cancer patients [39, 52].

2.8 Content and Face Validity

The content and face validity of the organ-based approaches varies depending on
the purpose for which they were developed and the approach that was used to
categorise individuals into severity categories. For example, the KFI was con-
structed to investigate the complications of diabetes, so cancer was not the focus. It
does include a measure of severity, but is highly simplified with only three ordinal
categories. It provides explicit criteria for both conditions and severity, but it is not
clear whether all relevant conditions for cancer are included in the index, for
example, diabetes and dementia were not included. Both the KFI and the ICED
require major simplifying assumptions in the scoring system, with a variety of
comorbidity and functional status score combinations being treated as equivalent.

CIRS was also not developed specifically for cancer. It allows for a variety of
approaches for measuring overall illness, for example, the ‘Illness Severity Scale’ is
based on an average of all the CIRS items, while the ‘Co-morbidity Index’, is a
count of the number of items with moderate or severe impairment [83]. The overall
total impairment score assumes that each organ system has an equal impact on the
individual, so while there is a measure of severity within each organ system, there is
no attempt to measure the potentially differential impact of dysfunction in the
different systems.

Both ICED and TIBI include elements of functional status. TIBI, in particular,
was designed to investigate the impact of illness on physical functioning. The
conditions that it weights highly are likely to be those with a large impact on
physical functioning, and these may differ from conditions that impact treatment
choice or survival from cancer. Some authors argue that as comorbidity and
functional status are distinct constructs, they should not be combined [84, 85], it is
not clear whether the method used to combine the two scores is optimal or even
appropriate.

In this group of indices, ACE-27 has the highest content and face validity,
because it was developed specifically to evaluate the role of comorbidity in the
context of cancer. Consideration was given to ensure that all relevant conditions
were included. There are clear criteria for the inclusion of conditions, and their
severity. However, a number of highly simplifying assumptions are made regarding
both the equivalence of severity ratings across conditions and the effect of multiple
conditions.
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2.9 Criterion Validity

2.9.1 Concurrent

A number of studies have shown that there is correlation between CIRS, KFI, ICED
and other comorbidity indices (particularly CCI) [16, 46, 64, 65]. CIRS scores
based on medical notes review were found to be closely correlated with those based
on autopsy, which is considered the gold standard, and supports (concurrent) cri-
terion validity [86]. TIBI has been found to be more closely correlated with the
Charlson and Satariano indices calculated from patient interview, than with those
from medical records review [52]. ACE-27 has been found to be significantly
correlated with CCI and ASA score [87].

2.9.2 Predictive

Newschaffer et al. found that unlike the Charlson and Satariano indices, KFI scores
were poor predictors of survival for breast cancer patients and did not improve the
ability of models to predict survival over baseline models that did not include
measures of comorbidity [46]. Similarly, Castro et al. found that KFI was not an
independent predictor of all-cause mortality among 90 laryngeal patients [63]. In
contrast, Hall et al. compared KFI with Charlson, ICED and CIRS, and found the
KFI performed best in terms of predicting survival [64]. Boulos et al. found that
KFI predicted non-prostate cancer related mortality among a group of men with
prostate cancer, and accounted for a statistically significant proportion of the
variance in non-prostate cancer death [65].

ICED has been found to be associated with higher all-cause mortality among
patients with head and neck cancer. ICED has also been shown to be (slightly) more
effective at predicting non-cancer death or all-cause mortality among prostate cancer
patients, when compared to CIRS, KFI or CCI [65, 81] and more strongly associated
with treatment received for early breast cancer in comparison to CCI [39].

CIRS has been found to be associated with higher risk of mortality, readmission,
and poorer cancer and non-cancer survival in a number of studies [14, 62–66, 88].
In one small study that compared the performance of comorbidity indices in pre-
dicting all-cause mortality among 90 patients with laryngeal cancer, only CIRS was
found to be an independent risk factor [63].

TIBI-CaP scores were found to be related to non-cancer mortality among
prostate cancer patients after adjustment for sociodemographic factors [23, 89].
A number of studies have shown an association between higher ACE-27 grades and
poorer all-cause and cancer-specific survival [32, 54, 67, 71–74, 76]. In the earliest
of these papers, Piccirillo et al. found that there was a relationship between severity
of comorbidity based on ACE-27 and higher all-cause mortality [32]. For all
cancers combined, hazard ratios increased with increasing severity having been
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adjusted for age, sex, ethnicity and stage of tumour [HR for mild 1.1 (0.9–1.2),
moderate 1.3 (1.1–1.5) and severe 1.9 (1.7–2.2)] compared with patients with no
comorbidity. Subsequent work by the same authors also supports the predictive
validity of ACE-27 [67, 71–74].

2.10 Reliability

In studies that have assessed the reliability of these indices with the exception of
TIBI, all have found moderate or high levels of interrater reliability, with k or ICC
scores almost all in the range of 0.55 and 0.85 [13, 46, 58, 65, 79, 80, 88, 90–92].
Inter-relater reliability has been reported to be particularly high for ACE-27, with
kappa scores tending to be greater than 0.8 [69]. The reliability of TIBI has not been
reported.

2.11 Feasibility

These indices have all been designed to require clinical note review and training for
abstractors, except for TIBI which requires patient interview. Waite reported that it
took abstractors a mean of 8.9 min per set of notes to abstract data to calculate a
KFI score. This compared with the Charlson Index (5.9 min) and the Index of
Coexistent Disease (ICED; 9.5 min) [90]. Several problems in interpreting the
instructions for rating individuals using ICED have been reported [79].

Like the KFI (from which it was adapted), the ACE-27 requires special col-
lection of comorbidity data. Registrars require training, which takes a full day to
complete, to ensure the quality of the comorbidity data. Once training is completed,
the authors report that the time required to obtain these data was minimal with the
mean additional time for registrars to abstract comorbidity data estimated to be
2.1 min [69]. However, other studies have reported the time taken is longer,
averaging 16.8 min per person in a cohort of patients with head and neck cancers
[87]. Recent work involving the use of claims data to measure ACE-27 is promising
[70].

2.12 Weighted Indices

Weighted indices score individuals based on the number of conditions that the
individual has, with each condition weighted according to its severity.

The Charlson Index was the first example of this and is easily the most cited
comorbidity index in the literature. It was developed in 1987 by Charlson et al. [16].
The comorbidity index was developed from a cohort of 604 general medical
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patients admitted during a one month period at a single New York hospital in 1984.
At the time of admission, the number and severity of all comorbid conditions were
recorded by the admitting doctor. Charlson et al. wanted to assess the combined
effect of comorbid conditions. They first used a simple count of conditions, but
were concerned about the assumption that all conditions had an equivalent impact
on mortality. To account for this, they developed a weighted index with the weights
being equivalent to the (rounded) adjusted relative risks for one-year mortality for
each condition, with a maximum weight of six. Conditions with relative risks less
than 1.2 were excluded from the index. The authors found this weighted index was
superior in predicting one year survival to a simple count of conditions.

Algorithms have been developed by several authors to allow administrative data to
be used to calculate individual Charlson scores [93–96]. Studies that have attempted
to validate the Charlson index using administrative data have found that it performs
reasonably well [27, 97–100]. More recently, questionnaires have been developed to
allow the calculation of Charlson scores using patients’ self-reports [101]. Other
studies have used theCharlson approach, but re-weighted the index specifically for the
outcome under study (for example [102–104]). The Charlson Index has been used as
the basis for other comorbidity indices, most notably the NCI Comorbidity index,
which uses the same conditions, but uses the beta coefficients (rather than the relative
risk) of the association of each conditionwith one-yearmortality to assignweights and
does not exclude conditions with a RR less than 1.2 [27, 28].

The Charlson is the most widely used comorbidity index in cancer-related studies
and has been used in just about every setting, with every cancer including breast [16,
105, 106], lung [107, 108], colorectal [42, 66, 109–112], urological cancers [113–
115], cervical [116], head and neck [30, 64, 87] and haematological cancers [117].

Fleming et al. [118] first developed a ‘Comprehensive Prognostic Index’ which
combined comorbidity, stage and age, to predict survival among a cohort of patients
with breast cancer. Their aim was to produce a disease-specific index which out-
performed more general indices such as the Charlson Index. Comorbidity data were
collected for up to two years prior to diagnosis from Medicare claims data, and
conditions were divided into 34 categories. Conditions with a prevalence of less
than 1 % or greater than 50 % were excluded, leaving 28 categories. The associ-
ation of each comorbid category with one year mortality was assessed, and those
with a hazard ratio greater than 1.2 (n = 12) were included in a multivariable model
which included two and three-way interaction terms for multiple comorbidities with
(a combined) prevalence of at least 2 %. They calculated multiplicative indices for
each of all-cause and breast cancer specific mortality by multiplying together the
relative risk for each comorbidity category and by the interaction term of combi-
nations of comorbidities if it was significant. In a later article, Fleming et al. [119]
used a similar approach to develop a comorbidity index for prostate cancer patients’.

Both the Washington University Head and Neck Comorbidity Index (WUHNCI)
[120] and the Simplified Comorbidity Index (SCI) [35] were developed for specific
cancer sites (head and neck and lung cancer, respectively). Both assessed the impact of
specified conditions on mortality and combined them by summing weights based on
beta coefficients frommultivariable models usingmortality as the outcome of interest.
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The C3 index was developed as a cancer specific comorbidity index for use with
administratively collected data [37, 121]. It was developed using data from over
14,000 patients with a range of cancers. Comorbid conditions were identified using
ICD-10 codes from administratively collected hospital discharge data, and included
if they were were likely to have an impact on function or length of life. There were
forty-two conditions in the final index and scores were calculated for each patient
by adding together all parameter estimates (i.e. the log hazard ratios) for all
comorbid conditions recorded for that patient. The index has been used for patients
with colorectal, breast, urological, upper gastrointestinal and gynaecological can-
cers [37, 38, 122, 123].

The final group of weighted indices use pharmaceutical data to identify
comorbid conditions. The first, the Chronic Disease Score was designed to measure
the chronic disease status of a population [19]. The CDS was developed using data
from a database held by a large Health Maintenance Organisation in the United
States. A score was assigned on each pattern of medication use, based on the impact
of the condition for which the medication was (likely to be) prescribed. For cardiac
and respiratory disease, a higher score was assigned if more than one class of drug
was used for its management. A CDS for each individual was calculated by
summing the scores assigned for each class of medications using data over a
one-year period. Subsequently, the CDS weights were refined [18] and later
modified, and re-named the RxRisk Model [124]. The main purpose of this index
was to predict health care costs in the managed care environment of the US [125,
126], although it has recently also been used in Australia [127]. The CDS and
RxRisk scores have not been used extensively among cancer populations. CDS
scores were used (with other measures of comorbidity) in studies relating to patients
with head and neck, and prostate cancer [64, 65]. The CDS has also been used to
adjust for comorbidity in a study of cancer outcomes among patients with diabetes
[128, 129], and in a cost of illness study relating to cervical cancer [130].

A more recent pharmaceutical-based index, the Pharmacy-based Comorbidity
Index (PBCI) was developed specifically as a measure of comorbidity for cancer
populations [38]. Each medication identified in a pharmaceutical database was
categorised according to its primary indication for use. Acute and self-limiting
conditions were excluded, as were conditions with a prevalence of <1 % in the
cancer populations studied. In the final index, 19 conditions were weighted
according to their impact on non-cancer mortality and scores were assigned to
individuals with cancer based on a sum of the weights for all conditions identified
for that patient.

2.13 Content and Face Validity

The Charlson Index was not specifically developed for use among cancer patients,
but was validated by its authors using a cohort of patients with breast cancer. While
it is the most commonly used index, it is not without its problems. It includes some
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conditions that have not been shown to have an impact on survival among patients
with cancer (e.g. peptic ulcer disease), it may exclude some that do have such an
impact (e.g. non-cerebrovascular neurological conditions), and it assumes that the
impact of multiple conditions is additive on a relative risk scale [95, 131–133].
The NCI index also used conditions identified by Charlson, although the weights
for included conditions are cancer-specific.

The strengths of Fleming’s indices are that the authors underwent a stringent
process of comorbidity selection, and explicitly investigated the role of common
combinations of comorbidity. Weights were empirically calculated, and combined.
However these indices were designed for specific cancers, so it may not be easy to
generalise this index to other populations with cancer. Similarly, for other site
specific indices (WUHNCI and SCI), the process of identifying and combining
conditions seems reasonable, but they have only been validated for those specific
cancer sites.

The C3 index was designed specifically for cancer populations and included a
large number of conditions that are likely to be relevant to cancer patients. Site
specific and overall weights were provided and scores were calculated by adding
the beta coefficients, which assumes that conditions have a multiplicative effect on
each other.

Pharmaceutical-based indices (CDS, RxRisk and PBCI) are based only on
conditions for which regular medications have been prescribed. This means that
these indices may be subject to provider variation, due to prescribing habits, and
utilisation bias, as only prescriptions that are filled will be identified. Medication-
based indices may address some of the concerns about using administrative data-
bases, such as inaccurate recording of diagnoses, and may be more likely to identify
conditions managed in the outpatient system. They are based on the assumption that
medications are being used for the purpose for which they are usually prescribed.
The PBCI was specifically designed for cancer populations.

2.14 Criterion Validity

2.14.1 Concurrent

Charlson scores have been shown to be correlated with physician ratings of poor
health and a range of other measures of comorbidity, including KFI, CIRS, ICED,
Satariano, ACE-27, NCI combined index, Washington University Head and Neck
Comorbidity Index, ASA score, C3 index and PBCI index, supporting the con-
current validity of both the Charlson index and these other measures of comorbidity
[16, 29, 37, 38, 52, 64, 66, 67, 87]. The concurrent validity of the CDS was
assessed by comparing CDS scores with physician-rated disease severity scores,
and self-rated health status for individual patients, with moderate correlation with
the former and poor correlation with the latter [19]. More recently, the Rx-Risk
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index was found to correlate poorly with the Charlson comorbidity index, whilst the
correlation between the PBCI and the Charlson index was moderate [38, 127].

2.14.2 Predictive

Charlson et al. validated their new index using a cohort of 685 women with breast
cancer, treated at a single hospital between 1962 and 1969. Age and comorbidity, as
measured by the Charlson Comorbidity Score, were the only two independent
predictors of comorbid death, with a relative risk of each increasing level of
comorbidity index of 2.3 (1.9–2.8) compared to those with no noted comorbidity.
Subsequently, the Charlson index has been found to predict cancer-specific and
all-cause mortality in a large number of cancer-related settings [30, 42, 46, 54,
64–66, 108–110, 115, 116]. The predictive validity of the Charlson index appears
to be somewhat less clear and consistent with shorter follow-up times, for example
in studies that investigate in-hospital death, rather than 1-year mortality [40, 76,
104, 134].

The NCI outperformed the Charlson index in predicting two year non-cancer
mortality, [27, 28] however the authors used a non-standard approach to calculating
the Charlson index, meaning that several conditions were excluded from their
Charlson score calculations (for example, for the prostate cancer cohort only eight
conditions were included in the Charlson score).

The C3 index slightly outperformed both the Charlson and NCI indices, both
overall and for some cancer sites, in terms of predicting non-cancer mortality [37].
All the site specific indices (Fleming, WUHNCI, SCI) were found to be predictive
of mortality among the relevant cancer populations, with the SCI slightly outper-
forming Charlson in the lung cancer population studied [31, 75, 118, 119, 135].

The performance of pharmaceutical-based indices within cancer populations is
mixed. In their study of 655 head and neck cancer patients, Hall et al. found that
while CIRS, KFI and ICED scores were all strongly related to survival, CDS scores
were not [64]. In contrast, Boulos et al. found that CDS was better than CIRS,
ICED, KFI, or CCI, in distinguishing groups with different survival probabilities
[65]. The PBCI was found to perform similarly to diagnostic-based comorbidity
indices (Charlson and C3) in predicting non-cancer mortality among cancer pop-
ulations [38].

2.15 Reliability

Many of the weighted indices are based on routinely collected administrative
hospitalisation or pharmaceutical data. For these, reliability is not relevant, because
data are extracted in a standardised way from electronically stored records.
Generally, the reliability of the Charlson Index (using medical notes) has been
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found to be good, with ICCs or k statistics ranging from 0.67 to 0.93 [13, 46, 90,
91, 136]. The reliability of data collection for WUHNCI and SCI has not been
formally reported.

2.16 Feasibility

Whilst measures based on administrative data do not require primary data collec-
tion, these databases are often large and unwieldy, and require expertise to manage
them. Those that require data from notes review are more time consuming. Waite
et al. found that collecting data for the Charlson index was considerably quicker
than for either the KFI or ICED (5.9, 8.9, and 9.5 min, respectively) [90]. In
contrast, Boulos et al. reported that data abstractors rated the Charlson Index as the
least easy to use, when compared with ICED, KFI and CIRS in their study of 269
patients with prostate cancer [65].

2.17 Other Approaches to Measuring Comorbidity
in Cancer Populations

Case mix approaches, such as the ACG system, described in the previous chapter,
have been used as a proxy measure for comorbidity in some cancer studies [55,
137–139]. These systems categorise individuals into groups with similar health
resource use expectations. The ACG system, for example, works by grouping
ICD-9 diagnoses, identified from administrative data sources, on the basis of dis-
ease or condition characteristics, such as expected duration, severity and speciality
care involvement of each condition into Ambulatory Diagnostic Groups (ADGs)
[17, 140]. Patients can be included in multiple ADGs, which are then further
divided into Adjusted Clinical Groups (ACGs), based on factors such as age, sex,
the presence of specific ADGs, and the number of ADGs. Some are further sub-
divided, resulting in 102 final categories, each including individuals that would be
expected to experience a similar pattern of resource use [17].

The American Society of Anesthesiologists’ (ASA) classification was developed
as a pre-operative summary measure of risk of perioperative complications [29].
The ASA classification is widely used clinically and is not commonly used as a
general measure of comorbidity in the context of cancer. The ASA score ranges
from 1 to 6 (1—healthy, 2—mild systemic disease, 3—severe systemic disease, 4—
severe systemic disease that is a constant threat to life, 5—moribund and 6—brain
dead). The ASA classification has been used as a method of measuring comorbidity
in patients with head and neck, prostate, bladder and breast cancer [29, 141–145].
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2.18 Content and Face Validity

The development of ACGs and similar case-mix approaches, is related to health
resource consumption, rather than either cancer or comorbidity per se. Similarly,
while ASA may be a useful measure of acute outcomes in the surgical setting, it was
not developed for the purpose of measuring comorbidity in a cancer cohort [29].

2.19 Criterion Validity

2.19.1 Concurrent

The ASA class has been found to be moderately correlated with the Charlson index
[146].

2.19.2 Predictive

The ACG system had similar predictive performance when compared to four other
indices included in a study of treatment receipt and outcomes among patients with
colon cancer [55].

The ASA class has been associated with all-cause mortality among patients with
head and neck cancers in some [29, 147], but not all studies [142]. Similarly, higher
ASA scores were associated with poorer all-cause and non-cancer mortality among
men with early prostate cancer [141, 143].

2.20 Reliability

For case-mix approaches, reliability is not relevant, because data are extracted in a
standardised way from electronically stored records. The reliability of the assig-
nation of an ASA score has been questioned, but some evidence suggests that the
reliability of this measure can be considerably improved with minimal training [29].

2.21 Feasibility

Specialised software is available to group patients into ACGs. The ASA classifi-
cation is collected routinely for many surgical patients. It is simple and quick to do,
but in administrative data will depend on the patient undergoing a surgical
procedure.
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2.22 So Which Index Is Best?

Given the complexity and heterogeneity involved in comorbidity, however, no single
definition or measure would serve all research or clinical purposes. Rather, definition and
measurement of comorbidity approaches may vary depending on practice or research
objectives (e.g. clinical, epidemiological, health service) and outcomes of interest (i.e.
patient physical function, public health needs, mortality) (Yancik 2007).

There is no gold standard measure of comorbidity in the context of cancer [1]. In
an ideal world, we would be able to perfectly measure the underlying construct of
‘comorbidity’ for every individual. However, because of the complexities of
comorbidity, we are only ever going to be able to estimate a measure of this
concept. All approaches that are designed to measure comorbidity are necessarily
simplifications of this concept. In other words, there will always be some
mis-measurement of comorbidity. The choice of measure depends on a number of
factors and there is unlikely to be a single ‘correct’ choice in any context. Some of
the key considerations in choosing a comorbidity measure are:

1. The study question: For example, if the question relates to a single cancer site, it
may be reasonable to use an index developed specifically for that site. However,
if comparability with other studies or other cancer sites is important, it may be
more reasonable to use a more general index.

2. The role of comorbidity in the study: If comorbidity is being measured as a key
exposure or outcome, it is likely to be important to optimise the measure to the
extent possible. For example, if comorbidity is being considered as an exposure
(for example, does comorbidity affect cancer survival), then mis-measurement
of comorbidity will most commonly result in an underestimation of the asso-
ciation between comorbidity and the outcome of interest (although biases can
occur in both directions). To minimise this bias, it would be reasonable to
consider using the index with the highest possible validity for the particular
study question. In contrast, if comorbidity is being considered as primarily a
confounding (or mediating) variable, then the choice of measure may be less
important. When different approaches to measure comorbidity have been
compared in terms of their ability to adjust for confounding, there tends to be
little difference, despite the fact that the measurement error inherent in the
dissimilar approaches is likely to differ. For example, when indices derived from
administrative data were compared with those derived from manual review of
clinical notes, their ability to adjust a model was very similar, despite there
being only moderate correlation between the indices themselves [99].

3. Practical considerations: If clinical data have been collected or if it is feasible to
do so, indices which require this are available. However, if this is not the case,
only indices based on routinely collected data can be considered. In this context,
appropriate data and data management skills will be required to operationalise
these indices.
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Table 2.4 provides some qualitative criteria to assess each measure of comor-
bidity in the context of cancer. While the criteria are highly simplified, they provide
a basic framework to compare the various approaches. Table 2.5 provides the
assessment for measures of comorbidity in the context of cancer, though it should
be noted that the outcomes of this assessment may well differ if specific research
questions or contexts were considered. For example, if clinical data have already
been collected, the feasibility of clinical-notes based indices will be scored higher.
Similarly, the score for cancer-site specific indices (e.g. WUHNC and SCI indices)
are only relevant for studies of the site specified.

Table 2.4 Qualitative criteria used to assess measures of comorbidity

Criteria * ** *** NR

Experience
with cancer
patients

Not generally
used for cancer
patients
populations

Used in limited
way with cancer
patients. One or
two sites only

Used extensively
among cancer
patient
populations

Content
and face
validity

Developed among
non-cancer
patients. Some
relevant items
likely to be
excluded, and/or
unreasonable
scoring
assumptions made

Most relevant
items likely to be
included. Some
assumptions may
not be reasonable

All relevant items
likely to be
included.
Reasonable
scoring
assumptions
made. Developed
among cancer
patient
populations

Concurrent
validity

Evidence against
concurrent
validity

Some evidence
to support
concurrent
validity

Strong evidence to
support concurrent
validity

No
evidence
relating to
concurrent
validity
found

Predictive
validity

Evidence against
predictive validity

Some evidence
to support
predictive
validity

Strong evidence to
support predictive
validity

No
evidence
relating to
predictive
validity
found

Reliability Evidence for poor
reliability only

Evidence for
moderate level of
reliability

Evidence for high
level of reliability

No
evidence
relating to
reliability
found

Feasibility Requires
substantial
resource to
implement

Moderate ease of
implementation

Easy to
implement. Does
not require
substantial
resource

Table reproduced and amended with permission from Sarfati et al. [1]
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The content and face validity depends on the extent to which indices are likely to
capture all elements of comorbidity important to cancer patients. All indices will do
so to some extent. In general, those that are designed specifically for assessing
outcomes among cancer patient populations may arguably have higher face validity
than those that do not. For example, ACGs and Rx-Risk were developed as pre-
dictors of resource use, ASA was developed to predict acute perioperative risk and
TIBI was primarily developed as a measure of case-mix. Some indices have not
been used a lot in the context of cancer patients (e.g. ACG and ASA), so there is
relatively little evidence on their validity in this particular context. These approa-
ches also rate lower on content and face validity.

Another key consideration in relation to content and face validity relates to the
process of assessing the severity of individual conditions and to combining them
into a single metric. Simple counts of conditions make the implicit assumption that
all conditions are equally important in relation to outcomes, regardless of their
severity. Weighted indices use various approaches to combine conditions. For
example, the Charlson index assumes that the impact of multiple conditions is
additive, and that the prognostic impact of a condition is constant over time and
regardless of the primary condition being investigated. Subsequent indices have
used alternative approaches, including the use of beta coefficients as weights rather
than relative risks, and the calculation of cancer specific weights. Few have
explicitly explored the impact of specific combinations of conditions [118, 119].
Organ and systems-based approaches tend to use highly simplified scoring systems.
For example, KFI and ACE-27 both assume that a ‘severe’ rating in any body
system is equivalent to two ‘moderate’ ratings in different systems.

There is some evidence to support the predictive validity of all approaches.
However, some indices have been used more extensively in the context of cancer
than others, improving the evidence base for those indices (for example, CIRS,
Charlson, ICED, Elixhauser, NCI combined, ACE-27, C3 index and PBCI). For all
indices, where data could be found, there was also at least moderate evidence for
concurrent validity. Studies that have compared the performance of various mea-
sures of comorbidity have had inconsistent results, depending on various factors,
such as the size of the study, the cancer site studied, the way the comorbidity
indices were categorised and the outcome measure used [1].

Reliability is most relevant for indices that are dependent on the manual col-
lection of clinical data or from patients themselves. Reliability tends to depend on
simplicity, clarity and ease of use of the index, as well as the quality of the training
of the abstractors. For some indices, no specific data on reliability were found (e.g.
for TIBI, NIA/NCI Collaborative Study Index or SCI). For CIRS, CCI and ICED
and ACE-27, interrater reliability tended to be moderate to high in all studies
reported [64, 65, 69, 77, 78, 91, 148–157]. Reliability is less of an issue for the
other measures, because they are based on administrative data abstracted in a
standard manner. However, there are inherent weaknesses with administrative data.
Data may be missing or inaccurate, it can be difficult to differentiate complications
of disease from pre-existing conditions, and there may be biases inherent in coding
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practices, for example in some jurisdictions there may be an over-emphasis on
recording those conditions that attract higher funding [25, 99, 158].

The feasibility criterion for the indices relates the extent to which time and
resource is likely to be required to use it. Those that require special collection of
data, for example, may not be appropriate for population level cancer studies
because of the resource required to collect the data. For this reason, some indices
that scored well on all other criteria scored low on the feasibility criterion, for
example, CIRS, ICED and ACE-27. The recent work underway to develop a
claims-based version of ACE-27 will, if further validated, improve the feasibility of
this measure [70].

In summary, many approaches to measuring comorbidity in cancer-related
studies exist. They vary in terms of the purpose for which they were developed, the
type of data required for their estimation and the methodological approaches they
use. There is no approach that is clearly superior to the others, with the choice of
measure being dependent on factors relating to the study questions, validity con-
cerns and practical considerations.

2.23 Future Directions for Practice or Research

Whilst there are no gold standard measures of comorbidity, the assessment of the
impact of comorbid conditions on cancers is important. Comorbidity is an impor-
tant variable to consider as a moderator of cancer outcomes. Future work could
focus on the impact of comorbidities in cancer care and outcomes from the per-
spective of those affected by cancer (such as the impact of comorbidity on survival,
disability and individual costs of care) and from the perspective of the health system
(such as overall cost of care and health care utilisation).
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Chapter 3
Cancer, Chronic Conditions and Social
Disadvantage—The Perfect Storm

Janelle V. Levesque, Afaf Girgis and Paul R. Ward

Abstract Socially disadvantaged, including low socio-economic groups, experi-
ence excess rates of cancer and other chronic conditions and worse outcomes for
both. This chapter firstly provides a comprehensive conceptual framework for
understanding ‘social disadvantage’ (social quality theory) and explores the equity
of access to healthcare services for disadvantaged groups, highlighting that
inequities in health care are complex and multi-faceted, including at the individual,
health system and policy levels. The chapter then focuses on one particular socially
disadvantaged group (people of culturally and linguistically diverse [CALD]
backgrounds) as an example of interaction of disadvantage and disease, examining
evidence on what works and what does not work in terms of creating equitable
health services that address cancer and co-morbidity.

Keywords Social determinants of health � Socio-economic disadvantage �
Marginalized groups � Culturally and linguistically diverse groups � Migrants �
Culturally competent care

Key Points

• Disadvantaged and low socio-economic groups experience excess rates of and
poorer outcomes from cancer and other chronic conditions

• Access to, quality of, and outcomes from healthcare are inequitable across a
number of clinical areas, including screening for a variety of cancers, inter-
ventions and primary care services
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• A holistic conceptual umbrella (theory of social quality) is more useful for
identifying the broader and cumulative forms of disadvantage and marginal-
ization experienced by some population groups, rather than utilizing singular
concepts such as social class, socio-economic status, or social capital

• By striving for a goal of ‘equity in health’, healthcare systems need to strive for
the elimination of systematic differences in health status between groups on the
basis of socio-economic status, ethnicity, age, gender and so on

• Despite growing multiculturalism and awareness of health-related disparities in
cancer and other chronic conditions, there remains substantial work to be done
to address the unequal outcomes

• Culturally and linguistically diverse patients face issues regarding communi-
cation with health care professionals, access to health systems and higher levels
of unmet need

• A shift is required from viewing the patient as the agent responsible for
changing their health outcomes to a broader view based on improving the
system, so that it adequately addresses minority patient needs

• Creating a culturally competent health care system that is responsive to patients
need is suggested as an avenue to address disparities in care for both cancer and
the patient’s comorbidities

• Policy reform at an organizational level, development, refinement and imple-
mentation of guidelines for minimum standards of care for disadvantaged
patients and adoption of tested interventions may improve the equity of access
to health care.

3.1 Introduction

It has been well established that more egalitarian societies have both better overall
levels of health and reduced inequities in morbidity and mortality [1–4]. In addition,
the concept of equity in health and health care has been shown to be important for
health achievement [5]. The notion of equity is one of the most important and
fundamental principles of health care systems in the developed world, whereby
provision of healthcare services should be based solely on clinical need. However,
there is a huge research literature demonstrating that access to, quality of, and
outcomes from healthcare are inequitable across a number of clinical areas,
including screening for a variety of cancers [6, 7], interventions for a variety of
chronic conditions [8–10] and primary care [11–13]. These examples reflect or even
fulfil Julian Tudor-Hart’s notion of the ‘inverse care law’ [14], whereby the groups
with the greatest levels of health care need receive the lowest levels of healthcare
services.

In response to the ‘inverse care law, it is widely recognized that public health
policy and practice, needs to focus on addressing the social determinants of health,
in order to increase the health of the most vulnerable and disadvantaged groups [4,
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15, 16]. By focussing on developing relevant and appropriate health policy and
practice responses for such groups, it is hoped that we can redress the current
inequities in cancer and chronic conditions between the most and least advantaged
groups within society. Building on seminal multi-national agreements such as the
Ottawa Charter [17], the Alma Ata Declaration [18] and the Bangkok Declaration
[19], the Commission on the Social Determinants of Health recognized the multiple
forms of oppression and disadvantage experienced by the poorest members of
society [4], calling for a ‘joined up’, multi-sectoral approach to addressing the
problem of inequities in health. By focussing on the social determinants of health
(e.g. poverty, inequitable access to healthcare services, social exclusion, discrimi-
nation), we can attempt to reduce the incidence of cancer and other major chronic
conditions, such as heart disease, diabetes, mental health and musculoskeletal
conditions, all of which are more prevalent in more disadvantaged populations. In
this way, cancer and major chronic conditions represent comorbidities in disad-
vantaged groups, so focusing on the social determinants of health may improve
both cancer and other chronic conditions.

3.2 The Theory of Social Quality as a Conceptual
Framework for Understanding Socio-economic Status

We concur with the Commission on the Social Determinants of Health in terms of
the need to focus on both the multiple forms of disadvantage and thus the devel-
opment of complex and holistic policy responses. However, many conceptual
frameworks currently used in public health research do not lend themselves easily
to being useful for these purposes. For example, there is ample research evidence
that certain population groups are more socially excluded [20], have lower levels of
social capital [21], have poorer access to financial resources, health promoting or
curative services [22] and that some groups are disempowered [23]. These factors
are all social determinants of health as higher levels of social inclusion, social
capital, access to finance and services and empowerment are all “good for your
health”. Taken on their own, studies highlighting these social determinants of health
are useful only insofar as they paint part of the picture as to both the problems and
potential solutions for improving the health of affected groups. However, they do
not provide a conceptual and methodological framework for linking these various
concepts for the same population groups, which would then highlight the potential
for the multiple ‘problems’ that certain population groups can encounter or the
particular ‘problems’ that other groups encounter.

Research studies may highlight the need to implement policy to increase the social
capital for particular groups, or to facilitate more socially inclusive policies or systems,
but rarely can such studies (due to their conceptual limitations) provide evidence for
policies and systems which attend to the multiplicity of needs highlighted by the
Commission on the Social Determinants of Health. Therefore, rather than utilizing
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singular concepts such as social class, socio-economic status, or social capital, in this
chapter we outline a more holistic and hopefully more useful conceptual umbrella
(theory of social quality) for identifying the broader and cumulative forms of disad-
vantage and marginalization experienced by some population groups.

The notion of social quality is gaining international recognition as an innovative
theoretical and methodological tool for researchers and policy makers interested in
understanding and responding to the multiple forms of disadvantage experienced by
certain groups in society [24–34]. Social quality has been defined by Beck as: “the
extent to which people are able to participate in the social, economic life and
development of their communities under conditions which enhance their wellbeing
and individual potential” [33] (p. 3). Social quality theory was originally developed
as a response to the hegemony of individualized quality of life measures [35].
Walker argues that contemporary Western societies are preoccupied with measuring
and increasing our well-being, quality of life, happiness and so on as individuals,
rather than as individuals in groups, communities and other social relations [35]
(p. 214). Social quality theory does not dismiss the individual quality of life
approach, since it is useful for clinical situations and individualized solutions.
However, the point is that it provides relatively little use for developing
population-level social or public health policy. The individual quality of life
approach can tell us a great deal about how to improve individual circumstances
(e.g. functional well-being, psychological needs, cognitive impairments, etc.).
However, it cannot tell us the reasons why some population groups fair worse than
others in society, or more importantly, how we may be able to respond in terms of
health policy and practice aimed at improving the health of the most vulnerable
groups in society [29]. In addition, individual perspectives on quality of life tend to
avoid consideration of the involvement of political and normative factors [29].

In terms of its underlying ideology, the social quality theory argues that there are
four key normative factors that determine the ‘quality of a society’ [33]:

– Social justice
– Solidarity
– Equal value of all humans
– Human dignity

Any society can be judged according to these normative factors, both in a global
sense (i.e. how good is the social quality of a particular society) but also in terms of
the specific normative factors (i.e. which factors require policy response in a par-
ticular society). However, on their own, these normative factors are not easily
operationalized and do not have a methodological framework. Therefore, within
social quality theory, four conditional factors aim to render the normative factors
‘researchable’ (see Fig. 3.1):

– socio-economic security (linked to social justice)
– social cohesion (linked to solidarity)
– social inclusion (linked to equal value)
– social empowerment (linked to human dignity)
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Socio-economic securityis concerned with the extent to which people or groups
have access to, utilization of and successful outcomes related to a variety of
resources over time. These resources may be related to, among other things,
finance, housing, healthcare, employment and education. This domain has great
historical credence in public health policy and practice, in terms of the importance
of such factors in shaping inequalities in health and inequities in healthcare. Huge
effort has been put into both public health policy [4, 36–39] and research around
understanding the causes and mechanisms of inequalities in health, particularly in
relation to education, housing and unemployment [4].

Social cohesion relates to the extent to which people and groups share social
relations. Such relations may refer to shared identities, values and norms. This
domain relates closely to issues of solidarity and trust, which are particularly
important in terms of public health [40–42]. In many ways, this domain relates to
the concept of social capital, which is now commonplace in public health policy
[43] and research [43–46], although has its roots in sociological theory [47–51].

Social inclusion is, in many ways, similar to social cohesion, but differs as social
inclusion is related to the extent to which people and groups have access to and are
integrated into the different institutions and social relations of everyday life. This
domain relates to the extent to which people and groups feel that they are part of, or
are included in, society at an everyday level. The domain attempts to integrate
processes at the level of systems (i.e. institutions and social systems) and the
‘lifeworld’ and, in so doing, it extends Parsons’ notions of social systems by seeing
their interconnectedness with individual lifeworlds. In this way, the domain of
social inclusion fits neatly with theories expounded by Habermas [52–55], in
addition to both public health policy and research [54, 55].

Social empowerment relates to the extent to which social relations enhance the
personal capabilities of individuals. This domain takes concepts of social inclusion

Fig. 3.1 Architecture of social quality theory [34]

3 Cancer, Chronic Conditions and Social Disadvantage … 75



and cohesion, and explores the enabling factors which empower people to act as
social agents. This domain builds on, and empirically develops, notions of reflex-
ivity, outlined by Beck [56, 57] and Giddens [58, 59].

As can be seen in this brief overview, the multi-dimensional and multi-level
approach represents an advancement of public health policy and practice, which is
not solely aimed at either individuals or systems, but instead realises the intimate
links between systems and life-world and aims at understanding both within the
same theoretical framework. The long-term aim of developing and implementing
the theory of social quality is to enhance the social quality of people’s lives
(especially vulnerable groups). This will imply the elaboration of the four condi-
tional factors of social quality:

1. To increase socio-economic security, especially for the most vulnerable
2. To strengthen social cohesion in order to address the challenges regarding health

and social care as a community
3. To increase social inclusion for the accessibility of the health and social care

systems
4. To underpin social empowerment in order to take initiative in addressing

problems on a community level as well as to find innovative ways for stimu-
lating health, preventing diseases and new ways of coping with the conse-
quences of diseases, illnesses and sicknesses.

3.3 The Role of Healthcare Services in Addressing
Social Quality for Vulnerable Groups

It is important to argue that healthcare services can impact social quality and thus
have a part to play as a social determinant of health. The most basic definitions of
‘social’ are that it involves communication or interaction [53, 60] and that it is not a
‘natural’ or ‘given’ state [60], which therefore makes it amenable to change through
policy and practice. By these conceptualizations, we can immediately see how
healthcare services are social and can thus impact social quality:

(a) They involve communication between patients and practitioners
(b) A person’s social status may (and often does) have an impact on their expe-

rience of healthcare
(c) The outcomes of healthcare interventions may have an impact on social

relationships
(d) Healthcare services are historically, geographically and culturally contingent,

and therefore cannot be viewed as ‘natural’ entities, rather as ‘social constructs’
which are determined by both individuals and social systems

Talcott Parsons, an early functionalist sociologist, saw a central role for
healthcare services in the smooth running of society by maintaining/increasing
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population-level health and reducing population-level illness [61, 62]. The impor-
tance of health services in promoting health and preventing illness is reflected in
Parsons’ quote, “…by almost any definition health is included in the functional
needs of the individual member of society…. From the point of view of the social
system, too low a general level of health, too high an incidence of illness, is
dysfunctional: this is in the first instance because illness incapacitates the effective
performance of social roles” [61]. This view provides particular roles:

(a) The health system—to turn ‘illness’ into ‘health’ (or to maintain health) in
order to maintain social order

(b) The healthcare practitioners—to ‘make people better’ in order to make them
‘functional’ again

(c) The patients—to follow doctors’ advice and to ‘get better’

This was the central argument within Parsons’ notion of ‘the sick role’, which is
highly contentious and is not dealt with here (a useful critique can be found else-
where [63]). Nevertheless, Parsons’ functionalist theory set up healthcare services
as central to the smooth running of society.

Similar to Parsons, Sen regards health as one of the most important conditions of
human life, and central to the development of what have been called ‘human
capabilities’ [64, 65]. This is similar to the widely held belief of ‘health as a basic
human right’ [66, 67], which then enables each person to function as an agent—to
pursue the various goals in life that he/she has reason to value. Whilst this is not a
contentious issue, the role of healthcare services in ‘creating’ or maintaining health
has been. For example, Sen minimises the role of healthcare services in the
‘achievement of health’ by stating that “health equity cannot be understood in terms
of the distribution of health care” [68]. Taken as a singular argument, most people
would tend to agree, although taken alongside other social determinants of health,
the widely held view is that healthcare services can be understood as having a role
in promoting health and preventing illness, and thereby have a role to play in
promoting health equity [69].

A review of the international literatures for the Commission on Social
Determinants of Health by the Knowledge Network on Health Systems [15] makes
clear that health systems are a site for action to promote greater equity in health.
The report goes on to show how the development of more equitable healthcare
systems will lead to more equitable health, as long as this is done alongside action
on other social determinants of health. This picks up on an earlier, but nonetheless
important model of social determinants of health [69, 70] in which healthcare
services are firmly located as one of the social determinants of health, all of which
need to be addressed if we hope to have a sustained effort in reducing the current
levels of inequity in cancer and chronic conditions.
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3.4 The Need for More Equitable Access to Healthcare
Services for Vulnerable Groups

By striving for a goal of ‘equity in health’, healthcare systems need to strive for the
elimination of all systematic differences in health status between groups on the basis
of socio-economic status, ethnicity, age, gender and so on. Therefore, the goal of
equity in healthcare is to closely match services to levels of need within commu-
nities. Obviously, this may result in large differences in access and use between
different socio-economic groups, favouring those groups in greatest need. This is
the concept of ‘vertical equity’, which is outlined later in the chapter.

Numerous epidemiological studies and policy documents point to the effec-
tiveness of investing in illness prevention programs across a whole range of cancers
[71], highlighting the positive impact of investing in primary care on avoidable
hospitalizations, and also the equitable impact that primary care has on vulnerable
groups. A number of US studies have found that increasing access to primary care
is associated with decreasing (avoidable) hospitalizations and more equitable health
outcomes [72–74]. Compelling evidence is also provided on the specific role and
impact of primary care on population health. First, population health is better in
areas with more primary care general practitioners. Second, individuals who receive
care from primary care general practitioners are healthier than those who do not.
Third, there is an association between preventive care and improved health. Fourth,
countries with stronger primary level care services have populations with better
health, especially when health policy is supportive of primary care [73, 75, 76]. An
Australian review of primary and community health services found positive and
equitable impacts of a primary care approach on patient and community well-being,
reduced mortality and morbidity and also on reduced health care expenditures [77].
Therefore, healthcare planners and providers now have the evidence to defend the
planning and provision of equitable healthcare services and systems, on the basis of
improving overall population health in addition to lowering the gap between those
groups with the best and worst health outcomes.

3.5 Inequity, Inequality and Disparity: What Is
the Difference and How Do We Measure ‘Equity’?

Across the world, terms like ‘inequalities’, ‘disparities’ and ‘inequities’ are often
used interchangeably in academic and policy literatures [16], and even when they
are defined, there seems little consensus about their meaning or measurement [75,
78]. The terms ‘inequality’ and ‘disparity’ tend to be used in different geographical
contexts, with ‘inequality’ being preferred in Western Europe whereas ‘disparity’
tends to predominate in the US [78]. Nevertheless, the two terms are very similar in
meaning—essentially, they are defined by ‘difference’ with no reference to the
context, nature or direction of the difference or who may be adversely affected by
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the difference. In this way, disparities or inequalities in healthcare may simply refer
to differences in the use, access, availability or quality of healthcare by different
groups.

The central ingredient missing from definitions of inequality or disparity is the
idea of ‘social justice’ or ‘fairness’. This is where ‘equity’ becomes particularly
useful, since it focuses research, policy and practice on exploring, attending to and
monitoring healthcare, which is deemed to be ‘unfair’. There may be differences in
healthcare use between groups, but are these fair? For example, we may find that
older people use particular cancer services more than younger people, but that does
not necessarily mean that access to those services is inequitable (i.e. unfair to
younger people). Older people may just be in greater need for cancer services.
Indeed, older people may in fact not be receiving high enough levels of those
services, and therefore, the services may be inequitable in the opposite direction.
Nevertheless, ‘fairness’ or ‘social justice’ is the key area of concern.

There is ample literature on defining, operationalizing and measuring equity in
relation to primary healthcare services [75, 76, 78–80]. Equity has been generally
conceptualized as either horizontal equity or vertical equity. Vertical equity works
on the principle that individuals/groups that are ‘different’ should be treated dif-
ferently, according to their levels of healthcare need. Whilst this is relatively
uncontentious, it is not straightforward to operationalise and monitor in a public
health context. Horizontal equity works on the principle of equal treatment for
individuals or groups with the same (or similar) levels of healthcare need. For the
example of cervical cancer screening, the major determinants of ‘need’ for
population-based screening would be age and gender. Therefore, using the
framework of horizontal equity, one may expect that the provision, access and
uptake of cervical cancer screening services would be similar between a group of
50–60 year old women in one town and a similar group of women in another town.
If there were systematic differences in uptake of cervical cancer screening services
(i.e. differences in terms of social class, ethnicity etc.), then we could suggest an
inequitable uptake.

Equity of healthcare has been divided into three domains: equal access to health
care for people in equal need; equal treatment for people in equal need; and equal
outcomes for people in equal need [79]. Whilst this is a simplification of the nature
of equity, it is useful in delineating the various domains in which inequities may
arise. For the purposes of this chapter, we briefly mention two of these concepts—
access and need.

In a seminal paper, Aday and Anderson [81] outlined different mechanisms for
understanding and defining access. They coined the terms “potential access” and
“realized access” to differentiate between providing the mechanisms for people to
access services (e.g. culturally appropriate information, adequately located services,
appropriate staff mix etc.) and the actual utilization of those services. Goddard and
Smith [79] have built on this definition of access, to provide the following: “the
ability to secure a specified range of services, at a specified level of quality, subject
to a specified maximum level of personal inconvenience and cost, whilst in pos-
session of a specified level of information” (p. 1151, bold added). This definition
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begins to make ‘access’ amenable to policy makers, since the word ‘specified’
allows them to shape access in relation to local circumstances (i.e. allow for
differences).

In terms of defining ‘need’, we can only scratch the surface here. There are huge
literatures spanning philosophy, social policy, economics and public health, which
cover everything from basic human needs [66, 67], human rights and capabilities
[64, 65, 82], and health needs assessment [83]. For our purposes, a useful way of
conceptualizing healthcare need is the ‘Taxonomy of Need’ [84, 85], which is
widely used in healthcare needs assessment. This taxonomy has four domains of
need (summarized in Table 3.1), which when taken together, Bradshaw argues that
we can get somewhere close to understanding overall need.

Using the example of cervical cancer screening, a comparative approach to need
(Domain 4) would assess the differences in screening rates between population A
and population B, weighted to take account of the relevant risk factors in the patient
populations. However, as this approach is purely comparative, if population A is
deemed to be in need in comparison to population B, this does not necessarily mean
that population B is not in need, as the screening rates in population B may not be at
an adequate level. This approach merely attempts to assess comparative need (or
equity), and makes no judgements about the appropriateness of screening rates.

In terms of understanding the role of healthcare systems in promoting ‘inequities
in health’, a number of reasons have been put forward for the ‘equity problems of
health systems’ [15]. Firstly, most health systems have weak population health and
health equity orientation. With only limited and unsustained efforts being made at
developing equitable health systems—the result is often the exclusion of socially
and materially disadvantaged groups. Secondly, health care is rarely pro-poor,
which means that services and systems are not necessarily offered on the basis of
health care need, which is often highest in materially disadvantaged groups. There
is a great deal of evidence that higher income groups make more use of services, get
better access to services, receive higher quality services and get better health out-
comes on the basis of these services. Finally, it has been suggested that socially

Table 3.1 Domains in the taxonomy of need [84, 85]

Domain 1: normative need
This is a need defined by an ‘expert’, in the
form of a local GP, school teacher or
evidence-based guidelines for the treatment
of a particular group of people (e.g. risk
factors for lung cancer)

Domain 2: felt need
This domain is determined by asking people
what they feel they need (i.e. akin to ‘wants’);
and assumes perfect and equal information
across groups in society about what services
are available, which is obviously contestable
[63, 86]

Domain 3: expressed need
This may also be conceptualized as ‘service
utilization’, measured through activity
statistics, prescribing data or surgical
statistics. Although not all ‘felt need’ gets
turned into ‘expressed need’—there will be
groups of people who experience unmet need

Domain 4: comparative need
This is akin to horizontal equity and is
determined by studying the characteristics of
differing populations in receipt of differing
levels of a service (e.g. differing rates of
cervical cancer screening)
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marginalized groups often experience health care as demeaning and exclusionary,
which results in poorer health outcomes, lower self-reported health status and a
denial of dignity and basic human rights. These all point to lower levels of social
quality.

Gilson et al. [15] argue that the driving forces behind the problems outlined
above are macro in orientation: commercialization through a neo-liberal economic
agenda; and public sector organizational culture and capacity. Health systems are
obviously not immune to the globalized push towards a market-driven economy,
whereby governments privilege privatization, consumerism, and commercialism.
Both internally and externally, health systems that are funded by governments have
to buy into these ideologies, and this can be seen internally by the increase in
private health insurance, and increased competition between health care providers.
Externally, the health system is in competition with other systems and organizations
for scarce resources, which makes notions of ‘intersectoral working’ or
‘whole-of-government’ thinking more difficult. The increased impact of commer-
cialization has been linked to worse and more inequitable access to health care
services, and the greater reliance on private health care providers has been linked to
increased inequities in treatment rates and outcomes between socio-economic
groups [15]. There is also evidence that current levels of inequity in healthcare (and
hence health) are compounded by organizational culture within public sector
organizations internationally [15]. Such cultures are conceptualized as hierarchical,
rule-bound and rigid, which impedes innovation such as inter-sectoral working and
action. Also, such cultures often facilitate and maintain power and decision making
with medically trained doctors. These doctors are trained to provide individuals (or
their organs or diseases) with curative care; rather than providing preventive care
for populations and the sub-groups of populations with the highest levels of need.
This approach essentially limits the potential for health systems to focus on either
population-based approaches or, more specifically, on an equity-based approach to
policy and practice [15].

This chapter has broadly detailed the disadvantage or marginalization of par-
ticular groups. The following section examines one of these groups, people from
culturally and linguistically diverse (CALD) backgrounds, providing evidence and
possible solutions to improving equity of access to treatment. CALD patients are a
particularly vulnerable group, facing not only potential economic difficulties, but
also issues relating to communication, social inclusion and direct and indirect
discrimination. Furthermore, worldwide migration is on the increase, and for some
migrants the relocation to another country has a great impact on their social posi-
tion, often through a decrease in status, therefore we may view this change as an
acquired disadvantage. We also outline suggestions for meaningfully engaging with
CALD groups, which may have applicability more broadly to other marginalized
groups and within an international context.
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3.6 Culturally Diverse Patients in the Context
of Cancer Care and Chronic Disease

Migration is a world-wide phenomenon, with over 232 million, or 3 % of the
world’s population, being classified as migrants [87]. Over the past 20 years there
has been an increase in net migration, from 2 million annually during the 1990s to
4.6 million annually between 2000 and 2010, with a current rate of approximately
3.6 million annually [87]. Approximately 50 % of all migrants take up residence in
just 10 countries (listed from largest migrant intake to lowest): the United States of
America (20 % of the global total), Russian Federation, Germany, Saudi Arabia,
the United Arab Emirates, the United Kingdom, France, Canada, Australia and
Spain [87]. Using the English speaking countries listed above as examples, the
remainder of this chapter will examine the interaction between migration, cultural
diversity, social disadvantage and health outcomes, with a specific focus on cancer
care. It will also highlight current efforts to address disparities in cancer care for
CALD patients, while also identifying factors that may contribute to service gaps,
before future directions for research and practice are proposed.

3.6.1 Cultural Diversity and Its Challenges Within
the USA, UK, Canada and Australia

Historically, the United States, Canada and Australia have British connections due
to colonization efforts that underpinned the expansion of the British Empire [88].
While sharing this common element, the contemporary multicultural profiles of
each country are distinctly different. According to the 2011 Census, 86 % of UK
residents identify as white, with the remaining 14 % comprized of Asian (7.5 %,
primarily Indian, Pakistani, and Bangladeshi), Black (3.3 %, from Africa or the
Caribbean), and mixed or other ethnic backgrounds (3.2 %) [89]. In the United
States, 62.1 % of the population identify as white, 17.4 % Hispanic or Latino,
13.2 % African-American, 5.4 % Asian American, and 1.4 % Native
American/Alaska Native/Hawaiian Native [90]. In Canada, 20 % of the population
were born overseas, with the most prominent migrant groups from the UK, France,
Germany, Italy, China, Ukraine, East Indies, Netherlands and Poland [91].
Approximately one in four Australians were born overseas, with 28.1 % of the
population being migrants [92]. The most common migrant groups within Australia
are from the UK, New Zealand, China, India, Philippines, Vietnam, Italy, South
Africa, Malaysia and Germany [92].

While the UK, USA, Canada and Australia have strong migration and multi-
culturalism policies, the reality is that culturally diverse individuals within each
country face considerable social challenges and disadvantage. For example, in
Australia the unemployment rate of migrants is higher than native born Australians
(8.5 % compared to 4.6 %), many are under-employed (i.e. working in jobs that do
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not reflect their qualifications), with high numbers of migrants (including 38 % of
skilled migrants) earning less than AUD$600 per week [93]. Other factors
influencing employment for migrants in Australia include low English proficiency,
barriers to integrating into a different culture, little recognition of foreign qualifi-
cations and race discrimination [94]. Consequently, it is suggested that migrants
may take up to one generation of settlement in Australia to achieve the same
professional level that they held in their home country [94]. A similar conclusion
was reached in Canada, where migrants are at higher risk of poverty and are taking
longer from the time of arrival to achieve professional parity with native-born
Canadians [95]. The USA and UK both report poorer employment outcomes and
higher unemployment rates for ethnic minorities [96–98]. As highlighted earlier in
the chapter, employment issues influence socio-economic security and the associ-
ated conditional factor of social justice, and consequently significant attention has
been paid to the relationship between employment and health outcomes [99–102].

3.7 Ethnicity and Cancer Care

The past 30 years have seen a steady increase in the volume of research investi-
gating differential outcomes in cancer that may be due to variables such as age, sex,
ethnicity and socio-economic status. As summarized by Halpern [103], this research
is largely descriptive in nature, but it has shone the spotlight on important
inequalities. Specifically, there is evidence that culturally diverse patients engage in
cancer screening at lower levels than their mainstream peers [104–113]; that such
patients are often diagnosed with more advanced disease [114, 115], have a higher
number of co-morbid conditions [116–120], may not receive the same quality of
care (e.g. most appropriate treatment, timely access to care, poorer communication
with care providers) [114, 121–127]; and have poorer psychological and physical
outcomes, including survival [114, 115, 128–130].

As presented in the earlier sections of this chapter, the disadvantage experienced
by culturally diverse patients is complex and will involve more than residing in a
low socio-economic area or barriers to employment success. Inequitable health
outcomes may reflect differing cultural expectations of cancer screening [131–134]
and preventive healthcare [135–137] and different cultural meanings about cancer
[136, 138, 139]. There is also increasing argument that both socio-economic
deprivation and persistent racial bias interact with personal (e.g. patient and health
care professional) and systemic (e.g. organizational and governmental) factors to
create a situation in which ethnically diverse patients are truly disadvantaged [140,
141]. When CALD patients engage with health care systems they may be reminded
how their personal health values lie outside the norm of the mainstream culture,
they may not be provided with the same level of service or care, and they may feel
quite powerless to change their situation or address their health concern. Using
Social Quality Theory as the explanatory framework, we can therefore conclude
that CALD patients face challenges pertaining to all elements of social quality. The
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remainder of this section highlights communication challenges faced by culturally
diverse patients in receiving adequate cancer care, an issue selected as it potentially
differentiates culturally diverse patients from other disadvantaged groups.

3.7.1 Communication with Culturally Diverse
Patients in Cancer Care Settings

Communication is a fundamental skill in medical care with the potential to influ-
ence the extent to which the patient understands their conditions while also
impacting on psychological and physical outcomes [142, 143]. Communicating
with individuals from different cultural groups has been identified by health care
professionals as challenging and stressful [144, 145]. Patients also face challenges,
as sensitive topics may be discussed and unfamiliar terminology may be used.
Additional challenges arise when there are discrepancies between patients’ and
doctors’ values and beliefs pertaining to health, illness, the role of the doctor, and
communication expectations [146, 147]. Linguistic and cultural differences are
often nominated as barriers to establishing and maintaining a suitable relationship
between health care professionals and patients and are noted as having an impact on
compliance, level of understanding, and patient, engagement during the consulta-
tion [147–151]. For example, Gordon et al. [148] highlighted that African
American patients with pulmonary nodules or lung cancer received less information
from doctors and were less active in consultations compared to white patients. This
difference was exacerbated in consultations when there was racial discordance
between doctors and patients (i.e. white doctor with black patients) [148]. Similarly,
in their review of cultural difference in medical communication, Schouten and
Meeuwesen [147] concluded that ethnically diverse patients were less expressive,
affective and assertive compared to white patients; and that doctors demonstrated
less affective interactions during consultations with CALD patients.

Involving interpreters in cancer care consultations is often perceived as one way
to mitigate the problem of a lack of understanding when there is racial discordance
between patients and clinicians. Unfortunately, current research suggests that this
may not be the case, due to a relative lack of appropriately trained interpreters, an
over-reliance on family and friends for interpretation, the impact of interpreter
presence on consultation flow, and interpretation inaccuracies [150, 152–155].
Additionally, Gargan and Chianese [155] highlight the ethical issues regarding the
use of both formal and informal interpreters, arguing that many CALD patients are
unable to give informed consent to treatment, are excluded from potentially ben-
eficial clinical trials, and face confidentiality violations, especially when using a
family or friend to translate.

In Australia, Butow et al. [152, 153] have examined audio recordings of con-
sultations with cancer patients (Anglo-Australian, Chinese, Greek and Arabic) to
examine the content and process of doctor-patient communication in cancer care,
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particularly when a poor prognosis was going to be communicated to the patient.
Findings revealed significant differences in how doctors communicated with
immigrant patients with interpreters, including less overall verbal interaction, less
discussion of cancer related issues, less information provision and summarizing of
consultation content, and more time on other medical issues and providing direct
advice [153]. In these consultations, despite migrant patients giving more cues
indicating a need for information or emotional support, one in five cues were not
interpreted, and when they were, doctors tended to delay responding to or ignore
such cues [153]. In consultations involving the delivery of poor prognostic infor-
mation, doctors communicated less messages of hope to CALD patients, and the
presence of an interpreter actually increased the use of medical jargon, in com-
parison to consultations involving non-CALD patients [152].

While the use of interpreters may alter the style and content of consultations,
there are also issues pertaining to the accuracy of translation and the suitability of
using family and friends in comparison to professional interpreters. A review
conducted by Flores [156] concluded that the quality of care is markedly reduced
when a translator is not available or when ad hoc translators (e.g. family, friends,
bilingual medical staff or strangers) took on the interpreter role. While concluding
that there were differences in the quality of care, Flores [156] did note that many
CALD patients report that they are more comfortable with using family members or
bilingual staff, and are therefore more likely to raise sensitive topics in such situ-
ations when compared to using professional translators.

The level of accuracy reported in translated consultations varies across studies
[153, 155–158]. For example, Simon et al. [157] found that overall accuracy was
high (74 % of content), however accuracy decreased as the complexity of the
consultation increased. The rate of inaccuracy especially increased when research
related concepts such as clinical trials and randomization were introduced, espe-
cially if medical staff spoke for extended periods and used jargon [157]. Flores et al.
[158] found that in 57 consultations almost 1900 interpretation errors were made, of
which 18 % (or on average six errors per consultation) had potential clinical con-
sequences. When examining these serious errors, Flores et al. [158] found that
professional translators made a significantly lower proportion of clinically relevant
errors compared to ad hoc translators (12 % vs. 22 % respectively), concluding that
the use of ad hoc interpreters doubled the risk of a clinically relevant error being
made. Omission of consultation content is the most frequent source of error; with
Flores et al. [158] finding 47 % of errors were omissions, with the rate higher when
ad hoc translators were used. Butow et al. [152] found that 23 % of prognostic
statements made by doctors were never interpreted for patients and an additional
27 % were interpreted inaccurately. Additionally, patient statements or requests
relating to prognosis were not interpreted 59 % of the time. Butow et al. [152]
found comparable omissions and inaccuracies for both professional and family
translators, suggesting that prognostic information is deeply embedded in cultural
beliefs, and therefore may be altered by interpreters to reduce patient distress or to
hide a poor prognosis.
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3.8 Addressing the Needs of Culturally Diverse Patients

While the above evidence highlights the challenges and disparities experienced by
culturally diverse patients, these issues and barriers have been recognized by key
stakeholders, including governments, health care administrators, health care pro-
viders, support organizations and researchers. Consequently, there is growing
awareness of the disparities experienced by CALD patients and efforts are being
undertaken to address these.

Possibly the most commonly mentioned method to address the disparities in care
and health outcomes for CALD patients is the concept of “culturally competent
care”. To achieve this goal, change is required at all levels of the health care system,
not just at the patient-provider level. While an agreed upon definition of culturally
competent care is difficult to find, Renzaho et al. [159] proposed that cultural
competence is “a set of congruent behaviours, attitudes and policies that come
together in a system, agency or among professionals, and enable that system,
agency or those professionals to work effectively in cross-cultural situations”
(p. 262). It is crucial to recognise that culturally competent care does not happen at
an individual level, but rather encompasses the organizations and systems that
underpin health care [160, 161]. Betancourt et al. [161] argue that cultural com-
petence requires:

(a) An understanding of the socio-cultural influences that shape CALD patients’
health beliefs and behaviours

(b) Consideration of how those factors influence engagement with heath care, from
the organizational and structural processes through to clinical care

(c) The development of interventions to address these issues to ensure delivery of
high quality care for all

While there are various models, interventions and training packages designed to
enhance cultural competence [162–164] the framework proposed by Betancourt
et al. [161] acknowledges the levels at which intervention is required while also
identifying common barriers and interventions needed at each level. This frame-
work is summarized in Table 3.2.

Crucially, it has been acknowledged that culturally competent interactions
between patients and healthcare providers occurs with all staff in health care cen-
ters, and requires more than just awareness of typical cultural beliefs [164, 165].
Campinha-Bacote [164] proposes that culturally competent care is comprized of
five, interwoven constructs:

(a) Cultural awareness
(b) Cultural knowledge
(c) Cultural skill
(d) Cultural encounters
(e) Cultural desire
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Table 3.2 Culturally competent care framework [161]

Level Barriers Interventions

Organizational
How the processes of health
care are shaped by managers
and politicians, and the staff
who carry out their visions of
care

• Lack of cultural
minority representation
in the workforce and in
leadership roles

• Culturally insensitive
policies and procedures

• Inappropriately designed
delivery systems

• Increase minority
representation at a
leadership level

• Ensure workforce reflects
cultural diversity of the
population it is servicing

• Increased minority
representation in health care
training institutes and core
professional organizations

Structural
How the rules and economic
forces that underpin health
care increase the complexity
of the system with which the
patient must engage

• Lack of interpreter
services

• Lack of culturally
appropriate information
material

• Arduous intake
processes

• Long waiting times for
appointments

• Need for health
insurance

• Difficulties in referrals
to specialists

• Lack of continuity of
care

• Development of health care
materials that are available
in home languages and
culturally sensitive

• Community consultation and
conduct of a socio-cultural
assessment of local
population and service
provision barriers

• Review of policies and
procedures to address issues
with intake, continuity of
care and transfer of care to
specialists

• Development of specific
quality care measures for
evaluating care delivered to
CALD patients

• Linguistically suitable
signage

• Community engagement in
the delivery of health
promotion and prevention
efforts

Clinical
The sociocultural differences
between patient and provider

• Attitudes to health care
• Misaligned health
beliefs

• Reduced trust in care
and lower patient
satisfaction

• Stereotyping of patients
• Reduced patient
involvement in decision
making

• Bias and discrimination

• Cultural awareness training
for staff

• Integration of cultural
competence skills in
undergraduate training
programs for health care
workers

• Communication skills
training
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While the lay personmay consider cultural awareness as being knowledge of other
cultures, it actually refers to the health-care providers’ self-awareness and reflection
upon their cultural and professional background to identify biases and consider how
they may influence practice. Cultural knowledge involves deliberately seeking
information about cultural groups, specifically focusing on cultural values related to
health, variation in disease incidence and prevalence among cultural groups, and
treatment efficacy. Cultural skill comprises two elements—the ability to conduct a
cultural assessment of the client and their underlying condition, and secondly, to
perform a culturally based physical examination that takes into consideration physical
and biological differences between ethnic groups. Directly interacting with culturally
diverse clients to enhance cultural understanding is the essence of cultural encounters,
while themotivation to engage in activities to enhance cultural awareness, knowledge
and skill underpins the construct of cultural desire. While each of these elements is
important in its own right, Campinha-Bacote [164] argues that it is when all five
intersect that culturally competent care is achieved, and therefore the greater the area
of intersection, the more culturally competent the service.

Nestedwithin the concept of culturally competent care are opportunities to adapt or
develop interventions specifically designed to meet the needs of minority patients.
While often conducted as pilot projects with limited samples sizes, the research
evidence is encouraging that interventions designed and tailored to address specific
needs or concerns can be effective in improving CALD patients’ outcomes in
numerous areas of health, including cancer care [166–170]. A recent review byHarun
et al. [167] examined interventions designed to enhance participation in decision
making, communication with health care providers and treatment compliance for
CALD patients with cancer. While findings were mixed, the evidence suggested that
decision aids and patient navigators improved communication between minority
patients and health care providers, with decision aids also effective in increasing
shared decision making and patient perceived adherence [167].

Interventions using a patient navigator have been developed to specifically
address barriers pertaining to CALD patients entering and successfully engaging
with the health care system. Patient navigation is defined as “support and guidance
offered to persons with abnormal cancer screening or a new cancer diagnosis in
accessing the cancer care system; overcoming barriers; and facilitating timely,
quality care provided in a culturally sensitive manner” (p. 3392) [171]. Patient
navigators assist patients in a variety of ways, including providing informational
and emotional support, assist with scheduling appointments, assist with forms,
provide appointment reminders, meet patients for their appointments and assist with
communication with health care professionals [172–174]. Evidence to date suggests
that such interventions are effective, with reports of increased screening rates [175,
176] reduced time between testing and diagnostic resolution, reduced anxiety,
increased patient satisfaction [177], increased adherence to diagnostic testing [172,
174] and more timely diagnostic testing in comparison to patients engaging in usual
care [174]. It is however noted that there is a lack of evidence pertaining to the
value of patient navigation in addressing issues that arise related to treatment
adherence and cancer survivorship [176, 178].
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In earlier sections of this chapter, we presented findings that culturally diverse
patients tend to engage in cancer screening at lower levels than their Anglo peers.
There is encouraging evidence to suggest that interventions designed to improve
screening rates in cultural minority group patients are effective [179–182]. For
example, Walsh et al. [182] developed an intervention to enhance colon cancer
screening for members of the Latino and Vietnamese communities in the USA. The
intervention included brochures with culturally tailored content and design features,
individualized telephone counseling in their preferred language to discuss identified
barriers to screening; and customized fecal occult blood test (FOBT) kit with
simplified bilingual instructions. Involving a rigorous randomized controlled trial
methodology and adequately powered sample size (n = 1358), Walsh et al. [182]
found that screening rates increased by 12 % in the brochure/FOBT kit group and
21 % in the brochure/counselling/FOBT group, compared to 4 % in the usual care
group. Other studies have utilized different awareness approaches targeting different
cancer diagnoses, including education sessions with culturally congruent lay health
workers for breast cancer screening in Korean-American women [181], brochure,
flipchart and video delivery targeting couples for breast cancer screening in Hmong
communities [180]; and home visits by lay health workers to enhance cervical
cancer screening in Vietnamese American women [179].

From the field of mental health, there is evidence to suggest that empirically
based interventions can be successfully adapted for use with cultural minority
patients [183–185]. Griner and Smith [183] reviewed 76 studies, and concluded that
there was a moderately strong benefit for culturally modified interventions, and that
this benefit was increased if they were conducted in the client’s preferred language
and/or in groups of patients with the same cultural heritage. To increase the like-
lihood that interventions will be culturally acceptable and therapeutically effective,
practitioners and researchers considering developing or adapting interventions for
culturally diverse patients are strongly advized to consider the underpinning the-
oretical framework for the intervention while also following a specific model for
intervention design and adaptation. There are numerous possible models to consider
for developing culturally appropriate intervention content including intervention
mapping [186], ecological validity model [187–189], community engagement
[190], cultural targeting and tailoring [191], and the cultural adaptation process
[192]. Utilizing such models will ensure that relevant engagement with the com-
munity is undertaken, cultural values and health beliefs are incorporated, consid-
eration is given to the language and style of the intervention content, and potential
barriers and risks can be identified and addressed in the planning phases.

3.9 Barriers to Supporting Culturally Diverse Patients

Despite growing acknowledgement of the need to address socio-cultural disparities
in health care and outcomes for culturally diverse patients, numerous issues exist
which pose barriers to progress. Sheikh [193] argues that there is systemic lack of
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investment in health needs of minority patients. In a social environment driven by
the economic bottom line, the costs of developing interventions and resources for
CALD patients are considerably higher than equivalent programs for
English-speaking patients [193]. This is due to the additional costs of translation
and interpreter services, engagement of bi-lingual staff (often at a higher base salary
due to their additional skills), extended periods of community consultation and
specialized services required to produce information resources (e.g. DVDs) in
languages other than English. While these may present as barriers for development,
it is important that we consider how proactive engagement with CALD patients
may be more cost effective in the long-term if such programs can enhance the health
outcomes of this vulnerable group.

An additional barrier is the perception of ethnic minority patients as hard to
reach and therefore difficult to recruit and retain in research, which in turn limits the
knowledge base upon which researchers and practitioners can draw to develop
appropriate interventions and supportive care services [194]. Numerous barriers to
the recruitment and retention of CALD patients in research have been identified
including distrust, lack of community involvement, sampling approach, timing of
contact with potential participants, housing instability, psychosocial distress, lack of
knowledge about research/clinical trials, perceived harm arising from research,
provider-related factors, culture, and logistical issues such as transportation, time,
and costs [194–198].

However, Wendler et al. [199] challenge the conclusion that ethnic minority
patients are reluctant to participate in research, finding that there were
non-significant differences in willingness to participate in intervention, surgical and
non-intervention health research between white, Hispanic and African American
patients. Furthermore, there is evidence to suggest that minority patients perceive
participation in research as beneficial, both to themselves and others [196]. Sheikh
argues that we must acknowledge that the current trend to label CALD patients as
hard to reach implies that they are to blame for their lack of participation due to
poor health literacy, lack of research understanding and distrust and cultural beliefs
that would make them decline research invitations [193]. Such an explanation fails
to acknowledge the broader issues that may limit participation in research, for
example that many mainstream research projects specifically exclude CALD
patients on the grounds of limited English proficiency [200]. Strategies to enhance
involvement of ethnic minority patients in research include community engage-
ment, use of culturally congruent research staff, utilizing a targeted recruitment
strategy with follow-up procedures, recruitment through word of mouth, cultural
adaptations with personalized communications to participants, and flexible con-
senting procedures that allow auditory information presentations and verbal consent
that is more appropriate to oral cultures and patients with limited literacy [194, 196,
198, 200–202].

Barriers to engagement in research are not exclusive to culturally diverse
members of the community. Several other groups are considered hard to reach
including (but not limited to) the elderly, the disabled, Indigenous, rural residents,
gay, lesbian, bisexual and transgender, the homeless and mentally ill [177]. It is
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notable that such groups are often part of the most disadvantaged in our society, and
therefore highlights that much of our contemporary medical knowledge is based
upon the white, middle and upper classes, highly educated members of society.
Barriers to recruitment in hard-to-reach groups were similar to ethnic minority
patients and included mistrust, particularly from populations with a history of
mistreatment, fear of authority, risk of harm, stigma, fear of exposure, possible
exploitation, ill health, time commitment to take part, and a lack of perceived
benefit to self or community [177, 203, 204]. Strategies to enhance recruitment of
under-represented members of the community included community partnerships,
use of media and social marketing, ensuring confidentiality, developing adequate
rapport with participants, reducing the impact of gatekeepers in accessing popu-
lations, greater recruitment of and through caregivers, use of technology to gather
data, broadening eligibility criteria and addressing logistical barriers in the study
design, such as eliminating problems with transport and providing childcare for
participants to attend research sessions [177, 204–208].

3.10 Future Directions for Research and Practice

Despite growing multiculturalism and awareness of health-related disparities in
cancer and other chronic conditions, substantial work remains to be done in order to
address the unequal outcomes. Clarke et al. [209] advocate for a shift from viewing
the patient as the agent responsible for changing their health outcomes to a broader
view based on improving the system so that it adequately addressed minority
patient needs. This can be achieved through:

(a) policy reform, which is implemented at an organizational level
(b) development/refinement and implementation of guidelines for minimum stan-

dards of care for CALD patients
(c) educational interventions (e.g. communication skills training, interpreter

training)
(d) interventions that engage with culturally diverse sectors of the community

across the spectrum of health care from prevention and health promotion
through to palliative care

While culturally competent care is viewed as a way to address this issue, the
evidence base is not conclusive. Research examining organizational level inter-
ventions is scant and structural level changes may be implemented without ade-
quate evaluation. Stronger evidence employing rigorous study designs is required
and greater emphasis on interventions at the organizational and structural level may
be encouraged if the economic feasibility can be demonstrated [210].

While studies of interventions designed to improve doctor-patient communica-
tion yield positive results [211, 212], there is very little evidence that it improves
patient outcomes [159, 213]. Furthermore, the existing evidence base contains
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lower quality research with insufficient published information regarding the
intervention/training, inadequate control of confounding variables, an almost
exclusive focus on how interventions improve clinician knowledge rather than
outcomes, and an absence of randomized controlled trials [159, 211, 213].

To increase the efficacy of clinical level interventions, two crucial elements are
proposed. Firstly, Betancourt et al. [161] advocate that a categorical approach to
cross-cultural education that highlights attitudes, beliefs and values of specific
cultural groups may be inadequate and unsustainable considering the expanding
cultural diversity within the USA, UK, Canada and Australia. Instead, they propose
that training should focus on social issues and health beliefs that cut across cultures,
while developing attitudes and skills that will encourage clinicians to handle dif-
ferent communication styles, navigate patient preferences for decision making,
appreciate the role of family and gender issues, and how mistrust and discrimination
may influence their patients’ engagement with care [161]. Such training may reduce
the current perception that cultural competence is a distinct skill rather than an
integral element to clinical competence [214]. Secondly, several researchers and
practitioners argue that culturally competent care requires practitioner reflexivity
and consideration of personal factors that can interact with patient socio-cultural
factors to influence the experience of care [215]. This poses a challenge for man-
agers of health care settings in creating an environment that encourages such
practice and allocates time for practitioners to talk and share their experiences and
critically evaluate the cultural needs of each patient.

Finally, while the evidence for interventions designed specifically for CALD
patients is encouraging, there are questions regarding their long-term sustainability
and application to other cultural groups. Much of the published research reports on
pilot studies or initial studies, but there are very few studies that have examined the
long-term impact of such interventions and whether they have been integrated into
usual care, or discontinued after the end of the funding period. Furthermore,
Miranda et al. [185] argue that while there is evidence regarding the effectiveness of
adapted psychosocial interventions, direct comparisons of adapted versus standard
interventions have not been conducted. These matters are earmarked as areas
requiring urgent attention to allow demonstration of the superiority of
culture-specific interventions and the long-term value of such interventions, espe-
cially considering that they can be costly to develop.

3.11 Conclusions

In this chapter, we presented a comprehensive conceptual framework for under-
standing social disadvantage and highlighted the abundance of evidence on
inequities in incidence of various cancers and most major chronic conditions,
revealing the cumulative effects of socio-economic status on the likelihood of
getting both cancer and other chronic conditions. It is clear that the reasons that
underpin the inequities in health care are complex and multi-faceted, including at
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the individual, health system and policy levels. However, more in-depth exami-
nation of the social determinants of health for one disadvantaged sub-group, people
of culturally and linguistically diverse backgrounds, suggests that whilst there are
clear interactions between migration, cultural diversity, social disadvantage and
health outcomes, there are also promising avenues for addressing some of the
current disparities in health care. For example, evidence suggests that decision aids
and patient navigators improves communication between minority patients and
health care providers, with decision aids also effective in increasing shared decision
making and patient perceived adherence. Also, whilst culturally diverse patients
tend to engage in cancer screening at lower levels than their Anglo peers, there is
encouraging evidence to suggest that interventions designed to improve screening
rates specifically in cultural minority group patients are effective. Evidence from
CALD groups might inform strategies to support more equitable care for other
marginalized groups.
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Chapter 4
Impact of Comorbidity on Cancer
Screening and Diagnosis

Steven T. Fleming, Diana Sarfati, Gretchen Kimmick,
Nancy Schoenberg and Ruth Cunningham

Abstract The presence of coexistent chronic disease or comorbid illness has been
shown to have an impact on the pathogenesis of cancer and on the frequency of
screening, the stage at diagnosis, the intensity of treatment, and, therefore, on
cancer outcomes. This chapter will focus on how comorbid illness affects cancer
screening and diagnosis. There is some disagreement in the literature regarding how
the comorbidity burden affects the screening and stage of cancer, particularly when
specific comorbidities and the overall burden of comorbidity, measured by some
aggregate index, are examined. Moreover, the extent of the relationship between
comorbidity and cancer may be affected by the method by which the comorbidity
burden is measured, with regard to breadth (number of comorbidities) and depth
(severity of comorbidities). We consider some of these factors in this chapter as we
examine the literature in view of four hypotheses: (1) The surveillance hypothesis,
which suggests that patients with comorbid illnesses are screened more regularly or
are more likely to be diagnosed earlier because they have more frequent contact
with the medical care system. (2) The competing demand hypothesis, which posits
that patients with comorbidities are screened less or diagnosed later because other
chronic conditions represent a competing demand upon physician time and focus.
(3) The physiological hypothesis, which argues that comorbid illness actually
affects the pathogenesis, progression, and/or severity of cancer. (4) The death from
other causes hypothesis, which suggests that patients or their physicians choose not
to screen, because of the risk of death from a cause of other than cancer.
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Key Points

1. Patients with comorbidities have more contact with their clinicians providing an
opportunity for cancer screening recommendations to be provided

2. Comorbid illness may distract physicians from or complicate the important task
of recommending regular cancer screening

3. For some patients with comorbid illness that results in a limited life expectancy,
screening may not be appropriate

4. Some comorbidities such as diabetes, may influence the biology of cancer, such
that there is increased risk for the disease, greater risk of cancer progression, and
higher stage and tumor aggressiveness

5. Physicians and patients may avoid cancer screening because the prognosis or
estimated risk of death from other causes is deemed to outweigh the benefits of
screening. Such patients may still be good candidates for both screening and
cancer treatment to improve quality of life and to prevent morbidity

6. The impact of comorbidity burden on cancer depends upon the number and
severity of comorbidities

7. The link between cancer screening and stage of illness is presumed, but only
well established for some screening modalities and cancers.

4.1 Introduction

The aging of the population is a global phenomenon that will affect economies
across the world. For example, the PEW Research Center [1] estimates that 16.5 %
of the population in the United States or 56 million people will be 65 years or older
by 2020. This percentage is expected to rise to 20 % or 73 million people by 2030
[1]. In Europe, by 2030, about 25 % of the population will be 65 and older [2]. This
unprecedented growth of the older population portends huge increases in patients
with multiple chronic conditions or comorbidities (multiple morbidity), forcing
providers and patients to face increasingly complex clinical and lifestyle decisions.
We currently lack sufficient evidence-based guidelines on the management of
cancer patients with multiple chronic conditions. Even less is known about the
relationship between multiple morbidity and its impact on diagnosis and screening
[3, 4]. It is unclear whether multiple morbidity, or even one comorbidity, for that
matter, increases the odds that a patient will be diagnosed with late rather than early
stage cancer. This chapter will focus on the impact of one or more chronic con-
ditions, hereinafter referred to as “comorbidity burden,” on the screening and
diagnosis of cancer. We will develop a conceptual model of the relationship
between comorbidity burden and cancer screening, diagnosis, treatment, and out-
come. We will also describe several hypotheses that seek to explain the variability
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in the effects of comorbidities on screening and diagnosis. We will focus on dia-
betes and obesity as examples of comorbid conditions that have an impact on
cancer screening and diagnosis.

4.2 Conceptual Model of Cancer and Comorbid Illness

A conceptual model of the relationship between cancer and comorbid illness is
illustrated in Fig. 4.1. Cancer progresses through a preclinical or asymptomatic
stage, to a clinical or symptomatic stage. Valanis has defined the “clinical horizon”
as the point when the disease has detectable signs and symptoms [5]. We posit
another point in the natural history of disease, let’s call it the “sub-clinical horizon,”
when the disease is detectable only though imaging, laboratory or other tech-
nologies, and not by clinical symptoms. Further, Valanis defines the “critical point”
as the point in the natural history of disease beyond which serious consequences,
such as the metastasis of cancer, occur. Cancer screening is useful at either the
clinical (e.g., clinical breast exam for breast cancer) or sub-clinical (e.g., fecal
occult blood test for colorectal cancer) horizons, if they occur before the critical
point of disease. In such cases, cancer screening can increase the likelihood of an
early-stage diagnosis, when the disease is curable. If the critical point occurs before
the clinical horizon(s), then metastases are subclinical and will eventually become
apparent later. Certainly, as illustrated in Fig. 4.1, additional key factors, such as
age or ethnicity/race, may affect the likelihood of cancer (i.e., cancer risk increases
with age), the likelihood of being screened, and even the kinds of treatment that are
received for cancer. Comorbid illness also can directly affect the incidence of cancer
(e.g., colorectal cancer is more common among those with diabetes), the likelihood
of being screened, and the kinds of treatment received. Treatment for cancer may

Fig. 4.1 Conceptual model of the relationship between cancer and comorbid illness
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also impact the management of another comorbid illness. For example, hormone
therapies for breast and prostate cancer can destabilize and exacerbate diabetes, and
the cancer treatment may become a competing demand for the ongoing manage-
ment of coexisting chronic diseases. Of course, the converse is also true, when the
treatment for comorbidity may impact on the cancer treatment. For example,
chemotherapy toxicity is more likely among patients on multiple medications
because of drug to drug interactions. Treatment for both cancer and the coexisting
disease affects the outcomes of care for both.

4.3 Impact of Comorbidity on Screening for Cancer

There are contrasting and not necessarily mutually exclusive possibilities regarding
the impact of comorbidity on the detection and diagnosis of cancer [6–8]. On one
hand, patients with comorbidity may be diagnosed earlier and/or be more likely to
be offered screening for cancer, because they tend to be accessing health services
more regularly and to be under a higher level of medical scrutiny than people
without chronic conditions. Alternatively, the concomitant existence of chronic
disease may mask early symptoms of cancer, and may distract either or both the
patient and clinician from considering a diagnosis of cancer. It is also reasonable to
assume that in some cases, a rational decision is made for patients with severe
chronic disease not to undergo screening or investigations for cancer, because of
their reduced life expectancy.

A review of the evidence to date, suggests that a lack of screening may be
multifactorial, and the balance among the various mechanisms may vary depending
on health system and patient factors. Consistent with these ideas, Fleming et al. [7]
proposed four separate hypotheses to explain the varying associations among
comorbidity and stage of cancer at diagnosis. These are four possible explanations:

1. The competing demands hypothesis, in which comorbidities distract the clini-
cian or the patient from a diagnosis of cancer, thereby delaying diagnosis and
resulting in later stage at diagnosis

2. The pathological hypothesis, in which comorbidities impact biologically on the
aggressiveness of the cancer

3. The surveillance hypothesis, in which those with comorbidity are more likely to
access health services, facilitating early diagnosis

4. The death from other causes hypothesis, in which patients with major comorbid
illness are likely to have reduced life expectancy and therefore are not offered
screening or diagnostic investigations.

Figure 4.2 summarizes the four hypothesis within the framework of the physi-
cian patient interaction, and the relationship between comorbidity burden, screen-
ing, and stage at diagnosis. The physiological hypothesis does not necessarily
involve physician or patients preferences or interaction, but rather the pathology of
the two diseases. Visit frequency and complexity are related to the extent that an
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increase in the former may decrease the complexity of the latter. More contact with
the medical care system provides increased opportunity for screening recommen-
dations through the surveillance hypothesis. The competing demands hypothesis
could work through either or both the health professional and the patient, to the
extent that visit complexity distracts from a focus on health screening. The death
from other causes hypothesis would also relate to visit complexity, the focus on one
or more comorbid conditions, and the presumption that cancer screening is not an
immediate priority as the patient may die from other causes instead. We will discuss
each of the four hypotheses, how more than one hypothesis may be needed to
explain the evidence, and how the number, type, and severity of comorbidities that
constitute the “comorbidity burden” are critical. We will then focus on the
importance of physician recommendation, particularly with regards to the surveil-
lance and death from other causes hypothesis, the relationship between comorbidity
burden and stage at diagnosis, and the impact of multiple comorbidities, in terms of
breadth (number) and depth (severity), and the impact of mental illness. Finally, we
will illustrate the application of most of these hypotheses to explain the impact of
diabetes mellitus on breast and colorectal cancer.

Fig. 4.2 The framework of the physician patient interaction, and the relationship between
comorbidity burden, screening, and stage at diagnosis
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4.4 The Competing Demands Hypothesis

If health professionals and/or patients are distracted from the possibility of cancer,
because of other health-related demands, one would expect a delay in the diagnosis
of cancer, and thus a more advanced stage at diagnosis. There are numerous studies
reporting this pattern [9–14]. For example, Koppie et al. [10] reported that locally
extensive bladder cancer was present at diagnosis in 43 % of patients with a
Charlson et al. [15] index score under 3, 49 % of those with a score of 3–5 and
56 % among those with scores higher than 5. In the New Zealand context, Gurney
et al. [14] found that, in general, the odds of having advanced disease at diagnosis
with cancer were higher among those with higher levels of comorbidity. They also
found that a number of specific, usually severe, conditions were associated with
higher odds of advanced disease at diagnosis, including alcohol abuse disorders,
neurological conditions, pulmonary circulation disorders, cerebrovascular disease,
congestive heart failure and major psychiatric disorders. Consistent with the
hypothesis of competing demands on clinicians and patients, Teppo and Alho [12]
found that both provider and patient delay were related to later stage of diagnosis
among those with higher levels comorbidity for patients with head and neck
cancers.

4.5 The Physiological Hypothesis

The general findings of later stage at diagnosis for those with chronic disease are
also consistent with the theoretical possibility that cancer is somehow more
aggressive among those with comorbidity [7]. Aksoy et al. [16] suggested that some
comorbidities may be related to higher levels of proangiogenic growth factors
which may encourage cancer growth. Similarly, insulin resistance, as seen in type II
diabetes, is associated with high levels of blood insulin, growth factors and the
activation of pathways that may also promote cancer growth [17]. In contrast, it is
plausible that some conditions or their treatment are associated with slower cancer
growth. For example, non-steroidal anti-inflammatory drugs (NSAIDs) used in
arthritis may slow the growth of colorectal and other cancers [17, 18].

4.6 The Surveillance Hypothesis

The surveillance hypothesis suggests that those with comorbidity are more likely to
access health services because of their increased healthcare needs, and are therefore
more likely to be offered screening and/or have symptoms noticed and investigated,
when compared to those who are less exposed to health services. Consistent with
this hypothesis, some authors have reported either no difference in stage distribution

110 S.T. Fleming et al.



according to comorbidity, or a pattern of earlier stage at diagnosis with higher
comorbidity levels [8, 19, 20, 21, 22, 23]. Walter et al. [24] found that a greater
number of visits to health clinics was related to higher rates of screening, supporting
the contention that those with high levels of medical surveillance, due to chronic
disease, may be more likely to be offered screening. Vaeth et al. [8] found that
women with one or more of five functionally limiting comorbid conditions were
less likely to present with late stage breast cancer. They concluded that these
conditions are likely to be associated with higher levels of medical surveillance,
which resulted in more opportunity for referral to screening. Furthermore, there
may also be an element of ‘reverse causality’, where patients who tend to access
health care services frequently are more likely to be diagnosed with minor
comorbidity and may also be more likely to undergo screening.

4.7 The Death from Other Causes Hypothesis

This hypothesis relates to the possibility that those with comorbidity might be less
likely to be offered screening (or diagnostic investigations) due to an explicit
decision on the part of the health professional or patient that there is little point to
such investigations due to their risk of death from other causes. The evidence to
support this hypothesis is difficult to disentangle from that of the competing
demands hypothesis. Patients may be less likely to be referred for screening either
because of competing demands of care for their comorbidity or because of a rational
decision on the part of the health professional and patient that screening may not be
worthwhile, given that the mortality reduction benefits of screening for cancer tend
not to accrue until many years after the initial screening test [25–29].

4.8 Multiple Mechanism Hypotheses

The net impact of comorbidity burden on cancer screening and diagnoses likely
involves multiple mechanisms, represented by the four hypotheses, particularly
where that burden involves a complexity of considerations and care needs. This
complexity derives from more than one chronic disease at more than one level of
severity, involving more than one management plan or strategy of care. Moreover,
some barriers to screening that are erected as a result of the overall comorbidity
burden may be explained by more than one hypothesis. For example, consider
patients with multiple chronic diseases and complex patterns of care for all these
conditions. These patients may feel that the management of these diseases repre-
sents a “competing demand” from their perspective. In other words, they have
enough to worry about keeping up with the management of their conditions, so
screening would take a secondary priority. They may also worry that one or more of
their conditions pose challenges for screening. For example, diabetic patients may
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worry about blood sugar level changes during a colonoscopy preparation, whilst
heart disease patients may worry about sedation.

4.9 How to Make Sense of the Evidence?

The summary of evidence relating to the impact of comorbidity on diagnosis above,
suggests that there are different mechanisms at play that vary depending on specific
circumstances. Key characteristics that are likely to be important are:

– Type of cancer: the impact of comorbidity may vary by type of cancer, avail-
ability of screening, and recognition of presenting symptoms, as distinct from
the comorbid illness. For example, a patient with chronic respiratory disease
may report increasing shortness of breath or cough to their health professional,
who may assume this is an exacerbation of their underlying disease, rather than
investigating the possibility of lung cancer.

– Type of comorbidity: Patients with unstable and/or life threatening comorbidities
may be more likely to have symptoms overlooked and less likely to undergo
screening, because of diversion of resources to manage the active condition(s),
rather than considering new ones. In contrast, patients with stable or less severe
comorbidities may be more likely to access health services, and therefore have
greater opportunity to undergo screening or to have early symptoms of cancer
investigated. There is some evidence to support this contention. Yasmeen et al.
[22] studied a cohort of 118,742 women with breast cancer. They identified
comorbid conditions and divided them into those that could be classified as
stable (those that affect daily activities) and unstable (those that may be
life-threatening or difficult to control). They found that the presence and number
of stable conditions were associated with higher screening mammography rates
and earlier stage at diagnosis, while the converse was true for unstable condi-
tions. Similarly, Fleming and colleagues examined the impact of comorbidity on
stage at diagnosis of prostate [30] and breast [7] cancers and found that those
comorbidities that tended to be associated with earlier stage of cancer diagnosis,
were often more mild conditions or conditions that might more accurately be
considered risk factors for future ill-health (such as benign hypertension, dys-
lidipaemia, musculoskeletal conditions, and non-malignant breast disease).
Those comorbidities associated with later stage of cancer diagnosis, tended to be
those that were likely to have a greater negative impact on life expectancy, or
those associated with poorer mental health (such as peripheral vascular disease,
severe renal and psychiatric disorders).

– Health service structure, funding and organisation. Health services with a
strong focus on screening, or where funding is attached to screening coverage
may minimize differences in screening rates by comorbidity level. A number of
studies have investigated the uptake of CRC screening within the equal access
Veterans Administration (VA) health system in the US [24, 31, 32]. All found
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that there was little or no difference in the rates of screening for men with
life-limiting comorbidity, concluding that physicians may not be taking short-
ened life expectancy into account when they offer screening. This finding may
be explained by colorectal cancer screening rates’ use as a performance measure
in the VA health system. Such a protocol may have had the unforeseen con-
sequence of encouraging inappropriate screening [33].

4.10 Screening and Comorbidity: The Important Role
of Physician Recommendation

In some settings, there is evidence that those with comorbidity are less likely to be
offered screening, and as a result have later stage at diagnosis of screen-detectable
cancers. For example, Gonzalez et al. [34] studied the association of higher levels of
comorbidity with late stage at diagnosis among patients with potentially
screen-detectable cancers (breast, colorectal, prostate and melanoma). They found
that for all four sites, comorbidity was a significant predictor of late stage at
diagnosis cancers (‘any’ comorbidity compared with none was associated with a
17 % greater risk for late stage diagnosis for CRC, 24 % for breast, 30 % for
prostate and 62 % for melanoma). To assess whether chronic disease reduced breast
and cervical cancer screening uptake, Kiefe et al. [3] carried out a review of medical
records amongst a cohort of primary care patients. They found that higher Charlson
index scores were associated with a reduced rate of screening for these cancers
(each unit increase in Charlson score resulted in a 17 % lower likelihood of
mammography and a 20 % lower rate of Pap test after adjustment for demo-
graphics, clinic use and insurance status). In other contexts, screening rates among
those with comorbidity have been found to be similar to those without multiple
chronic disease [24, 33]. This finding may be particularly evident where screening
coverage rates are related to health service funding or quality indicators, which may
encourage the screening of those with high levels of comorbidity, e.g., by offering
higher reimbursement. Of note is that reduced screening among those with limited
life expectancy is entirely consistent with best practice relating to screening,
because finding early stage cancers that would take years, perhaps longer than the
patient’s lifetime, to cause symptoms, is unnecessary and does not improve quality
or quantity of life [27, 28].

Extensive evidence demonstrates that recommendations by physicians are a key
determinant of cancer screening, particularly for colorectal cancer (CRC) screening
[4, 26, 33]. Although, in a national survey of primary care physicians, 95 %
indicated that they recommend CRC screening [35], some evidence suggests that
comorbidity burden may place colorectal and other cancer screenings lower on a list
of priorities for both patients and their providers [26, 36]. Fontana et al. [37] also
found that women with diabetes were less likely to have a mammogram and those
with both heart disease and diabetes were more likely to forego screening for
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uterine cervical cancer with a Pap test. The authors speculate that because primary
care providers emphasize “disease-centered care in an encounter-based system”
(p. 1195), prevention services tend to be neglected. Patients with multiple mor-
bidities are challenged to maintain complex, costly, and time consuming regimens,
and represent a competing demand for the provider’s limited office time [38]. Both
patients and physicians frequently focus on the most disabling, threatening, and
painful comorbidities. This focus is reasonable, as failure to manage these condi-
tions may push the patient into a trajectory of more severe decompensation, dis-
ability, complications, and death. Prevention, including the highly effective CRC
screening tests, loses its priority to other preexisting conditions, most particularly,
acute and serious chronic conditions [38, 39]. Indeed, Yarnell et al. [40] have
estimated that if a physician attempted to administer the health care prevention and
maintenance recommended by the US Preventive Services Taskforce [41], he or she
would spend 8 h on these responsibilities alone, forsaking acute and chronic disease
complaints.

Physicians may also feel disinclined to provide a screening recommendation to
patients they consider physically unable to endure screening or whose life expec-
tancy may be compromised by multiple comorbidities [39]. This may be considered
a variant of the death from other causes hypothesis (let us call it the “complications
from other causes” hypothesis) in which the chronic disease itself is a barrier to the
more invasive forms of screening, such as colonoscopy. Kiefe et al. [3] found that
patients in a primary care setting were screened significantly less frequently for
breast or cervical cancer as their chronic disease burden increased. Each increase in
the Charlson index decreased a woman’s likelihood of having a mammogram,
clinical breast exam, or Pap test by 15, 13, and 19 %, respectively. These results
were consistent with other clinically-based studies that showed an inverse dose
response relationship between illness burden and likelihood of mammogram [39,
42]. May et al. [43] found that women with a higher index of comorbidity were
significantly less likely to receive a mammogram recommendation from their
physician and, not surprisingly, less likely to obtain a mammogram. Lipscombe
et al. [44] corroborated these findings. They found that, after adjusting for age and
other covariates, the odds of women with diabetes having a mammogram was 0.68
of that of women without diabetes. Obesity, another chronic condition, is associated
with a lower likelihood of CRC screening [45].

It is important to emphasize that not offering screening to individuals with
substantial comorbidity and shortened life expectancy is entirely consistent with
clinical guidelines [24, 33]. There are harms associated with screening, and the
potential benefits (in terms of reduced mortality) generally accrue several years after
the test. Thus, there is a tension for health professionals to appropriately offer
screening to some patients with comorbidity who have a life expectancy that is long
enough to realize the benefits of screening, but also to not offer screening to others,
for whom the harms will outweigh the benefits. There are now tools to assist health
professionals and individuals themselves to make these decisions, such as
ePrognosis [46] (http://eprognosis.ucsf.edu), which provides estimates of life
expectancy, based on readily available clinical information in older patients.
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These varying and inconclusive results with regards to the impact of comorbidity
burden on screening may be due to several factors. First, methodological differences
pervade these studies, including differing data collection techniques (chart reviews,
claims data, interview data), the measurement of comorbidity burden (Charlson
index, a single index condition, a tally of conditions), different populations (older
people, general population) and different health care systems. Kiefe et al. [3] has
offered another plausible explanation—that the association between comorbidity
burden and cancer screening rates is skewed. It was suggested that those with only
one or two co-morbidities or with less severe comorbidity, may be more likely to
receiving screening due to greater physician contact, while those with multiple
morbidities (>2) or more severe comorbidity are less likely to receive screening
because of competing demands or physicians’ perceptions of limited life expec-
tancy, reduced quality of life, or patient lack of acceptance [36]. In addition, other
factors, most especially older age, have been conflated with comorbidity burden.
For example, Bynum et al. [47] found that screening decisions were significantly
related to health status and to chronological age (and race).

4.11 Relationship Between Comorbidity
and Stage at Diagnosis

The lack of congruence among the four hypotheses described earlier, surveillance,
competing demand, physiological, and death from other causes, suggests that the
relationship between comorbidity burden and either screening or stage at diagnosis,
and the link between screening and stage at diagnosis is complex. Screening does
not necessarily result in earlier stage diagnosis, for example, interval cancers and
aggressive tumors are quite common, and late stage disease may occur even with
regular screening. Gurney et al. [14] conducted a study with 14,096 patients with
nine different cancers in New Zealand using cancer registry linked to hospitalization
data and the C3 comorbidity index of 42 chronic conditions. They concluded that
the presence of comorbid illness increased the odds of distant metastases (sup-
porting the physiological and competing demand hypotheses), but that it did not
lead to an earlier diagnosis (refuting the surveillance hypothesis). Compared to
patients with no comorbidity burden, patients with moderate and high burden had
29 and 49 % higher odds, respectively, of distant stage disease. Furthermore, of the
42 investigated comorbid conditions, 27 increased the odds that the cancer was
unstaged, possibly due to clinicians being unwilling to put patients with severe
comorbidity through the rigors of diagnostic investigation, perhaps consistent with
the death from other causes hypothesis. The implications of this study are that
comorbidity burden may, in fact, be a barrier to regular screening or early diagnosis,
possibly leading to more late stage disease.

The difficulty with examining the effect of comorbidities and other variables on
mammography screening and stage at diagnosis has been recently examined by
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Lipscomb et al. [48]. They analysed 7620 women diagnosed with breast cancer in
2004 from 7 states in the United States, who participated in the CDC sponsored
“Breast and Prostate Patterns of Care Study”. They addressed the question of
whether covariates such as method of detection (mammography or other) are
subject to bias in the studies that seek to estimate the determinants of late stage
breast cancer, particularly in studies that use cancer registry data. Important con-
founders, such as breast density and family history, are usually missing and are
predictors of both method of detection and stage of cancer. They used a two-stage
regression with the mammography capacity in the county of residence as an
instrumental variable to correct for this possible selection bias. With regards to
mammography, the model confirmed selection bias and demonstrated a strong
inverse relationship between mammography screening and late stage disease
(OR = 0.037, p < 0.001), mammography screening was associated with a drastic
reduction in the odds of late stage disease. The impact of comorbidities on
late-stage disease was, however, less clear. Comorbidity burden was classified as
none, mild, moderate, or severe based on the ACE-27 comorbidity index, which
examines 26 different comorbid conditions [49]. In the single equation models that
did not correct for the bias associated with missing confounders, patients who had a
severe comorbidity burden were nearly half as likely to indicate a method of
detection by mammography (OR = 0.60, p < 0.08) and more likely to be diagnosed
at an advanced stage (OR = 1.46, p < 0.04). With the two stage models, however,
the elevated risk of late stage cancer associated with severe comorbidity was sta-
tistically attenuated. This result likely does not mean that comorbidity burden is
unrelated to screening, but rather that proportionately fewer women with severe
comorbidity are screened, that most of the late stage disease is mediated by
screening uptake, and that important confounders such as breast density and family
history probably bias the impact of screening on stage. Moreover, any single
comorbidity metric that consolidates the impact of multiple diseases probably hides
the individual (and perhaps antagonistic) effects of these comorbidities on the risk
of screening or late stage disease.

We mentioned earlier that the “type” of comorbidity really matters. The rela-
tionship between comorbidity burden, screening, and diagnosis is developed further
by Sarfati and colleagues [50], who argue that the impact of comorbidity burden on
cancer diagnosis through screening may depend on the type and severity of
comorbidity. In other words, the surveillance hypothesis—that more frequent
physician visits leads to a greater opportunity for physician screening recommen-
dations—may only be valid for some comorbidities and not others. Sarfati suggests
that surveillance is useful to promote screening for mild or stable comorbidities but
detrimental, as competing demands predominate, for the more severe or unstable
comorbid conditions. Moreover, health service factors, such as insurance coverage
or widespread screening, that strengthen the link between screening and diagnosis,
or even interactions between the cancer and comorbidity, may have an impact on
screening and diagnosis. For example, end stage renal dialysis patients are diagnosed
earlier for colorectal cancer [51], because they had higher rates of lower endoscopy,
due to high rates of gastrointestinal symptoms in this group. A comorbidity metric
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that consolidates the effects of different conditions, such as the Charlson comorbidity
index [15] or the ACE-27, discussed above, may hide these important differences. In
an effort to expose the complex interaction between comorbid illness and cancer, we
will show how the hypotheses explain the impact of comorbid illness on breast or
colorectal cancer.

4.12 Competing Demands, Surveillance,
and Multiple Morbidities

The increased burden of multiple comorbidities complicates the decision-making
process of both clinicians and patients. More than one hypothesis may be needed to
explain the empirical results. Fleming, Schoenberg and others, for example, con-
ducted a study in Appalachian Kentucky, dealing with the impact of multiple
comorbidities on colorectal cancer screening. The study had both a quantitative and
qualitative design components. The quantitative component [52] included a
cross-sectional study of 1153 subjects aged 50–76 from Appalachia Kentucky. The
qualitative component [53] was comprised of two in-depth interviews with
open-ended semi-structured and structured questionnaires, with each of forty-one
subjects followed up by nine focus groups (six with providers, three with patients).
The cross-sectional study showed a trend where a greater number of comorbidities
was associated with higher rates of any guideline concordant colorectal cancer
screening. Among subjects with none, 1, 2–3, 4–5, and 6+ morbidities, the rates of
screening were 56.6, 59.1, 65.6, 70.8, and 79.6 %, respectively. In the multivariate
analysis that controlled for demographic variables, such as age, gender, race, and
socioeconomic status, only the highest level of comorbidity burden (6+) was
associated with increased odds of screening by 2.2 times.

This curious and unexpected result is supportive of the surveillance hypothesis,
since subjects with multiple chronic conditions are likely to see the physician more
often. The results also illustrate the difference between the “depth” and “breadth” of
comorbidity burden. Earlier we mentioned that the work of Corkum et al. [23]
suggested that the more stable comorbidities were associated with higher screening
rates, but the unstable or more severe comorbidities were associated with lower
screening rates, the former governed by the surveillance hypothesis and the latter by
the competing demands hypothesis. Thus, stability or severity might be considered
the “depth” of comorbidity burden, the deeper the burden, the more likely that
competing demands will prevail over surveillance. The “breadth” of comorbidity
burden would simply be the number of different conditions which the physician(s)
must manage. The results of Fleming and colleagues would suggest, at first glance,
that a wider breadth of comorbidity burden is associated with higher screening
rates, at least in the context in which the study was done.

In an effort to understand the apparent direct relationship between comorbidity
“breath” and colorectal cancer screening, Tarasenko et al. [53] examined a subset of
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the Appalachian respondents (n = 1012) who had a least one (16 %) or more than
one (84 %) morbidities and investigated whether there was a link between the
perceived burden of multiple morbidities and colorectal screening. Respondents
answered a number of survey questions regarding the perceived burden of their
morbidities. Whereas more morbidities were associated with higher rates of colo-
noscopy overall, those who perceived that their morbidities were barriers to
screening had lower rates of screening. For example, respondents who affirmed that
“with all my health conditions, I worry about being put to sleep before a colono-
scopy” had a 33 % lower prevalence of colonoscopy than those who did not agree
with that statement. Individuals who affirmed that “with all my health conditions, I
am not physically up for CRC screening” had a 25 % lower prevalence of colo-
noscopy. In fact for each of the perceived burden questions dealing with fears,
worry, time, cost, and physician discussion of screening, both crude and adjusted
prevalence rates were consistently lower for those who perceived that their mor-
bidities represented a burden. This research clarifies the impact of the breadth of
comorbidity burden on screening, at least from the patient’s perspective. The
surveillance hypothesis trumps competing demands only for those patients who do
not perceive that their comorbidities are a barrier to screening. Alternatively, one
could argue that those patients who were worried about their multiple morbidities,
were indeed those who had the most severe disease and therefore were appropri-
ately not being screening.

The qualitative aspect of the study involved two in-depth interviews of 41 white,
mostly female (71 %), aged 51–77 subjects [54]. In terms of barriers to screening,
they indicated that provider availability in rural settings was an issue, as was lack of
finances or insurance. They felt that prevention was a secondary priority over the
management of multiple morbidities, that the disease management of multiple
chronic conditions was exhausting, leaving little time or energy for screening, and
that multiple morbidities may make the preparation for colonoscopy challenging or
increase worries about sedation, all of which is consistent with the competing
demands hypothesis.

Jensen et al. [55] completed a historical cohort study in Demark, involving
149,234 women who were invited to the first breast cancer screening in 2008–2009.
They investigated the link between 11 chronic disease groups and several measures
of multimorbidity, with the likelihood of non-participation in the screening pro-
gram, using prevalence ratios as the measure of association. Chronic disease was
measured within two time periods (≤2 years and 2–10 years) prior to the screening
invitation, based on an emergency, outpatient, or admission to a Danish hospital
during that time period. Within the ≤2 year window, the prevalence of
non-compliance was higher for patients with cancer, chronic mental illness, chronic
obstructive pulmonary disease, chronic neurological disorders, and chronic kidney
disease (50, 51, 51, 24, and 70 % higher, respectively). In most cases, the preva-
lence of non-compliance with the 2–10 year window was still elevated, but
somewhat lower than the shorter time window, indicating that the proximity of
chronic disease care represents a higher barrier to screening. Multimorbidity
demonstrated a dose-response relationship with non-compliance for patients, with
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one, two, and three or more chronic disease groups having a 20, 47 and 58 %
higher prevalence of non-compliance with screening, respectively. This study was
incongruous with the Fleming et al. [52] work discussed earlier, since multimor-
bidity was associated with decreased rather than increased screening. The study
showed that comorbidity burden, at least in Denmark, was more likely to be a
barrier rather than a facilitator of screening.

4.13 Competing Demands and Surveillance
in the Context of Mental Illness

The presence of coexisting mental illness has been found to have an influence on
cancer screening uptake and cancer diagnosis. The competing demands and
surveillance hypotheses may explain the apparently contradictory findings of
studies in this area. Three recent systematic reviews have found that a history of
mental illness is associated with lower uptake of cancer screening [56–58]. In a
pooled meta-analysis of 24 studies, Lord et al. [56] found that mental illness was
associated with significantly reduced rates of mammography screening (OR 0.71,
95 % CI 0.66–0.77), while women with severe mental illness (including
schizophrenia, bipolar disorder and other non-organic psychosis) had a further
reduced rate of screening compared to women without mental illness (pooled OR
0.54, 95 % CI 0.45–0.65). Women with psychological distress, but not meeting the
criteria for mental illness, had the same rate of mammography as women without
any mental health problems. In a systematic review of studies of breast and cervical
screening receipt in women with mental illness, Aggarwal et al. [58] reported that
more severe mental illness tended to be associated with lower screening receipt. For
example, in a study of mammography receipt using insurance claims data from the
United States, Carney and Jones [59] found that women with low severity mood
disorders were 7 % less likely to have had a mammogram, while women with high
severity mood disorders were 66 % less likely to have had one. Women with
psychotic and substance use disorders had low screening rates regardless of
severity. These findings of lower screening uptake with more severe comorbid
mental illness may reflect competing demands, with more severe illness more
readily overshadowing or distracting from screening recommendation by practi-
tioners or screening attendance.

There are, however, studies which link mental illness with higher rates of cancer
screening. For example, a number of studies have found that depression is asso-
ciated with being more likely to have had a mammogram [60], a colonoscopy [61],
or a cervical smear [62]. This suggests that surveillance has an impact on screening
uptake, as depression is associated with higher rates of health service utilisation,
particularly in older people [63].

The association of mental illness with cancer stage at diagnosis is unclear, with
some studies finding that mental illness is associated with an earlier diagnosis [64],
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some with later diagnosis [65], and some with no association [66]. Variation in the
type and severity of mental illness, other patient factors, such as age and physical
health, and the health system within which mental health care and cancer diagnosis
are occurring, are all likely to be important in understanding the variation among
these findings. For example, a study of people using mental health services in
London, England, did not find any difference in cancer stage at diagnosis (all
cancers combined), between people with schizophrenia or bipolar disorder and
people not known to mental health services [66]. A similar study of adults using
mental health services in New Zealand found that those with schizophrenia or
bipolar disorder had their breast and colorectal cancers diagnosed later than people
without a history of mental illness [65]. This difference, however, may relate to the
cost barriers to primary care in New Zealand [67].

4.14 The Physiological Hypothesis and Diabetes

Diabetes mellitus (DM) has reached epidemic proportions in many parts of the
world, and deserves special consideration when discussing the confluence of
multiple chronic conditions and cancer screening and diagnosis. In the United
States, for example, the 1.7 million new cases each year (2012) adds to the pool of
29.1 million cases or 9.3 % of the population [68]. Globally, there are about 382
million cases (2013) or 8.3 % of the population, with significant differences in
prevalence across countries, e.g., 23.9 % prevalence in Saudi Arabia but 3.2 %
prevalence in Iceland [69, 70].

The physiological hypothesis provides a reasonable explanation for why dia-
betes has been associated with an increased risk of a cancer [71–75], including both
breast and colorectal cancer, possibly due to hyperinsulinemia [76], “disturbed
glucose/insulin homeostasis”, which is associated with an increased production of
factors contributing to DNA mutations, a compromised immune response [77], or
adipocytokines and inflammatory mediators [78]. Data suggest an important role for
the insulin pathway in the pathogenesis of breast cancer. Three mechanisms have
been proposed to explain the association between diabetes and breast cancer [79]:

– Activation of the insulin pathway
– Activation of the insulin-like-growth-factor pathway
– Impaired regulation of endogenous sex hormones.

As an example, we know that insulin is able to directly affect proliferation of
breast cancer cells [80], insulin receptor levels are high on human breast cancer
cells [81], and insulin receptor expression is associated with a worse prognosis
among breast cancer patients [82]. While high insulin receptor levels were found to
be associated with expression of ER, most ER-negative tumors also show high
levels [81]. In support of this theory, Goodwin et al. [83] confirmed that serum
insulin levels were correlated with BMI and both were associated with worse
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outcome in 512 women with early-staged breast cancer [84]. Thus, high insulin
levels may be the major link between type 2 diabetes and breast cancer and may
explain the association between diabetes and low expression of hormone receptors.

In addition, DM itself may affect the aggressiveness or progression of the dis-
ease. Lipscombe et al. [85] recently completed a population-based study using
databases from Ontario, Canada, on 38,407 women with breast cancer, including
6115 individuals with diabetes (which was also stratified by duration). They
reported that women with diabetes had a 14, 21, and 16 % increased odds of stage
II, III, or IV cancer, respectively, versus stage I. As importantly, diabetes was
associated with a 16 % higher odds of increased tumor size (>2 cm) and a 16 %
higher odds of positive lymph nodes, and longer duration diabetes (>2 years) was
associated with an elevated and statistically significant risk. Since the authors
controlled for mammography screening, and both increased tumor size and lymph
node involvement are indicators of aggressiveness, they conclude that the study
“supports a biological mechanism for the association between diabetes and breast
cancer. Indolent tumors may progress more rapidly in patients with diabetes, or
diabetes may lead to a higher metastatic potential” [85, p. 619]. The authors argue
that disease progression is more advanced in diabetes patients, because of a more
rapid growth of tumors due to hyperglycemia, hyperinsulinemia, insulin resistance
[86–88], the mitogenic effect of insulin on breast cells [89], the overexpression of
insulin receptors on breast cells [90], and the up-regulation of the insulin mitogenic
pathway [91].

Diabetes is also a risk factor for more aggressive colorectal cancer, through some
of the same mechanisms discussed above. Hu et al. [92] reported that DM was
associated with a higher risk of colorectal cancer (OR = 1.43), a higher risk of
advanced colorectal cancer (OR = 1.56), and a higher risk of fatal colorectal cancer
(OR = 2.39). They reported that even after adjusting for age, body mass index,
physical activity, and other covariates, diabetic women had a 56 % increased odds
of advanced colorectal cancer, compared to non-diabetics. Siddiqui et al. [93]
conducted a case control study of 155 patients with type 2 diabetes and colorectal
cancer and 144 patients with colorectal cancer, but without type 2 diabetes. The
authors found that subjects with poorly controlled diabetes (HbA1C > 7.5 %) had
nearly twice the odds of right-sided colorectal cancer, and a 36 % higher odds of
more advanced stage colorectal cancer, both related to poorer prognosis. Sharma
et al. [94] studied the histopathologic differences in tumor characteristics among
534 patients with colorectal cancer, which included 282 individuals with diabetes.
They found that subjects with (versus without) diabetes had a higher depth of tumor
invasion, greater lymphovascular invasion, and higher staging. The multivariate
analysis showed 11.4 times the log odds of signet cell histology, 1.74 times the log
odds of transverse tumor location as well as an association with increased depth of
tumor and lymphovascular invasion. The authors concluded that “the study found
more adverse histopathologic features in patients with CRC who had diabetes as
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compared to those without diabetes” [94, p. 60]. With regards to colorectal cancer,
hyperinsulinemia may result in elevated fecal bile acid [95], increased iron overload
[96], a lower than normal level of antioxidant activity [97], or delayed stool transit
and other gastrointestinal abnormalities [95], each of which might create a
“cancer-promoting gastrointestinal milieu” [98]. To complicate matters further,
metformin, the medication used to treat type II diabetes, is known to have an
anti-cancer effect, which may to some degree counter balance the proliferative
effects of diabetes itself [99].

To summarize, the physiological hypothesis can be brought to bear upon our
understanding of why some comorbidities, in this case diabetes, seem to be related
to an increased incidence of cancer, through various physiological and pathological
mechanisms. It should be pointed out, however, that the same mechanisms that lead
to an increased incidence of disease can also affect the aggressiveness with which
cancer presents, thus a higher stage of diagnosis and/or more difficult to treat
receptor negative tumor biology.

4.15 The Competing Demands Hypothesis, Diabetes,
and Obesity

Despite the higher risk of breast cancer among those with diabetes, a number of
studies have shown that diabetes itself is a potential barrier to regular mammog-
raphy screening, the increased surveillance to the contrary notwithstanding. The
relationship between diabetes and screening can be explained by the competing
demands hypothesis, wherein this comorbidity represents a competing demand on
the physician’s time, energy and focus. McBean and Yu [100] used
SEER-Medicare data to show that older women with diabetes were less likely to
have a mammogram in the next 2–4 years, compared to women without the disease.
In a retrospective cohort study, Lipscombe et al. [44] reported that women with
diabetes were less likely to have had a mammogram during a two-year follow up
period compared to those without diabetes, even though they had more health care
visits. Beckman et al. [101] also found that women with diabetes were significantly
less likely to get mammography screening compared to the controls. In a study
based on a survey of 1030 Kentucky residents (695 women), Fleming et al. [102]
found that those with diabetes who were 42 and older were significantly less likely
to report regular mammography (68.5 %), compared to those without the disease
(81.6 %). Similar results were found for women with and without diabetes in
Appalachian Kentucky. In each of these studies it would seem that the competing
demands hypothesis prevails over the surveillance hypothesis.

Obesity, an established risk factor for diabetes, may also be a significant barrier
to mammography screening. According to Fontaine et al. [103], both the under-
weight and obese were more likely to delay mammography screening. Compared to
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normal weight women, white women with higher BMI were less likely to have
breast cancer screening [104] and severely obese women were not as likely to
comply with physician recommendations for breast cancer screening [105].

The combination of the physiological impact of diabetes on cellular prolifera-
tion, in addition to delays or avoidance of mammography screening among those
with either diabetes or obesity, may lead to advanced stage of breast cancer at
presentation. A small study by Wolf et al. [106] found that women with diabetes
were more likely to present with more advanced stage of disease, larger tumor size,
and hormone receptor negative status, compared to women without diabetes, even
after adjusting for BMI, which was higher among diabetic patients. Fleming et al.
[7] found that diabetes increased the odds of late (versus early) stage breast cancer
by 19 %, controlling for age, race, twenty-three other comorbidities, mammography
use two years prior to cancer diagnosis, and the number of physician and specialist
visits. In separate analyses, both older (>74) and younger (≤74) women with DM,
who had a mammography within 2 years of breast cancer diagnosis, were at higher
risk (27 % increased odds and 28 % increased odds, respectively) of a late-stage
breast cancer diagnosis compared to those without [7]. In an analysis of 6912
patients with stage I-III breast cancer from five different states, Sabatino et al. [107]
found that 19.1 % of those patients with moderate to severe diabetes had stage III
breast cancer compared to only 12.6 % of patients with mild diabetes (P = 0.0565).
An exploratory, but unpublished, multivariate analysis of a larger subset of the
Sabatino data source included stage IV cases (n = 6157) and both in situ and stage
IV cases (n = 7539). Controlling for age and obesity, women with severe (vs. no)
diabetes had 2.5 times the odds of late (vs. early) stage breast cancer (p = 0.037).
Inclusion of in situ cases decreased the odds to 2.3. Inclusion of race/ethnicity
decreased the odds even more (OR = 2.2, p = 0.057) as the African American cases
had a higher odds of late stage disease (OR = 2.0) and nearly twice the rate of
severe diabetes, when compared with the Caucasian cases.

4.16 Future Direction for Research and Practice

More research is needed, which looks at the impact of comorbidity burden and at the
depth and breadth of such burden, to differentiate between the impact of multiple
comorbidities and the severity of such comorbidities. We must also determine if
comorbidity burden has a threshold, such that a low burden would increase the
probability of screening and presumably decrease the risk of late stage illness and a
high burden would decrease screening and increase late stage disease through
competing demands. More qualitative research could focus specifically on the
decision making process of the physician, to determine exactly how comorbid illness
becomes a competing demand in patient care. Do comorbidities compete with
physician time or focus? Do they conflict with perceived appropriate
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recommendations? Research on specific comorbidities like diabetes or heart disease
would be useful to determine if there are distinct differences in the way that
physicians deal with these additional morbidities. We also need research that
attempts to disentangle the competing demands from the death from other causes
hypothesis. In other words, we need to know why physicians are not recommending
screening, i.e. whether it relates to a lack of time or focus or a conscious decision on
the part of the physician, the patient, or both.

Primary care providers and specialists need to be aware that comorbid illness
may not only increase the risk of cancer, but that it also represents a competing
demand upon their time, so that cancer screening has a lower priority. Patients
highly value the recommendations of physicians, particularly with regards to cancer
screening. Some patients may require repeated recommendations for the more
invasive and uncomfortable procedures, such as colonoscopy. Physicians need to be
vigilant, proactive and insistent with regards to cancer screening among patients
with comorbid illness. Finally, physicians need to be cognizant of the screening
guidelines for their comorbid patients, so as not to either over-screen those with a
limited life expectancy or to under-screen those for whom screening may be ben-
eficial, because of their additional illnesses.

4.17 Conclusions

We have described a model showing that comorbidities have an impact on screening,
stage at diagnosis, treatment, and outcome and that cancer treatment may have an
impact on the management and outcome of comorbid conditions. We have suggested
that there are inconsistencies in the literature regarding whether comorbidities
increase or decrease the rates of cancer screening, increase or decrease the rate of late
stage disease, and the degree to which there is a link between screening and stage at
diagnosis as moderated by comorbidity burden. We have posited four distinct
hypotheses, all of which are plausible to explain the association between comor-
bidities and screening, with the positive associations explained by the ‘surveillance’
hypothesis and the negative associations explained by the ‘competing demands’,
‘physiological’, or the ‘death from other causes’ hypothesis. We suggested that not
all comorbidities are the same, and that the depth and breadth of comorbidity burden
may dictate how many of the four hypothesis are valid and which hypothesis will
prevail. Finally, we specifically focused on the comorbidity diabetes, and demon-
strated how diabetes could impact not only the risk of developing either colorectal or
breast cancer, but could also have an impact on both the likelihood of cancer
screening and the stage of disease at diagnosis. The take away message for providers
is that comorbid illness may complicate clinical decision making, particularly with
regards to screening advocacy. Some, but not all, patients with comorbidities may
need motivational messages. Clinicians must carefully balance the risks and benefits
of screening, especially for their comorbid patients.
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Chapter 5
Impact of Comorbidity on Treatment
Decision Making and Outcomes

Jae Jin Lee and Martine Extermann

Abstract Cancer, like many chronic conditions, is a disease of aging, and more
than half of cancer patients in developed countries are 65 years or older. Therefore,
many cancer patients have comorbidities, high use of medications, altered body
composition, pharmacokinetics, and pharmacodynamics. Therefore, the treatment
plans need to be individually tailored to achieve optimal outcomes. This chapter on
comorbidity in cancer decision making gives some general principles and then will
review some specific comorbidities with their incidence, considerations for decision
making and treatment outcome. Scores to assess the risk of toxicity from
chemotherapy will also be reviewed. Comorbidity burden is a major influencer of
life expectancy and should be integrated in life expectancy estimates. The most
assessed comorbidities are renal insufficiency and hepatic diseases. Creatinine
clearance should be systematically calculated, and for several types of treatment,
the Child-Pugh classification can be used. We also review the treatment of patients
with cardiovascular diseases, auto-immune/inflammatory diseases, and diabetes. All
risk factors of comorbidity should be comprehensively evaluated before cancer
treatment, in order to reduce treatment-related toxicity and improve patient out-
comes. Future research should address how to integrate the impact of multiple
concomitant comorbidities, and more specifically which subgroups most affect
various cancer outcomes.

Keywords Comorbidity � Elderly � Cancer � Clinical decision making � CRASH
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Key Points

• Many cancer patients have concomitant comorbidity. More than 90 % of cancer
patients aged 70 and above have at least one comorbidity

• Comorbidity is a major influencer of life expectancy, and an individualized
estimation of life expectancy should be conducted
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• Comorbidity influences the behavior and outcomes of cancer and its treatment
• Creatinine clearance should always be calculated, as older patients can have

serious limitations of renal function with normal creatinine levels
• Many of the new targeted therapies have a cardiovascular impact and should be

used with caution in patients with cardiovascular disorders
• In diabetic patients receiving short-duration steroids, as given in many

chemotherapy regimens, a combination of insulin detemir and aspart leads to
better glycemic control than sliding scale insulin

• Risk indexes, such as the Chemotherapy Risk Assessment Score for High-age
patients (CRASH) score and the Cancer and Aging Research Group (CARG
score), exist to help assess the individual patient risk of toxicity from
chemotherapy

• More research work in patients with multimorbidity needs to be done to assess
which subgroup most influences outcome.

5.1 Introduction

Cancer, like many chronic conditions, is a disease associated with aging, and more
than half of the cancer patients in the USA are 65 years or older [1]. Therefore
many cancer patients have comorbidities [2–4], a high use of medications [5, 6],
altered body composition, pharmacokinetics, and pharmacodynamics [7–9]. In such
patients the treatment plans need to be individually tailored.

Many clinical trials have reported benefits for the inclusion of older cancer
patients compared to younger patients with adequate cancer treatment in many solid
tumors and hematologic malignancies, sometimes at the cost of some increased
toxicity. However, these selected older patients typically have a low level of
comorbidity. How then, can we transfer the evidence to patients with comorbidi-
ties? Is there direct evidence generated in patients with comorbidities? This chapter
on comorbidity in cancer decision making will address two aspects: how the
comorbidity burden of a patient affects life expectancy and fitness; and highlights of
specific comorbidities with their incidence, considerations for decision making and
treatment outcomes. Moreover, the MAX2 index and CRASH score for predicting
chemotherapy-induced toxicity will be introduced.

5.2 General Considerations

The comorbidity burden of cancer patients can considerably influence their life
expectancy. Walter et al. [10] demonstrated large variations in life expectancy
between the top and the bottom quartile of the US population for similarly aged
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patients. A more detailed analysis of the impact of comorbidity using the Charlson
Comorbidity Index in the SEER/Medicare registry is also available [11]. Validated
geriatric tools are available online to help us estimate a patient’s 1-year, 5-year, or
10-year risk of death if they are aged 65 or more. www.ePrognosis.org. This can be
particularly helpful when deciding what adjuvant treatment to choose for patients in
their late seventies or eighties. When deciding adjuvant treatment, it is also very
important to know the time dynamic of the risk of relapse. For example, the risk of
relapse of an estrogen-receptor positive breast cancer is fairly constant over a long
period of time, whereas the risk of relapse from colon cancer is mostly in the first
5 years [12]. Although more research still needs to be done to quantify this effect,
comorbidity does contribute to a decrease of functional reserve that is linked to
frailty. Several frailty indexes integrating comorbidity have been studied in cancer
patients [13–15].

As comorbidity is a multidimensional construct, quantifying it in order to assess
its impact is a challenge. Most validated indices have used either mortality risk as
an endpoint (e.g. Charlson Comorbidity Index [16], Kaplan-Feinstein Index [17]),
or an expert assessment of the functional and mortality impact of the diseases
(Cumulative Illness Rating Scale-Geriatric (CIRS-G) [18, 19], Index of Coexistent
Diseases (ICED) [20]). Every comorbidity has a more detailed specific severity
rating, but in this review we chose to address to overall comparison ratings in the
context of oncology.

Another issue related to comorbidity is polypharmacy. Older American cancer
patients take an average of six medications, two of them interacting with the
CYP450 cytochrome system [21]. As an increasing number of chemotherapies and
targeted agents are liver metabolized, careful attention should be paid to a review of
the patient’s medications and to eliminating superfluous prescriptions, or replacing
some medications with others less likely to interact with the intended cancer
treatment drug. The presence of high level drug interactions significantly increases
the risk of severe toxicity from chemotherapy [22].

5.3 Individual Comorbidities

5.3.1 Renal Function

5.3.1.1 Renal Insufficiency and Its Incidence

According to Cumulative Illness Rating Scale-Geriatrics (CIRS-G) [18], kidney as
comorbidity is considered as one category (Table 5.1). There are five rating scores
which range from 0—no problem to 4—with dialysis. Their severity is determined
by serum creatinine levels and depends on the treatment. In the Kaplan-Feinstein
Index (KFI) [17], renal dysfunction is considered as a cogent comorbidity and its
severity is defined to have proteinuria, azotemia, and renal decompensation. Adult
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Comorbidity Evaluation-27 (ACE-27) [23] includes renal disease as comorbidity
with four levels of severity of none to severe and the Index of Coexistent Disease
(ICED) scales [20] with four levels of severity.

Table 5.1 Assessment of renal insufficiency in several comorbidity indexes

Measurement Grade 1 Grade 2 Grade 3 Grade 4

CIRS-G History of
kidney stone
passage within
10 years or
asymptomatic
kidney stone;
pyelonephritis
within five
years

Serum creatinine
>1.5 but <3.0
without diuretic
or
antihypertensive
medication

Serum creatinine
>3.0 or serum
creatinine >1.5 in
conjunction with
diuretic,
antihypertensive,
or bicarbonate
therapy’ current
pyelonephritis

Requires
dialysis;
renal
carcinoma

Kaplan-Feinstein
index

Proteinuria
(tests of 3+ or
4+ on two or
more
urinalyses, or
excretion of
1 g on 24-h
urine
collection);
recurrent
lower urinary
infections or
renal stones

Azotemia,
manifested by
elevated BUN
(>25 mg%)
and/or creatinine
(>3.0 mg%)
without
secondary
effects; nephrotic
syndrome;
recurrent
infections;
hydronephrosis

Uremia, renal
decompensation
with secondary
anemia, edema,
hypertension

–

AEC-27 Creatinine 2–
3 mg/dl; stable
transplant
>6 months ago

Creatinine
>3 mg/dl; stable
transplant
≤6 months;
chronic dialysis

Creatinine
>3 mg/dl with
multiple organ
failure, shock, or
sepsis; acute
transplant
rejection, acute
dialysis

–

NCI/NIA
Life-Threat
Model

– – – Renal
failure

Charlson
comorbidity
index

– Moderate or
severe renal
disease; serum
creatinine
>3 mg/dL;
dialysis;
transplantation;
uremic
syndrome

– –
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In the National Cancer Institute/National Institute on Aging (NCI/NIA)
Life-Threat Model [24], renal failure is considered a high impact comorbidity, even
without active management. In the Charlson comorbidity index (CCI) [25], renal
disease including elevated creatinine, dialysis, and transplantation rates ‘2 points’
(Table 5.1).

Among cancer patients, the incidence of renal insufficiency remains unclear.
High prevalence of renal insufficiency in cancer patients has been observed by
French investigators of the Renal Insufficiency and Cancer Medicine (IRMA) Study
Group [26]. It was somewhat different depending on the methods used to calculate
the renal function. The prevalence was 57.5 % using Cockcroft-Gault or 52.9 %
with the abbreviated Modification of Diet in Renal Disease (aMDRD). Renal
insufficiency was defined to be less than 90 mL/min of GFR by the Working Group
of the National Kidney Foundation [27]. Stage 3 (GFR of 30–59 mL/min) or higher
(GFR of less than 30 mL/min) renal insufficiency made up about 20 % by both of
methods. According to the IRMA study group, a high prevalence of renal insuffi-
ciency of 60.3 % was observed in cancer patients who had normal serum creatinine,
when this was calculated according to the Cockcroft-Gault formula. Furthermore,
the prevalence of renal insufficiency in cancer patients aged 75 years and older was
74.1 %, as calculated by the MDRD formula.

5.3.1.2 Treatment Decision Making with Renal Insufficiency

Estimating Renal Function

Renal function should be assessed by calculation of GFR or creatinine clearance
(CrCl) in all patients, even if serum creatinine levels are within normal range [28].
For assessment of renal function, we should consider sex, age, and weight of the
patient for parameters of representing the muscle mass of the patient. There are
various formulae to estimate GFR or CrCl. The SIOG renal insufficiency task force
recommends the abbreviated MDRD (aMDRD) formula or the Cockcroft-Gault
formula for older cancer patients [29].

Dose Adjustment Recommendation

Kintzel and Dorr [30] provided recommendation for 17 drugs which had a renal
clearance equal to or exceeding 30 % of the administered dose out of 48 anticancer
drugs reviewed. Recommendations for the adjustment of dosing in elderly cancer
patients with renal insufficiency were developed by the International Society of
Geriatric Oncology (SIOG) taskforce on the basis of the Kintzel and Dorr study
[31]. In those studies, the alkylating agents included carmustine, ifosfamide, mel-
phalan, dacarbazine, and temozolomide. The platinum agents were carboplatin,
cisplatin, and oxaliplatin. The antimetabolites fludarabine, methotrexate, capecita-
bine, cytarabine, hydroxyurea, raltitrexed, and pemetrexed were also reviewed. As
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topoisomerase inhibitors, etoposide and topotecan were included. Beside anticancer
drugs, they suggested guidelines for bisphosphonates, including zoledronic acid,
pamidronate, and ibandronate.

Furthermore, the guidelines for anticancer drugs with limited renal excretion
were suggested. They were chlorambucil in alkylating agents, gemcitabine and
fluorouracil in antimetabolites, vincristine, vinblastine, and vinorelbine in vinca
alkaloids, paclitaxel, ABI 007, and docetaxel in taxanes, irinotecan in topoiso-
merase inhibitors, doxorubicin, liposomal doxorubicine, epirubicin, daunorubicine,
mitoxantrone, mitomycin, and idarubicin in antitumor antibiotics, tamoxifen and-
bicalutamide in hormonal therapy, and thalidomide, bortezomib, and anti-VEGF
antibiodies in other drugs.

Other Considerations for Patients with Renal Insufficiency

Beside estimating renal function, an assessment and optimization of hydration
status should be performed per SIOG recommendation for renal insufficiency in
older cancer patients, as renal insufficiency affects the ability of the body to control
the fluid balance [32]. They also recommended that co-administration of known
nephrotoxic drugs such as NSAIDs or Cox-2 inhibitors should be avoided or
minimized.

5.3.1.3 Life Expectancy and Outcomes

In a study of the effects of unidentified renal insufficiency in metastatic colorectal
cancer patients treated with capecitabine in combination with oxaliplatin, all the
patients had normal values of serum creatinine and the ranges of GFR were very
broad, from <30 to >90 mL/min [33]. The patients with GFR of 60 mL/min or less
experienced more severe toxicities with cytopenia (76 % vs. 61 %, OR = 1.86,
p < 0.001), diarrhea (34 % vs. 29 %, OR = 3.76, p = 0.007), stomatitis (10 % vs.
6 %, OR = 2.81, p = 0.002), and hand-foot syndrome (18 % vs. 11 %, OR = 2.56,
p = 0.045) than those with GFR of 60 mL/min or more. The response rate and time
to progression (4.5 vs. 5.5 months, HR = 1.57, p = 0.015) were significantly lower
in renal insufficiency patients. Unidentified renal insufficiency patients received
more dose modification (34 % vs. 14 %, OR = 1.98, p < 0.001) and dose inter-
ruption (52 % vs. 26 %, OR = 1.72, p < 0.001). The authors of this study sug-
gested that estimating renal function with GFR should be required for all metastatic
colorectal cancer patients before initial chemotherapy.

A retrospective Japanese study of advanced urothelial cancer, reported that
3-year overall survival for patients having GFR ≥60 mL/min/1.73 m2 was better
than that for those with GFR of <60 mL/min/1.73 m2, when treated with a gem-
citabine and cisplatin combination therapy (31.4 % vs. 14.1 %) [34]. The reason
was a high dose reduction rate of gemcitabine and cisplatin (43.9 %). The 1-year
survival of patients with a reduced dose of the two drugs was significantly lower
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than that for those treated with standard-dose among the patients with an estimated
GFR of <60 mL/min/1.73 m2 (26.2 % vs 60.3 %, p = 0.01).

An advanced non-small cell lung cancer study by Langer et al. demonstrated that
patients with mild (GFR of 51–80 mL/min) or moderate (GFR of 50 mL/min or
less) renal insufficiency had response rates and toxicity similar to patients with
normal renal function, when treated with weekly nab-paclitaxel (100 mg/m2) or
paclitaxel 200 mg/m2 every three weeks, in combination with carboplatin
(AUC = 6 every three weeks) [35]. The median dose intensity and cumulative
exposure was better for nab-paclitaxel weekly across all levels of renal function.
Other outcomes were comparable as well.

An ancillary study of CALGB 49907, which randomized older breast cancer
patients to capecitabine vs. AC or CMF analyzed the impact of renal function on
outcomes [36]. Patients with an estimated creatinine clearance (Cockroft-Gault)
≥30 ml/min were enrolled. Methotrexate and capecitabine were dose-adapted to
renal function. With this dose-adaptation, renal function did not predict whether a
patient would receive a dose modification, complete treatment per protocol, or
experience hematologic toxicity for any regimen. It was however associated with
non-hematologic toxicity in a heterogeneous fashion: increased creatinine clearance
was associated with a decreased risk of toxicity in patients receiving AC, and an
increased risk of toxicity in patients receiving capecitabine. It was not predictive of
RFS or OS.

5.3.2 Hepatic Function

5.3.2.1 Hepatic Dysfunction and Its Incidence

According to Cumulative Illness Rating Scale-Geriatrics, liver diseases as comor-
bidity are considered as one category (Table 5.2). There are five rating scores which
range from 0 with no problem to 4 with active hepatitis. Their severity is deter-
mined by a liver function test, including bilirubin and depending on their activity.
The Kaplan-Feinstein Index considers hepatic dysfunction as a cogent comorbidity
and its severity is defined by laboratory findings and clinical manifestation. Adult
Comorbidity Evaluation-27 includes liver disease as comorbidity with four levels of
severity of none to severe. The index of Coexistent Disease scales includes hepa-
tobiliary disease with four levels of severity.

In the National Cancer Institute/National Institute on Aging Life-Threat Model,
liver dysfunction is considered as a low to moderate impact comorbidity depending
on active management. The Charlson comorbidity index takes liver disease into
account, including liver cirrhosis without portal hypertension or with portal
hypertension and rates ‘1 or 3 of points’ (Table 5.2).

Unfortunately, most clinical trials have excluded patients with hepatic dys-
function. So, the prevalence of hepatic dysfunction is poorly known in cancer
patients. Besides comorbidities, hepatic dysfunction also results from the

5 Impact of Comorbidity on Treatment Decision Making and Outcomes 137



metastases of solid tumors, including breast cancer, lung cancer, and colorectal
cancer to the liver. A retrospective study of the association of comorbidity with
survival and treatment-related toxicities reported that the incidence of liver disease
as comorbidity was 30.8 %, which included biliary disease and pancreatic disease
as assessed by CIRS-G [37]. Grade 3 or 4 of hepatic dysfunction made up 7.3 % in
this study. According to annual report by the NIH, incidence of hepatic dysfunction,
including liver cirrhosis, chronic hepatitis, and moderate to severe liver disease, was

Table 5.2 Assessment of hepatic dysfunction in several comorbidity indexes

Measurement Grade 1 Grade 2 Grade 3 Grade 4

CIRS-G History of
hepatitis
>five years
ago

Mildly elevated LFT
(up to 150 % of
normal); hepatitis
within five years;
daily or heavy
alcohol use within
five years

Elevated bilirubin
(total >2);
marked elevation
of LFT (>150 %
of normal)

Active
hepatitis

Kaplan-Feinstein
index

Chronic
liver disease
manifested
on biopsy or
by
persistently
elevated
BSP (>15 %
retention) or
bilirubin
(>3 mg%)

Compensated
hepatic failure
(cutaneous spiders,
palmar erythema,
hepatomegaly or
other clinical
evidence of chronic
liver disease)

Hepatic failure
(ascites, icterus,
encephalopathy);
or esophageal
varices

–

AEC-27 Chronic
hepatitis or
cirrhosis w/o
PHT;
chronic liver
on biopsy or
with
bilirubin
>3 mg/dl

Chronic hepatitis,
cirrhosis, PHT with
moderate symptoms
“compensated
hepaticfailure”

PHT and or
esophageal
bleeding
<6 months
(encephalopathy,
ascites, jaundice
with bilirubin >2;
h/o transplant
≤6 months or
acute rejection

–

NCI/NIA
Life-Threat
Model

No current
management/history
only

Under active
management

–

Charlson
comorbidity
index

Mild liver
disease;
cirrhosis
without
PHT;
chronic
hepatitis

– Moderate or
severe liver
disease; cirrhosis
with PHT±
variceal bleeding

–

LFT liver function test; PHT portal hypertension
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0.8 % in breast cancer, colorectal cancer, lung cancer, and prostate cancer patients
of 65 years and older [38]. A retrospective study of nonhepatic cancer in patients
with liver cirrhosis reported 19.8 % of the incidence of nonhepatic cancer [39].

5.3.2.2 Treatment Decision Making with Hepatic Dysfunction

Similar to estimating renal function with creatinine or creatinine clearance, hepatic
dysfunction has been estimated with laboratory findings including the level of
bilirubin, albumin, and prothrombin time and clinical manifestation including
ascites, encephalopathy, nutritional status, peripheral edema, and complications of
portal hypertension. Hepatic dysfunction affects the hepatic clearance of drugs, low
albumin increases the fraction of free drug, and portal hypertension affects drug
absorption.

Estimating Hepatic Dysfunction

There are several classifications for estimating hepatic function, but no single test
has been developed for clinical use to adjust drugs in patients with hepatic dys-
function. The Child-Pugh classification (Table 5.3) is one of the best known
assessments for hepatic dysfunction. Assessment of the Child-Pugh classification
results in (A) mild degree with 5 or 6 points, (B) moderate degree with 7–9 points,
or (C) severe degree with 10–15 points.

The model for end-stage liver disease (MELD) is based on serum bilirubin,
serum creatinine, the internationalized ratio (INR) of prothrombin time, and the
underlying liver disease. The MELD score accurately predicts 3-month mortality
for patients on a liver transplant waiting list.

The Maddrey discriminant function (df) is for patients with acute alcoholic
hepatitis, the disease is not severe if df < 54, is severe when the score is between 55

Table 5.3 Child-Pugh classification

Variables 1 point 2 points 3 points

Encephalopathy gradea None 1 or 2 3 or 4

Ascites Absent Slight Moderate

Serum bilirubin, mg/dL <2 2–3 >3

Serum albumin, g/L >3.5 2.8–3.5 <2.8

Prothrombin time, s prolonged <4 4–6 >6
aGrade 0: Normal consciousness, personality, neurological examination, electroencephalogram
Grade 1: Restless, sleep disturbed, irritable/agitated, tremor, impaired handwriting, 5 cps (cycles
per second) waves
Grade 2: Lethargic, time-disoriented, hyperactive reflexes, rigidity, slower waves
Grade 4: Unrousable coma, no personality/behavior, decerebrate, slow 2–3 cps delta activity
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and 92, and probably lethal when 93 or more and left untreated. The df is calculated
as follows:

df ¼ 4:6� prothrombin time; in secondsð Þþ serum total bilirubin;mg=dL

As another markers of hepatic function, Indocyanine Green clearance correlated
significantly with Child-Pugh’s classification (r = 0.86, p = 0.0001) and antipyrine
clearance correlated significantly with Child-Pugh’s classification (r = 0.67,
p = 0.0003).

Dose Adjustment Recommendation

There are three classifications for the hepatic contribution to the elimination of the
drug which are: no hepatic contribution, limited (<20 %) hepatic elimination, and
extensive (>20 %) hepatic elimination.

Taxanes, vinca alkaloids, irinotecan, and anthracyclines may generate unac-
ceptable toxicity in patients with poor hepatic function. Continuous infusion of
5-fluorouracil, capecitabine, mechlorethamine, cyclophosphamide, topotecan, and
oxaliplatin are relatively well tolerated in patients with hepatic dysfunction [40].

Both the Food and Drug Administration (FDA) and the European medicines
Agency (EMEA) have published an industry guideline about pharmacokinetics of
medical products in patients with impaired hepatic function. These guidelines
recommend that the Child-Pugh classification could categorize patients according to
their degree of hepatic dysfunction and exogenous markers might be used to assess
the elimination capacity by different mechanisms.

Some general considerations were recommended by Verbeeck for patients with
hepatic dysfunction [41] and can apply to anticancer agents as well:

1. Drugs with a relatively high hepatic extraction ratio: the oral bioavailability of
these drugs can be drastically increased in patients with chronic liver disease,
and the dosage should be reduced accordingly. Following systemic adminis-
tration (iv, im, sc, etc.), the plasma clearance may be reduced if hepatic blood
flow is decreased.

2. Drugs with a low hepatic extraction and high plasma protein binding (>90 %):
the oral and intravenous clearance of these drugs is determined by the intrinsic
capacity of the hepatic elimination mechanisms and the unbound drug fraction
in blood or plasma. The intrinsic clearance will be reduced to a degree deter-
mined by the fractional status of the liver and the specific metabolic pathways
involved in the elimination of the drug. Because the unbound fraction of drug in
blood or plasma may be significantly increased in patients with chronic liver
disease, pharmacokinetic evaluation should be based on the unbound
blood/plasma concentrations and dosage adjustment may be necessary even
though total blood/plasma concentrations are within the normal range.
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3. Drugs with a low hepatic extraction ratio and low plasma protein binding
(<90 %): the oral and intravenous clearance of these drugs is determined by the
intrinsic capacity of the hepatic elimination mechanisms and unbound drug
fraction in blood or plasma. The intrinsic clearance will be reduced to a degree
determined by the functional status of the liver and the specific metabolic
pathways involved in the elimination of the drug. Fluctuations in the unbound
drug fraction in blood or plasma are rather small and will not significantly affect
blood/plasma clearance of the drug. Dosage adjustment may be necessary and
should be aimed at maintaining normal total (bound and unbound) plasma
concentrations.

4. The elimination of drugs that are partly excreted in unchanged form by the
kidneys will be impaired in patients with the hepato-renal syndrome. It should
be taken into account that creatinine clearance significantly overestimates
glomerular filtration rate in these patients.

5. The volume of distribution of hydrophilic drugs may be increased in patients
with chronic liver disease who have edema or ascites. As a consequence, the
loading dose may have to be increased in these patients if a rapid and complete
effect of the drug is required. Since many hydrophilic drugs are eliminated
primarily in unchanged form by the kidneys, renal function should be taken into
consideration.

6. Extreme caution is recommended when using drugs with a narrow therapeutic
index in patients with liver disease and when administering any drug to patients
with severe liver dysfunction (Child-Pugh class C).

5.3.2.3 Life Expectancy and Outcomes

In a prospective study of the impact of liver cirrhosis on the outcome of ovarian
cancer, compensated liver cirrhosis (Child-Pugh class A) affected neither
disease-free survival (95 % CI, 19.9–26.7 months vs. 19.4–26.1 months,
p = 0.719) nor overall survival (95 % CI, 21.6–25.7 months vs. 21.1–25.1 months
p = 0.524) in ovarian cancer patients treated with debulking surgery followed by
adjuvant chemotherapy with paclitaxel (175 mg/m2) and carboplatin (AUC, 5)
compared those without liver disease [42].

An Italian study of established cirrhosis and hepatocellular carcinoma treated
with sorafenib demonstrated that treatment duration or incidence of adverse event
between Child-Pugh class A and class B were not significantly different [43].
A retrospective study of sorafenib for advanced hepatocellular carcinoma patients
with Child-Pugh class B liver cirrhosis observed that overall survival was signifi-
cantly different among class A, class B score 7, and class B score 8–9 (6.1 vs. 5.4
vs. 2.7 months, p = 0.002) but progression-free survival was similar among them
(3.2 vs. 3.2 vs. 2.3 months, p = 0.26) [44]. Among them, most of adverse events
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had a similar incidence except anemia, gastrointestinal bleeding and hepatic
encephalopathy, which developed in class B score 8–9.

A retrospective study investigated prevalence, complication after oncologic
treatment, and prognostic predictors of nonhepatic cancer in patients with liver
cirrhosis [39]. The prevalence of nonhepatic cancer was 19.8 % and was mainly
colorectal cancer, prostate cancer, and tobacco-related cancers. Low bilirubin
(p = 0.01), normal albumin (p = 0.005), and absence of ascites (p < 0.0001) were
related significantly to longer survival. In that study, Child-Pugh classification and
MELD score were suitable parameters to predict mortality. The rate of
post-interventional death after specific treatment was high although all patients with
long-term survival received specific oncologic treatment.

5.3.3 Immunologic Disorders

5.3.3.1 Immunologic Disorders and Their Incidence

Examples of autoimmune diseases are rheumatic arthritis, systemic lupus erythe-
matosus, antiphospholipid syndrome, multiple sclerosis, scleroderma, primary bil-
iary cirrhosis, autoimmune hepatitis, Graves’ disease, Hashimoto’s thyroiditis, and
Sjogren’s disease. Immunologic disorders usually involve joint organs and most of
the assessments of comorbidity classify immunologic diseases in the muscu-
loskeletal category.

According to Cumulative Illness Rating Scale-Geriatrics, autoimmune disease is
considered to be in the musculoskeletal/integument category (Table 5.4). There are
five rating scores which range from 0 with no problem to 4 with severe joint
deformity. Their severity is determined by their function of activity in daily life. In
the Kaplan-Feinstein Index, locomotive impairment is considered as a cogent
comorbidity and its severity is defined by the level of limitation of activity. The
Adult Comorbidity Evaluation-27 includes rheumatologic disease as comorbidity
with four levels of severity of none to severe. The Index of Coexistent Disease scale
includes arthritis with four levels of severity.

In the National Cancer Institute/National Institute on Aging Life-Threat Model,
arthritis is considered as a negligible to low impact comorbidity, depending on
active management. In the Charlson comorbidity index, connective tissue disease,
including systemic lupus erythematosus (SLE), polymyositis, mixed connective
tissue disease (CTD), polymyalgia rheumatica, and moderate to severe rheumatoid
arthritis (RA) rate 1 point.

In this chapter, we will focus on rheumatoid arthritis as an example of
autoimmune diseases (Table 5.4).

According to a cancer registry study by Piccirillo et al. [23], the prevalence of
reported rheumatologic disease was 1.8 % in cancer patients. By annual report
including four solid tumors patients of 65 years and older diagnosed between 1992
and 2005, the incidence of rheumatologic disease was 2.0 % [38]. A study of
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Hodgkin’s lymphoma with pre-existing autoimmune disease reported an incidence
of autoimmune diseases to be 2.7 % among [45]. On the other hand, cancer inci-
dence among patients with rheumatoid arthritis has been reported as high, espe-
cially lymphoid malignancies (standardized incidence ratios, SIR = 2.0, 95 % CI,
1.5–2.6) [46].

5.3.3.2 Treatment Decision Making with Immunologic Disorders

Cancer patients may develop rheumatic manifestations after chemotherapy [47].
Patients receiving adjuvant chemotherapy with cyclophosphamide combined with
either methotrexate and fluorouracil or doxorubicin and fluorouracil experienced
myalgia, arthralgia, and tenosynovitis [48]. Tamoxifen has been known to be
associated with occasional rheumatic symptoms [49]. Aromatase inhibitors can be
associated with arthralgias and tenosynovitis [50] Bleomycin, vinblastine, cisplatin,

Table 5.4 Assessment of immunologic disorder in several comorbidity indexes

Measurement Grade 1 Grade 2 Grade 3 Grade 4

CIRS-G Uses prn meds for
arthritis; mild limited
ADL’s from joint
pathology

Daily antiarthritic
meds; use of
assistive devices;
moderate limitation
in ADL’s

Severely
impaired
ADL’s
secondary to
arthritis;
requires
steroids for
arthritic
condition

Wheelchair
bound’
severe joint
deformity
or severe
impaired
usage

Kaplan-Feinstein
Index

Slightly impaired
(some limitation of
activity)

Moderate impaired
(confined to home,
nursing home, or
convalescent
setting)

Bed-to-chair
existence

–

AEC-27 CTD on NSAIDS or
no treatment

CTD on steroids or
immunosuppressant
medications

CTD with
secondary
end-organ
failure
(renal,
cardiac,
CNS)

–

NCI/NIA
Life-Threat
Model

No current
management/history
only: arthritis

Under active
management:
arthritis

– –

Charlson
comorbidity
index

SLE; polymyositis;
mixed CTD;
polymyalgia
rheumatic; moderate
to severe RA

– – –

ADL activity of daily livings; CTD connective tissue disorder
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5-fluorouracil have been associated with Raynaud’s phenomenon [51, 52].
Interferon-α and -γ have been associated with the generation of auto-antibodies and
the induction of autoimmune disorders [53–55]. Recently developed checkpoint
inhibitors, for example, ipilimumab, pembrolizumab, nivolumab and lam-
brolizumab, have toxic immune-mediated effects such as pneumonitis, colitis, and
hepatitis [56–58], linked to their mechanism of breaking immune tolerance. Patients
with preexisting autoimmune disorders were excluded from clinical trials, and
therefore no information is available about the potential of these drugs for flare ups
of an underlying autoimmune disease.

5.3.3.3 Life Expectancy and Outcomes

In a prospective study of survival outcomes in non-Hodgkin’s lymphoma patients
with rheumatoid arthritis, RA patients with NHL had similar overall survival
compared with non-RA controls (HR = 0.95, 95 % CI, 0.70–1.30) [59]. In the
study, RA with HNL had low risk of lymphoma progression or relapse (HR = 0.41,
95 % CI, 0.25–0.68) and of lymphoma or treatment-related death (HR = 0.60,
95 % CI, 0.37–0.98), but had a more than double the risk of death from causes
unrelated to lymphoma, compared with non-RA controls (HR = 2.16, 95 % CI,
1.33–3.50). The median duration of RA disease was 14 years and 95 % of RA
patients had prior Disease-Modifying Anti-Rheumatic Drug (DMARD) use,
including methotrexate, hydroxychloroquine, gold salt, sulfasalazine, azathioprine,
and others.

A study of survival patterns in patients with Hodgkin’s lymphoma with a
pre-existing autoimmune disease observed that Hodgkin’s lymphoma patients with
autoimmune disease had a high risk for death compared with those without
autoimmune disease (HR = 1.8, 95 % CI, 1.3–2.4 for women, and HR = 1.7, 95 %
CI, 1.3–2.2 for men) [45]. The most common causes of death were lymphoma and
treatment-related complications (76 % of women and 68 % of men) in the study.

5.3.4 Cardiovascular Disorders

5.3.4.1 Cardiovascular Disorders and Their Incidence

Cardiovascular diseases are coronary artery disease, congestive heart failure,
arrhythmia, valvular disease, pericardial disease, hypertension, and peripheral
atherosclerotic disease.

According to Cumulative Illness Rating Scale-Geriatrics, heart and vascular
comorbidity are separate categories (Table 5.5). There are five rating scores which
range from 0—no problem to 4—intractable congestive heart failure for heart
category or previous surgery for vascular category. The Kaplan-Feinstein Index
considers cardiovascular disorder as a cogent comorbidity and its ailments are
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divided into cardiac, hypertension, and peripheral vascular disease. Adult
Comorbidity Evaluation-27 includes 7 categories of cardiovascular diseases, which
are hypertension, angina, myocardial infarction, arrhythmias, congestive heart
failure, peripheral vascular disease, and venous disease as comorbidity with four
levels of severity from none to severe. The Index of Coexistent Disease scales
includes five categories of cardiovascular diseases, which are organic heart disease,
ischemic heart disease, primary arrhythmias and conduction problems, congestive
heart failure, and hypertension with four levels of severity.

In the National Cancer Institute/National Institute on Aging Life-Threat Model,
cardiovascular disorder is considered as low to high impact comorbidity, depending
on disease severity and active management. By the Charlson comorbidity index,
cardiovascular disease, including myocardial infarct, congestive heart failure, and
peripheral vascular disease, rates 1 point.

The prevalence of cardiovascular disease has been reported ranging from 12 %
to 60 % in cancer patients [60]. According to a cancer registry study by Piccirillo
et al., the prevalence of hypertension was 40.2 %, and the most common comor-
bidity in cancer patients [23] and a 71.9 % prevalence of cardiovascular disorders
was observed. By annual report, including four solid tumors patients with 65 years
and older diagnosed between 1992 and 2005, the incidence of cardiovascular dis-
ease was 17.3 %, including 9.7 % of congestive heart failure, 4.3 % of peripheral
vascular disease, and 3.3 % of myocardial infarction [38]. The prevalence of the
CIRS-G heart category in a secondary analysis of clinical trials including six solid
tumors, was 36.3 % and that of the vascular category was 78.4 % [37].

5.3.4.2 Treatment Decision Making in Patients with Cardiovascular
Disorder

Numerous chemotherapies, targeted therapies, and hormonal therapies are associ-
ated with cardiovascular toxicity, and have been reviewed by others [61–64]. The
literature is sparser concerning the management of patients with pre-existing car-
diovascular disease.

Congestive Heart Failure (CHF)

CHF is mostly an issue with anthracycline-based regimens. Older patients are at
higher cumulative risk of CHF with anthracyclines. A study by [65] showed that
while the risk of CHF was low up to 400 mg/m2 for all patients, patients aged over
65 had a HR of 3.28 of developing CHF beyond that cumulative threshold, com-
pared to younger patients. Whereas for some diseases, such as breast cancer, some
good alternatives exist, for other diseases, such as diffuse large B-cell lymphoma
(DLBCL), no first line regimen has demonstrated the same curative potential as
CHOP-R. In a recent review of 859 DLBCL patients, about 5 % had a preexisting
heart failure, half systolic, half diastolic. Patients with diastolic heart failure
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received CHOP-like regimens more frequently than the others. 24 % of cardiac
events were observed, defined as hospitalization for CHF, for cerebrovascular
insult, for chest pain, for ischemic or non-ischemic cardiac events or cardiac-related
deaths, in the group treated with R-CHOP, vs. 16.7 % in the non-R-CHOP group,
but this was not statistically significant (p value 0.7), given low patient numbers.
Overall, 90.9 % of the patients treated with a non-R-CHOP chemotherapy com-
pleted the planned treatment versus 58.3 % in the R-CHOP group (p value 0.09).
Although patients treated with a R-CHOP regimen tended to have higher complete
remission rates compared to non R-CHOP regimens (73.7 % vs. 55.5 % respec-
tively), this result was not statistically significant (p = 0.37), and there was no
significant difference in overall survival or 2-year relapse free survival, but the
numbers were small [66]. Regimens needing intense hydration can be a challenge,
especially in patients with decreased diastolic relaxation.

To minimize the anthracycline cardiotoxicity, one can use less cardiotoxic
therapies, for example continuous infusion, use of epirubicin, desrazoxane, lipo-
somal anthracycline formulation, or sequential administration of conventional
anthracyclines and trastuzumab in HER2-positive breast cancer [67].

Coronary Artery Disease

A large SEER registry study identified coronary artery disease as a risk factor for
chemotherapy-induced CHF in older women (HR, 1.58; 95 % CI, 1.39–1.79),
independent of age, race, diabetes, and hypertension. However, that series did not
report the ejection fraction of patients with coronary artery disease (CAD), or the
proportion of patients that had an actual myocardial infarction [68]. A recent study
assessed the risk of CHF after anthracycline therapy and found a significant
association of CAD with CHF (11.8 % early CHF, 17.4 % late CHF, vs. 3.1 % in
the control group (p < 0.01) [69]. There is to our knowledge no study that assessed
whether pre-existing CAD with a normal cardiac muscle function led to a higher
incidence of anthracycline-induced CHF. In the absence of decreased ejection
fraction, most oncologists would give anthracyclines if essential to the treatment
plan, but there might be an increased risk of CHF. On the other hand, fluoropy-
rimidines, such as 5-FU and capecitabine, can induce coronary vasospasm, which
are most frequently asymptomatic and should be used with caution in patients with
preexisting CAD [70].

Arrhythmia Management

In clinical experience, patients with a well-compensated arrhythmia typically fare
well with chemotherapy. Although some arrhythmias, such as atrial fibrillation, are
very frequent in the elderly, we couldn’t find literature exploring their impact on
chemotherapy tolerance. For patients on full anticoagulation, it might be wise to
choose chemotherapy agents that minimize anemia and platelets toxicity to prevent
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bleeding. Caution should be exercised with many new agents, notably kinase
inhibitors, which can lead to QT prolongation. A careful review of potential drug
interactions is warranted. In patients receiving arsenic trioxide, potassium levels
should be maintained at 4.0 mg/dl or above, and magnesium levels should also be
maintained at 1.8 mg/dl or above.

5.3.4.3 Life Expectancy and Outcomes

A retrospective study of treatment of DLBCL patients with preexisting congestive
heart failure, including either systolic or diastolic heart failure, observed that elderly
patients with DLBCL and baseline systolic CHF were more likely to receive non
R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone) based regimens, compared to patients with diastolic dysfunction and non
R-CHOP treatments seemed to be better tolerated, without any obvious differences
in outcome (the numbers were small) [66]. A study of lung cancer and comorbid
illness [71] demonstrated that 18 % of patients with CHF received chemotherapy in
comparison with 36 % of those without comorbid illness. In this study, patients
with CHF had a significantly decreased survival rate (HR = 1.38, 95 % CI, 1.18–
1.62) in multivariate analysis. A study of colon cancer patients reported that the use
of adjuvant chemotherapy was 36.2 % in patients with heart failure compared to
64.9 % of those without heart failure [72]. Among patients with heart failure, the
5-year survival was significantly higher in patients treated with adjuvant
chemotherapy (43, 95 % CI, 40–47 % vs. 30, 95 % CI, 27–34 %). A study of
breast cancer patients showed that patients with early stage disease and CHF had
significantly poorer survival (HR = 1.89, 95 % CI, 1.44–2.48) [73].

5.3.5 Diabetes

5.3.5.1 Diabetes and Its Incidence

With the rise in obesity in the US, the prevalence of metabolic syndrome is 40 % in
patients above the age of 65 (NHANES). The prevalence of diabetes is also rapidly
increasing and was 20 % for patients above the age of 65 in 2014 (CDC, accessed
1/18/2016 http://www.cdc.gov/diabetes/statistics/prev/national/figbyage.htm).

In the CIRS-G and ACE 27, diabetes is rated by level of control. The
Kaplan-Feinstein index was designed for diabetic patients, so diabetes is not
included in the comorbidity rating. In the NIA/NCI index, the impact of diabetes is
considered negligible if untreated; low if treated (medication unknown in SEER
registry); and high if insulin-treated. The Charlson score attributes 1 point to dia-
betes without complications, and 2 points to diabetes with end-organ complications
(Table 5.6).
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5.3.5.2 Treatment Decision Making with Diabetes

Toxicity Issues

Many chemotherapy regimens contain high-dose steroids. Since they are given for
one day only (most of the time), there is little literature on acute effects. Other
regimens give it for five days. Temporary insulin regimens to control
steroid-induced hyperglycemia have been proposed. In a study of 40 diabetic
patients with hematologic malignancies receiving dexamethasone, intravenous or
oral, for three days, a baseline and bolus regimen with insulin detemir and aspart
produced better glycemic control than a sliding scale insulin regimen. Three
keto-acidoses developed in the sliding scale insulin group versus 0 in the
baseline/bolus group [74].

Diabetic patients have increased toxicity from chemotherapy. In a study, diabetic
patients were shown to have an increased severity and a delayed recovery of
paclitaxel-induced peripheral neuropathy [75] (Morena-Barrio 15). In another
study, older patients treated with CHOP for NHL or docetaxel for prostate cancer
were assessed for the impact of diabetes and hyperglycemia on toxicity. In both
populations, hyperglycemia during chemotherapy was associated with the

Table 5.6 Assessment of diabetes in several comorbidity indexes

Measurement Grade 1 Grade 2 Grade 3 Grade 4

CIRS-G DM
controlled
with diet

Insulin or oral
agents required

Intermediate
level of
severity
between 2 and
4

Brittle or poorly
controlled
diabetes. Hx of
diabetic coma in
past year

Kaplan-Feinstein
Index

N/A (the
index was
developed
for diabetic
patients)

AEC-27 NIDDM
controlled
by oral
agents

IDDM without
complications;
poorly
controlled
NIDDM

Hosp
≤6 months for
keto-acidosis;
diabetes with
end-organ
failure

–

NCI/NIA
Life-Threat
Model

untreated On active
management
(meds
unknown)

– On insulin

Charlson
comorbidity
index

Diabetes
without
complication

Diabetes with
end organ
damage

– –

(N)IDDM (non) insulin-dependent diabetes mellitus
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occurrence of severe toxicity. For prostate cancer patients, a known diagnosis of
diabetes was also associated with the occurrence of severe toxicity [76].

5.3.5.3 Life Expectancy and Outcomes

A secondary analysis of a large randomized trial showed that diabetic patients
treated with a 5-FU based adjuvant chemotherapy had a shorter PFS, EFS and OS
than patients without diabetes [77]. In the study on NHL and prostate cancer
patients mentioned above, neither a known diagnosis of diabetes nor hyperglycemia
during treatment were associated with PFS or OS [76]. Among diabetic patients, the
type of treatment they receive might influence the prognosis of their cancer.
Diabetic prostate cancer patients who take metformin seem to have a lesser risk of
recurrence [78]. Similar results have been found in colorectal and pancreatic cancer
patients [79, 80]. Diabetic breast cancer patients on metformin have a better CR rate
on chemotherapy than other diabetic patients or non-diabetic patients [81].
Prospective studies are ongoing.

5.3.6 Prediction of Chemotherapy-Induced Toxicity
in the Elderly

5.3.6.1 MAX2 Index

The MAX2 index [82–84] was evaluated to assess the average per patient risk for
chemotherapy toxicity. Severe toxicity is defined as grade 4 hematologic toxicity
and/or grade 3 and 4 non-hematologic toxicity by common terminology criteria for
adverse events version 3.0.

The MAX2 index is defined as follows:

Most frequent grade 4 hematologic toxicityþmost frequent grade 3 and 4 non-hematologic toxicity
2

The MAX 2 value for a regimen should be derived from three published studies
which had at least 20 patients with a reliable reporting of toxicity. The most useful
studies are the ones that provide a separate reporting of grade 4 absolute neutrophil
count. Among non-hematologic toxicities, alopecia is excluded. Febrile neutropenia
counts as a non-hematologic toxicity.

If ANC was not reported, ANC is extracted as follows:

0:6� G3þ 4 leucopeniað Þ if G4 leukopenia \30%
0:8� G3þ 4 leucopeniað Þ if G4 leukopenia is 30% or higher

When the MAX2 index was evaluated for validation with ECOG trials, the
association of the MAX2 index with the patient incidence of grade 4 hematologic
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and/or grade 3 and 4 non-hematologic toxicity was highly significant for the overall
group and for the elderly subgroup.

5.3.6.2 CRASH (Chemotherapy Risk Assessment Scale for High-Age
Patients) Score

The CRASH score [85] was constructed in a prospective multicentric study in
patients aged 70 years and older. Severe chemotherapy toxicity was defined as
grade 4 hematologic toxicity or grade 3 and 4 non-hematologic toxicity according
to Common Terminology Criteria for Adverse Events version 3.0. In the study,
64 % of patients experienced severe toxicity. Hematologic and non-hematologic
toxicities had different predictors, and therefore the CRASH score consists of two
sub-scales, which are hematologic toxicity and non-hematologic toxicity. The best
predictive model for hematologic toxicity includes diastolic blood pressure
(>72 mmHg; 1 point), instrumental activities of daily living (<26; 1 point), the level
of LDH (equal or more than 0.75 × upper normal limit; 2 points), and toxicity of
regimen. The best predictive model for non-hematologic toxicity included ECOG
performance status (PS 1-2; 1 point: PS 3-4; 2 points), mini-mental status score
(<30; 2 points), mini-nutritional assessment score (<28; 2 points), and toxicity of
regimen. Toxicity of regimen is based on the MAX2 index. According to the level
of MAX2 index, the risk of toxicity of a regimen is divided into three categories
from 0 to 2.

The CRASH score and MAX2 index are available on-line at the following
website:

https://moffitt.org/tests-treatments/treatments/senior-adult-oncology-program/
senior-adult-oncology-program-tools/.

5.3.6.3 The CARG (Cancer and Aging Research Group) Score

Another toxicity risk predictive score is the CARG score [86]. This score defines
severe toxicity as grade 3–5 by CTCAE. The adjustment for toxicity of
chemotherapy was made by classifying it as single agents vs. combination, standard
vs. reduced dose, and by tumor type. The predictors of toxicity are: creatinine
clearance <34 ml/min, one or more falls in the past 6 months (3 points), age
≥72 years, GI or GU cancer, standard dose chemotherapy, polychemotherapy,
hearing fair or worse, somewhat or a lot limited in walking a block (2 points),
taking medications with some help/unable, limited at least some time in social
activity because of physical/emotional health (1 point). A score of 0–5 is low-risk,
6–9 represents a medium risk, and a score of between 10 and 19 represents a high
risk. Validation is ongoing in a CALGB trial. The score can be found online at
http://www.mycarg.org/Chemo_Toxicity_Calculator.
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5.4 Summary and future direction for research
and practice

In conclusion, we have provided some elements to address the impact of comor-
bidity on survival, as well as the management of individual comorbidities in cancer
treatment. More research work needs to be done, notably on the impact of multi-
morbidity and on other outcomes, such as relapse, progression, tolerance to
chemotherapy and functional recovery or maintenance. New tools need to be
developed to identify clusters of diseases with the highest impact on these
outcomes.
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Chapter 6
The Impact of Cancer and Chronic
Conditions on Caregivers and Family
Members

Sylvie D. Lambert, Janelle V. Levesque and Afaf Girgis

Abstract Caregiving by a family member or a friend is critical in maintaining and
improving the health and well-being of individuals living with cancer, and in reducing
demands on the health care system. The increased prevalence of cancer and
co-morbidities is applying pressure on already stretched cancer care resources and
high-quality cancer care now relies on caregivers taking on more and more complex
illness management roles (once performed by health care professionals). Caregivers
provide about 70–80 % of patients’ cancer care, the economic value of which is
estimated to be at least in the millions. Although caregiving is a valued societal and
financial resource, caregivers remain largely a hidden workforce. Caregivers often take
on their roles and responsibilities with little to no formal training, leading to high levels
of burden and lower quality of life for both the caregivers and the person they are
caring for. Cancer caregivers are a particularly vulnerable sub-group, as they report
higher burden than caregivers for individuals with diabetes or frail elders. Although
across caregiver studies it might be assumed that many of the patients cared for have
co-morbidities, this information is not always explicit and there are no studies
specifically examining the burden endured by caregivers of patients with cancer and
co-morbidities. Therefore, the purpose of this chapter is to summarize what is known
about cancer caregiving and note how these findings might be extrapolated to begin to
understand the issues faced by caregivers of patients with cancer and co-morbidities.
The chapter provides an overview of caregivers’ roles in cancer care and the impact of
this involvement on caregivers’ health and functioning; their patterns of health care
services utilization; a description of the type of support caregivers require more of
(unmet needs); and the effectiveness of interventions that can support caregivers
throughout the cancer trajectory. A discussion of future directions for research and
practice concludes this chapter.
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Key Points

• With the expected growth in the number of caregivers due to the aging of the
population and changes in the health care system as well as the substantial
burden endured, caregiving is now a public health priority.

• Caregivers fulfill a wide range of roles and responsibilities and often feel
unprepared to meet the multiple demands of caregiving.

• An extensive reliance on caregivers adversely impacts on their own physical
health, immune function, health behaviors and lifestyle, mental health, social
functioning, and financial status, which may limit the extent to which they can
sustain their involvement.

• Despite significant challenges, caregiving can also be a positive experience,
whereby between 42 and 98 % of caregivers identify at least one positive ele-
ment in or change arising from their caregiving experience.

• Caregivers report unmet needs in the following domains: comprehensive cancer
care, emotional and psychological, partner or caregiver impact and daily
activities, relationship, information, and spiritual.

• Although caregivers seem to engage with health care services in regards to
cancer screening and primary care visits, there is evidence to suggest that
caregivers under-utilize available services, particularly in relation to their mental
health needs.

• The ultimate goal of caregiver interventions is to identify the most effective
ways of supporting caregivers and meeting their most pressing needs.
Significant effects of caregiver interventions are particularly noted for improving
knowledge, appraisal, self-efficacy, coping, relationship communication, psy-
chological well-being, sexual functioning and intimacy, and relationship
functioning.

6.1 Introduction

Cancer is among the most common conditions worldwide requiring help from
informal caregivers, such as a friend, partner, family member, or neighbor. The
cost-containment health care context and the increased reliance on outpatient cancer
treatment is shifting cancer care from the hospital to the community and is leading
to an unprecedented dependence on caregivers’ support for high-quality care [1].
Also, with the aging of the population and the concurrent increase in life expec-
tancy, there is a rise in the incidence of cancer, and co-existing chronic diseases,
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which is leading to an ever increasing cohort of caregivers needing assistance to
sustain their role.

Caregivers are patients’ primary source of support, with the informal care pro-
vided often involving a considerable number of hours per week [2]. Although
caregivers’ support reduces the demands on the health care system [3], too often
caregivers take on their novel roles and responsibilities with little to no formal
training [1, 4]. Many caregivers assume their roles and responsibilities without
being fully aware of the burden these might cause, and regardless of their readiness
to do so. Despite caregivers’ best efforts to manage the demands of their role, these
might inadvertently exceed their capabilities and result in high levels of physical,
emotional, social, and/or financial burden [5–9]. Of concern, caregivers often put
aside their own needs to focus on supporting patients [6] and resist using health
services to alleviate their burden, which might decrease their ability to sustain their
caregiving role and increase caregivers’ risk for long-term health complications
[10].

With the expected growth in the number of caregivers due to the aging of the
population and changes in the health care system, the increased complexity of their
role due to the rise in multi-morbidities, and the substantial burden endured,
caregiving is now a public health priority. The recognition of caregivers’ personal,
physical, social, and financial investments in patients’ recovery by researchers,
clinicians, and policy makers has been coupled with an exponential increase in the
research on the psychosocial impact of a cancer diagnosis on caregivers [11].
However, this literature has mainly focused on cancer caregiving in isolation,
ignoring the presence of co-morbidities for many patients. This, despite the fair
assumption that as the complexity of care increases for patients with
multi-morbidities, so does the complexity of informal caregiving. Although it can
be supposed that in most cancer caregiver studies the patients had at least one other
co-morbidity, these co-morbidities are rarely reported (mainly limited to cancer
type, stage, and treatment) and it is therefore difficult to draw conclusions from
these studies for this sub-group of caregivers. Given the scarcity of studies
examining the issues specifically faced by caregivers of patients with cancer and
co-morbidities, this chapter will summarize what is known about cancer caregiving
to date and identify directions for future research. This chapter commences with a
review of who the caregivers are and what their main roles and responsibilities in
cancer care are. Then, the impact of these roles and responsibilities on caregivers’
health, functioning, and well-being is presented. This is followed by an overview of
caregivers’ common supportive care needs and their patterns of health care service
utilization. The last section of this chapter provides in-depth evidence about the
effectiveness of caregiver interventions. A discussion about the implications of
these findings for caregivers of patients with co-morbidities and priorities for future
directions for research and practice concludes this chapter.
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The definition of caregiver used in this chapter is: family member, partner, friend
or neighbor assisting with health care activities for someone with cancer who is
unable to independently care for him or herself or needs assistance to manage
his/her cancer care or cancer treatment [12].

6.2 The Roles of Caregivers in Cancer Care

6.2.1 How Many Caregivers Provide Care?

Caregivers are a diverse group representing a significant proportion of the popu-
lation [3, 13, 14]. Whilst the assessment of caregiving responsibilities differs across
countries, the proportion of the population defined as caregivers ranges from 10 to
50 %. For example, in a survey conducted by the National Alliance for Caregiving
(NAC) in the US, 18.2 % of respondents were caregivers in the previous year, with
top conditions requiring caregivers’ assistance including “old age,” Alzheimer’s
disease or dementia, surgery or wounds, and cancer [13]. This translates to cancer
alone accounting for 7 % of all informal caregivers in the US [13]. In Canada, 28 %
of Canadians aged 15 years or older report providing care in the previous
12 months to a family member or friend experiencing a health or age related
condition [3]. This rate increases to 46 % when considering whether similar care
was provided at some point in their lives [3]. Top conditions requiring assistance
from caregivers include: age-related needs, cancer, cardiovascular disease, mental
illness, and Alzheimer’s disease or dementia [3]. Hence, in Canada, 11 % of
caregivers provide care for someone with cancer [3]. In Australia, 12 % of the
population were caregivers in 2012 [14], with cancer also representing 1 of the 10
most common health conditions for which people received informal care [14, 15].

6.2.2 Who Provides Care?

Although caregivers across all health conditions are overwhelmingly family
members, cancer caregivers are more likely to be the spouses of the care recipient.
This is in contrast to those caring for someone with mental health-related needs or
age-related needs who are more commonly a parent or adult child, respectively [3,
13]. An estimated 54–60 % of caregivers are women [3, 13, 14], although the
number of men taking on caregiving responsibilities has markedly increased [13,
16, 17] and is expected to continue to increase due to the aging population and
changing conceptualizations of family and gender roles [18, 19].

Caregivers are predominantly between the ages of 45 and 64 [3, 13]. It is
noteworthy that currently nearly one in 10 American caregivers is over the age of
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75 [13]. Similarly, Canadian seniors aged 65 years or older represent 12 % of all
caregivers. Although a relatively small proportion of the caregiver population, these
individuals are the most likely to spend the longest hours providing care [3].
Another particularly vulnerable group are those “sandwiched” between raising
children and taking on additional caregiving responsibilities, a growing group
because of the overall aging of the population [3].

Information about the race and ethnicity of caregivers is scant, though it is
estimated that in US, 62 % of caregivers are White, 17 % are Hispanic, 13 % are
African American, and 6 % are Asian American [13].

In the US, The American Cancer Society’s (ACS) Quality of Life Survey for
Caregivers (N = 739 caregivers) is the most complete source of information on
cancer caregivers [20, 21]. Overall, the findings of this survey have been consistent
with those of studies examining caregivers as a whole: cancer caregivers are pre-
dominantly Caucasian, middle-aged women who were the spouses of the care
recipient [22, 23]. One notable difference is that nearly 90 % of the participants are
Caucasian. This might be related to particular patient populations being more likely
to participate in research and subsequently nominating their caregivers [20]. In
Australia, a 5-year longitudinal Partners and Caregivers Well-Being Study
(N = 547) reported similar demographics [5, 8, 9].

6.2.3 How Much Care Is Provided?

Most patients with cancer identify an informal caregiver, who fulfills essential roles
and responsibilities that contributes to their illness adjustment [24]. In the US, Kim
and Schulz [2] found that cancer caregivers provided on average 31 h of informal
caregiving per week, with the burden of cancer caregiving among the highest
compared to other caregivers. A report by Statistics Canada found that cancer
caregivers were among the top three caregiver sub-groups providing more than 10 h
of care per week [3]. In another study, Yabroff and Kim [24] found that on average
cancer caregivers dedicated 8.3 h per day (in a range from 4.2 to 12.0 h) to pro-
viding care over approximately 13.7 months (in a range from 11.4 to 16.7 months).
Medical characteristics, such as the type of cancer and the stage at diagnosis, further
increased caregiving intensity, with ovarian and lung cancers requiring the greatest
time commitment (>10 h), compared to kidney and bladder cancers (<7 h), which
required the least time input. Also, caregivers’ socioeconomic status was inversely
related to the number of hours per day spent providing care. Finally, Hayman et al.
[25] reported that individuals treated for cancer received on average 10 h of
informal caregiving per week, compared to about seven hours for those who were
diagnosed with cancer, but did not receive treatment in the last year (p < 0.05).
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6.2.4 What Kind of Care Is Provided?

The transition to the caregiving role is life changing [26], with many caregivers
perceiving their responsibilities as unknown and demanding [27]. Caregiver roles
and responsibilities typically include: practical care, emotional support, household
tasks, financial management, and advocacy/decision-making. In Australia’s
Partners and Caregivers Well-Being Study, caregivers reported being mostly
involved in: household tasks (daily 68.5 %), emotional support (daily 39.9 %), and
managing money (daily 22.7 %) [6]. Interestingly, providing emotional support,
liaising with doctors, making appointments and assessing needs for and managing
medication were more associated with caregiver anxiety than other tasks [6].

6.2.4.1 Practical Care

Practical care involves the home-based provision of specialized medical care,
planning and coordinating care, monitoring the patient’s health status and antici-
pating health needs, and meeting the day-to-day needs (e.g., activities of daily
living, personal care) of the person with cancer [28–30]. Ussher et al. [30] reported
that medical tasks typically assumed by caregivers include administering injections,
dispensing medications, maintaining a colostomy bag, and wound care. In a study
by Kim and Schulz [2], activities of daily living most often performed by cancer
caregivers included helping patients transfer into and out of a bed, chair, or toilet;
providing assistance with bathing; showering and dressing; and feeding the care
recipient. Transportation of the patient to and from medical appointments can also
constitute a significant task for caregivers, particularly for those who rely on public
transport [31].

6.2.4.2 Emotional Support

Emotional support involves providing accompaniment, encouragement, and dis-
traction throughout the cancer experience [32]. It involves tasks such as talking,
engaging in pleasurable activities together, being present during medical consul-
tations, encouraging questions during appointments with healthcare providers, and
openly discussing worries [24]. Many caregivers experience least confidence and
greatest uncertainty in performing these emotional tasks [29, 33], and acting as an
emotional buffer and dealing with the psychological responses to cancer are among
the most difficult tasks for caregivers [29]. Nonetheless, caregivers recognize the
benefits of providing emotional accompaniment for both themselves and the patient
[27].
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6.2.4.3 Household Tasks

Many caregivers are challenged by the additional responsibilities in the household
tasks previously performed by the ill person [30], such as shopping, housework,
meal preparation, garden maintenance, and being the family designated driver [8,
30]. Men and women caregivers report assuming different household tasks, pri-
marily those previously performed by their spouse of the opposite gender; this is
especially prevalent in the older adult age group [30]. Additionally, those with
children have the added pressure of maintaining daily routines and providing
childcare [27, 28]. The assumption of these household tasks is especially cum-
bersome during times in which the patient is perceived to be in poorer health [28].

6.2.4.4 Financial Management

Managing money is another daily task that has long-term implications for care-
givers, including mitigating the loss of savings for retirement, altered educational
plans for family members, and loss and/or change of housing [2, 8, 15]. Financial
management includes distribution of family income to cover illness-related costs,
paying household bills, and supporting lifestyle activities [34]. In support of this,
Parker et al. [35] identified three main financial concerns among caregivers of
patients with terminal cancer: (a) expenses directly related to patient care, (b) costs
associated with caregiver lifestyles (e.g., mortgage); and (c) managing financial
assistance from insurance companies and government aid.

6.2.4.5 Advocacy/Decision Making

Caregivers often adopt the role of decision-maker [30]. Although patients are
encouraged to make their own care decisions, cognitive changes or communication
difficulties may result in the caregiver confronting the decisions about treatment and
care provision [28, 30], end-of-life care, and household matters [26]. Caregivers
also often advocate for the patient by obtaining the necessary support, information,
and resources [27]. McIlfatrick et al. [36] found that caregivers assumed the role of
advocate through first identifying the knowledge gaps of the patient, and then
helping him/her acquire the necessary information to make informed decisions.
Likewise, Bowman et al. [37] found that caregivers played a key role in health
maintenance advocacy, which mainly encompassed encouraging health-promoting
activities (e.g., exercise, healthy eating) among patients.

6 The Impact of Cancer and Chronic Conditions … 165



6.2.5 What Kind of Skills Do Caregivers Need?

To engage effectively in caregiving processes, caregivers must first have knowledge
of the illness, the possible treatment, the patient’s care plan, and the short- and
long-term implications of the illness [38]. Once this foundational knowledge is in
place, caregiver skills can be developed, i.e. the “ability to engage effectively and
smoothly” in various care-related processes [39]. Given et al. [38] identified three
categories of caregiver skills: psychomotor, cognitive, and psychological skills.
Psychomotor skills involve the coordinated activity required to perform medical
tasks. Cognitive skills involve higher-order thinking related to illness management
such as symptom monitoring, decision-making, and problem-solving. Finally,
psychological skills allow the caregiver to provide emotional support and manage
the emotional burden associated with caregiving. Schumacher et al. [39] identified
nine key caregiver skills: monitoring, interpreting, decision-making, taking action,
adjusting to changing needs, comforting with hands-on care (direct care), accessing
resources, working with the ill person, and negotiating the health care system.

Research suggests that cancer caregivers score relatively low on measures of
self-efficacy or their confidence in their ability to provide the required care [40].
However caregivers’ self-efficacy varies greatly across studies [38], and some
factors contribute to enhanced self-efficacy. For example, the following factors
positively influenced self-efficacy in caring for lung cancer patients: (a) being older,
(b) caring for a patient who has never undergone chemotherapy or radiation, and
(c) reduced symptoms and distress among patients [40]. Improved self-efficacy has
positive implications for both the patient and the caregiver [40, 41]. Among
caregivers, higher self-efficacy has been associated with a reduced risk of mood
disturbances and role strain [41] and improved energy levels, reduced time in bed,
and improved symptoms among patients [41].

6.3 The Impact of Cancer Caregiving

For many, caregiving can become an enduring and exhausting experience. The
following section summarizes the impact of cancer caregiving on their physical
health, immune function, health behaviors, mental health, social activities, and
finance. An overview of the positive impact of caregiving is also provided.

6.3.1 Physical Health

As many caregivers are elderly themselves, they are not only managing patients’
illness(es), but they are also coping with their own chronic illness(es), which affects
and is affected by the caring role [42]. Caregivers often prioritize patients’ health
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needs over their own, and they might consequently lose control of the management
of their illness(es) [12]. Common physical chronic illnesses among caregivers
include hypertension, high cholesterol, chronic back pain, heart disease, and
arthritis, with the majority of caregivers reporting more than one chronic illness
[42]. Although Shaffer [43] found that cancer caregivers had comparable cardio-
vascular health to the general population, Ji et al. [44] found that spouses of patients
with cancer had greater risk for coronary heart disease and stroke after their spouse
was diagnosed compared to those without a spouse with cancer. Possible reasons
explaining these different findings include: timing of measurements, caregivers’
age, type of caregivers included, and methods used to determine disease status [43].

A recent review reported that caregivers’ main physical health problems inclu-
ded sleep disturbance, fatigue, pain, loss of physical strength, loss of appetite, and
weight loss [7]. Dhruva et al. [45] found that approximately 40–60 % of caregivers
experience sleep disturbances, with a similar proportion reporting moderate levels
of fatigue. A study of caregivers of individuals with advanced cancer found that
69 % reported fatigue at baseline, which increased as the patients’ disease pro-
gressed over time [46]. Other factors that contribute to caregiver fatigue and sleep
disturbance include emotional distress [47, 48], financial problems [47, 48], an
inadequate support system [47, 48], and high level of patient fatigue [47].
Caregivers’ physical health problems can extend for years. For example, a study by
Asgeirsdóttir et al. [49] examined the impact of spousal loss among widowers on
chronic pain 4–5 years later and suggested that low-preparedness prior to a wife’s
death may contribute to an increased risk of chronic pain among younger widowers
and comorbid anxiety, depression, and sleep disorder.

Although a number of quality of life studies have found that caregivers’ physical
health is comparable to population norm (commonly determined by the SF-12 or
SF-36 health surveys) [12, 22, 42, 50–52], others have emphasized the strain of
caregivers’ roles on their physical health [52–55]. The longitudinal study by
Lambert et al. [54] found that caregivers’ physical health was comparable to the
population norm at 6 months following the diagnosis of cancer in the patient.
However, a steady decrease in physical health over time meant that by 2 years
post-diagnosis, their physical health fell below population norm. This decline was
noted until the last data collection time point of 5 years post-diagnosis. Caregivers’
physical health has also been found to be lower than what patients report [56, 57].
Key risk factors associated with low caregiver physical functioning include: being a
women [52, 56] or older [22, 50, 51, 53, 56]; reporting lower education [22, 52, 53],
unemployment [22, 52, 53], or lower socioeconomic status [50, 52]; not having all
the support needed [51]; experiencing symptoms [53]; reporting high psychological
distress [56], caregiver stress [53], or depression [54, 55]; caring for someone who
also report high distress [56] or lower physical functioning [22, 52]; and caregiving
for other family members [22].
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6.3.2 Immune Function

Recently studies have documented that caring for a patient with cancer has an
adverse impact on caregivers’ immune function [58, 59], providing evidence of
biological mechanisms that might underpin caregivers’ poorer health in comparison
to non-caregivers. For instance, Wells-Di Gregario et al. [60] examined the impact
of breast cancer recurrence and cancer-specific stress on spousal health and immune
function. The results indicated that only the cancer-specific stress was associated
with increased physical symptoms and lower T-cell blastogenesis in caregivers,
whilst patient recurrence status did not significantly predict caregivers’ physical
health or immune function. Mortimer et al. [61] added that living for a longer time
with an ill spouse, reporting depression symptoms, and having more intrusive
thoughts were associated with suppressed cell-mediated immunity. Of note,
Rohleder et al. [59] found that the C-reactive protein level of caregivers of patients
with brain cancer in the year following the diagnosis was in the range associated
with a higher risk of coronary heart disease.

6.3.3 Health Behaviors

Caregivers report multiple unhealthy behaviors, including low fruit and vegetable
intake, increased use of tobacco and alcohol, low physical activity, and being
overweight [62–67]. Beesley et al. [62] found that after three years, 54 % of
caregivers of women with ovarian cancer did not meet the Australian guidelines for
physical activity, 71 % were overweight/obese, 40 % ate less than two servings of
fruits per day, 80 % ate less than five servings of vegetables per day, 37 % con-
sumed more than two alcoholic beverages per occasion, and 10 % were smokers. In
this study, slightly more than half of caregivers reported more than one negative
health behavior change since they took on their role. However, some positive
changes were also noted, including 14 % of caregivers increased their physical
activity, 7 % increased their fruit, and 13 % their vegetable intake, 20 % pur-
posefully lost weight, and 3 out of 13 quit smoking. Of concern, Kershaw et al. [67]
found that caregivers tended to use alcohol and drugs as a coping strategy more so
than patients (although this strategy was the least used avoidant coping strategy for
both patients and caregivers).

Few studies have examined risk factors for caregivers’ unhealthy behaviors, but
those that have, draw attention to: being a woman [64]; low caregiver health [64,
66], social support [64], and education [62]; and high interference in daily activities
due to caregiving [62, 68] and distress [62]. Humpel et al. [69] found that family
and friends of cancer survivors who perceive a greater risk of developing cancer
were more likely to increase their physical activity and sun-prevention behavior
than those family members who did not perceive a greater risk. Stage along the
cancer trajectory, and associated variations in caregiver burden, also seem to have
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an impact, with active caregivers more likely to report higher levels of unhealthy
behaviors than those in the survivorship phase [65]. Despite caregivers being prone
to unhealthy behaviors, some studies underscore caregivers’ motivation and per-
ceived benefits to improve their health behaviors [63, 64]. Cooley et al. [63] found
that family members of patients with lung cancer had high rates of unhealthy
behaviors; however, between 42 and 56 % expressed readiness to change one
unhealthy behavior in the next 30 days. In this study, most (92 %) were interested
to participate in a health promotion program.

6.3.4 Mental Health

The most common mental health issues experienced by cancer caregivers are
psychological distress, anxiety, and/or depression [70–72]. A quarter (26 %) of
caregivers report depression (range = 18.4–35.0 %), and 40.1 % report anxiety
(range = 25.4–55.9 %) [73]. The prevalence of caregivers’ psychological distress,
anxiety, and depression is often reported as being greater than that of the general
population [9, 72, 74–76], and in some cases, rates exceed those reported by the
patients’ [70–72]. For instance, among a mixed group of caregivers of cancer
survivors, Lambert et al. [9] noted that 35.8 % of caregivers reported clinically
significant levels of anxiety 6 months post patient diagnosis. This prevalence
exceeded the anxiety rate reported by the patients themselves [77] and population
norm [9]. However, at 12 months, 30.5 % of caregivers reported anxiety, a rate
comparable to population norm. The proportion of caregivers reporting clinically
significant depression exceeded population norm at both 6 and 12 months post
patient diagnosis (15.1 and 15.9 % respectively) [9]. Although caregivers’ anxiety
and depression tend to decrease over time [78–81], Lambert et al. [5] further
reported that caregivers reporting clinically significant anxiety or depression at
6 months continued to do so throughout the first 2 years post-diagnosis.

Predictors for increased risk of psychological distress, anxiety, and/or depression
in caregivers include:

• Gender: Females experience in general poorer mental health than their male
counterparts, regardless of their role in the illness (i.e., caregiver versus patient)
[70, 82–87].

• Marital status: Spouses experience more anxiety than other caregivers (i.e.,
relatives, friends) [84, 86, 88, 89], and caregivers living with the patient tend to
be more depressed [89].

• Age: Young to middle-aged caregivers tend to be more anxious than older
caregivers [74, 85].

• Physical/mental functioning: Caregivers who are in poor health and are unable
to function normally are more likely to experience depression [86].
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• Role in family: Caregivers who are adult children of patients with cancer and/or
those who have children at home tend to experience high anxiety and depression
[85, 88, 90].

• Employment status: Caregivers who are employed report higher levels of
depression [90].

• Quality of life: Caregivers with lower quality of life are more anxious and
depressed [74, 75, 87].

• Social support: Caregivers with lower social support tend to be more anxious
and depressed [5, 9, 72, 91–95].

• Care burden: Burden appears to be a key predictor of depression in caregivers
[86].

• Unmet needs: Higher unmet needs tend to be associated with greater levels of
anxiety [9, 87].

• Coping: Avoidant coping is a recurrent predictor of high caregiver anxiety or
depression [9, 91]. Also, higher use of problem-focused coping by patients has
been associated with higher fatigue among caregivers [82].

• Interference with regular activities: Interference with caregivers’ schedule is
associated with anxiety and depression [9].

• Phase along the illness trajectory: Caregivers tend to report the most anxiety or
depression around the time of diagnosis [96, 97].

• Type of cancer: Caregivers of patients diagnosed with lung, hematological or
head and neck cancers have been found to experience high anxiety and
depression [9].

• Type of treatment: Caregivers of patients who have surgery and chemotherapy
or surgery and radiation therapy tend to be more anxious and depressed than
caregivers of patients who undergo surgery alone [97, 98]. Increases in patients’
symptoms and severity have also been linked to more distress, anxiety, and/or
depression in caregivers [99].

In addition to these variables, a meta-analysis by Hagedoorn [100] has found a
moderate, positive association between patients’ and caregivers’ levels of distress
(r = 0.29, p < 0.001); which implies mutuality in response. That is, if one member
of the dyad is distressed, the other is also more likely to be distressed, suggesting
that patients and their caregivers react to the cancer diagnosis as an interdependent,
emotional system. Of note, increases in caregivers’ levels of distress tend to be
higher at time of diagnosis and treatment, whereas patients’ distress tend to be
higher once treatment is completed; however, these differences disappear over time
where both patients and caregivers experience similar levels of distress [96].

6.3.5 Social Activities and Relationships

Social changes associated with caregiving include disrupted household routines,
reductions in time for family or social activities, and changes in family functioning
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and relationship quality with family, friends, and the patient [52, 101]. Although
caregivers may want to participate in various social activities to help them cope
with the stress of their role, they often worry or feel guilty if time is spent away
from the person they are caring for [8]. Litzelman et al. [101] found that, among
caregivers of patients with lung or colorectal cancer, social stressors (e.g., others
making too many demands on them, being critical of them) were more often
reported than disruptions in family functioning and relationship quality. In this
study, older caregivers, with higher education, who were the patients’ primary
caregiver and involved in more caregiving tasks, were at risk of experiencing more
social stress. Similarly, Mosher et al. [52] found that social changes most frequently
reported by caregivers of patients with lung cancer were reductions in time for
social activities with friends (57 %) and for family activities (47 %), whereby
relationships with the patient and family were least negatively affected. This is
consistent with reports that 42 % of patients and spouse caregivers find cancer
brought them closer [102]. Although many couples identify remaining strong
during the turmoil of cancer, those experiencing troubles pre-diagnosis often find
their relationship further deteriorates with the added stress of cancer [103].
Relationship vulnerabilities for couples include interruptions in intimate relation-
ships [104, 105], incorporating the prospect of death and separation [105],
managing differential preferences for communicating about cancer [105], negoti-
ating what is helpful or not to the other person [105], accommodating changes (e.g.,
change in personality, goals for the future, behaviors) in the other person [105], and
coping with each other’s emotional reactions [104, 105]. Despite these challenges,
the claim that cancer leads to higher rates of divorce in comparison to the general
population is not supported [106, 107].

In some instances, caregivers report lower social support and higher loneliness
than both the patients and matched controls [108]. Although lower social support
can adversely impact on their mental health [5, 9, 72, 91–95], it is important to note
that not all types of support equally buffer caregivers’ burden [5, 109]. For example,
Lambert et al. [5] examined the impact of four different types of support—
emotional/informational, practical, positive social interaction, and tangible support
—on caregivers’ anxiety and depression, and found that only low
emotional/informational support was significantly associated with high anxiety and
depression. In addition, the stress buffering effect of social support seems to depend
on the extent to which patients and caregivers are willing to provide or engage in a
particular type of support. Incongruence in the type of support patients and care-
givers prefer to receive or engage in might actually lead to poorer outcomes (even if
that support is considered inherently positive) [95]. Regan et al. [94] further doc-
umented that among wives of men with prostate cancer, wives’ support behaviors
had no impact on their own anxiety and depression, but an increase in men’s
supportive behaviors predicted an increase (not a decrease) in wives’ anxiety and
depression. This might reflect wives’ discomfort in eliciting support from their
partner whom she recognizes is also under significant stress, or it is possible that
engaging in open discussions with a partner about serious and sensitive issues
might initially increase their salience, resulting in greater distress [94]. In this study,
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wives’ perceptions of men’s negative support behaviors were also associated with
an increase in their anxiety and depression, which further highlights that the per-
ception of whether the support behavior is positive or negative might be as
important (if not more) than the actual behavior itself in determining effects [94].

6.3.6 Finance and Work

As patients and caregivers are preoccupied with the diagnosis, treatment, and recovery,
they are often unaware of the impact of cancer on their finances [34]. However, both
the direct out-of-pocket and indirect expenses incurred by patients and their caregivers
can be substantial and contribute to financial strain [34, 110–112]. Sources of costs
include travel to and accommodation during treatments, treatments and medication,
taking time off work, reorganization of daily and home life (e.g., help with housework),
and coping with the disease (e.g., long distance calls to other family members) [34,
110–113]. Hanly et al. [110] estimated that the cost of the first year of informal care
was €29,842 per caregiver, with time lost from other activities accounting for 85 % of
the total economic burden, out-of-pocket costs 13 % (e.g., medicine, household
expenses), and travel costs 2 %. Others have corroborated that time costs for caregivers
contributed the most to the economic burden endured, with caregivers’ direct care effort
accounting for the majority of the total time costs followed by time lost related to work
and leisure [114]. In a study by Carey et al. [113], half of the caregivers reported
personal expenses related to their role, with common expenses including parking
(36 %), travel to cancer appointments (33 %), and drugs or treatments (25 %). Longo
et al. [115] found that 35.6 % of patients required others to take time from work, with
these caregivers loosing a mean of 7 work days in the previous 30 days. In addition to
missing work, other effects of caregiving on work include: leaving work for appoint-
ments, receiving interrupting phone calls, using holidays or special leave, and
decreasing work hours [116]. This not only results in loss of income, but could lead to
concerns about job loss, employability, lack of promotion, and inadequate pension
build-up [34, 113]. To manage financial burden, caregivers might have to sell their
assets, use their and other family members’ savings, take out loans, or take on an extra
job [112]. Further consequences might include house repossession, bankruptcy, loss of
independence, and relationship breakdown [34]. Two sub-groups of caregivers appear
to be at high-risk for financial strain: those caring for someone in active treatment [110,
111, 113] and caregivers of patients diagnosed with a later stage cancer [24].

6.3.7 Positive Impact of Caregiving

Despite the challenges faced by cancer caregivers, caregiving can also be a positive
experience; with between 42 and 98 % of caregivers identifying at least one pos-
itive element in or change arising from their cancer caregiving experience [102,
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117–119]. A recent review by Li and Loke [120] concluded that positive aspects of
caregiving included: (a) improvement in the quality of the relationship between
caregiver, care recipient, and the broader family unit; (b) feeling of accomplishment
incorporating awareness of their knowledge and capabilities to help the patient and
receiving a sense of respect and appreciation from the patient; and (c) meaning
derived from caregiving, including elements of reprioritization, altered values, and
efforts to maintain normality for the patient and the family unit.

Recognition of the potential benefits that can be derived from the caregiving
experience has led to increased research into the concepts of post-traumatic growth
and benefit finding, both of which are possible in both spouses [119, 121, 122],
adult children and other family caregivers [121–124], in the short- [122, 125] and
long-term [122–124] and throughout the cancer trajectory [125, 126]. Weiss [119]
found that 88 % of husbands with a wife with breast cancer reported post-traumatic
growth in the areas of connection with partner, life priorities, personal strength, and
spirituality. Kim et al. [121] found six domains of benefit finding: acceptance,
empathy, appreciation, family, positive self-view and reprioritization. Similar
results were found in the qualitative study by Levesque and Maybery [124],
whereby adult children of patients with cancer reported benefit finding in their
relationship with their sick parent, increased emphasis on family, altered life pri-
orities, and personal development. Levesque and Maybery [123] also reported that
the level of benefit finding is likely to be higher in caregivers who also report high
levels of caregiver satisfaction, suggesting that the two concepts are related and
reflect the caregivers’ cognitive efforts to positively appraise stressful situations,
potentially as a coping mechanism.

The link between post-traumatic growth or benefit finding and the psychological
outcomes of cancer caregiving is not yet definitively known. Although the review
by Li and Loke [120] concluded that benefit finding contributed to overall caregiver
well-being, other research suggests the situation is equivocal. Kim et al. [121] found
that different domains of benefit finding had different patterns of association with
psychological adjustment. Specifically, higher levels of acceptance and appreciation
and lower levels of reprioritization were positively associated with positive
adjustment, whereas high levels of empathy and reprioritization and low levels of
acceptance and positive self-view were predictive of higher levels of depression. In
a study examining the psychological outcomes of the adult children of cancer
patients, Levesque [118] found that benefit finding was unrelated to anxiety and
well-being, but was a protective factor for depression, whereas Teixeira and Pereira
[125] found that positive growth moderated the association between distress and the
presence of post-traumatic stress disorder symptoms. Another beneficial outcome is
that for some caregivers, the caregiving experience provides an avenue for emo-
tional expression, eliminating feelings of guilt [127], saying goodbye, spiritual
development, and gaining a sense of closure [128], which in turn has been shown to
assist with grief and adjustment post-bereavement.

Although not denying the negative impact of caregiving, it is equally important
to acknowledge the positive aspects of this experience. If attention is not paid to
benefit finding and post-traumatic growth, the perception of caregiving will be

6 The Impact of Cancer and Chronic Conditions … 173



biased, limiting the extent to which comprehensive theories of caregiver adjustment
can be generated [129, 130]. Cohen et al. [117] proposed that screening caregivers
for positive elements of the experience may be a way to identify caregivers at
heightened risk of poor outcomes. Whilst some have proposed that interventions
designed to assist caregivers in acknowledging positive changes brought about by
their caregiving role can be beneficial [121, 122], others have expressed concern
about the suitability of such interventions, primarily due to disagreement and
ambiguity regarding the origins of post-traumatic growth or benefit finding, its
measurement, and its relations to psychological health [131–133].

6.4 Common Unmet Supportive Care Needs

Supportive care needs assessment can facilitate the appropriation of services and
support for caregivers by optimizing intervention development and allocation of
limited economic resources for addressing those needs that remain unmet [71, 134].
A need is labelled as ‘unmet’ when the services required to deal with a particular
issue are not received [135]. Caregivers’ most prominent supportive care needs
often remain unmet [136], compromising their quality of life [137–140] and
adversely impacting on patients’ distress [139]. Hence, both patients’ and care-
givers’ illness adjustment may be optimized if caregivers’ unmet needs are
addressed [140].

6.4.1 Prevalence of Unmet Needs Reported by Caregivers

A recent systematic review identified that caregivers report between 1.3 and 16
unmet needs on average (in a range from 17 to 67), suggesting that 5–47 % of
caregivers’ needs remain unmet [136]. In some studies, caregivers’ needs often
exceed the levels reported by patients [136, 141]. Caregivers of individuals in the
acute post-diagnosis phase [140], or advanced or palliative care phase [142, 143]
and those diagnosed with a brain tumor [138] report considerably high unmet
needs. To date, as there has been no attempt to quantify the clinical significance of a
given unmet need, it is difficult to determine the significance of experiencing one
unmet need [144]. However, many of the top ranking unmet needs reviewed below
pertain to key aspects of the caregiving process and it is foreseeable that experi-
encing any one (even only one) of these would adversely impact clinical outcomes.
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6.4.2 Types of Unmet Needs Reported by Caregivers

Caregivers report unmet needs in the following six domains: comprehensive cancer
care (prevalence = 1.1–96 %), emotional and psychological (prevalence = 2–
93 %), caregiver impact and daily activities (prevalence = 3–79 %), relationship
(prevalence = 3.7 and 58 %), information (prevalence = 2.2–86 %), and spiritual
(prevalence = 6.7–43 %) [136]. Below are examples of prominent unmet needs
across each domain.

6.4.2.1 Comprehensive Cancer Care Unmet Needs

Prevalent unmet needs within this domain include: to be told about the help health
care professionals can offer, have a supportive relationship with health care pro-
fessionals, access to health services, and have possibilities to participate or help in
patients’ care [136]. Eriksson and Lauri [145] reported that although 63 % of
caregivers felt accepted by health care professionals, 96 % felt that health care
professionals rarely asked them whether they wanted to talk about their experiences
and 86 % were not provided sufficient information about ways they can partake in
the patient’s care. Overall, fewer caregivers of patients with head and neck cancer
[146] or cancer survivors [147] identified needing help with this domain, but higher
caregiver unmet needs in this domain were found in studies where the care recip-
ients were hospitalized patients [145], in the acute diagnostic and treatment phases
[148, 149], or in the palliative care phase [87, 142, 150, 151].

6.4.2.2 Emotional and Psychological Unmet Needs

Top emotional and psychological unmet needs include: help dealing with own
emotional distress, get emotional support for self/have someone to talk to, know
how to provide emotional support to patient or others, and manage fears about the
situation getting worse [136]. Overall, lower prevalence of emotional unmet needs
was reported by caregivers of cancer survivors [139, 147, 152]. Conversely,
Buscemi et al. [142] reported that 86 and 83.1 % of caregivers of patients diagnosed
with terminal cancer identified needing more help to deal with feeling of loss and
getting emotional support for self, respectively; and two studies of wives of men
with prostate cancer reported a high prevalence of unmet needs for help to emo-
tionally support the patients (53–59 %) [148, 149].

6.4.2.3 Caregiver Impact and Daily Activities Unmet Needs

Finding out about financial support, knowing how to maintain sense of control,
dealing with uncertainty and life after cancer, and curtailing impact on lifestyle and
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schedule are common unmet needs in this domain [136]. Similar to the previous
domains, a lower prevalence of unmet needs was reported in survivorship studies
[139, 140, 147, 152]; with a higher prevalence in caregivers of patients in the
palliative care phase [142, 151]. For instance, in a study by Eriksson et al. [151]
examining the support caregivers received from health care professionals before
and after the patient’s death, 79 % did not receive much information regarding
financial support available. Caregivers of patients diagnosed with terminal cancer
who participated in the Buscemi et al. [142] study identified the following impact
and daily activities unmet needs: know how to maintain self-control (66.1 %), have
more time for myself (59.3 %), and deal with uncertainty and life after cancer
(44.1 %).

6.4.2.4 Relationship Unmet Needs

Two unmet needs are particularly prominent in this domain: help communicating
with patient about illness and his/her concerns and have an intimate relationship
with the patient and consideration for sexual needs [136]. Overall, the pattern of
prevalence is consistent with the other domains: studies of caregivers of cancer
survivors reported lower unmet needs [139, 147, 152, 153] than caregivers either in
the early phases of the illness [149] or in the palliative care phase [142].

6.4.2.5 Information Unmet Needs

Overall patterns of unmet needs previously noted according to illness trajectory
were further corroborated for this domain, with the most common information
unmet needs including: knowing what to expect, the illness and treatment, death
and dying, and providing care to the patient [136].

6.4.2.6 Spirituality Unmet Needs

Spirituality needs are less often documented than the other domains, but a common
unmet need in this domain related to feeling there is hope for the future [136].

6.4.3 Comparison Between Patients’ and Caregivers’ Unmet
Needs

Although patients and caregivers share a number of common unmet needs, some
needs are unique to the challenges faced by caregivers. Soothill et al. [154] noted
the following overlapping unmet needs among patients diagnosed with breast,
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colorectal, lymphoma, or lung cancer and their caregivers: help with financial
matters, help in filling out forms, help with anger, opportunities for meeting others
who are in a similar situation, and advice about food and diet. The following top
three unmet needs were unique to caregivers: help in considering sexual needs, help
with feeling of guilt, and help in dealing with tiredness. Hodgkinson et al. [139]
found that patients’ and their caregivers’ highest unmet needs domains were dif-
ferent, with caregivers needing help in the areas of relationships and partner impact
and patients’ highest needs pertained to the existential survivorship and compre-
hensive cancer domains. However, when comparing individual unmet needs items,
patients and caregivers identified the same top three unmet needs: managing con-
cerns about the cancer coming back, more accessible hospital parking, and reducing
stress in survivors’ life. Similarly, a survivorship study by Turner et al. [155] noted
that within-dyad agreement was the highest (>50 %) for help for managing fears of
recurrence, coordinated care, and having complaints dealt with properly.

6.4.4 Change in Caregivers’ Unmet Needs Over Time

A longitudinal by Girgis et al. [147] found that 50 % of caregivers reported at least
one unmet need at 6 months post-diagnosis, with a significant decrease to 35.9 % at
12 months and 30.7 % at 24 months, with the average number of unmet needs also
decreasing across these time points (from 4.6 at 6 months to 2.1 at 24 months).
Interestingly, ranking of unmet needs revealed some core unmet needs across time,
including managing concerns about cancer coming back, reducing stress in the
person with cancer’s life, understanding the experience of the person with cancer,
and more accessible hospital parking. However, at 12 and 24 months, a shift in
unmet needs was apparent, with needs related to caregivers’ well-being and rela-
tionships (e.g., impact that cancer has had on your relationship with the person with
cancer, looking after own health) taking priority over patient-focused needs. This
might reflect a change in focus for caregivers from prioritizing the patient’s
recovery within the first year post-diagnosis to processing and managing the impact
cancer has had on themselves in survivorship. Conversely, Butow et al. [143]
identified increasing unmet needs among caregivers of women with ovarian cancer
in the last year of life, with 58 % of caregivers reported at least one unmet need 10–
12 months before the patient’s death, 70 % 7–9 months, 83 % 4–6 months, and
88 % 0–3 months. Butow et al. [143] also noted that reducing the patient’s stress
was the only unmet need consistently prevalent across time. A shift in top unmet
needs was also noted, with the initial focus on obtaining support for the wider
family, discussing cancer in social situations, and issues around sexuality being
replaced with needing help with disappointment and fear and making decision
within the context of uncertainty.
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6.4.5 Variables Associated with Caregivers’ Unmet Needs

6.4.5.1 Caregiver Demographics

Several studies have not supported a relationship between demographics and level
of unmet needs [136]. However, those that have, note that caregivers who are not
the patient’s spouse (or partner) experienced higher unmet needs [31, 87, 145, 150,
151].

6.4.5.2 Psychosocial Variables

Generally, studies have found that partner or caregiver distress [71, 139], anxiety
[71, 134, 138, 142, 147, 152, 153, 155], and/or depression [138, 142, 147, 152,
153] are associated with higher unmet needs. Some studies have also noted that
patients reporting higher distress [134, 139] and higher unmet needs [71, 134, 139]
have caregivers reporting higher unmet needs of their own. Low social support [31,
147], low relationship satisfaction [139], and having caring responsibilities [31,
142, 147] have all been associated with higher unmet needs.

6.4.5.3 Health/Illness Variables

Although trends have been noted whereby caregivers of individuals with advanced
cancer reported higher unmet need, a number of studies do not support a significant
relationship between caregiver or patient health/illness variables and unmet needs
[31, 134, 138, 139, 152, 153, 155].

6.4.5.4 Health Care Context and Care Variables

Some studies have suggested a relationship between some cancer care variables and
unmet needs [137, 150, 156]. For example, Nikoletti et al. [156] found that care-
givers who received information from the breast nurse counselor and medical staff
had fewer unmet needs than those receiving their information from any other
source.

6.4.6 Implications for Service Delivery

A review of caregivers’ unmet needs provides a strong evidence-base to guide the
design and implementation of supportive care services, especially as many care-
givers’ unmet needs are amenable to change. In addition, caregivers’ range of
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unmet needs highlight that a multidisciplinary approach to supportive care is most
appropriate. Although a multidisciplinary approach is the preferred model of care
for patient, it is unknown whether this approach has reached caregivers in the same
way [31]. However, as caregivers often do not access services, even when these are
available [10], this suggests that health care professionals might first need to
reassure caregivers that by taking time to meet their own needs they are not only
contributing to their own well-being, but to patients’ quality of life.

6.5 Health Care Service Utilization by Caregivers

Overall, very little is known about the way that caregivers engage with the health
care system to meet their supportive care needs. There is evidence to suggest that
caregivers under-utilize available services, particularly in relation to their mental
health needs [10, 157–159]. Specifically, in a study of caregivers providing care to
patients with advanced cancer, Vanderwerker et al. [10] found that despite 13 % of
their sample meeting the diagnostic criteria for a psychiatric disorder; only 46 % of
this group accessed mental health services. Studies of bereaved caregivers with a
diagnosed mental disorder have also found low numbers of mental health service
utilization, ranging from 27 to 47 % [158, 159]. Negative perceptions of mental
health professionals, guilt about accessing services for their own needs rather than
patient needs, and wanting to self-manage emotional concerns are core barriers to
obtaining professional help [160].

However, caregivers do engage with other types of health care services, espe-
cially cancer screening and primary care visits. For example, Son et al. [161] found
that spousal caregivers undertook screening behaviors for gastric, colorectal, cer-
vical and breast cancer at a significantly higher rate, often more than double the
rate, than matched controls. Reeves et al. [162] found that there was no overall
difference in screening behaviors between caregivers and non-caregivers; however,
they did find that caregivers were more likely to have had a pap test and clinical
breast exam within the past 12 months. Finally, a longitudinal study of Australian
female caregivers found that caregivers reported a higher number of GP visits
compared to women who had never undertaken the caregiving role or who had
stopped caregiving [163]. This study futher documented that caregivers were more
likely to be taking medication for sleep, nervous conditions, or depression [163].

Caregivers also access some supportive care and psychosocial services. For
example, Mosher et al. [164] found that lung cancer caregivers who were currently
not receiving services expressed an interest in complementary and alternative
medicine (40 %), mental health services (29 %) and practical support (29 %), with
a smaller proportion considering couples or family counselling (15 and 19 %
respectively). Applebaum et al. [165] found that 92 % of caregivers currently not
receiving support were interested in counselling services; however, 48 % of these
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caregivers identified barriers to accessing this care, including time, guilt at leaving
patient, finances and scheduling conflicts. In both of these studies caregivers
expressed a preference for phone interventions, potentially as they are more flex-
ible, less costly, and would allow caregivers to receive support in their home
without having to be away from their care recipient [164, 165].

6.6 Caregiver Interventions

Without the help of informal caregivers, the costs of cancer to the formal healthcare
system would be considerably higher. However, caregivers’ own supportive care
needs must be addressed to enable them to confront the complexities of their
caregiver roles in a way that leads to the best possible patient outcomes [4, 166].
Therefore, over the past decade there has been a rapid increase in the number of
interventions developed to: (a) improve caregivers’ ability to provide care; (b) re-
duce the adverse impacts of caregiving on caregivers’ health and functioning;
(c) enhance patients’ reported outcomes; and (d) reduce the cost to society and the
health care of caring for patients with cancer. None of these interventions have
explicitly targeted caregivers of patients with multi-morbidities. A challenge par-
ticular to cancer caregivers (in comparison to, for instance, caregivers of individuals
with dementia or the elderly) is that they are given a short timeline to learn all that is
required and apply these new skills to the situation to have an impact on clinical
outcomes [166]. This section will provide an overview of the caregiver interven-
tions published to date and of their effectiveness.

6.6.1 Types

Caregiver interventions typically employ cognitive, physical, emotional, and/or
social mechanisms of action or strategies to have an impact on caregivers’ out-
comes, and can be categorized in five major types:

1. Psycho-educational: Educate caregivers regarding the patient’s disease process
and other aspects of care, and provide information on available services.
Attention is also given to meeting the supportive care needs of patients, care-
givers, and/or marital or family relationships [4].

2. Skills training: Develop coping and self-management skills (e.g., coping,
communication, and problem-solving skills), including increase caregivers’
motivation and confidence to apply these to their situation [4, 167].

3. Counseling: Opportunity to address problems, concerns, and/or feelings related
to caregiving with health care professionals [4].
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4. Palliative care/hospice interventions: Relieve suffering and improve the quality
of life of those living with or dying from advanced illness as well as their
caregivers [166].

5. Respite: Designed to give the caregiver time off [166].

Most caregiver interventions are psycho-educational or include a combination of
psycho-education and skills training [4, 167–169]. The literature reviewed below
pertains mainly to these types of interventions.

6.6.2 Format

Caregiver interventions are commonly delivered jointly to the patient and his/her
caregiver (also referred to as dyadic interventions) [168–171], by a nurse or a
combination of health professionals, and face-to-face, either in the clinical or home
setting [4, 168, 172–174]. However, the health care professional delivering the
intervention varies according to the type of intervention, with couple-based inter-
ventions more often delivered by psychologists, therapists, or counselors [167, 169,
173, 174]. Another popular option is to use the telephone [4, 167, 168, 172, 173],
which matches previous reports of caregivers’ preferences for supportive cancer
care [164, 165]. Although group interventions are less often used [4, 167, 171], this
format appears most used for caregivers of patients in the palliative phase [166].
Groups have the advantage of providing opportunities for individuals in a similar
situation to interact; however, it might be too difficult for caregivers to attend these
[175]. When a combination of formats is used, typically this includes face-to-face
sessions with telephone-based follow-ups [167, 172, 173]. Although dose and
duration vary widely, caregiver interventions appear to include on average 6–7
sessions [4, 167, 170]. This is in contrast with the literature that longer psychosocial
interventions (8–12 sessions) are more efficacious than shorter interventions [176].

6.6.3 Focus

Caregiver interventions can be grouped as: caregiver self-care, marital/family care,
and/or patient caregiving [4]. Intervention foci are not mutually exclusive, and
many interventions will include some content to address all three [4, 167]. The
intervention by Carter [177], which included self-assessment of maladaptive habits
affecting caregivers’ sleep quality, stimulus control, relaxation techniques, cogni-
tive therapy, and sleep hygiene to maximize caregivers’ ability to improve their
sleep quality is an example of a caregives self-care intervention. One example of a
marital/family care intervention is the counselling intervention by Kuijer et al.
[178], which is focused on patient and caregiver mutual support to reduce feelings
of inequity and enhance relationship quality. The psycho-educational and skills
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training intervention developed by Northouse et al. [179] is an example of patient
caregiving intervention. This intervention included home visits and telephone
follow-ups to provide caregivers with the information, skills, and support needed to
manage patient’s care and assist patients with managing uncertainty and main-
taining an optimistic attitude. This intervention also had a marital/family care
component (e.g., improving family functioning) and caregiver self-care content.

Similarly, a review by Badr et al. [172] emphasized that interventions delivered
jointly to patients and caregivers involve caregivers in one of two ways. In the first
approach, the focus is on promoting individual change in the patient and the role of
the caregiver is mainly to facilitate learning and coping skills in the patient [180]. In
the second one, the focus is on both patients’ and caregivers’ needs, both member
of the dyad are treated together [172].

6.6.4 Efficacy

Overall, meta-analyses [4, 170] and reviews [167, 173, 174, 181] have supported
the efficacy of caregiver interventions on a range of caregiver-reported outcomes.
To contextualize the effect sizes presented below, those for psychological and
behavioral intervention typically range from 0.35 to 0.50 [182], and the effect sizes
for psychosocial interventions for patients with cancer are generally small to
moderate: range = 0.17–0.42 [176, 183, 184] (although some types of interventions
have been found to result in large effect sizes on selected outcomes [176, 184]).

6.6.4.1 Proximal Outcomes

Proximal outcomes are conceptualized to be more directly affected by an inter-
vention and can be clearly identified from the content and goals of the intervention.
The psycho-education and skills training focus of most caregiver interventions
means that key proximal outcomes include monitoring caregivers’ acquisition of the
required knowledge, coping skills, and self-efficacy. Most often the selection of
proximal outcomes is based on Lazarus and Folkman’s [185] Stress and Coping
Framework. Despite the focus of interventions on changing proximal outcomes,
these typically receive less attention than more distal outcomes (e.g., anxiety,
depression, quality of life).

• Information needs and knowledge (positive findings): Only the meta-analysis by
Northouse et al. [4] has reported on the overall significant effect of interventions
on this outcome (effect size = 1.36).

• Caregiving benefit (mixed findings): Post-intervention findings tend to be
non-significant (effect size = 0.17); however, significant findings have been
found at follow-ups (effect size = 0.31) [4]. A review by Brandão et al. [174]
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noted that significant benefits of couple-based interventions among women with
breast cancer and their spouse included reporting more post-traumatic growth.

• Caregiving burden (mixed findings): Small but significant effect sizes noted
post-intervention (effect size = 0.22 [4]). However, effects do not seem to be
sustained [4].

• Self-efficacy (positive findings): The hypothesis that the main underlying
mechanism by which caregiver interventions are expected to have an impact is
through increased self-efficacy has been confirmed [4].

• Coping (positive findings): Intervention studies have also reported significant
improvements in caregivers’ ability to cope (i.e., promoting active coping, and
reducing ineffective coping) [173], with a moderate effect size (effect size =
0.47) and enduring effects noted [4]. In recent years, a growing literature is
going beyond individual caregiver coping to consider how patients and care-
givers engage in the coping process together (termed dyadic coping) [94, 95,
186]. Few studies have reported on the effect of caregiver interventions on
dyadic coping. However, those that do have found that caregivers participating
in an intervention report higher dyadic coping in comparison to those who do
not [186, 187].

• Communication (positive findings): The few interventions that measure changes
in communication have generally noted improvements [167, 173]. For instance,
Kayser’s [186] Partners in Coping Program for women with breast cancer and
their partners resulted in partners being more willing to communicate their stress
to patients as well as more positive individual and dyadic coping.

6.6.4.2 Distal Outcomes

Whereas proximal outcomes are directly affected by the content of an intervention,
distal outcomes depend on factors that are not directly influenced by the inter-
vention [188]. The challenge of focusing on such distal outcomes, is that change
might not be a reasonable expectation given the short periods of time [181].

• Quality of life (positive findings): Weak to moderate effect sizes (effect
sizes = 0.05–0.54) have been noted, not only immediately after the intervention,
but also at follow-ups [167, 168, 173].

• Psychological outcomes (mixed findings): The Badr and Krebs [170]
meta-analysis of couple-based interventions reported a small, but significant
effect on psychological outcomes (effect size = 0.18). The Northouse et al. [4]
meta-analysis reported encouraging effect sizes for distress and anxiety, both
post-intervention and at follow-up. However, caregiver interventions have not
been found to be as effective in reducing depression [4, 173]. This finding might
be partially explained by low levels of baseline caregiver depression and the
high rate of attrition of depressed caregivers [4, 181].
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• Physical functioning (non-significant findings): Caregiver interventions do not
seem efficacious post-intervention on this outcome (effect size = 0.11 [4]);
however, they might be at follow-up (effect size = 0.22–0.26 [4]).

• Social functioning (mixed findings): Mixed results have been noted regarding
improving caregivers’ ability to maintain family, vocational, and social roles
[173], with minimal effect noted post-intervention (effect size = 0.11 [4]).
However, a positive effect has been noted at follow-up (effect size = 0.39 [4]).

• Sexual functioning (positive findings): Few studies have focused on sexual
functioning and intimacy of the caregiver, but those that have, have shown some
positive impact [169].

• Relationship functioning and satisfaction (mixed findings): Marital satisfaction
and relationship functioning have generally been found to improve following
caregiver interventions [4, 167, 170, 173]. However, improvements in rela-
tionship functioning obtained following a caregiver intervention do not seem to
be sustained over time [4], which might emphasize the need for booster sessions
to improve long-term outcomes.

6.6.4.3 Impact on Patient-Reported Outcomes

There is increasing evidence that when interventions engage both the caregiver and
patient as a dyad, important synergies are achieved that significantly enhances each
person’s outcomes [170, 171, 173]. The meta-analysis by Badr and Krebs [170]
emphasized that interventions jointly delivered to patients and caregivers had a
significant impact on the patients’ psychological (effect size = 0.18), physical (ef-
fect size = 0.31) and relationship (effect size = 0.25) functioning. The Regan et al.
[173] review of couple-based interventions documented that the benefits of these
interventions for patients paralleled those noted for their spouse caregivers,
including improved psychological and physical distress, sexuality and relationship
functioning, communication, and coping. These findings were echoed by the
Brandão et al. [174] review of couple-based interventions for women with breast
cancer and their spouse, whereby many of the benefits for the spouse were noted for
the patient as well.

There is also evidence that dyadic interventions are potentially more efficacious
than patient-only interventions in enhancing patients’ well-being outcomes [189,
190]. For instance, Nezu et al. [190] examined the efficacy of a problem-solving
therapy (PST) among a mixed sample of patients diagnosed with cancer and
included two treatment groups: one in which patients attended the PST alone and a
second one where PST was attended with a significant other. Post-PST positive
effects on quality of life and distress were similar in the two treatment groups.
However, at 6- and 12-month follow-ups, patients participating in PST with their
significant other reported lower distress than patients who attended the PST alone.
The support and shared learning that occurs in dyadic interventions might increase
the likelihood of improvements [173].
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6.6.5 Moderators of Intervention Effects

Northouse et al. [4] examined the potential impact of four study characteristics on
intervention effects: (a) participants (caregiver alone vs. caregiver-patient dyad),
(b) mode of delivery (face-to-face vs. phone vs. group vs. mixed), (c) type of
intervention, and (d) duration and dose. For many outcomes, none of these char-
acteristics had a significant effect. Inconsistent findings were noted for intervention
length, whereby caregivers receiving longer interventions reported significantly
more burden and depression and lower relationship functioning than those in
shorter interventions. However, the opposite was noted for coping. Coping was also
more favorable for interventions delivered face-to-face or using a group format than
those using mixed modes of delivery. Caregiver-only interventions reported more
positive outcomes in terms of appraisal of caregiving benefit than dyadic inter-
ventions. This might be because these interventions focused more on caregivers’
own needs. Overall these findings emphasize that decisions about intervention
design need to take into consideration the desired outcomes.

A systematic review by Regan et al. [173] also did not note any differences in
efficacy based on mode of delivery. However, interventions targeting early-stage
cancer were suggested to result in greater improvement in comparison to inter-
ventions targeting late-stage or advanced cancers. Also, interventions with
patient-caregiver dyads or couples in less supportive relationships or in a shorter
relationship were found to be more efficacious. This suggests that tailoring inter-
ventions to key risk factors might increase the likelihood of positive outcomes.

A review by Baik and Adams [171] concluded that couple-based interventions
focused on improving communication, reciprocal understanding, and intimacy in
the couple appeared to be most promising in reducing illness-related distress for
caregivers and improving dyadic adjustment. Similarly, Waldron et al. [168] also
emphasized that interventions targeting communications pose to make the greatest
impact on caregivers, as well if these integrate problem-solving skills training.

Of note, the review by Wootten et al. [169] found that cognitive behavioral-
based interventions appeared to be more effective than psycho-educational inter-
ventions in improving sexual intimacy and satisfaction for partners of men with
prostate cancer. However, psycho-educational interventions were as effective as
cognitive behavioral based interventions in reducing distress. This might indicate
that the lack of information is a significant contributor to psychological distress for
caregivers. This review also emphasized that face-to-face interventions produced
more beneficial outcomes than those delivered solely over the telephone.

6.6.6 Attrition and Retention

Caregiver interventions are typically acceptable to caregivers, with high satisfaction
reported [181, 191], but uptake rates across studies vary widely. In a review by

6 The Impact of Cancer and Chronic Conditions … 185



Regan et al. [192] of interventions targeting both the patients and their spouse
caregivers, uptake rates varied from 13.6 to 94.2 % (overall rate = 48.8 %).
Specifically for caregivers, uptake rates for dyadic interventions (46.3 %) was
slightly lower than for individual-based interventions (48 %), and both were lower
than coaching interventions (59.2 %), possibly reflecting logistical issues if patients
and caregivers are unable to participate in an intervention simultaneously or feel
they need different levels of support [192, 193]. Caregivers’ uptake rates were
higher for psycho-educational or coping skills training interventions (51, 51.8 %)
than for those focusing on communication (43.1 %). Finally, face-to-face inter-
vention had a higher uptake (49.8 %) than telephone interventions (45 %).

Regan et al. [192] also found that caregivers’ attrition rates post-intervention ranged
from 0 to 38.7 % (overall rate = 17.6 %). Attrition rates for dyadic interventions
(22.5 %) were higher than for individual-based (18.5 %) and coaching (attrition
rate = 15.8 %) interventions. Attrition rates were higher for psycho-educational and
coping skills interventions (22.4, 22.7 %) than communication-focused interventions
(13.8 %), suggesting that although communication interventions might not initially be
attractive to patients and caregivers, their benefits might become more apparent as they
engage with the intervention [193]. This, in turn, raise a critical issue regarding mar-
keting the benefits of these interventions to participants. In addition to a higher uptake
rate, face-to-face interventions had a lower attrition rate (16.7 %) than telephone
interventions (19.9 %).

One of the most common barriers to intervention uptake and completion
includes distance to the intervention being too great [170, 173, 192]. Although
delivering interventions via other means is increasingly popular to overcome this
barrier, caregivers usually desire some level of face-to-face [173]. Other frequent
barriers include timing or scheduling issues (e.g., too busy) [168, 170, 173, 192,
194], high patient symptom severity [173], compromised caregiver health [168,
194], high caregiver burden and strain [168, 169] and perception that interventions
do not meet caregivers’ needs [171, 173]. Consumer involvement in the process of
developing the interventions through participatory research strategies might address
this last limitation [175].

6.6.7 Under-Researched, but Potentially Promising
Caregiver Interventions

6.6.7.1 Orientation Programs

A Cochrane review [195] of information interventions to orient patients and their
caregivers to a cancer care facility and the services available within a centre sup-
ported their efficacy in reducing distress but not anxiety.
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6.6.7.2 Physical Activity Interventions for Caregivers

The health benefits of physical activity (PA) for the general population are
well-recognized [196], with evidence that these benefits extend to individuals
diagnosed with cancer [197]. A recent systematic review of the impact of PA
Interventions on caregivers by Lambert et al. [198] found one among cancer
caregivers, with benefits of decreasing distress and increasing aspects of quality of
life noted. The remaining 13 trials were mostly conducted among caregivers of
individuals with dementia or Alzheimer’s, with benefits including increased PA,
reduced burden, increased physical outcomes, and improved sleep quality.

6.6.7.3 Self-directed Intervention

Most caregiver interventions raise access barriers related to travel and sustainability
due to their high cost and reliance on health care professionals’ availability. An
increased interest in a self-directed (or self-administered) format is evident as an
alternate approach to provide ongoing instruction and support to caregivers in a
cost-effective manner. A self-directed format offers caregivers the flexibility to
choose when and where to engage in the program and requires less direct input
from clinicians. As caregivers are often less likely than patients to access con-
ventional services, self-directed interventions might play a particularly prominent
role in supporting them in their coping efforts [10]. Lambert et al. [57, 193]
developed Coping-Together, a manual-based, self-directed coping skills interven-
tion for couples facing cancer, with initial feasibility testing highly endorsing its
dyadic focus and self-directed format.

6.6.7.4 Online Interventions

Web-based interventions are increasingly recognized as a convenient,
cost-effective, and efficacious approach for delivering support to large numbers of
individuals [199]. The few interventions developed to date show promise in
enhancing caregivers’ health and well-being [200]. Given the popularity of the
internet for delivering psychosocial interventions and the potential effectiveness of
this mode of delivery, it is an encouraging platform to deliver caregiver interven-
tions and overcome barriers of conventional caregiver interventions.

6.6.7.5 GP Supported Interventions

In recognition that general practice (GP) consultations provide an opportunity to
address caregivers needs, Mitchell et al. [201, 202] have examined the efficacy of a
GP-based intervention incorporating a caregiver-reported needs checklist (The
Needs Assessment Tool—Carers [203]) and a supporting GP compendium of
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resources to address caregivers’ identified needs. In a randomized controlled trial
with caregivers of people with advanced cancer, this novel approach improved
mental well-being among caregivers who were clinically anxious at baseline. For
caregivers whose baseline anxiety was within the normal range, the intervention led
to a significant improvement in their physical functioning. Although the interven-
tion did not reduce the number of unmet needs, drawing caregivers’ attention to
their needs may prompt them and/or the GP to put in place extra resources to
address these. Additional studies are needed to further examine the potential ben-
efits of systematically using a needs assessment tool to improve caregivers’
outcomes.

6.6.8 Potential Implications for Caregivers of Patients
with Multi-morbidities

As patients with multi-morbidities often have greater self-care needs, an increased
reliance on informal caregivers to meet these needs might lead to these caregivers
spending more time providing care per week, being involved in more tasks, with
potentially lower self-efficacy than caregivers of patients without co-morbidities.
These caregivers may also engage in a greater frequency of tasks and more care
co-ordination and communicating with health care teams. Since greater caregiving
intensity or higher interference in caregivers’ daily activities due to their caring role
are recurrent risk factors for a number of adverse health and well-being outcomes,
caregivers of patients with multi-morbidities may report worse outcomes than those
caring for someone with cancer alone. The impact of caregiving for someone with
multi-morbidities might be comparable to those caring for someone in the palliative
phase. However, more intense caregiving might also mean that these caregivers
report higher levels of benefit finding, with Levesque and Maybery [124] noting
that adult children who reported greater impact of caring and higher emotional
reactions to their parents’ illness also noted a higher number of positive outcomes.

As reviewed in this chapter, caregiver education and skill building are key to
supporting caregivers. However, caregiver interventions are often disease-specific,
and do not take into consideration the multiple demands that might arise across
illnesses. Although this approach reflects the disease-specific model used to provide
health services [204], it may actually further isolate caregivers of patients with
cancer and co-morbidities. The staggering increase in prevalence of
multi-morbidities can no longer be ignored and further urges the identification of
caregiver interventions and approaches that are effective across illnesses. An inte-
grated approach to caregiver interventions is also justified by findings that caregiver
burden is comparable across illnesses [204–206], and is mainly predicted by
caregivers’ similar needs and approach to coping (not patients’ diagnosis) [205,
206]. However, one challenge in the planning and implementation of interventions
for caregivers of patients with multi-morbidities is that although they might benefit

188 S.D. Lambert et al.



more from the interventions due to the additional burden and needs, attrition rates
might be even higher in this sub-group as key barriers might be enhanced (e.g., too
busy, higher patient symptom severity).

6.7 Conclusion and Future Directions

6.7.1 Conclusion

For many, the caregiving role is equivalent to a full-time job, resulting in significant
burden in their health, economic and social outcomes. Caregivers also report unmet
needs in relation to comprehensive cancer care, emotional and psychological sup-
port, partner or caregiver impact and daily activities, relationship, information, and
spiritual issues. However, many caregivers also report deep levels of satisfaction
from their caregiving role.

Patients and their caregiver react to cancer (and potentially other diagnoses) as a
unit, and as a result, both have legitimate needs for help from health professionals;
hence, comprehensive care plans should ideally focus on the patient-caregiver dyad
[4]. It is imperative that health care professionals identify caregivers who are at
most risk and support them through direct care or by referrals to community
resources to help meet the needs of this vulnerable population. Utilizing tools such
as screening checklists can provide a more systematic approach to needs assessment
to ensure the highest priority needs are addressed. Despite the promise of caregiver
interventions to achieve clinically significant outcomes, few interventions (if any)
have been translated for or implemented in clinical practice [4]. Hence, health care
professionals can also become aware of caregiver interventions, detailed in this
chapter, which are most effective for supporting caregivers and meeting their most
pressing needs and consider some alternate approaches and format that might favor
translational in routine cancer care.

6.7.2 Future Directions

Our understanding of the impact of caregiving is limited to the populations and
outcomes that have been studied to date. It is difficult to draw inferences to other
caregiver populations, including those caring for patients with multi-morbidities,
with a high degree of confidence. Hence, extending the research to include
under-studies caregiver populations is of high priority. As previously mentioned,
the chronic disease profile that comes with the aging of the population is creating an
urgency to increase our understanding of the experiences of caregiving of patients
with cancer and co-existing chronic diseases. In addition, most studies to date have
focused on the patients’ spouse or partner as their primary caregiver [168], and
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more studies are needed to examine the impact of caregiving potentially on other
caregiver sub-group, who have been found to be more at risk of adverse outcomes
(e.g., daughters higher burden than spouse) [85, 88, 90]; and on same-sex couples
[173]. Our understanding of the impact of caregiving on people of different racial,
cultural, and socio-economic backgrounds is also limited by the lack of research in
these populations. Northouse et al. [4] noted that less than 16 % of participants
across 29 intervention studies reviewed were self-identified as members of a
minority; and only two studies were identified which tailored interventions for a
particular cultural or racial group [207, 208]. Most caregiver intervention studies
have focused on breast or prostate cancer populations [167, 170], with only a
handful of studies focusing on caregivers sub-group actually at highest risk of
anxiety and depression (e.g., caregiver of patients with hematological, head and
neck, or lung cancer [9]). Further research into more “accessible” interventions such
as using e-Health technology is required, as well as assessing the cost-effectiveness
of different intervention approaches [4, 170].

Finally, with significant challenges encountered by many studies in low
recruitment and high attrition rates, the challenge to achieve required sample sizes
to reach statistical significance calls for more research to clarify the definition of
clinically meaningful changes in the outcomes examined, as even small effect sizes
can still be clinically significant and important [170].
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Chapter 7
Prevention of Chronic Conditions
and Cancer

Alexandra McCarthy, Tina Skinner, Michael Fenech
and Shelley Keating

Abstract A scan of any cancer, diabetes, cardiovascular disease or kidney health
guideline underscores the importance of preventive strategies to offset the risk of
developing chronic conditions. It also highlights the commonalities amongst pre-
ventive strategies for these conditions. In this chapter, we focus on the lifestyle
practices that increase or reduce the risk of developing common chronic conditions.
We examine how modifying individual-level determinants of health, such as
exercise and dietary habits, environmental exposures, and alcohol and medication
intake could help prevent them. Throughout this chapter we will discuss how these
determinants of health can also work in synergy to influence risk. We will partic-
ularly focus on the complementary roles of diet and exercise in reducing body
fatness and subsequently in reducing many of the risks associated with chronic
disease. This chapter concludes with sections on pharmacoprevention and potential
approaches to enhance the uptake of, and adherence to, health-promoting beha-
viours that can prevent the development of chronic conditions and cancer.
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Key Points

• Research increasingly indicates that cancer and other chronic conditions tend to
share common risk factors.

• While many drugs have the potential to limit the risk of chronic disease and
cancer, the most feasible and economic determinants of health to target are often
lifestyle-related.

• The risks associated with cancer and chronic conditions are often amenable to
lifestyle modifications that reduce body fatness, maximise physical activity,
promote good nutrition that emphasises plant-based sources, and minimise
alcohol intake.

• Many health-promoting lifestyle practices have numerous benefits, operating in
synergy to modify risk. In particular, good nutrition and optimum physical
activity tend to work in a complementary way to reduce body fatness, which,
along with tobacco smoking and high alcohol consumption, embodies an
enormous risk to health.

• Adherence to diet, exercise and pharmacotherapy is complex, and remains
problematic in the context of preventing chronic disease.

7.1 Introduction: Why Prevention Matters

The incidence of chronic conditions such as cardiovascular and kidney disease,
diabetes and cancer is rising. The World Health Organisation argues that these
chronic conditions affect not only individual quality of life; they are also an
under-appreciated cause of poverty and a significant impediment to the economic
development of many countries [1]. The WHO Global Report on chronic diseases
and health promotion estimated that preventive strategies could result in an addi-
tional 2 % reduction in chronic disease death rates worldwide each year, with the
potential to prevent 36 million premature deaths by 2015 [1]. The substantial
personal and societal costs of chronic disease and cancer have prompted govern-
ments to recognise that systemic collaborative action is needed to target chronic
disease prevention [2, 3]. Fortunately, there are solutions to the problem that are
both efficacious and highly cost-effective [1]. These solutions are the focus of this
chapter.

7.2 Defining Prevention

Prevention in the context of chronic conditions and cancer is broadly defined as
“approaches and activities aimed at reducing the likelihood that a disease or dis-
order will affect an individual, interrupting or slowing the progress of the disorder
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or reducing disability” [4]. Given that many chronic conditions can take decades to
become fully established and tend to occur for a long time once they appear,
strategies to prevent them are classified into three stages [2]:

• Primary prevention, which reduces the likelihood of developing a disease or
disorder

• Secondary prevention, which interrupts, prevents or minimises the progress of a
disease or disorder at an early stage

• Tertiary prevention, which halts the progression of damage already done [2].

The good news is that most of the strategies discussed in this chapter are ben-
eficial irrespective of the individual’s position on this continuum of prevention.

7.3 Modifying Individual-Level Determinants of Health
to Prevent Chronic Disease and Cancer

The elements that influence whether and how an individual develops a chronic
condition, and which are often the target of preventive strategies, are known as the
determinants of health. Determinants comprise a range of factors: the broader features
of the society in which the individual is situated, their socioeconomic characteristics,
their individual knowledge and practise of health behaviours, and their biomedical
characteristics, such as birth weight, immune status and genetic inheritance.

There are many inter-relationships between the determinants of health. That is,
many determinants such as diet, physical activity and genetic inheritance tend to
co-exist, working synergistically to potentiate or modify the risk of developing a
chronic condition. Adding to this complexity, a single adverse determinant of health
can be implicated in the development of several different chronic conditions, which
increases the likelihood that comorbidities will develop. Tobacco smoking for
example is implicated in the development of type 2 diabetes, ischaemic heart dis-
ease, stroke, kidney disease, arthritis, osteoporosis, lung and colorectal cancer,
chronic obstructive pulmonary disease, asthma, depression and compromised oral
health [5]. Existing disease states are also determinants of health, as they can
compound the risk of multiple chronic diseases. For example, diabetes is linked to
the subsequent development of cardiovascular, eye and kidney disease [1], while
women previously treated for breast cancer are more likely to develop cardiovas-
cular disease or osteoporosis.

To account for this complexity, the World Health Organisation classifies
strategies to modify determinants of health into twelve broad areas that range from
the universal to the individual: laws and regulations, tax and price interventions,
improving the built environment, advocacy, community-based interventions,
school-based interventions, workplace interventions, screening, clinical prevention,
disease management, rehabilitation, and palliative care [1]. Prevention strategies
often work best when they simultaneously target universal-, intermediate- and
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individual-level determinants of health [3]. Successfully reducing lung cancer rates,
for example, commonly involves widespread regulations to restrict the sale of
tobacco complemented by confronting anti-tobacco marketing, increased tobacco
excise, public health education, individual support via Quit programs and systemic
screening programs for those at risk [3]. Given the clinical focus of this book,
however, in this chapter we concentrate on the preventive strategies that are most
amenable to health professional intervention at the individual level.

Tables 7.1, 7.2 and 7.3 highlight that most of the rigorous evidence related to the
individual determinants of chronic disease pertain to cancer, although research
increasingly indicates that cancer and other chronic conditions tend to share com-
mon risk factors. The three “focus” health determinants for individual-level chronic
disease and cancer prevention are risky alcohol consumption, tobacco smoking, and
unhealthy diet coupled with excessive energy intake [1, 3]. These determinants are
often expressed through the intermediate risk factors of hypertension, abnormal
blood lipids and body fatness [1].

In the next sections, we tease out how the individual risk factors presented in
these tables operate in the primary, secondary and tertiary continuum of chronic
disease and cancer prevention. We discuss the modification of exercise, nutrition,
environmental exposures and medications in light of compelling recent evidence
that explains the pathophysiology of risk, and how lifestyle modifications work to
reduce risk. We also discuss the evidence underpinning strategies to modify the risk
of developing chronic diseases and cancer.

7.4 Exercise, Chronic Disease and Cancer

7.4.1 Primary Prevention

In the context of chronic disease, physical activity should be considered as potent a
medicine as many preventative drugs [6]. Physical activity is defined as movement
that increases metabolic rate and can be categorised in relation to the energy cost of
the activity (termed metabolic equivalent, MET, which is the ratio of the work
metabolic rate to the resting metabolic rate). There is ‘convincing grade’ evidence
for the beneficial role of physical activity in the primary prevention of dementia [7],
type 2 diabetes [8, 9], cardiovascular disease [10, 11] and colorectal cancer [12],
and ‘probable’-grade evidence in postmenopausal breast cancer and endometrial
cancer [13] (Table 7.1).

For the primary prevention of breast cancer in postmenopausal women, a 3 %
decreased risk is observed per 7 MET-hours (METs used per hour) of recreational
activity/week [13]. Every 5 MET-hours/day is associated with a decreased risk of
developing colorectal cancer and colon cancer by 3 and 8 %, respectively [14].
Interestingly, the same relationship does not appear to exist in rectal cancer [14].
While it is not yet possible to determine the dose-response relationship of exercise
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Table 7.1 Strong evidence associated with reduction of risk of chronic conditions and cancer

Variable Condition Strength of evidence

Lifestyle outcome

Reduced body fatness Premenopausal breast cancer Probable [13]

Weight loss Type 2 diabetes Level 1 [206]

Lifestyle behaviour

Increased physical activity Postmenopausal breast cancer Probable [13]

Endometrial cancer Probable [5]

Colorectal cancer Convincing [5]

Type 2 diabetes Level 1 [206]

Cardiovascular disease Level 1 [207]

Dyslipidemia Level 1 [50]

Hypertension Level 1 [208]

Obesity Level 1 [166]

Non-alcoholic fatty liver disease Level 2 [209]

Osteoporosis Level 1 [210]

Chronic kidney disease Level 1 [211]

Dementia Level 1 [7]

Diet

Consumption of alcoholic drinks Kidney cancer Probable [212]

Consumption of foods containing dietary
fibre (cereals, grains, roots, tubers and
plantains)

Colorectal cancer Convincing [5]

Consumption of non-starchy vegetables Cancers of the mouth, pharynx, larynx,
oesophagus, stomach

Probable [5]

Consumption of allium vegetables Stomach cancer Probable [5]

Fruit consumption Cancers of the mouth, pharynx, larynx,
oesophagus, stomach

Probable [5]

Consumption of foods containing folate Cancers of the pancreas Probable [5]

Consumption of foods containing
carotenoids

Cancers of the mouth, pharynx, larynx,
lung

Probable [5]

Consumption of foods containing
beta-carotene

Oesophageal cancer Probable [5]

Consumption of foods containing
lycopene

Prostate cancer Probable [213]

Consumption of foods containing
Vitamin C

Oesophageal cancer Probable [5]

Consumption of foods containing
selenium

Prostate cancer Probable [213]

Milk consumption Colorectal cancer Probable [5]

Calcium consumption Colorectal cancer Probable [5]

Coffee consumption Endometrial cancer Probable [5]

Liver cancer Probable [5]

Calcium dietary supplement
consumption

Colorectal cancer Probable [5]

Selenium dietary supplement
consumption

Prostate cancer Probable [213]

Diet adhering to NHMRC or similar
guidelines

Type 2 diabetes Level 1 [206]

(continued)
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Table 7.1 (continued)

Variable Condition Strength of evidence

Pharmaceuticals

Prophylactic dexrazoxane Prevention of heart failure in adult
patients receiving
anthracycline-containing chemotherapy

Level 1 [181]

Tamoxifen Prevention of breast cancer in
post-menopausal women diagnosed with
high-risk and ER positive breast cancer,
and in premenopausal women diagnosed
with DCIS

Level 2 [172]

Raloxifene Prevention of post-menopausal breast
cancer in at-risk women

Level 2 [172]

Aromatase inhibitors Prevention of post-menopausal breast
cancer in at-risk women

Level 2 [214]

Beta blockers Prevention of cardiovascular disease in
patients with pre-existing cardiovascular
disease, given during and after
cardiotoxic cancer treatment

Level 1 [180]

Prophylactic beta blockers Prevention of cardiovascular disease in
adults with no known cardiovascular
disease who are treated with
anthracycline or trastuzamab therapy for
cancer

Level 1 [182]

Angiotensin antagonists Prevention of cardiovascular disease in
patients with and without pre-existing
cardiovascular disease, given during and
after cardiotoxic cancer treatment

Level 1 [180, 182]

Prevention of chronic kidney disease in
the context of pre-existing diabetes

Level A [215]

Statin therapy Prevention of cardiovascular disease in
adults with no known cardiovascular
disease who are treated with
anthracycline or trastuzamab therapy for
cancer

Level 1 [182]

Metformin Type 2 diabetes Level 1 [206]

Acarbose Type 2 diabetes Level 1 [206]

Rosiglitazone Type 2 diabetes Level 1 [206]

Orlistat Type 2 diabetes Level 1 [206]

Aspirin Cardiovascular disease Level 1 [193]

Physiological life event

Lactation Pre- and postmenopausal breast cancer Convincing [13]

Blood pressure of people with type 2
diabetes maintained within the target
range

Chronic kidney disease Level A [215]

Key ‘Level’: National Health and Medical Research Council (NHMRC) Level of Evidence, I-IV. Level 1 is evidence
derived from meta-analyses and systematic reviews, Level 2 from good quality RCTs
‘Level A’ is used by NHMRC to indicate that the “body of evidence can be trusted to guide practice”
‘Probable’ and ‘convincing’ are used by the World Cancer Research Fund to indicate causative links between exposure
and the development of cancer. These terms refer to the strength of evidence derived from meta-analyses and systematic
reviews, plus good quality RCTs and large scale epidemiological studies
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Table 7.2 Strong evidence associated with increased risk of developing chronic conditions and
cancer

Variable Condition Strength of evidence

Lifestyle outcome

Adult weight gain Postmenopausal breast cancer Probable [13]

Increased body fatness Postmenopausal breast cancer Convincing [13]

Colorectal cancer Convincing [5]

Pancreatic cancer Convincing [5]

Endometrial cancer Convincing [5]

Ovarian cancer Probable [5]

Advanced prostate cancer Probable [5]

Gallbladder cancer Probable [5]

Kidney cancer Convincing [5]

Liver cancer Convincing [216]

Pancreatic cancer Convincing [5]

Increased abdominal fatness Postmenopausal breast cancer Probable [13]

Colorectal cancer Convincing [5]

Type 2 diabetes Level 1 [206]

Non-alcoholic fatty liver disease Level 2 [162]

Cardiovascular disease Level 1 [163]

Lifestyle behaviour

Tobacco smoking Cancers of the lung, oral cavity, pharynx, nasal
cavity and accessory sinuses, larynx,
oesophagus, stomach, pancreas, colorectum,
liver, kidney (body and pelvis), ureter, urinary
bladder, uterine cervix and ovary (mucinous),
myeloid leukaemia

Sufficient [217]

Sedentary behaviour Colorectal cancer (survival) Probable [218]

Type 2 diabetes mellitus Level 1 [219]

Cardiovascular disease Level 2 [220]

Environmental exposures

Solar and ultraviolet radiation Melanoma, basal cell and squamous cell
carcinomas of the skin

Sufficient [195]

Ultraviolet-emitting tanning devices Melanoma of the skin and eye Sufficient [195]

Second-hand smoke Lung cancer Sufficient [217]

Diet

Alcoholic drinks Pre- and postmenopausal breast cancer Convincing [13]

Liver cancer Convincing [216]

Colorectal cancer (men) Convincing [5]

Colorectal cancer (women) Probable [5]

Red meat, processed meat Colorectal cancer Convincing [5]

Cantonese-style salted fish Nasopharyngeal cancer Probable [5]

Glycaemic load Endometrial cancer Probable [5]

Diet high in calcium and dairy food Prostate cancer Probable [213]

Salt, salted and salted foods Stomach cancer Probable [5]

Fungal aflatoxin contamination of
cereals, grains, roots, tubers,
plantains, legumes (especially
peanuts)

Liver cancer Convincing [216]

(continued)
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in endometrial cancer due to differences in physical activity assessment across
studies, individuals engaging in the greatest amount of recreational, occupational
and/or incidental physical activity demonstrate a reduced risk of cancer of the
endometrium compared to those engaging in the lowest levels of activity [15].

The effects of physical activity on the primary prevention of colorectal,
endometrial and postmenopausal breast cancers are likely pleiotropic (i.e. have
multiple, seemingly unrelated effects) and involve a combination of host pathways
[16]. Research suggests that physical activity could reduce the risk of these cancers
through a number of pathways, including the modulation of body composition,
metabolic hormones, sex-steroid hormones, alterations in immune function, levels of
oxidative stress as well as the balance of markers of inflammation and cytokines [17].

Table 7.2 (continued)

Variable Condition Strength of evidence

Arsenic in drinking water Lung cancer Convincing [5]

Arsenic in drinking water Skin cancer Probable [5]

Maté (caffeine rich infusion of the
leaves of a South American shrub)

Oesophageal cancer Probable [5]

High-dose beta carotene
supplements

Lung cancer Convincing [5]

Pharmaceuticals

Doxorubicin >500 mg/m2;
liposomal doxorubicin >900 mg/m2;
epirubicin >720 mg/m2;
mitoxantrone >120 mg/m2;
idarubicin >90 mg/m2

Chemotherapy-associated heart failure Level 1 [180]

Combination hormone therapy Breast cancer Level 2 [172]

Viral infections

Human papilloma virus Cancers of the cervix, vulva, vagina, penis, anus,
oral cavity, oropharynx, tonsil

Sufficient evidence
[198]

Hepatitis B (HBV) and Hepatitis C
(HCV)

Hepatocellular (liver) cancer, non-Hodgkin
lymphoma (HCV only)

Sufficient [198]

Life events

Adult attained height Postmenopausal breast cancer Convincing [13]

Premenopausal breast cancer Probable [13]

Colorectal cancer Convincing [5]

Ovarian cancer Convincing [5]

Prostate cancer Probable [213]

Kidney cancer Probable [5]

Greater birth weight Premenopausal breast cancer Probable [13]

Greater childhood growth Pancreatic cancer Convincing [5]

Key ‘Level’: NHMRC Level of Evidence, I-IV. Level 1 is evidence derived from meta-analyses and systematic reviews,
Level 2 from good quality RCTs
‘Probable’ and ‘convincing’ are used by the World Cancer Research Fund to indicate causative links between exposure
and the development of cancer. These terms refer to the strength of evidence derived from meta-analyses and systematic
reviews, plus good quality RCTs and large scale epidemiological studies
‘Sufficient’ evidence is the highest level of evidence for the International Agency for Research on Cancer (IARC). In
many instances, e.g. solar and ultraviolet radiation, and tobacco smoking, evidence is derived from large
epidemiological and case-control studies rather than RCTs, systematic reviews or meta-analyses
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The most widely investigated pathway linking physical activity to cancer risk is
the effect of exercise on circulating metabolic factors. Changes in metabolic status
mediated through the insulin-like growth factor (IGF) axis represent one of the most
plausible host pathways through which physical activity is linked to colorectal
cancer [17–19]. For example, Chi and colleagues [20] reported a positive associ-
ation between the risk of colorectal cancer incidence and circulating levels of IGF-1
(OR = 1.25; p = 0.003) and IGF-2 (OR = 1.52; p = 0.003). Exercise has a likely
hormetic (“U” shaped) effect on the IGF axis, and possibly reduces IGF concen-
trations in states of systemic overabundance, effectively reducing IGF-1
receptor-mediated signalling; cancer outcomes are subsequently improved with
exercise through ablation of this mitotic signalling pathway [21]. Moreover, muscle
contraction during exercise induces molecular signalling and involves a variety of
signalling molecules, including adenosine monophosphate-activated protein kinase
(AMPK; a master regulator of cellular energy homeostasis) [22]. In response to
increased energy demands during exercise, AMPK conserves adenosine triphos-
phate via inhibition of the biosynthetic and anabolic pathways, directly contributing
to control of cancer cell growth [23]. Indeed, AMPK is reported to be differentially
up-regulated following exercise in tumour-bearing mice [24].

Cytokines, which are proteins vital for immune system regulation, also have
anti-tumour properties [25]. Deregulation of cytokine production or activity can
lead to detrimental acceleration of inflammation, angiogenesis and cell prolifera-
tion; hence cytokines can be cancer-promoting factors [25–27]. In pre-existing
cancer cells, an abundance of cytokines can stimulate tumour growth and cell

Table 7.3 Diet-related recommendations for cancer and chronic disease preventiona

Diet or lifestyle factor Recommendation

Body fatness Be as lean as possible within the normal range of body
weight

Foods and drinks that
promote weight gain

Limit consumption of energy-dense foods. Avoid sugary
drinks

Plant foods Eat mostly foods of plant origin

Animal foods Limit intake of red meat and avoid processed meat

Alcoholic drinks Limit intake of alcoholic drinks

Preservation, processing,
preparation of food

Limit consumption of salt. Avoid mouldy cereals, grains,
pulses or legumesb

Dietary supplements Aim to meet nutritional needs through diet alone (if
possible)c

Breastfeeding Mothers to breastfeed; children to be breast fed

Cancer survivors Follow the recommendations for cancer prevention
aAdapted from http://www.wcrf.org/int/research-we-fund/our-cancer-prevention-recommendations
2016
bThere is considerable evidence that high temperature cooking of protein-rich and fat-rich foods
may generate carcinogenic polycyclic aromatic hydrocarbons and heterocyclic amines [128]
cDietary supplementation is only required when there is risk of specific micronutrient deficiency
due to dietary restrictions or malabsorption of nutrients [128]
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proliferation [25]. As such, chronically elevated serum cytokines could potentiate
tumour development and progression.

The effects of acute versus chronic exercise on plasma cytokine responses are
seemingly paradoxical. Acute exercise results in a transient increase in circulating
levels of cytokines produced by myoblasts [28–31]. The underlying mechanism
behind this acute increase is the development of a hypoxic microenvironment
within the muscle cells [32, 33]. Hypoxia results in the production of reactive
oxygen species [32, 33] that stimulate the AP-1 and NF-jB pathways, the primary
sources of cytokine production, such as interleukin-8 (IL-8) [34–36]. It is postulated
that IL-8 acts locally to stimulate angiogenesis within the muscle, a known adap-
tation to exercise [37]. An increase in IL-8 is accompanied by a concomitant
increase in CXCR2 (a protein coding gene) expression following exercise in the
proximate endothelial cells resulting in angiogenesis in the muscle microvascula-
ture [38]. In contrast to the increase in cytokine response to acute exercise, chronic
exposure to exercise can normalise circulating cytokine concentrations [39, 40],
reducing the perturbations in homeostasis following acute exercise [41]. Given that
hypoxia is the primary trigger of cytokine production during exercise, it is rea-
sonable to assume that following regular exercise training, improved delivery of
oxygen to the exercising muscles coupled with greater mitochondrial volume
results in less hypoxic stress, plus reduced production of cytokine from the muscles.
This is supported by numerous studies showing that athletic populations charac-
terised by greater levels of aerobic fitness have dampened immune responses to
exercise than their sedentary counterparts [41–44].

Physical activity also plays a role in the prevention of weight gain, which is
associated with independent, ‘probable’ level evidence for the primary prevention
of postmenopausal breast cancer. Indeed, the reduced risk of endometrial and
postmenopausal breast cancers associated with physical activity can be explained,
at least in part, by the enhanced balance of circulating oestrogens, progesterone and
androgens that are either a direct result of exercise, or secondary to improvements
in body composition that accompany exercise [45, 46]. The modulation of body
composition, in particular the reduction of visceral adipose tissue, with regular
exercise can also lead to reductions in circulating cytokine levels. Indeed, obesity is
associated with higher levels of circulating IL-8 [47, 48] and the reductions in IL-8
found by Troseid and colleagues [40] were associated with reductions in body mass
index and waist circumference.

7.4.2 Secondary and Tertiary Prevention

Exercise (planned and structured physical activity) has been touted as a ‘polypill’
for chronic disease management [49] due to its ability to concomitantly improve the
modifiable risk factors associated with the development of type 2 diabetes, car-
diovascular disease and some cancers [16]. This includes improvements in
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atherogenic dyslipidemia [50], insulin resistance [51], hypertension [52], low-grade
systemic inflammation [53], central obesity [54], and intrahepatic lipids [55].

Patients with cancer have an increased risk of developing co-morbid chronic
diseases including chronic kidney disease (CKD) [56] and coronary heart disease
[57], and can also have more cardiovascular disease risk factors than the general
population [58]. Indeed, most exercise oncology research has focussed on sec-
ondary prevention of chronic conditions, and the modification of the disease- and
treatment-related side effects of cancer. Level 1 evidence for the benefits of exercise
for cancer patients and survivors indicates it improves psychological wellbeing and
quality of life [59], cancer-related fatigue [60], physical functioning [61], body
weight and composition [62], muscle strength and endurance [61, 62], immune
function [63], and cardiovascular fitness [64].

Treatments for certain cancers, such as selective estrogen receptor modulators
(SERMs) for breast cancer and androgen deprivation therapy for prostate cancer, can
promote abnormal body composition by increasing fat mass and reducing lean
muscle mass [65]. Observational studies have associated abnormal body composi-
tion with a poorer prognosis of cancer [66], including hepatocellular carcinoma [67].
Sarcopenia (age-associated loss of skeletal muscle mass and function) is also an
independent predictor of mortality after controlling for body mass index, age and
tumour stage (HR: 5.19; 95 % CI: 2.58, 10.43) [67]. Regular aerobic exercise
training increases energy expenditure and induces lipolysis, which can reduce fat
mass, while progressive resistance training induces muscular hypertrophy and pre-
vents the loss of muscle mass commonly associated with hypo-caloric diets [68, 69].

Evidence for ‘exercise as medicine’ is emerging for a range of secondary
sequelae from cancer and its treatments, such as cardiovascular disease [70]. For
example, both cellular (e.g. mitigation of mitochondrial dysfunction [71] and
reactive oxygen species emission from cardiac mitochondria [72]) and functional
(e.g. attenuation of decrements in left ventricular function [73]) mechanisms are
implicated in animal models to explain the protection from anthracycline-induced
cardiotoxicity afforded by exercise.

Strong associations are also reported between type 2 diabetes and the incidence
and prognosis of cancer, especially of the colon, liver and pancreas [74, 75].
Increases in plasma IGF-1 and IGF-2 as a result of hyperinsulinemia activate their
respective receptors and initiate mitogenic behaviour within cancerous cells
[76, 77]. Exercise training improves peripheral insulin sensitivity [76] and is the
most potent stimulus to increase skeletal muscle glucose transporter 4 (GLUT4)
expression and subsequent improvement of insulin action, glucose disposal and
muscle glycogen storage [22]. In combination with nutritional and pharmacological
interventions, exercise training can prevent the progression of impaired glucose
tolerance and impaired fasting glucose (conditions indicative of pre-diabetes) to
type 2 diabetes. For patients with type 2 diabetes, exercise training can decrease
HbA1c levels [8, 78] and prevent further complications associated with poor gly-
caemic control such as renal and ophthalmic diseases [79].

The improvements in insulin sensitivity and body composition linked with
exercise training further reduce the delivery of free fatty acids and glucose to the
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liver and are associated with improvement of non-alcoholic fatty liver disease
(NAFLD). The benefits of exercise on NAFLD arise through numerous mecha-
nisms involving the liver, muscle and adipose tissue, including the abovementioned
activation of AMPK. For example, exercise-induced activation of AMPK reduces
intrahepatic lipid content by inhibiting lipid synthesis and increasing fatty acid
oxidation within the liver [80]. Insulin resistance is a hallmark feature of non-
alcoholic steatohepatitis (NASH), a progressive form of NAFLD, characterised by
inflammatory changes, hepatocyte ballooning and a variable degree of fibrosis.
While there is no evidence demonstrating the reversal of NASH with exercise
alone, exercise could prevent the progression of simple steatosis to NASH [81].

There are several other chronic diseases that can arise secondary to the disease-
and treatment-related effects of cancer, such as chronic kidney disease CKD,
osteoporosis and cognitive impairment. For example, there is a bidirectional rela-
tionship between the incidence of CKD and cancer [82]. Physical inactivity is a
major risk factor for the development of CKD [83] and there is ‘probable’-grade
evidence to suggest that exercise improves estimated glomerular filtration rate
(eGFR) indicating an improvement in kidney function [84]. Initiation of androgen
deprivation therapy (ADT) in men with prostate cancer is reported to result in a 5-
to 10-fold increased loss of bone mineral density in multiple skeletal sites [85, 86].
This bone loss and accompanying decrease in muscle mass increases the risk of
osteoporosis, falls, and fractures. Indeed, a fracture risk of up to 20 % is reported
after 5 years on ADT, nearly twice the risk of healthy men or men with prostate
cancer not receiving ADT [87]. This ADT-related increased risk of osteoporosis
and osteoporotic fractures arises from the suppression of testosterone and oestro-
gen, two hormones that have vital direct and indirect roles in the regulation of bone
metabolism [88] and microarchitectural decay [89]. Exercise training, specifically
resistance training and impact-loading exercises that involve mechanical loading of
the skeleton from ground reaction forces and muscle pull, can positively influence
bone health [90]. However, while early results are encouraging [91], further
research is needed to confirm the skeletal benefits of exercise during or after cancer
treatment. Similarly, there is growing evidence to suggest that aromatase inhibitor
therapy may be associated with long-term cognitive impairment in some cancer
patients, especially in breast cancer survivors [92–94]. Exercise is well-known to
improve cognitive function and prevent age- and disease-related cognitive decline,
with recent evidence suggesting this may include oestrogen deficiency-induced
cognitive impairment [95, 96].

7.4.3 Physical Activity Recommendations

Given that physical inactivity is the fourth leading cause of death due to
non-communicable diseases (contributing to over three million preventable deaths
per year [97]), it is an important target for the prevention of chronic diseases.
Indeed, yielding a physical activity energy expenditure of 1000 kcal/week (a level
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considered ‘minimal adherence’ to physical activity guidelines as outlined below) is
associated with a 20–30 % reduction in risk of all-cause mortality, with greater
energy expenditures yielding further reductions [98–100]. Poor cardiorespiratory
fitness is suggested to be a potent risk factor for all-cause mortality, cardiovascular
disease [99] and the incidence of metabolic syndrome [100]. Importantly,
improving cardiorespiratory fitness by just one MET is associated with 13 and
15 % reductions in all-cause mortality and risk of cardiovascular events, respec-
tively [101], and these associations are independent of body mass [102].

Cancer survivors are advised to undertake 150 min per week of moderate or
75 min per week of vigorous aerobic exercise or an equivalent combination; and
perform resistance exercise of moderate or high intensity on two or more days per
week [103, 104]. Exercise prescription guidelines for a range of chronic conditions
are available as position statements and reports from a variety of sources, including
the American College of Sports Medicine and Exercise and Sports Science
Australia. Consistent across all exercise guidelines for health and fitness is the
recommendation for adults to undertake both aerobic exercise and progressive
resistance training. Emerging evidence suggests that higher intensity exercise may
achieve comparable or even superior benefits for a range of cardio-metabolic risk
variables including cardiorespiratory fitness and glycaemic control [105] with less
time commitment. Progressive resistance training is important for improvements in
lean muscle mass, muscle strength and function [79] and may optimise insulin
sensitivity; thus the current Australian guidelines for the prevention or management
of type 2 diabetes advocate that at least 60 min of the recommended 210 min of
moderate, or 125 min of vigorous intensity exercise be performed as progressive
resistance training each week [79]. For more specific exercise prescriptions and for
complex conditions where there are competing demands, referral to an exercise
specialist is recommended to ensure the prioritisation of key components pertinent
to the individual’s specific needs [e.g. Accredited Exercise Physiologists
(Australia), Certified Exercise Physiologists (Canada) or Clinical Exercise
Physiologists (United States of America)].

Despite the evidence for the effectiveness of physical activity in enhancing
wellness irrespective of health status, people with chronic disease appear to be even
less likely than the general population to meet physical activity guidelines e.g. only
12 % of prostate cancer survivors [106] meet contemporary exercise recommen-
dations. Multi-faceted cognitive behavioural strategies to promote the uptake of
lifestyle, environmental exposure, diet, exercise and medication recommendations
are essential to successful behaviour change. These strategies enable people to
modify their lifestyle by changing the way that they think about themselves, their
behaviours and their circumstances [107]. While a detailed discussion of these is
beyond scope, interventions that use the cognitive behavioural approach generally
incorporate two or more of the following processes: mutual goal setting; increasing
self-awareness through self-monitoring of enablers and barriers to change; frequent
and prolonged contact through scheduled follow-up; feedback and reinforcement by
health professionals to guide behaviour; enhancement of self-efficacy; exposure to
credible role-modelling; mutual problem solving; and motivational interviewing
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comprising goal-oriented and individualised counselling [107]. Research demon-
strates that when two or more of these strategies are used, particularly favourable
results are attained [107].

The following recommendations are provided to encourage increased physical
activity of individuals, including those with chronic disease:

1. Referral to exercise professionals specialising in disease-related exercise e.g.
clinical exercise physiologists, is recommended to ensure safe, individualised,
supervised exercise programs are prescribed to cancer patients and survivors.

2. If individuals are currently sedentary or have low levels of physical activity,
build gradually towards the physical activity guidelines.

3. Encourage the incorporation of active transport into the daily routine, such as
walking or cycling rather than driving a car.

4. The use of activity trackers can be recommended as an objective tool to enable
self-monitoring and gradual improvements in physical activity e.g. 10 % in
average steps per week.

5. Encourage individuals to break up long periods of sitting as often as possible
and be aware of time spent in front of the computer screen.

At the community level, the following environmental changes and policy-related
activities are suggested to increase physical activity, prevent disease or promote
health in groups of people [108]:

1. Using the media to deliver community-wide, large-scale, multicomponent
physical activity campaigns.

2. Implementing point-of-decision prompts (e.g. signs posted by elevators and
escalators) to encourage use of stairs.

3. Focus on building, strengthening, and maintaining social networks to enhance
social support interventions in community settings.

4. Creation of or enhanced access to places for physical activity combined with
informational outreach activities.

5. Street- or community-scale urban design (e.g. ensuring sidewalk continuity) and
land-use policies (e.g. mixed land-use zoning) and practices to support physical
activity participation.

6. Transportation and travel policies and practices to encourage active transport by
facilitating walking, bicycling, and public transportation use.

7.5 Nutrition, Cancer and Chronic Disease

Nutrition can have a profound impact on both cancer and chronic diseases because
the same nutritional deficiencies or excesses that increase the risk of cancer can also
initiate or enhance susceptibility to the chronic degenerative diseases of ageing such
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as diabetes, cardiovascular disease and dementia [109]. An example at the
micronutrient level is folate deficiency, which increases the risk of colorectal,
breast, ovary, pancreas, brain, lung and cervical cancers [110] as well as neural tube
defects and anaemia [111]. The reason folate deficiency is associated with cancer is
because it causes a high level of DNA damage (e.g. DNA strand breaks, chro-
mosome aberrations, micronuclei), chromosomal instability and DNA
hypomethylation, which accelerates the number of cells with abnormal genomes
and/or epigenomes from which cancers can evolve [110, 112]. In addition, folate
deficiency causes an elevation in homocysteine concentration, which is a risk factor
for diabetic retinopathy and nephropathy in type 1 diabetes, cardiovascular disease
and dementia [111, 113–115]. At the macronutrient level, the available evidence
suggests that excess caloric intake leading to obesity could increase the risk for
several cancers (e.g. oesophagus, breast, prostate, pancreas and colorectum), as well
as the propensity to develop diabetes, cardiovascular disease and cognitive
impairment [12, 116–118]. The mechanism by which obesity increases the risk of
cancer, diabetes cardiovascular disease and cognitive decline is not clear but obesity
and all of the above chronic conditions are associated with increased DNA damage
at the chromosomal, telomere, and mitochondrial DNA level. This suggests a
common DNA damage mechanism, which is most likely to be a combination of
increased oxidative stress due to inflammation, excessive intake of dietary geno-
toxins and perhaps deficiency in the micronutrients needed for DNA replication
and/or repair [98, 112, 119–121]. Furthermore, as indicated above, obesity
increases IGF-1 and IGF-2, which may promote the growth of initiated cancer cells.

A significant cause of cancer is damage to the genome leading to abnormal gene
expression [122–127]. DNA damage can occur at the chromosomal, gene sequence,
telomere and mitochondrial DNA level and could also involve alterations in DNA
methylation, which accelerate the evolution of the genomically unstable cells that
can more easily transform into cancers and divide abnormally. In this regard, from a
cancer prevention perspective, nutrition is important in ensuring healthy cell
function and reproduction with respect to the supply of:

1. Co-factors required for DNA synthesis (e.g. folate, vitamin B12, vitamin B6)
2. Co-factors required for DNA repair (e.g. niacin, zinc, magnesium)
3. Antioxidants to prevent oxidation of DNA (e.g. vitamin C, lycopene,

polyphenols)
4. Methyl donors to maintain epigenetic control of gene expression (e.g. folate,

choline)
5. Natural or man-made genotoxins that damage DNA (e.g. hetrocyclic amines,

alcohol)
6. Excess calories that promote obesity and oxidative stress
7. Phytonutrients that promote apoptosis of cells with damaged DNA (e.g. reti-

noids, polyphenols)
8. Nutrients that may promote the growth of initiated cancers (e.g. methionine,

folic acid).
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Figure 7.1 summarises the impact of key nutrient deficiencies that can affect
genome integrity via multiple mechanisms. These include the defective mainte-
nance of methylated DNA, causation of damage to DNA bases, and impairment of
DNA repair leading to chromosomal instability and aberrant karyotypes which fuel
the evolution of malignant cancers [112, 127].

The 2014 World Cancer Research Fund report provides the most comprehensive
assessment of the level of evidence for the impact of nutrition on reducing or
increasing cancer risk [13]. Tables 7.1 and 7.2 provide a summary of the key
outcomes of the meta-analyses that were performed with regards to food and
beverage groups and some of the minor dietary components that also affect the risk
of other degenerative diseases (e.g. salt, which also affects cardiovascular disease
risk and mortality). Based on current evidence, there is (i) convincing evidence that
increased intake of foods contaminated with aflatoxins, red meat and processed
meat, water contaminated with arsenic, alcoholic drinks, and high dose
beta-carotene supplements increase the risk of cancer and (ii) evidence of a prob-
able decreased risk for cancer with increased intake of plant foods including those
rich in fibre (cereals, grains, roots, tubers, plantains) and non-starchy vegetables,
fruits, pulses, legumes, nuts, seeds, herbs, spices. In addition, breastfeeding (lac-
tation) is convincingly associated with reduced breast cancer risk of the mother and
more recently evidence has emerged that childhood leukaemia incidence could be
reduced by breastfeeding for 6 months or more [128, 129].

Although there is some evidence that certain dietary patterns (e.g. Mediterranean
diet [130]) protect against cardiovascular disease, dementia and cancer there are too
few robustly-designed epidemiological prospective studies to provide convincing
evidence that a specific dietary pattern aggravates cancer risk to a significantly
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different extent, relative to another dietary pattern. The main difficulty is that even
within a single dietary pattern there can be large differences in micronutrient
composition and caloric intake, depending on the food items within the same food
group that are included in the pattern. For example, in the case of vegetables one
would have to consume 2.5 kg per day if choosing roots, tubers and ‘fruit’ veg-
etables but only 0.4 kg per day if one consumed pulses, legumes, leafy and cru-
ciferous vegetables to achieve the recommend intake of folate [131]. Therefore it is
plausible that the choice of vegetables influences micronutrient intake and possibly
cancer risk. With regards to flesh foods, in October 2015, based on robust epi-
demiological evidence and strong mechanistic plausibility, the WHO International
Agency for Research on Cancer (IARC) classified consumption of processed meat
as “carcinogenic to humans” (Group 1 carcinogen) and consumption of red meat as
“probably carcinogenic to humans” (Group 2A carcinogen) [132]. This provides an
important indication for choosing dietary patterns that are mainly plant-based and
low in processed meat and/or red meat. The consumption of alcoholic drinks varies
between cultures and has one of the most profound impacts on cancer risk, par-
ticularly amongst those with genetic defects in detoxifying acetaldehyde [133, 134],
a genotoxic metabolite generated directly from alcohol in the body, which has been
classified as a Group 1 carcinogen by IARC [135, 136].

Intake of alcoholic drinks is convincingly associated with cancers of the mouth,
pharynx, larynx, oesophagus, colorectum (in men), breast (pre- and
post-menopausal) and probably with liver and colorectum (women) [132]. The
consumption of alcoholic drinks varies between cultures and has one of the most
profound impacts on cancer risk, particularly amongst those with genetic defects in
the ALDH2 enzyme required to detoxify acetaldehyde, a genotoxic metabolite
generated directly from alcohol in the body. Acetaldehyde has been classified as a
Group 1 carcinogen by IARC [133, 135, 136]. Acetaldehyde exerts its carcinogenic
effects via a genotoxicity mechanism which causes DNA adducts, DNA-protein
cross-links, chromosome aberrations and micronuclei and these effects are stronger
in those with defective capacity in detoxifying acetaldehyde to acetate or if cells are
deficient in folate [133, 134, 137–139].

To date, there is no conclusive direct evidence to support the association of
caloric intake with human cancer risk, even though it is evident from several studies
that caloric restriction appears to increase life-span and postpone the onset of
degenerative diseases across mammalian species [140, 141]. Therefore, current
guidelines suggest that irrespective of whether an individual is at the primary,
secondary or tertiary stage of chronic disease prevention, all individuals should eat
a diet consistent with the relevant national guidelines and avoid physical inactivity.
Table 7.3, which is adapted from the World Cancer Research Fund guidelines,
outlines lifestyle recommendations germane to most chronic conditions.
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7.6 Reducing Body Fatness: The Synergy of Diet
and Exercise in Preventing Chronic Disease Risk

Obesity, the excessive accumulation of body fat, is associated with the development
of many chronic diseases. The central distribution of excess body fat (i.e., increased
levels of visceral adipose tissue) and the ectopic storage of excess fat (e.g., within
the liver, pancreas and muscle) are particularly linked to an increased risk of
cardiometabolic disease [142–144]. As pharmacological agents do not specifically
reduce fat from these regions, or are unsuitable for the long-term treatment of
obesity, the synergy of diet and exercise is the cornerstone of obesity management.

7.6.1 Dietary Interventions to Prevention of Body Fat Gain
and Promote Body Fat Loss

The most successful dietary interventions to prevent weight gain or promote weight
loss are generally based on dietary patterns that meet nutritional requirements for
health without excess calories, or marginally fewer calories (in the case of weight
loss) than what is needed to meet energy requirements or achieve energy balance
[145–147]. Good examples are the Mediterranean diet and the Dietary Approaches
to Stop Hypertension [DASH] program. Weight loss in those who are overweight or
obese can be achieved by reducing the portion sizes of habitual foods or by
replacing high caloric density foods that are poor in micronutrients with foods
containing less calories, but which are richer in vitamins and other essential
micronutrients [148, 149].

A higher intake of plant foods is usually associated with leaner body mass [150,
151]. Evidence is also accumulating in support of novel higher-protein (>20 % of
energy) diets for successful weight loss maintenance and the prevention of type 2
diabetes [152, 153]. Higher protein and plant-based diets have the advantage of
having relatively low energy density and aiding longer-term appetite suppression
[150, 151, 153]. Success in caloric restriction is improved by selecting foods that
are most effective with respect to satiety. A recent systematic review found
‘probable’ evidence for high intake of dietary fibre and nuts predicting less weight
gain, and for high intakes of meat in predicting more weight gain [154].

Low calorie meal replacements provide a practical approach to achieving and
maintaining successful control of body weight and preventing weight regain in the
longer term [155, 156]. Although there are concerns about weight cycling due to
difficulty in maintaining a lower or healthier body weight, Level 1 evidence indi-
cates that the risks related to weight cycling, cancer or cardiometabolic disease and
mortality is small, if not non-existent [157, 158].
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The WHO recommendations to prevent weight gain are as follows [159]:

• Energy intake (calories) should be in balance with energy expenditure. Total fat
should not exceed 30 % of total energy intake to avoid unhealthy weight gain,
with a shift in fat consumption away from saturated fats to unsaturated fats, and
towards the elimination of industrial transfats.

• Limiting intake of free sugars to less than 10 % of total energy intake is part of a
healthy diet. A further reduction to less than 5 % of total energy intake is
suggested for additional health benefits.

7.6.2 Physical Activity Recommendations for Reducing
and Preventing Increases in Body Fatness

Physical activity can also prevent an increase in body fatness, in particular visceral
adipose tissue, which is linked with numerous chronic health conditions including
type 2 diabetes [160, 161], non-alcoholic fatty liver disease [162], and cardiovas-
cular disease [163], as well as several cancers (Table 7.2). Increased levels of
physical activity independently predict lower waist circumference (a clinical indi-
cator of central fat distribution, which includes both subcutaneous and visceral
adipose tissue) [164]. Moreover, epidemiological data indicate that for individuals
with the same body mass index, those with moderate levels of cardiorespiratory
fitness have lower levels of total and visceral adipose tissue than their less fit
counterparts [165].

Evidence indicates that 150–250 min/week of moderate intensity physical
activity effectively prevents weight gain in adults [69]; however, while physical
activity alone can lead to small reductions in weight [166], the volume required to
lose weight with exercise alone is much larger in the absence of concomitant caloric
restriction. The current recommendation for weight loss and the maintenance of
weight reduction recommend 60 min per day of low-moderate intensity exercise,
totalling *470 min per week [69].

While caloric restriction is the most effective method for achieving weight
reduction [167], epidemiological evidence indicates that physical activity plays an
important role in the prevention of weight regain, with 90 % of individuals who
have successfully maintained weight loss for over 5 years reporting an average of
60 min of exercise per day (mostly walking) [168]. Furthermore, Level 1 evidence
indicates that the benefits of aerobic exercise aerobic on visceral adipose tissue
reduction [54, 169] can occur at levels below those currently recommended for
weight reduction [54]. While the evidence for resistance training for the reduction
of visceral adipose tissue is less clear [54, 62], resistance training is the only
antidote for muscle loss associated with caloric restriction [170]. Therefore, the
combination of caloric restriction and increased physical activity is undoubtedly the
most effective method for weight loss and body fat reduction.
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7.7 Pharmacoprevention

Pharmacoprevention is the use of drugs to reduce the risk of chronic diseases and
cancer [171]. In this section, we begin with a discussion of drugs known to prevent
cancer or its recurrence. This is followed by an exploration of the drugs used to
prevent or manage the chronic diseases that can develop in cancer patients as a
result of their cancer treatment, and drugs that offset the impact of cancer treatments
on comorbid chronic conditions.

7.7.1 Prevention of Primary Cancer and Cancer Recurrence

In terms of cancer prevention, the most rigorous evidence for prevention applies
only to the primary prevention of breast cancer, where risk is high in the following
circumstances [171]:

• Multiple relatives affected by breast cancer or ovarian cancer on the same side of
the family

• Younger age (i.e. under 40 years) at cancer diagnosis
• Relative with an identified mutation in a high-risk breast cancer gene, e.g.

BRAC1 or BRAC2
• Relatives affected by bilateral breast cancer
• Breast and ovarian cancer in the same relative
• Ashkenazi Jewish ancestry.

The selective oestrogen receptor modulators (SERMS) tamoxifen and raloxifene
are the most common pharmacopreventatives. Both drugs interfere with the car-
cinogenic actions of oestrogen on breast tissue. Tamoxifen reduces the risk of pre-
and post-menopausal women developing oestrogen receptor-positive breast cancer
where there is a family history of the disease [171]. Raloxifene is used only in
post-menopausal women [172], and has the incidental benefit of reducing the risk of
osteoporotic fractures. While they do reduce risk by up to 40 % [171] in the target
population, SERMS ultimately have no effect on mortality [172] and are not useful
in the case of oestrogen receptor-negative breast cancers.

Aromatase inhibitors: Drugs could also have a role in reducing the risk of cancer
recurrence in women previously treated for breast cancer. Aromatase inhibitors
such as exemestane, letrozole and anastrozole are currently used to treat hormone
receptor–positive breast cancers in postmenopausal women. These drugs decrease
oestrogen levels by interfering with the ability of the aromatase enzyme produced
by body fat to change naturally circulating androgen into oestrogen. Hence aro-
matase inhibitors are only useful in post-menopausal women, whose ovaries no
longer produce oestrogen. The National Cancer Institute guidelines recommend
[172] the use of aromatase inhibitors to reduce the incidence of breast cancer in
postmenopausal women with an increased risk (i.e., aged over 60 years, previous

222 A. McCarthy et al.



ductal carcinoma in situ with mastectomy, or a Gail 5-year risk score >1.66) [172].
The Australian guidelines, on the basis of Level 2 evidence, also recommend their
use [173].

Metformin: The literature often states, based on the results of some epidemio-
logical studies, that individuals with type 2 diabetes or insulin resistance are not
only at risk of type 1 diabetes and its attendant comorbidities, they are also at risk of
developing a range of cancers (primarily cancer of the pancreas, colon and liver)
[174]. At this stage, however, the evidence of a causal association between diabetes
and cancer is poor [175], as the findings of these studies are predominantly retro-
spective and non-randomised [176]. If there is a definite association, it could be the
result of a common risk factor: body fatness. High levels of body fat, cancer and
type 2 diabetes are all associated with increased production of insulin-like growth
factor, a hormone critical to cell growth, proliferation and death. This has led to
further suggestion that metformin, most commonly used as an anti-hyperglycaemic
and insulin sensitiser in type 2 diabetes, could also inhibit the growth and metabolic
processes of cancer cells [174]. It therefore is considered a potentially viable agent
to prevent cancer, with many clinical trials currently underway [176].

As with all medications, cancer preventives do not come without chronic disease
risks of their own. Tamoxifen is associated with the development of endometrial
cancer and both drugs are implicated in thromboembolic events [171, 172].
Fortunately both side effects are relatively rare. Aromatase inhibitors accelerate
osteoporosis and affect lipid metabolism [173]. More importantly, hormone mod-
ulation induces symptoms of menopause, which are often more sudden and more
severe than in natural menopause [177]. These side effects influence adherence to
the therapy [173], which in turn influences risk reduction, because to achieve their
effect these drugs must be taken for 5 years. 46 % of women prescribed tamoxifen
do not complete their 5-year course [173].

7.7.2 Drugs to Prevent Development of Other Chronic
Diseases After Cancer Treatment

Table 7.2 outlines the chemotherapy drugs most strongly associated with the
subsequent development of cardiotoxicity, especially heart failure, after cancer
treatment. Anthracyclines and trastuzamab are the agents most commonly associ-
ated with cardiotoxicity. Anthracycline chemotherapy is thought to disrupt the
normal catalytic cycle of topoisomerase 2b, resulting in mitochondrial dysfunction,
the generation of free radicals and DNA disruption. Because it results in car-
diomyocyte death, it is largely irreversible [178, 179]. Trastuzamab cardiotoxicity is
thought to result from the disruption of the cellular repair pathways the enable
cardiomyocyte contractility, causing reversible cell dysfunction rather than cell
death [180]. Radiotherapy, if incidentally delivered in the cardiac field, is associated
with coronary arteritis and atherosclerosis up to 15 years from treatment completion
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[180]. Underlining the synergistic nature of cancer, cancer treatments and other
chronic diseases, many of the known risk factors for developing
chemotherapy-induced cardiotoxicity are remarkably similar to those for develop-
ing cardiovascular disease; namely pre-existing cardiovascular symptoms, family
history, diabetes, dyslipidaemia and obesity [178].

Dexrazoxane, an iron-chelating agent, is thought to be cardioprotective during
chemotherapy in two ways. The first is by interfering with the iron-mediated
generation of free radicals associated with the administration of anthracycline
chemotherapy [178, 180]; the second involves interference with anthracycline’s
ability to inhibit topoisomerase 2b, which results in cell death. A meta-analysis of
cardioprotective agents for anthracycline chemotherapy published in 2011 [181]
reported ambiguous results for dexrazoxane. While the analysis demonstrated a
statistically significant benefit in favour of dexrazoxane for the occurrence of
subsequent heart failure, it could not determine differences in survival between the
intervention and control groups [181]. A subsequent meta-analysis by Kalem and
Marwick [182], however, demonstrated that dexrazoxane given prophylactically to
asymptomatic patients receiving chemotherapy could usefully lessen the burden of
subsequent cardiotoxicity.

Beta blockers and ACE inhibitors: Based on good evidence, for many years
diabetes [183], cardiovascular disease [184, 185] and kidney [186] guidelines have
recommended the use of anti-hypertensives to mitigate the risk of renal or car-
diovascular comorbidities. More recently, these drugs have played a role in some
cancer treatments. The European Guidelines for Medical Oncology (ESMO) note
that patients receiving potentially cardiotoxic chemotherapy have a high risk of
developing heart failure and could be considered ‘Stage A’ or asymptomatic heart
failure patients [180]. There is therefore a potential role for heart failure drugs
during and after cancer treatment, especially angiotensin agonists (ACE-I) and beta
blockers. This role was confirmed by a meta-analysis reporting the efficacy of
ACE-Is and beta blockers in reducing the incidence of anthracycline-induced car-
diotoxicity in patients who were asymptomatic during chemotherapy [182].

Statins have had a long-standing role in reducing the risk of hypertension in
individuals pre-disposed to high cholesterol levels, but they are also increasingly
used in the primary prevention of cardiovascular disease after cancer treatment.
A recent meta-analysis confirmed the potential for statins to prevent cardiotoxicity
in asymptomatic patients receiving cardiotoxic cancer treatments [182]. The car-
dioprotective action of statins in this context is attributed to their capacity to reduce
the oxidative stress and cellular inflammation that result from chemo- and radio-
therapy, and to delay myocyte apoptosis [182]. It is sometimes argued that
cholesterol-lowering drugs, which coincidentally antagonise the cellular processes
that control the initiation, growth and metastasis of tumours, could also help prevent
melanoma [187], and colorectal [187] and prostate [188] cancers. However this
argument is not supported by rigorous evidence, with some experts arguing that the
results of animal studies imply that statins are in fact “carcinogenic” [189], and that
case-control [189] and placebo-controlled studies [190] in humans indicate that
statin therapy is actually associated with a higher incidence of cancer.
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7.7.3 Drugs that Offset the Impact of Cancer Drugs
on Co-existing Chronic Conditions

Beta blockers and ACE inhibitors: There is strong evidence that beta blockade and
ACE-I therapy initiated within 2 months of chemotherapy completion in patients
with confirmed anthracycline-induced cardiomyopathy can reverse left ventricular
dysfunction [180]. The same recommendations apply to trastuzamab- and
radiotherapy-induced cardiac dysfunction [180]. The precise mechanism of action
is unknown, but could be because both drugs reduce cardiac afterload [182].
Angiotensin inhibitors also have complex beneficial interactions with cardiomy-
ocyte angiotensin 2 receptors and epidermal growth factors; whilst beta blockers
have potential antioxidant effects [182].

Aspirin: Antiplatelet therapy, in conjunction with a healthy lifestyle, can
diminish the risk of cardiovascular disease [191, 192]. Mostly recommended in the
form of low-dose aspirin, like all drugs it is not without side effects and these must
be weighed against its benefits. Low-dose aspirin is recommended for individuals
with established cardiovascular disease, or those who have known cardiovascular
risk factors (such as previous anthracycline therapy for cancer), to reduce the risk of
non-fatal myocardial infarction and non-fatal stroke [193]. This recommendation is
made only where an overall benefit exists and clearly outweighs the harm of gas-
trointestinal bleeding and haemorrhagic stroke. There is no evidence to support the
prophylactic use of aspirin in individuals who do not have cardiovascular risk
factors [193]. Some studies raise the possibility of aspirin providing protection
against colon cancer after five years of use; however the many methodological
limitations of these studies mean that the evidence for this use of aspirin is poor.

7.8 Environmental Risk Reduction

7.8.1 Radiation Exposure

Radiation risks fall into two categories: those associated with ionising radiation and
those associated with solar and ultraviolet radiation (sun) exposure. Ionising radi-
ation is particularly associated with the development of many malignancies of the
blood and solid tissue, and with the DNA damage that leads to a variety of other
genetically-based chronic conditions. Exposure to ionising radiation apart from
radiotherapy is beyond the lifestyle focus of this chapter. More amenable to lifestyle
modification is sun exposure, which is limited to cancer risk.

Solar radiation and ultraviolet (UV) radiation from UV-emitting tanning devices
are considered Class 1 carcinogens [194], which are particularly implicated in the
development of primary cutaneous malignant melanomas and non-melanocytic skin
cancers [195]. Radiotherapy is also innately carcinogenic and is routinely associated
with the development of second primary cancers such as melanoma [196]. Although
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a recent systematic review determined that only a relatively small proportion of
second cancer is associated with radiotherapy [197], nonetheless, radiotherapy and
some common chemotherapy treatments such as 5-fluorouracil, methotrexate and
doxorubicin tend to increase sun sensitivity in the treatment period, and for some
time after treatment. Hence the standard preventive approaches of limiting exposure
to intense sunlight, regular use of broad spectrum sunscreen, wearing wide-brimmed
hats, sunglasses and loose clothing, and avoidance of solarium beds are as critical
during treatment as they are before and after cancer treatment [195].

7.8.2 Viral Infections

Many infectious agents induce chronic diseases such as tuberculosis, malaria, some
cancers and HIV-AIDS. For example, between 3.3 and 16 % of all cancers are
attributed to viral infections [198]. Infectious agents induce long-term conditions in
three ways [199]. The first is through progressive tissue pathology or organ
decompensation, e.g. when the hepatitis B virus induces chronic liver disease. The
second is a result of the initial infection causing permanent lifestyle deficits or
disabilities, e.g. poliomyelitis-induced paralysis. The third is by predisposing
individuals to chronic outcomes. This is a complex pathway exemplified by
maternal infection during pregnancy, which in turn leads to pre-term delivery, that,
even when the infant is not infected, increases the child’s subsequent risk of res-
piratory and neurological disabilities [199].

As O’Connor et al. [199] argue, understanding these viral pathways and their
synergies affords many opportunities to reduce the impact of chronic disease before
its outcomes are irreversible. For example, some forms of the sexually-transmitted
human papillomavirus (HPV) are classified as Class I carcinogens, implicated in the
development of cancers of the genital organs and the oropharyngeal and anal
regions [198]. Infection with the hepatitis B (HBV) and hepatitis C (HCV) viruses,
which involve sexual and/or blood-to-blood contact, not only induces chronic liver
disease but substantially increases the risk of developing liver cancer, with 80 % of
all primary liver cancers associated with hepatitis infection [200]. Gastric cancers
are strongly associated with helicobacter pylori infection [201].

Inevitably, lifestyle factors working in synergy with these biological agents
potentiate risk; hence lifestyle modification again has the potential to positively
affect global health outcomes, especially where these cancers are concerned. Safe
sexual and drug injection practices substantially modify the risks of HBC and HPV
infection [198]; vaccination helps protect against HBV and HPV [198]; while
studies indicate that a high salt intake could work in synergy with helicobacter to
potentiate the risk of gastric cancer [201].
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7.9 Encouraging Uptake of Preventive Strategies

Much of the information presented in this chapter is not novel. We know intuitively
and from rigorous evidence that lifestyle behaviours affect health. We understand
that people have the highest risk of chronic disease when they have several adverse
determinants of health. It is equally clear that lifestyle modification and medications
can help prevent and modify the risk of chronic disease. But we also know that
these factors interact in complex ways. The problem is that there are many desirable
behaviour targets: exercise, diet, smoking behaviours, sun avoidance, medication
adherence, and sexual practices. Targeting a single behaviour in a time- and
resource-poor clinical environment could exclude other, equally important lifestyle
variables. The World Health Organisation emphasise that a combination of inter-
ventions is often needed to realise the full potential of risk reduction strategies in
the context of chronic disease [1]. Moreover, strategies that account for several risk
factors at once tend to be more cost-effective than those that only address a single
risk factor [1, 3].

The other problem is that making the necessary lifestyle changes is not easy, nor
even particularly attractive in a societal context that values novel, highly technical
interventions; where 60 % of the population have low levels of health literacy
[202]; and when the most socially-disadvantaged are at highest risk because they
have less access to health education and services, less opportunity to exercise, and
fewer healthy food options [203]. The difficulties in instilling behaviour changes are
underscored by the latest Australian census data, which are typical of developed
countries. For example, 63 % of men and 73 % of Australian women are either
sedentary or engage in the lowest levels of exercise [204]. These levels are
incompatible with health. There is also a clear trend in the Australian population to
the heavier end of the body mass index, with 70 % of men and 56 % of women
now classed as overweight or obese [204]. The Australian Bureau of Statistics
(2015) attributes this to “an imbalance between energy consumed and energy
expended”, a situation not helped by the high Australian rates of alcohol con-
sumption. The census data for 2011–2012 reveal that 29 % of Australian men and
10 % of Australian women have self-reported ‘risky’ alcohol intakes, which indi-
cates a small but significant increase from previous years [204]. Fortunately, the
incidence of tobacco smoking has decreased, but given it is considered the largest
single preventable cause of cancer and chronic disease [204], the current rates of
20 % for men and 16 % for women remain problematic [204]. In addition, while
medications are therapeutic, they often come with a range of unpleasant or unde-
sirable side effects that individuals might consider outweigh any benefits they
confer. How to select which of the many determinants and behaviours to target,
how to promote the uptake of those behaviours, and how to ensure adherence, are
discussed in the remainder of this chapter.
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7.9.1 Adherence

The factors that affect sustained uptake of preventive interventions are remarkably
similar to those that determine health status. These are socio-economic, health
system, therapy-related, patient-related and condition-related factors [205]. Hence
strategies to enhance adherence to medication, lifestyle and other changes need to
be equally multifaceted. Despite this complexity, the American College of
Preventive Medicine [205] argues that interventions to promote adherence can and
should be simple, and that simple interventions are often the most cost-effective.
The College recommends the “SIMPLE” approach to improve adherence to med-
ication, but this approach is equally useful in sustaining all of the behaviour
changes discussed in Table 7.4.

Table 7.4 The SIMPLE approach to enhancing adherence (adapted from [205])

S Simplify the
regimen

The complexity of the required behaviour change can affect
adherence, so simplify the regimen whenever possible. E.g. adjust
timing, frequency, amount; match to person’s activities of daily
living

I Impart
knowledge

Adherence is enhanced when a person understands their risk and the
benefits of behaviour change to offset this risk. Education alone does
not promote adherence, but change can occur when education is
combined with regimen simplification and effective clinician
communication, e.g. shared decision-making, simpler person-centred
language

M Modify patient
beliefs and
human
behaviour

Understanding the person’s perceptions of susceptibility, severity,
benefit and barriers is essential, since knowledge alone is not
sufficient to enhance adherence (especially where complex
behavioural change is necessary). E.g., empower people to
self-manage their condition, ensure they understand the benefits of
adherence and the risks of non-adherence, understand the person’s
needs

P Provide
communication
and trust

Modifying a person’s beliefs is only possible where a high level of
trust, reinforced by a positive communication style, exists. Clinicians
should, for example, practise active listening, elicit the person’s input
during decision-making, provide timely feedback, accurately
paraphrase conversation and allow time for questions

L Leave the bias Ethnic, minority and socioeconomic disparities operate across all
chronic conditions. People from non-dominant or disadvantaged
groups experience less person-centred communication from
clinicians and more verbal passivity. E.g. tailor education to person’s
level of health literacy, specifically query about cultural norms to
understand them, review communication style to ensure
person-centredness

E Evaluate
adherence

The issue of non-adherence is uniformly underestimated by
clinicians. If it isn’t suspected, it can’t be corrected. Measuring
adherence can lead to better adherence, e.g. ask person simply and
directly if they follow their regimen, ask about adherence behaviour
at every encounter
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7.10 Conclusion

Human behaviours are powerful factors that increase or reduce the risk of devel-
oping common chronic conditions and cancer at the primary, secondary and tertiary
levels. While many drugs have the potential to limit the risk of chronic disease and
cancer, the most feasible and economic determinants of health to target are often
lifestyle-related. Although it can be difficult to persuade people to change their
lifestyles and to sustain that change, it is worth the effort. Many health-promoting
lifestyle practices have numerous benefits, operating in synergy to modify risk. In
particular, good nutrition and optimum physical activity tend to work in a com-
plementary way to reduce body fatness, which along with tobacco smoking and
high alcohol intakes, embodies an enormous risk to health.
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Chapter 8
Chronic Condition Management Models
for Cancer Care and Survivorship

Sharon Lawn and Malcolm Battersby

Abstract Improvements in the treatment of cancer have meant that the number of
cancer survivors is growing. This group is now more likely to be living with the
longer-term adverse effects of cancer on their overall health and wellbeing, and to
develop comorbid chronic conditions that require ongoing care in the community,
beyond the cancer clinic. People with chronic conditions are also generally living
longer due to improvements in treatment, care and support options and therefore are
at risk of developing cancer as they age. This chapter outlines a range of chronic
condition management models likely to be necessary for effective self-management
support to cancer patients and survivors who suffer from and develop chronic
conditions, or have risk factors for their development, and people with chronic
conditions who also go on to develop cancer. Integrated care and communication
issues across healthcare transitions are briefly discussed.

Keywords Cancer patients and survivors � Chronic condition management �
Self-management � Models of care � Care coordination

Key Points

• Chronic condition management models available to support chronic condition
self-management are also relevant to cancer patients and survivors.

• Integration of care across transitions from acute cancer treatment to longer term
care in the community continues to be an issue for cancer patients, despite their
high rates of comorbid chronic health conditions.
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• Peer support, nurse-led clinics in primary care, coordinated care across transi-
tions, and chronic condition self-management care planning are some of the
range of approaches that show promise for people living with chronic conditions
and cancer.

8.1 Introduction

Many people with cancer have coexisting chronic conditions and many cancer
survivors subsequently develop them because they share many risk factors and
several chronic conditions are causally linked with increased risk of cancer [1].
Therefore, how chronic conditions are managed is very relevant to cancer and
together, they pose many challenges to traditional siloed models of care. Cancer in
its treatment phase, in the management of co-existing chronic diseases and the
increased risk of acquiring chronic diseases as a consequence of treatment, suggests
that the concepts and models of care developed for chronic condition management
internationally should be applied to cancer management. During the diagnosis and
treatment phase of cancer, coping with the stress of the diagnosis, understanding the
medical aspects of the condition and the treatment options, and managing the daily
impacts of the disease and its treatment are similar to dealing with any chronic
disease. The most internationally recognised approach to chronic disease man-
agement is the Chronic Care Model [2, 3], an evidenced based framework
describing six elements at the health system and the practice level which aim to
assist a patient to be activated through the support of a collaborative multidisci-
plinary team (see below). Like patients with chronic conditions more broadly, the
current care provided to cancer patients is often delivered within the specialist silo
of the oncology clinic. Their other chronic care needs may become a lesser priority
and coordination of treatments and needs across the specialist chronic disease areas
can be challenging for all concerned.

With improvements in screening, early detection and treatment of many cancers,
survival rates have likewise improved significantly; and the cancer survivorship
trajectory has changed significantly [4]. Cancer survivors are simply living longer
and are a growing population within the community [5, 6]. This has meant that
many cancer survivors must accommodate the management of a number of com-
plicating late effects of cancer and its treatments that can contribute to the devel-
opment of chronic health conditions. Like other groups in the population, cancer
survivors might also have existing chronic conditions that pre-date their cancer
diagnosis that also must be managed. Alternatively, and in line with others in the
population, cancer survivors might also develop chronic conditions due to hered-
itary markers for certain conditions, the influence of a range of lifestyle risk factors
(such as smoking and low levels of physical activity), and the natural course of
aging. Conversely, as more people are living longer due to improvements in
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medical treatment and care, they are likely to develop a range of comorbid chronic
health conditions in older age, including various types of cancers. Together, these
circumstances can create a complex and unique picture of comorbidity and risk
factors that requires longer-term management across the person’s lifespan. The
cancer journey for many people who experience it is recognised as involving a
continuum from prevention, early detection, diagnosis, treatment, survivorship, to
end of life care [7]. This change in the cancer survivorship trajectory requires a
commensurate change in how both cancer care and chronic condition care in the
community are structured and delivered.

Effective management of cancer by health services requires effective integration
of care at all stages of disease trajectory and begins with how cancer care providers
view their roles and responsibilities in communicating with other stakeholders in
care, and how they view the role of cancer patients in care, as either active or
passive participants. In the early stages of diagnosis and treatment, doctors are the
experts and patients are very dependent on the knowledge and skill of the clinician;
however, patients should be engaged as early as possible in their own care through
shared decision-making. As the course of treatment evolves, patients should be
encouraged to share their knowledge of the condition and its impacts on them, and
how they manage the condition and its treatment on a daily basis. Principles of
patient centred care should be central to the clinician-patient relationship at all
stages of the treatment and management of the condition. Integration of care refers
to how health providers take into account other medical and psychiatric
co-morbidities, the psychosocial aspects of the patient’s circumstances and how
other health providers and community services are integrated into the patient’s care.

Integration of care is also important after treatment is completed, to mitigate the
impact of chronic conditions that might develop as a result of the cancer treatment.
However, cancer care is usually focused on management of cancer specific issues
with less emphasis on management of other health problems [8]. Strategies such as
self-management support, which are recognised as effective for the management of
other chronic conditions, such as diabetes and arthritis [9, 10], are rarely utilised with
cancer patients and cancer survivors. This is despite research confirming the
importance of encouraging self-management and patient autonomy for improved
outcomes for cancer survivors, and improved quality of life regardless of where the
person sits on the cancer trajectory from prevention to palliation [11, 12]. There is
also less emphasis on prevention strategies and lifestyle modification for cancer
survivors. Chronic condition management is often not considered a priority by cancer
care providers or cancer patients as the fear of cancer is considered the immediate
priority for treatment and care. Additionally, cancer care providers have limited skills
in chronic condition management and self-management support to patients, and
health care systems are not always designed to support integrated care of cancer and
other chronic conditions [13, 14]. Likewise, general practitioners (GPs) and other
health care professionals within primary care may be well-versed at coordinating care
for a their patients with a broad range of chronic health conditions though they may
be more tentative in providing care to cancer patients during their more acute
treatment phase, instead deferring to specialist oncology services [14–16].
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This is also so for cancer survivors, once their care moves from the cancer care
services to broader community and primary care services where care often occurs
within health systems designed to provide episodic, acute health care and fails to
address self-management, preventionandhealthpromotion, and toprovide sufficiently
coordinated systems for follow-up [17]. Current approaches to cancer care do not
adequately engage cancer patients in self-management; their focus is on the immediate
need to treat the cancer. This is despite emerging evidence that cancer patients can be
engaged earlier in their cancer trajectory [18] and longstanding advocacy from con-
sumer support organisations that many cancer patients desire and indeed do undertake
a range of activities to build their knowledge and alter their lifestyle in order to help
maximize their health outcomes following a cancer diagnosis [14].

Likewise, current approaches do not adequately engage cancer survivors to
self-manage their long-term needs, non-cancer issues such as health lifestyle
management or management of comorbidity [13, 15, 16]. We know that many
cancer survivors continue to have unmet physical and emotional needs within
existing models of care [19–21]. Chronic conditions require delivery of a different
kind of health care; one that is more holistic and more fully includes the person and
their informal supports, and which improves the coordination and communication
of care across a range of healthcare providers and, where relevant, psychosocial
support providers.

Recognising cancer as a chronic condition requires a shift in how care is provided
to these patients. Cure or amelioration of the immediate threat to the person’s life is
no longer the only priority. Models of care must now consider and place greater
emphasis on the cancer survivor’s active involvement in decisions made about their
care, acknowledging their ‘lived experience’ expertise. This is also relevant for
patients still in active treatment for their cancer and those people who are receiving
palliative care for their cancer and/or other chronic conditions. Because cancer
survivors’ care will be delivered largely in the communities in which they live,
health professionals and services in the community and primary health services and
non-government consumer-engaged organisations now play an even more important
role in providing that support and care than previously, when care was predomi-
nantly centred around acute care within tertiary hospital oncology departments. This
shift has required a commensurate focus on models that emphasise greater patient
empowerment, health literacy and self-management; as well as greater coordination
of care between health professionals and between services, involving multidisci-
plinary and interprofessional care, and continuity of care. The acute model of care in
which the oncology, respiratory, cardiac or other chronic disease specialist is the
primary care provider is no longer the only approach to care that is required. Hence,
there has been a growing focus on models of care that involve chronic condition
management and self-management support care planning for cancer survivors [14].
These have relevance to cancer patients more broadly, regardless of their stage of
treatment, especially if they have other comorbid chronic physical and/or mental
health conditions. Cancer patients have different needs at different points in their
cancer journey, as the following diagram shows; they move between these care
points, according to the stage, severity and complexity of those needs (see Fig. 8.1).
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8.2 Chronic Condition Management Models for Cancer
Patients and Cancer Survivors

Chronic condition management models of care emphasise the sharing of informa-
tion between the person with the chronic condition, their informal supports, such as
family members (where applicable), and service providers. They place emphasis on
linkage and transparent communication of consistent and timely information. The
various models differ in how that communication is organised, who leads the
communication and how it is shared. Several of the following models are not
mutually exclusive; they are likely to form necessary parts of a comprehensive
system response to the chronic care needs of cancer patients regardless of where
they sit in the cancer survivor journey. The Chronic Care Model [2, 3] provides an
overarching framework for the management of chronic diseases and conditions
within systems of care, internationally.

8.2.1 The Chronic Care Model

The Chronic Care Model, developed by the McColl Institute for Healthcare
Innovation in the United States [2, 3], is an internationally recognised,
evidence-based guide to the comprehensive, integrated re-organisation of care
delivery needed to support chronic condition self-management. It has been
expanded to include a greater focus on community resources, population health and
health promotion; all issues of relevance to the service providers and systems that
support people with chronic conditions who develop cancer and to cancer survivors
at risk of developing comorbid chronic conditions (see Fig. 8.2). It acknowledges
three important domains of influence which interact and influence each other, and
which influence the quality of chronic condition management and self-management
support:

Fig. 8.1 The cancer patient’s
journey within healthcare
systems (reproduced with
permission from: Palliative
Care Australia (2005) A guide
to palliative care service
development: a population
based approach. Canberra:
Palliative Care Australia)
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1. The Macro level of healthcare aims to coordinate and maintain the overall
values, principles and strategies for the development of the national healthcare
system. It is also the role of this level to allocate funding and resources to the
appropriate sectors, to set national standards for care provision and professional
practice, strengthen community action, and establish broad population health
and public health frameworks.

2. The Meso level of healthcare involves the necessary service delivery structures
that connect policy and principles at the macro level to the actions of individual
providers at the micro level. It includes the following:

• Self-management support training and education to health professionals
• Delivery system design to enhance service team and inter-agency

communications
• Decision support tools established to monitor and guide practice (including

evidence-based guidelines)
• Clinical information systems to enhance the recording, storage, retrieval and

communication of patient data.

3. The Micro level of healthcare involves the interactions between the health
professional and the patient. The World Health Organisation (WHO) asserts that
the two most common issues that occur at the micro-level are the failure of
healthcare providers to adequately empower patients and a lack of emphasis on
quality interactions between the patient and healthcare providers [17].

Research has shown that many processes within the Chronic Care Model are
inadequate for cancer patients. A Norwegian survey, for example, with cancer
patients and health professionals found that few services or training programmes

Fig. 8.2 The expanded chronic care model: integrating population health promotion
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had been offered to these patients after their treatment was completed. Patient
participants also reported poor communication to them by service providers and
their follow-up care, and also between service providers. This left cancer patients
confused about which service they should contact for follow-up. Many patients
reported wanting, “a more systematic post-treatment programme, as well as clear
guidelines delineating the specific areas of responsibility assigned to hospitals and
the local public health services” (p. 56) [22].

We describe below, programs and models of care that have been shown to
improve outcomes in chronic condition management and are applicable to cancer
management.

8.2.1.1 Self-help Group Programs

Patients receiving active treatment for their cancer and cancer survivors have valid
forms of knowledge and expertise that are inherent in their experience as cancer
patients. This expertise can inform the delivery of care and priorities for research
[23, 24]. Finding cures and effective treatments for cancer, while essential, are only
one aspect of the evolving picture of cancer survivorship and have given rise to a
broad range of peer support networks specific to cancer survivors and cancer
patients in the active stages of cancer treatment. These are both formal and informal
and have reciprocity of support by others with lived experience at their core [25],
similar to support groups for people with lived experience of chronic health con-
ditions, more broadly. Arthritis, Parkinson’s disease and mental health support
networks are notable examples. Peer support is well known to contribute to reduced
feelings of isolation and greater feelings of empowerment through exchange of
information and emotional support between peers [26–28]. The evidence for the
value of patient empowerment [29] and peer support between patients with chronic
health conditions is now well established [28, 30], though the evidence for psy-
chosocial benefit for cancer patients is mixed and requires further research [31, 32].

As the cancer survivor population grows, the general community’s literacy
regarding cancer survivorship needs to also grow and shift from attitudes largely
driven by fear and despondency about cancer diagnoses and future survival [14], to
one in which they embrace support and inclusion of cancer survivors in the com-
munity. This required shift in attitude also applies to cancer survivors given that
research has shown that those who self-identify as survivors have better psycho-
logical well-being, sense of control and hope than those who relinquish responsi-
bility for their health to health care providers [33]. This shift in perception within
the community might also help to address the exclusion, isolation and stigma that
some cancer patients and cancer survivors experience in the community [34, 35].
Many countries have responded to this shifting need by establishing a range of
cancer advocacy, research and community information services. In Australia,
Cancer Foundations exist in each jurisdiction, as do a comprehensive network of
cancer support groups such as Cancer Voices Australia, CanTeen, and Foundations
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for specific types of cancers [36]. In the UK, Macmillan Cancer Support is an
example of an organisation undertaken a range of these roles.

The Stanford Chronic Disease Self-Management Course, developed by Kate
Lorig and colleagues at Stanford University in the United State, is a prominent
example of a peer-led group based program for people with chronic conditions [37,
38]. In the UK, it is known as the Expert Patient Program [39]. This group-based
program has been used with cancer survivors in a range of contexts with positive
outcomes [26, 40, 41] and have included web-based program delivery [42]. In the
UK, Risendal et al. [43] delivered 27 workshops to 22 Cancer Thriving and
Surviving (CTS) leaders and 244 cancer survivors to test their feasibility and
acceptability for this population. They found 95% satisfaction with this approach
and concluded that it represents, “a powerful tool toward improving health-related
outcomes in this at-risk population” (p. 771) [see also 44]. Salvatore et al. [41]
undertook a comparative study with 116 cancer survivors and 1054 non-cancer
patients with other chronic conditions investigating the applicability of this program
with cancer survivors and program outcomes. They found general health, depres-
sion, sleep, communication with health professionals, medication compliance and
physical activity improved significantly, and were sustained at 12 months.

8.2.1.2 Cancer Patients and Cancer Survivors as Navigators
of Existing Healthcare Systems

Central to chronic condition management is the active role of the person with the
health conditions in the communication loop, given that they or their informal
supports are the primary navigator across services in order to get their healthcare
needs met. However, in order to do this, cancer patients need access to their health
information. Hence, Cancer Council Australia [45] recommend that every cancer
survivor request a comprehensive care summary and follow-up plan from their
specialist once they complete their cancer treatment. For cancer patients with
existing chronic health conditions, this would also include the need for care sum-
maries and routine communication about progress between oncology specialists and
primary care providers with continuing responsibility for the coordination of care
for the person’s other health conditions and non-cancer related acute health needs.
Currently, this system navigation and communication of information between
providers is done, largely, by the cancer patient; though many cancer patients may
not have adequate capacity, access to their own health information or sufficient
health literacy or confidence to perform these roles. The Cancer Council Australia,
for example, provides a range of resources to assist cancer patients in this role (see
Box 1).
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Box 1: Suggested Questions for Cancer Survivors to Ask to their
Specialists (Source: Cancer Council Australia [45])

1. What treatments and drugs have I been given?
2. How often should I have a routine visit?
3. Which doctor(s) should I see for my follow-up cancer care?
4. What are the chances that my cancer will come back or that I will get

another type of cancer?
5. What follow-up tests, if any, should I have?
6. How often will I need these tests?
7. What symptoms should I watch for?
8. If I develop any of these symptoms, whom should I call?
9. What are the common long-term and late effects of the treatment I

received?
10. What should I do to maintain my health and wellbeing?
11. Will I have trouble getting health insurance or keeping a job because of

my cancer?
12. Are there support groups I can turn to?

However, this approach assumes that each patient has the capacity to be the
navigator of their own care needs. It takes little account of social determinants such
as access to and availability of other community resources and services, language
and cultural barriers, potential levels of comorbid disability, and other factors.

8.2.1.3 Referral and Coordination of Care Between Service Providers

Research has highlighted that many cancer patients have felt abandoned by the
health care system once their specialised cancer treatment is completed [19, 20].
This represents a failure in care coordination across health and support service
boundaries, given that research has also confirmed that the transition period
immediately following the conclusion of active cancer treatment is likely to be one
of a number of highly distressing points for cancer patients, and that those patients
who report higher levels of distress at such times tend to also have longer-term
problems with adjustment to life after cancer [19]. Reasons for this transition stress
in cancer patients relate to the loss of a safety net that was previously present
through intense contact with cancer treatment providers and potentially also other
cancer patients [11, 46].

In an effort to address some of these healthcare system-based communication
and coordination concerns, some governments have attempted to introduce more
system integration measures. Across England, for example, Cancer Networks
funded centrally and through local bodies were established in 2000. The various
National Health Service (NHS) organisations within each of the networks, prior to
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funding cuts in 2012 that reduced their number from 28 to 12 Networks, aim to
work together to deliver high quality, integrated cancer services for their local
populations. They bring local area clinicians, patients and managers together, “to
deliver the national cancer strategy, to improve performance of cancer services and
to facilitate communication and engagement around cancer issues” (p. 5) [47].
Similar networks have been established elsewhere for healthcare delivery more
broadly [48]. Most recently, across Australia has been the establishment of Primary
Health Networks (PHNs). These are tasked with increasing the efficiency and
effectiveness of health services for patients and supporting services to improve the
coordination of care for patients within and across health service sectors [49].

Specific to cancer survivorship care, six pilot projects were undertaken in
Victoria, Australia to test various models of coordination of care [50]. These
included shared care between cancer care services and GPs or discharge for GP
follow-up and engagement within primary care. Researchers piloting these
approaches reported high levels of acceptability and satisfaction with shared
care/discharge to GP follow-up; however, a range of barriers were also reported
which included time constraints and GP engagement. Nurse-led clinics were also
piloted and included screening, information provision, linkage with other services
and transition to GP follow-up; though, no comparison with other models of care
was undertaken.

8.2.1.4 Cancer Survivor Care Plans

Various approaches to provision of treatment summaries and survivorship care
plans (SCPs) have been explored among cancer survivors [51, 52]. Notably, the
focus of these SCPs has been on cancer specific management, rather than
patient-led identification of self-management needs, strengths and barriers that may
influence their lifestyle behaviour and engagement in care plans [53]. We know that
cancer patients’ involvement in cancer care can benefit their capacity to live well
with cancer, refocusing their lives, “in a positive, purposeful and productive way”
[54]. However, initial uncertainty and vulnerability about the longer-term future
might hamper the process of cancer patients’ active involvement in care planning
for the longer-term, at least in the early transition phase for some patients [46].

In a pilot project report by Howell et al. [50], SCPs were positively received by
cancer survivors and also perceived as a valuable communication tool by service
providers across secondary and primary care. They also found that GPs were more
likely to discuss SCPs with cancer survivors where shared care arrangements were
in place with secondary care cancer care providers. GPs were also more likely to
find SCPs helpful and relevant when information was presented in chronic condi-
tion management terms; though, time constraints were reported as a barrier to full
integration of this approach.
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The Australian Cancer Survivorship Centre [55] undertook an evaluation of
SCPs with a large sample of cancer survivors, nurse coordinators and general
practitioners (GPs) and concluded that most participants found their SCPs useful.
However, over half of cancer survivor participants had not discussed their SCP with
their GP. All nurse coordinators felt that SCPs were useful because they improved
their communications with the cancer survivor’s GP. Most GPs reported receiving a
copy of the SCP, most had read it, but few had discussed it with their patient. Few
SCPs led to the development of chronic condition self-management care plans.
Limited time and resources, competing demands, and inadequate leadership and
commitment within the organisation were reported as reasons for limited GP
involvement. A range of recommendations were proposed:

• Improved organisational commitment, leaders and multidisciplinary
engagement

• Education across all sectors to improve understanding, awareness and practice
tools

• Better IT systems to improve communication
• Dedicated resources to enable the implementation of SCPs across clinical

services
• More evaluation to provide more rigorous evidence.

8.2.1.5 Nurse-led Clinics

The growth in the scope of role for primary health care nurses offers one (PHCNs)
way forward to addressing the barriers to effective chronic condition management
[56], more broadly, with primary care, and there has been increasing focus on their
role [49]. Within primary care settings where cancer patients will usually begin their
contact with the health system for any chronic conditions, and for the screening of
risks for cancer [7], the PHCN is an important frontline health worker who could
play an important role in the development and delivery of a coordinated holistic
model of cancer survivorship care and chronic condition prevention, management
and self-management support [57]. McCorkle et al.’s [7] review of
self-management approaches for cancer survivorship care stress the complexity of
the care continuum for cancer survivors and the need for a champion to provide
links between primary care and oncology providers (with relevance also to all
cancer patients). This would occur within what they refer to as the ‘practice home’
in order to make chronic condition care planning possible for this group. In
Australia, there are over 10,000 PHCNs within general practice, with more than
60 % of clinics employing a PHCN in Australia today. Their growth has been
supported by a range of funding initiative and structural changes to the way general
practices are funded, to support them to address the needs of patients with chronic
conditions [58, 59].
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8.2.1.6 Collaborative Care: Chronic Condition Self-Management
Support (The Flinders Program)

Collaborative care has emerged as a significant model in the management of chronic
disease. It has both economic drivers but also a social justice focus underpinned by
empowerment [60, 61]. This is demonstrated by Lawn et al. [18] who state:

Self-management support provided through a partnership between the patient and support
providers reverses the focus on telling patients what they ‘should do’ to one where the
patient is supported in addressing their own agenda. It is integral in delivering more
person-centred care which promotes greater patient autonomy and control, and patient/health
professional collaboration, and re-establishing patients’ personal ownership of health… This
may be especially important for people who have experienced cancer and survived, par-
ticularly because many cancer patients report heightened feelings of fear and powerlessness
in the face of a cancer diagnosis and the threat of its recurrence (p. 3358) [see also 62, 63].

Reflective of this empowerment framework, the nationally agreed principles
underpinning effective chronic condition management and self-management sup-
port established for the Australian Government Department of Health and Ageing
[64] provide a useful framework in which to position the role of chronic condition
management and self-management for cancer survivors.

Box 2: Capabilities and Underlying Principles for Effective
Self-Management (KICMRILS)

• Know your condition
• Be actively Involved with the health practitioners to make decisions and

navigate the system
• Follow the Care plan that is agreed upon with the GP and other health

practitioners
• Monitor symptoms associated with the condition(s) and Respond to,

manage and cope with the symptoms
• Manage the physical, emotional and social Impact of the condition(s) on

your life
• Live a healthy Lifestyle
• Readily access Support services.

Box 3: Underlying Principles and Processes for Effective
Self-Management Support

• Assessment of self-management (learn what the patient knows, their
actions, strengths and barriers)

• Collaborative problem definition (between patient and their health
practitioners)

252 S. Lawn and M. Battersby



• Targeting, goal setting and planning (target issues of greatest importance
to patient, set realistic goals and develop personalised care plan)

• Self-management training and support services (instruction on disease
management, behavioural support, and address physical and emotional
demands of chronic condition)

• Active and sustained follow-up (reliable follow-up leads to better
outcomes).

One example of how chronic condition self-management support has been
operationalized into practice is the Flinders Program of Chronic Condition Care
Planning [65] (see Fig. 8.3). This program incorporates the above principles of
self-management by the patient and the self-management support by health care
providers, families and other support providers in the community. It is an
evidence-based, structured interview process, using cognitive behavioral and
motivational processes that allow for assessment of self-management behaviors,
enablers and barriers to change, and collaborative identification of problems and
goals, leading to the development of an individualized person-centered
self-management care plan [65, 66]. It includes the following steps:

1. The Partners in Health Scale (PIH): A patient Likert-rated validated questionnaire
informed by the WHO and Australian National Chronic Disease Strategy prin-
ciples of self-management [67, 68]. It enables measurement of perceived change
over time where 0 = less favorable and 8 = more favorable self-management
capacity. Self-management rated capacities include: knowledge of condition and
treatments; quality of relationships with healthcare providers; actions taken to
monitor and respond to signs and symptoms; access to services and supports;
physical, social and emotional impacts, and lifestyle factors.

The Flinders Program

Care Plan 
Agreed Issues 

Agreed Interventions  
Shared Responsibilities 

Evidence Based Practice 
Review Process 

Problem &  
Goals +

Assess
Self-Management 

Psychosocial 
Support 

Community /  
Carer Support 

Self- 
Management 

Medical 
Management 

(KICMRILS)

Fig. 8.3 Summary of Flinders Program processes
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2. The Cue and Response Interview (C&R): An adjunct to the PIH using
open-ended questions or cues to explore the patient’s responses to the PIH in
more depth, with the patient and worker comparing their Likert-ratings to
identify agreed good self-management, agreed issues that need to be addressed,
and any discrepancies in views that can then be discussed as part of formulation
of a self-management care plan. It enables the strengths and barriers to
self-management to be explored, and checks assumptions that either the worker
or patient may have, as part of a motivational process.

3. The Problems and Goals (P&G) Assessment: Defines a problem statement from
the patient’s perspective (the problem, its impact and how it makes them feel)
and identifies specific, measurable, achievable, realistic and timely (SMART)
goals that they can work towards. It is Likert-rated, allowing measurement of
progress over time where 0 = not a problem and 8 = a significant problem; and
goal statements: 0 = no progress towards achievement and 8 = achieved.

4. Self-Management Care Plan: Includes self-management issues, aims, steps to
achieve them, who is responsible and date for review.

The Flinders Program (adapted for prevention) has been trialled with a small
sample of 25 cancer patients being treated with curative intent to investigate the
feasibility and acceptability of these care planning tools with this population [18].
Of note, both cancer patients in the active phase of treatment and later in their
cancer treatment trajectory found this approach acceptable as a means of helping
them to develop and achieve their nutrition and physical activity goals. Building
self-management capacity during the active phase of cancer treatment, rather than
waiting for treatment to be completed, has appeared to provide health and psy-
chosocial benefits.

8.3 Future Direction for Research and Practice

McCorkle et al. [7] in their review of self-management for cancer survivors stressed
that a major limitation to this approach has been the lack of a common language
that is understandable to health professionals across the disciplines and to cancer
survivors and their families. They also argue that there needs to be a common set of
actions to teach cancer patients and families how to self-manage, and greater
guidance on how to support their participation according to their preferences and
abilities, and their specific experiences as cancer patients.

More broadly, more research is needed to understand the range of enablers and
barriers to implementation of chronic care models into practice for this population.
Davy et al.’s [69] recent systematic review of factors influencing implementation of
chronic condition management models identified 38 papers addressing this issue.
They identified the following themes, each suggesting further areas for research and
practice development that might also be relevant to cancer patients and cancer
survivors with comorbid chronic conditions or risk factors for their development:
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• Acceptability of the interventions for healthcare providers and patients
• Preparation of healthcare providers for a CCM approach, including communi-

cation needs, necessary incentives for change, skills development and the
potential role of leaders and champions

• Supporting patients for a CCM approach, given their diverse needs and pref-
erences in engaging with care

• The resources needed for implementation and sustainability of a CCM approach,
including information and communication requirements, funding, collabora-
tions, monitoring and evaluation.

Similar themes were identified by Mitchell et al. [70] in their systematic review
of integrated models of care at the primary-secondary interface. Effective models
contained the following elements: interdisciplinary teamwork, communication
information exchange, shared care guidelines or pathways, training and education,
access and acceptability for patients, and a viable funding model.

Other considerations that represent clear gaps in current knowledge and practice,
for cancer patients, cancer survivors and patients with chronic conditions more
broadly, are also worthy of mention:

• What is the role of palliative care in the chronic disease continuum for cancer
patients and patients with chronic conditions more broadly?

• What role should chronic condition management models play for people with
chronic conditions who are then diagnosed with cancer or going through acute
cancer treatment, or dying of cancer?

• How could Advance Care Directives be incorporated into chronic condition
management models involving cancer patients and cancer survivors and more
broadly [71]?

• What is the role of information technology systems solutions to address frag-
mented care and enhance coordination and communication across the cancer
care/chronic care continuum?

• What would sustainable models of shared care that include the role of PHCNs
look like?

Overall, further translational research is also needed to determine the accept-
ability and feasibility of these approaches with cancer patients during active
treatment for their cancer and for cancer survivors, and to better understand enablers
and barriers for clinicians embedding these approaches into routine chronic con-
dition care and cancer survivorship care.
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Chapter 9
The Management of Polypharmacy
in People with Cancer and Chronic
Conditions

Justin P. Turner, Ross A. McKinnon and J. Simon Bell

Abstract Polypharmacy has a broad definition, encompassing the use of multiple
medications, the use of more medications than necessary, or the use of inappro-
priate medications. Polypharmacy itself is not necessarily inappropriate, however, it
has been associated with negative outcomes in patients with multiple chronic
conditions. For people diagnosed with cancer, medications may be prescribed to
treat cancer, ameliorate symptoms, improve quality of life and to manage or prevent
future complications of chronic diseases. However, the potential benefits of each
medication need to be balanced against the potential harms. For example, in studies
of older people with cancer, polypharmacy has been associated with greater risk of
chemotherapy discontinuation, mortality, grade III-IV toxicity, drug-drug interac-
tions, drug-disease interactions, increased treatment cost and increased use of
potentially inappropriate medications (PIMs). Although the possibility confounding
by indication cannot be excluded, the results of these studies suggest it is prudent to
conduct a comprehensive medication review in patients at risk of adverse drug
events. The goal of medication review is not necessarily to reduce a patient’s
number of medications, but rather to ensure that each medication is appropriate for
the patient’s goal of care, with an acceptable benefit to risk ratio.
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Key Points

• Compared to the broader population little is known about polypharmacy in
people with chronic conditions and cancer

• The prevalence of polypharmacy in people with cancer ranges from 35 to 50 %.
This is higher than the general population. This is potentially due to the additive
effect of using medications to treat both cancer and comorbid conditions

• Recent evidence supports defining polypharmacy in older people with cancer as
“the use of five or more medications.”

• Some chronic conditions (e.g. cardiovascular disease and cerebrovascular dis-
ease) are more likely to be associated with polypharmacy than other chronic
conditions.

• Drug-drug interactions can occur between medication used to treat cancer and
medications used to treat chronic conditions. The higher the number of medi-
cations a person uses the higher the likelihood that they will experience a
drug-drug interaction. Care should be exercised when prescribing, dispensing or
administering any new medication to a person’s medication regimen.

• Cancer treatments may lead to the development of chronic conditions (e.g.
anthracyclines and cardiovascular disease) or adverse drug events that may be
confused with chronic diseases (e.g. coronary spasm with tyrosine kinase
inhibitors). Because long term post-marketing safety data are lacking for many
newer therapies clinicians and patients should consider new symptoms as
potential adverse drug events and investigate accordingly.

• Deprescribing refers to the reduction of medications after consideration of
therapeutic goals, benefits, risks and medical ethics.

• Deprescribing should be a patient centered process focusing on the goals of
therapy and the risk and benefit for each medication.

9.1 Introduction

As patients accumulate chronic conditions, it stands to reason they will be pre-
scribed medications for symptomatic treatment of their chronic conditions and/or
medications used to prevent future complications. These medications are often
prescribed in accordance with disease-specific clinical practice guidelines [1], often
resulting in positive health outcomes. However, application of disease-specific
clinical practice guidelines can result in patients being prescribed a large number of
medications [2–4]. For example, application of individual clinical practice guide-
lines to a hypothetical 79 year old woman with hypertension, diabetes mellitus,
osteoporosis, osteoarthritis and COPD would result in 12 separate medications
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being recommended, to be administered over five dosing intervals throughout the
day [2]. Figures 9.1 and 9.2 (adapted from Barnett et al. [5] and Hovstadius et al.
[6]) demonstrate how the number of comorbidities and number of medications used
increase with age in a comparable manner.

Polypharmacy is highly prevalent in the general population and increases with
age to a point, with recent research demonstrating prevalence of polypharmacy
reduces in people aged over 95 years [7, 8]. Over one third of older people in
Europe, the United States of America (USA), Australia and New Zealand use � 5
medications each day [3, 9–13]. Polypharmacy has been less extensively investi-
gated for people with cancer, with the reported prevalence ranging from 9 to 86 %
[14, 15].

The wide variation in the prevalence of polypharmacy in people with cancer is
likely due to a culmination of factors, including younger people having a lower
number of comorbidities and the various definitions of polypharmacy that have
been used [14]. The difficulties in defining polypharmacy are explored in the fol-
lowing section of this chapter. Despite the wide range of reported prevalence, the
majority of studies suggest the prevalence of polypharmacy in people diagnosed
with cancer ranges between 35 and 50 % [16–26]. This may be a result of patients
being prescribed medications to treat cancer and ameliorate symptoms in addition to
medications to manage chronic conditions. A population-based study reported
medication use increased in the six months prior to cancer diagnosis [23]. This
suggests patients may use medications to treat symptoms relating to their cancer
before it is diagnosed.

Fig. 9.1 Number of comorbidities with increasing age. Adapted from Barnett et al. [5]
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In the general population, polypharmacy has been associated with a range of
adverse outcomes, including adverse drug events (ADEs) [27], hospital admissions
[28], and drug-drug interactions [29, 30]. Given that cancer treatments are asso-
ciated with a range of toxicities and potential drug-drug interactions, these asso-
ciations are likely to be particularly relevant to people with cancer. This chapter will
explore the specific problems polypharmacy poses while caring for patients diag-
nosed with cancer and chronic conditions. It is imperative to consider a patient’s
overall medication regimen when considering treatment options for cancer or
chronic conditions and when prescribing symptomatic and supportive treatments.

9.2 Defining Polypharmacy

The word polypharmacy is derived from the Greek words “poly”meaning more than
one, and “pharmacon” relating to medications [31]. Inconsistency surrounds the
definition of polypharmacy, with the term loosely used to define the use of multiple
medications or more medications than is necessary. Most commonly, however,

Fig. 9.2 Prevalence of polypharmacy with increasing age. Adapted from Hovstadius et al. [6].
The prevalence of one or more (DPs � 1) and five or more (DP � 5) dispensed drugs. The
prevalence (%) of DP � 1 and DP � 5 related to sex and age groups in Sweden in 2006.
Number of individuals with DP � 1 = 6,146,679 (females = 3,466,243 and males = 2,680,436).
Number of individuals with DP � 5 = 2,227,152 (females = 1,356,934 and males = 870,218)
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polypharmacy is more specifically defined using a cut-point number [1]. A range of
cut points appear in the general literature, including greater than or equal to two [32],
four [33], five [34], six [35], seven [36], eight [37], or nine medications [38].
Recently in response to the high prevalence of ten or more medications, two new
terms, excessive polypharmacy and hyperpolypharmacy, have been used [39, 40].

Research investigating polypharmacy within groups of people with cancer has
used a narrower range of cut-points. The most common definition has been the use
of � 5 or more medications. Other studies have used greater than or equal to three
[22], four [21], six [41], eight [42], or nine [19] while others have used ranges of
medications, for example 0–3, 4–9 and � 10 [24].

The definition of polypharmacy that is most predictive of various adverse events
is likely to depend on the clinical characteristics of the patient sample. Recent
research used a novel approach to address the question of how to define the
polypharmacy cut point number. An Australian study involving community
dwelling older people newly diagnosed with cancer, used receiver operating
characteristic (ROC) curves to identify which number of medicines had the best
balance between sensitivity and specificity for predicting adverse outcomes due to
polypharmacy [43]. ROC curves are a graphical plot displaying the balance
between sensitivity and specificity for a given test with a binary (yes/no) outcome
(Fig. 9.3). ROC curves were originally designed by radar engineers in World
War II to improve the detection of enemy objects. They are now widely used to
assess the sensitivity and specificity of tests in many fields from medicine to
mining. The Australian study concluded that within the patient cohort studied, the
definition of five-or-more medications was reasonable for identifying patients who
may be at risk of adverse outcomes including frailty, reduced physical function,

Fig. 9.3 Receiver Operating
Characteristic (ROC) curve
showing specificity and
sensitivity for the association
between number of
medications and frailty in
community dwelling older
people with cancer. Adapted
from Turner et al. [43]
Number of medications
(specificity, sensitivity)
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falls, exhaustion and reduced performance status (using Karnofsky Performance
Scale [KPS] [44]) [43]. The cut-point of five-or-more medications is also supported
by research in Japanese and Australian community dwelling older people looking at
falls and frailty [45, 46]. To reflect the clinical characteristics of various patient
populations, other cut-points may be required. For example, residents of long-term
care facilities frequently use nine-or-more medications, thereby in this setting, a
higher cut-point may be more useful [47].

A challenge for determining whether or not a patient with cancer has polyphar-
macy is to knowwhich medications should be included in the medication count. Very
few studies on polypharmacy in people with cancer have described the inclusion or
exclusion of as-needed (PRN) medications [24, 26, 34, 43], complementary and
alternative medications [34, 43, 48], non-prescription medications [24, 34, 43] or
chemotherapy [49]. To determine polypharmacy, research in oncology settings has
utilized medication chart review, medical records review, or comprehensive geriatric
assessment, during which a patient’s medication use was verified by a health pro-
fessional. Additionally, most studies report point prevalent medication use. This is
where all medications a person is taking on a specific day are counted. When con-
sidering patients with cancer and chronic conditions, an appropriate exposure win-
dow should be used to take into account medications that may have been
administered recently or medications that are given in a cyclical manner during a
course of chemotherapy treatment. This will ensure all potential ADEs or drug-drug
interactions are considered (see example of trimethoprim/sulfamethoxazole
below) [50].

Polypharmacy has been associated with the use of inappropriate medications.
Medications can be considered inappropriate when the likely risks outweigh the
benefits, especially when safer alternatives exist. As a result of this association,
some of the oncology literature has expanded the definition of polypharmacy to
include the number of medications a person takes, the use of one or more unnec-
essary medications, the presence of one or more inappropriate medications,
drug-drug interactions or under use of indicated medications [51–55]. This chapter
will provide an overview of these two approaches separately, looking at
polypharmacy defined by medication count and also looking at inappropriate
medication use.

9.3 Are all Chronic Conditions Associated
with Polypharmacy?

Both cancer and chronic conditions are associated with aging. Epidemiological
studies report that over 60 % of cancer diagnosis and 70 % of cancer mortality in the
USA occurs in people aged � 65 years [54]. Furthermore, the number of older people
diagnosedwith cancer is continuing to rise. Predictions indicate that by 2030 up to one
in five people aged � 65 years in the United Kingdom (UK) will be diagnosed with
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cancer during their lifetime [56]. This same age group has the highest prevalence of
comorbidities and is the highest consumers of medication [57]. Therefore oncologists
are likely to encounter patients with multimorbidity and polypharmacy.

The incidence of polypharmacy continues to rise over time [3]. A Swedish
population-based study found the prevalence of polypharmacy (defined as � 5
medications) increased by 8 % between 2005 and 2008, with the prevalence of
excessive polypharmacy (� 10 medications) increasing by 16 % over the same
period [7]. Similar observations were made in New Zealand between 2005 and
2013 [3]. This increase in polypharmacy is likely to reflect application of
disease-specific clnical practice guidelines to patients with multimorbidity [58]. In
2007, a Scottish population-based study revealed multimorbidity was common in
community dwelling people aged � 65 years. Nearly two out of three people
(65 %) were diagnosed with multimorbidity, increasing to over four in five (82 %)
of those aged � 85 years [5]. One author has described multimorbidity as the most
common chronic condition with almost three out of four people in the USA aged
� 65 years being diagnosed with three or more chronic conditions [58]. Therefore
the number of patients diagnosed with cancer with polypharmacy will continue to
rise, making it imperative to balance the goals of treatment for each condition.

However, not all chronic conditions are equally associated with polypharmacy.
An Italian hospital based study identified that older people diagnosed with coronary
heart disease, cerebrovascular disease and diabetes had greater odds of polyphar-
macy compared to older people without diabetes and cerebrovascular disease (Odds
Ratio [OR] 9.8, 95 % Confidence Interval [95 %CI] 1.3–72.2). This suggested that
patients with a diagnosis of coronary heart disease have a higher likelihood of being
prescribed polypharmacy [59]. Similar observations have been made in a
cross-sectional study investigating community dwelling adults across the USA [60].
The odds of receiving polypharmacy were 68 % greater for people with car-
diometabolic and respiratory conditions compared to people with musculoskeletal
and respiratory conditions. Therefore when developing treatment plans for patients
with cancer and chronic conditions, clinicians should be mindful of which chronic
conditions are associated with a greater risk of experiencing polypharmacy.

9.4 Prevalence of Polypharmacy in People
with Cancer and Chronic Conditions

A similar range of factors that influence polypharmacy in the general population
also impact on the prevalence of polypharmacy in people with cancer. Age had a
considerable impact on the prevalence of polypharmacy in a retrospective study of
people diagnosed with non-small cell lung cancer. For patients <70 years, only 9 %
used � 5 medications, compared to 24 % of patients aged � 70 (p < 0.001) [14].
Additionally rates of polypharmacy have been observed to increase at the time of
hospital discharge. Research in an acute care hospital ward demonstrated an
increase in polypharmacy prevalence (� 9 medications) between admission (32 %)
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and discharge (38 %). This increase was primarily due to the addition of PRN
medications for symptom management [19].

The diagnosis of cancer may also increase the prevalence of polypharmacy
compared to patients without cancer. Using the Danish National Health Odense
Pharmacoepidemiologic database, Jorgensen et al. [23] compared people with a
diagnosis of cancer and matched cases without cancer. People with cancer had a
higher prevalence of minor and major polypharmacy (defined as 2–4 and � 5
medications respectively). This suggests that when patients first present to an
oncology clinic, a review of the appropriateness of patients medications should be
undertaken [34].

9.5 Implications of Polypharmacy in People
with Cancer and Chronic Conditions

Most of the time prescribing of medications leads to improved health outcomes [2,
61]. However, despite the benefit that each medication can impart, increased
numbers of medications are associated with harms. In community based older
people, polypharmacy has been associated with a range of harms including
drug-drug interactions, ADEs and hospitalizations. In a cross-sectional study of
Canadians aged � 65 years presenting to an emergency department, 31 % of
patients using multiple medications had drug-drug interactions [29]. As the number
of medications a patient takes increases, the odds of experiencing drug-drug
interactions are greater [30, 62]. A different Canadian study investigating
polypharmacy in older hospitalized people demonstrated the probability of having
� 1 cytochrome-P450 (CYP) mediated drug interaction was 50 % for people using
5–9 medications, 81 % for 10–14 medications, 92 % for 15–19 medications and
100 % for � 20 medications [63]. Across the USA, between 1995 and 2005,
patients presenting to hospital using � 5 medications had an 88 % higher risk of
experiencing ADEs [27]. Likewise, veterans in the USA using � 5 medications had
an almost four-fold increase in unplanned ADE related hospitalisations [28].

Polypharmacy may reflect an extensive medical history, and may be indicative
of difficulties choosing the optimal treatment strategy [64]. Therefore it is worth
considering that the number or severity of comorbidities may be potential con-
founders when investigating outcomes associated with polypharmacy [65]. It has
been postulated that the outcomes associated with polypharmacy are a reflection of
underlying multimorbidity, rather than the number of medications patients use [61,
65, 66]. In a study involving analysis of Scottish primary care data for patients aged
� 20 years, the relationships between unplanned hospital admissions and both
polypharmacy and multimorbidity were considered [65]. Unplanned hospital
admissions were strongly associated with number of medications used, although the
association decreased as comorbidity count increased. This highlights the need to
consider polypharmacy in the context of the patients’ chronic comorbidities and
treatment goals.
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There have been relatively few studies investigating the harms of polypharmacy
in people with cancer compared to people in other settings. Polypharmacy has been
investigated in relation to recovery from cancer surgery [16, 67], chemotherapy
related toxicity [20], drug-drug interactions [48], and survival [18, 41]. Two studies
have investigated the association between polypharmacy and cancer related surgical
outcomes [16, 67]. Badgwell et al. [16] studied patients undergoing abdominal
cancer surgery and found patients using � 5 medications had two times higher odds
of having a prolonged hospital admission following surgery. In breast cancer
patients aged � 65 years, Rocco et al. found a 16-fold higher rate of post-operative
complications for patients using of � 5 medications [67].

The relationship between polypharmacy and chemotherapy toxicity requires
further investigation. In a small prospective longitudinal Italian study (n = 16),
Iurlo et al. [22] investigated patients aged � 65 years diagnosed with chronic
myeloid leukemia. There was an association between polypharmacy (� 3 medi-
cations) and tyrosine kinase inhibitor dose reduction due to toxicity. It was pos-
tulated that CYP-mediated drug interactions may have been responsible for the
toxicity and subsequent dose reduction. In a larger prospective cohort study in the
Netherlands, Hamaker et al. [20] investigated polypharmacy in a cohort of older
people with breast cancer (n = 78). They identified polypharmacy (� 5 medica-
tions) was the only factor associated with higher treatment related toxicity, with
57 % of patients with polypharmacy experiencing grade III-IV toxicity. Patients
using � 5 medications had six times higher odds of experiencing grade III-IV
toxicity compared to patients using <5 medications. The largest study (n = 500) to
investigate the association between polypharmacy (4–9 medications) and excessive
polypharmacy (� 10 medications) and toxicity was conducted by Maggiore et al. in
outpatient oncology clinics in the USA. In a retrospective cross-sectional study,
they concluded that compared to no polypharmacy (0–3 medications) there was no
significant association between polypharmacy or excessive polypharmacy and
grade III–V chemotherapy related toxicity or unplanned hospitalisations [24].
Reasons for the difference observed may include the range of cancer types and
stages, which may influence the treatment regimens included by each study. Iurlo
et al. [22] investigated patients with chronic myeloid leukemia, Hamaker et al. [20]
studied patients diagnosed with metastatic breast cancer, while Maggiore et al. [24]
investigated patients with any type of solid tumor receiving outpatient
chemotherapy (excluding nonmelanoma skin cancer). Furthermore, the retrospec-
tive analysis conducted my Maggiore et al. was limited to the data that had been
previously collected and, therefore, did not allow for assessment of other clinically
important outcomes of toxicity including treatment dose reduction, falls or func-
tional decline. These studies highlight the need for further research that is powered
to detect any significant associations between polypharmacy and toxicity, consid-
ering a range of clinically important adverse outcomes. The association between
polypharmacy and chemotherapy discontinuation has been investigated by both
Alexa et al. [14] and Huiart et al. [21]. In patients aged � 70 years with non-small
cell lung cancer, Alexa et al. [14] found that compared to patients aged <70 years,
polypharmacy (� 5 medications) was correlated with early cessation of
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chemotherapy despite no difference in grade III–IV toxicities. In contrast Huiart
et al. [21] found older women with breast cancer who used � 4 medications were
60 % less likely to discontinue their aromatase inhibitor treatment. The difference
between these studies lies in the chemotherapy being administered. Alexa et al.
investigated the use of platinum based chemotherapy for non-small cell lung cancer,
which involves a significant interruption to daily routine, with a high possibility of
toxicity, both of which may be seen as harms that outweigh the benefit for older
people with polypharmacy due to multimorbidity. Conversely, Huiart et al.
investigated daily use of aromatase inhibitors for breast cancer. It is likely that
polypharmacy predicted less discontinuation because patients who already have a
daily routine for taking multiple medications are unlikely to have a problem adding
an aromatase inhibitor to their routine. Conversely, patients not used to taking
medications daily may have found adherence difficult.

The association between polypharmacy and mortality in people with cancer is
unclear. In a cohort of people undergoing induction therapy for acute myelogenous
leukemia, the odds of 30 day mortality increased with each additional medication
[18]. For patients receiving � 4 medications compared to � 1, the odds of 30 day
mortality were 10 fold higher, with increased overall mortality observed [18].
Freyer et al. [41] also reported reduced overall survival for patients with stage III or
IV ovarian cancer using � 6 medications. In contrast to these results Hamaker et al.
[20] found no significant association between polypharmacy and mortality in older
women with metastatic breast cancer. These studies used similar methodology,
adjusting the regression models for variables that were significant in univariate
analysis. The difference observed may have been due to small sample sizes or the
different cancer types. Alternatively, discontinuation of medications at the end of
life setting, would cause an inverse association between polypharmacy and
increased mortality. Nevertheless, the variability of results in people with cancer
reflects the variability in the broader community [68, 69].

An association between polypharmacy and frailty in older people with cancer
has recently been demonstrated. In a recent cross-sectional retrospective analysis of
older people newly referred to a senior adult oncology ambulatory center,
Nightingale et al. [25] defined frailty as dependence in instrumental activities of
daily living (IADLs), significant comorbidities and evidence of geriatric comor-
bidities. Both polypharmacy (5–9 medications) and excessive polypharmacy (� 10)
were significantly associated with frailty, more comorbidities and higher Eastern
Cooperative Oncology Group Performance Status (ECOG-PS) scores. Similar
results were found by Turner et al. [34] who identified polypharmacy was associ-
ated with frailty in older community dwelling patients, even after adjusting for age,
gender, and Charlson’s comorbidity index. In other studies, polypharmacy has been
associated with factors that contribute towards frailty. While investigating people
newly diagnosed with cancer, Prithviraj et al. [70] collected multiple outcomes
assessing functional status, however frailty status was not specifically determined.
Despite numerous assessments of functional analysis being performed and inves-
tigated, the only significant associations were between polypharmacy and higher
ECOG-PS score, higher comorbidity count and greater use of Beers Criteria 2003
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medications. While studying the effects of androgen deprivation therapy in older
men with prostate cancer, Bylow et al. [17] conducted multiple assessments of
functional assessment. The odds of having an abnormal Short Physical Performance
Battery score (� 9) doubled in patients receiving � 5 medications compared to
those receiving <5 medications.

Frailty is an important consideration for patients with cancer and comorbidities
because functional impairment can have significant impact on the treatment they
receive. A cross-sectional study observed that frailty can alter chemotherapy choice,
with frail patients receiving either reduced dose regimens, alternate less toxic
regimens or no chemotherapy at all [71]. Similar results were demonstrated in an
Australian cohort of older people with metastatic colorectal cancer. Compared to
robust patients, vulnerable and frail patients were less likely to receive doublet
therapy and had significantly lower rates of survival at 12 months [72]. These
studies highlight the potential for polypharmacy to impact on a range of measures
used to determine patient’s functional capacity and frailty status. This suggests that
each medication prescribed for patients with multiple chronic conditions and cancer
should be reviewed regularly to ensure its appropriateness.

9.6 Potentially Inappropriate Medications

In the oncology literature, polypharmacy has also been defined as the presence of
potentially inappropriate medications (PIMs). This definition of polypharmacy is
somewhat unique to the oncology literature. In the pharmacy and clinical phar-
macology literature polypharmacy and PIM use are typically distinct concepts.

PIMs may be prescribed in the treatment of chronic conditions, (e.g. amiodarone
for arrhythmia) or prescribed to treat cancer symptoms (e.g. amitriptyline used for
neuropathic pain), thereby putting patients with both cancer and chronic conditions
at risk of being prescribed PIMs. Many definitions for PIMs exist including the use
of one or more medications that do not have an indication, or the use of one or more
medications where the risk of harm outweighs the potential for benefit [73–75]. For
these definitions to be appropriately used in clinical practice, an understanding of the
patient’s clinical characteristics and chronic conditions is required. Alternatively,
both explicit and implicit tools have been defined to identify potentially inappro-
priate medications where the benefit may be outweighed by the harms.

Implicit criteria have been developed to take into account an individual patient’s
clinical situation, including the burden of comorbid disease, and a patient’s beliefs,
values and treatment goals [76]. However, implicit criteria are time consuming to
apply and require good knowledge of the patient and their goals of treatment [76].
Although a range of implicit criteria exist, to date, only the medication appropri-
ateness index (MAI) has been researched for use among patients with cancer [15].

In contrast to implicit criteria, explicit criteria are often dichotomous lists of
medications to be avoided [76]. Defining PIMs with explicit criteria allows for
quality of prescribing to be measured easily and broadly, however, the individual
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patient’s circumstances are not considered [77]. Explicit criteria do not consider that
preferred treatment alternatives may have been trialed previously without success,
with some medications in the Beers Criteria being considered appropriate by some
clinicians as second or third line treatment options [76, 78]. While explicit tools do
not consider the clinical situation of individual patients, these tools can be useful to
prompt clinicians to be alert for possible ADEs or refer for a comprehensive
medication review [79].

Explicit criteria measure inappropriateness via multiple approaches. Medications
with an unfavorable benefit to harm profile [80], medications that are associated
with specific measurable harmful outcomes [81], or medications that once may have
been useful, but due to changes in the patients clinical condition, are now classified
as unnecessary or ‘futile’ [82].

In older people with cancer and multimorbidity, the more medications a patient
takes, the more likely one or more of the medications in their regimen will be
potentially inappropriate. The association between polypharmacy and the use of
PIMs has been demonstrated with Beers 2012 Criteria [80], STOPP [83], and
HEDIS DAE Criteria [84], which is consistent with results from older people
without cancer [85]. Flood et al. [19], identified PIM use defined by Beers 2012
Criteria was associated with polypharmacy, while Nightingale et al. [25] found PIM
use defined by Beers 2012 Criteria, STOPP and HEDIS DAE 2011 Criteria was
associated with polypharmacy (5–9 medications) and excessive polypharmacy
(� 10 medications). Likewise, in an American prescription database, Fahlman et al.
found PIM use defined by Beers 1997 Criteria was associated with increasing
prescription count [86]. Additionally patients with cancer had higher odds of
receiving � 2 PIMs compared to patients without cancer.

Not every study has demonstrated associations between use of PIMS and clin-
ically important outcomes. Using Beers 2012 Criteria, Zhan Criteria and the
HEDIS DAE 2011 Criteria, Maggiore et al. [24] were unable to detect significant
associations between PIM use and chemotherapy toxicity or hospitalization in
patients with solid tumors receiving chemotherapy. Likewise, Elliot et al. [18] were
unable to find associations between use of Beers 2012 Criteria medication and
30 day mortality, complete remission, ICU admission or increased length of stay in
a cohort of patients receiving induction therapy for acute myelogenous leukemia.

While Sect. 4.3 of this text book considers chronic conditions at end of life, it is
worth mentioning that some medications may become potentially inappropriate for
patients with reduced life expectancy. For example, many medications used in the
treatment of chronic conditions are used to prevent future complications. These
medications may become inappropriate when the time to benefit exceeds a patients
predicted life expectancy [87, 88]. Statins are an example of medications used for
primary or secondary prevention of cardiovascular events where the time to benefit
may exceed predicted life expectancy [87]. Despite this, approximately 1-in-3
patients with terminal cancer were still using statins at the time of death [89, 90].
An Australian study found that statin use in older people was associated with a
four-fold increase in pain for patients aged � 80 years, which is the age group that
has no evidence to support statins reducing mortality [91, 92]. Reviewing the
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benefit and harms for each medication will help clinicians and patients identify
medications that are no longer required. Stopping unnecessary medications reduces
polypharmacy, and reduces the potential for ADEs and drug-drug or drug-disease
interactions. The process for reducing unnecessary medications is discussed below.

9.7 Drug-Drug Interactions

Polypharmacy increases the risk of drug-drug and drug-disease interactions [48,
49]. The potential for drug-drug interactions increases with each additional medi-
cation used [62]. The prevalence of drug-drug interactions in people with cancer
ranges from 27–63 % and has been reported to be the cause of 4 % cancer related
deaths in hospitalized patients [42, 49, 93]. Drug-drug interactions may occur
between medications prescribed to manage chronic conditions and IV or oral
chemotherapy or supportive treatments. Likewise, medication prescribed to treat
cancer or provide symptomatic and supportive treatment may interact with medi-
cations prescribed to treat chronic conditions.

Oral cancer treatments are becoming increasingly common because they can
provide patients with improved convenience and quality of life. However, the
potential for drug-drug interactions, resulting in treatment toxicity or treatment
failure is important to consider. For example, capecitabine is metabolized by
cytochrome P450 3A4 (CYP3A4). Medications prescribed for the management of
cardiovascular disease, including atorvastatin and diltiazem, are also metabolized
by CYP3A4. When administered together, there is competition for the CYP3A4
enzyme, which can lead to irinotecan or capecitabine having reduced metabolism,
leading to toxicity [94]. The reverse has also been demonstrated with the reduced
efficacy of tamoxifen when co-administered with the CYP 2D6 inhibitor paroxetine.
In one study, patients who used paroxetine for at least 75 % of the time they were
being treated with tamoxifen had nearly an increase in the odds of death by
almost 50 % compared to patients who did not use paroxetine (HR 1.46, 95 %
CI 1.15–1.84) [95]. Drug-drug interactions are not limited to cytochrome mediated
interactions. Erlotinib, dasatinib, gefitinib, nilotinib and ponatinib all require a low
pH to be absorbed [96]. Therefore, when taken together with proton pump inhi-
bitors, their absorption and efficacy is reduced. This clinical scenario can be quite
common, with Todd et al. [97] identifying 55 % of patients prescribed erlotinib for
the treatment of advanced non-small cell cancer were also prescribed proton-pump
inhibitors.

Clinicians also need to be aware of medications that are prescribed as supportive
therapy, particularly when prescribed as short term or cyclical use. For example
anti-infective agents including trimethoprim/sulfamethoxazole, ciprofloxacin, clar-
ithromycin and fluconazole may be commonly prescribed to patients with pro-
longed neutropenia to prevent Pneumocystis pneumonia [98]. Each of these
anti-infective agents can interact with medications used in the management of
diabetes (glipizide and glyburide), increasing the odds of hypoglycemia [99].
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Intravenously administered chemotherapy is not susceptible to the pharmaco-
dynamic drug absorption interactions that oral chemotherapy is susceptible to.
However, as with oral chemotherapy, cytochrome mediated interactions are pos-
sible for injectable chemotherapy. Irinotecan is also metabolized by CYP3A4, and
therefore can cause toxicity when co-administered with CYP3A4 inhibitors. Both
doxorubicin and vinblastine are metabolized by CYP2D6 and, therefore, may
interact with antidepressants including fluoxetine and paroxetine which are potent
inhibitors of CYP2D6. Alternatively, interactions could occur via renal elimination.
For example, methotrexate is predominantly renally cleared. Patients with cardio-
vascular disease may be prescribed angiotensin converting enzyme
(ACE) inhibitors and diuretics, which can reduce renal function, causing
methotrexate to accumulate. Likewise, nonsteroidal anti-inflammatory drugs
(NSAIDs) can cause a rapid deterioration in renal function which has been observed
to cause a lethal accumulation of both methotrexate and cisplatin when
co-administered. Patients with chronic conditions such as rheumatoid arthritis may
take NSAIDs on a regular or PRN basis, and therefore clinicians should take
measures to prevent the co-administration of medications that reduce renal function
for patients receiving renally cleared chemotherapy.

Unfortunately drug-drug interactions are common in people with cancer and
chronic conditions and are associated with polypharmacy. On an inpatient hema-
tology ward, Tavakoli-Ardakani et al. [100] reported 38 % of patients had potential
drug-drug interactions with a significant correlation existing between the number of
medications ordered and the number of potential drug-drug interactions identified.
In 2005, Riechelmann et al. [42] identified 63 % of their cohort of inpatients
diagnosed with cancer experienced drug-drug interactions, which was associated
with an increased length of stay. Patients using � 8 medications were at nearly 10
times higher odds of experiencing drug-drug interactions compared to those using
<8 medications [42]. Riechelmann et al. also investigated outpatients with cancer in
2007 [49] and a palliative care setting in 2008 [48] and demonstrated that for each
additional medication used the odds of drug-drug interactions rose by 40 and 30 %
respectively. In the outpatient setting, they demonstrated that drug-drug interactions
were associated with medications used to treat comorbid disease states, rather than
supportive symptomatic treatment [49]. Therefore clinicians need to be mindful of
all medications a patient is taking for their chronic diseases when choosing a cancer
treatment regimen. Oncologists should also be vigilant in checking for new addi-
tions to the medication regimen by other prescribers, as specialists in other fields
may be unaware of the potential for medications they prescribe to interact with
cancer treatments.

While potential drug-drug interactions are common, not all interactions are
clinically significant. Therefore, it can be difficult to determine which interactions
should be avoided, and which interactions should be monitored. In a palliative care
setting in the UK, 267 potential drug-drug interactions were observed in 132
patients. Over 40 % (n = 112) of the interactions were deemed clinically signifi-
cant, with nearly a third of them (n = 31) deemed preventable by stopping medi-
cations that were no longer appropriate [101]. Where possible, clinicians can avoid
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drug-drug interactions by changing one of the interacting medications to an alter-
native that does not interact, for example, changing from atorvastatin to pravastatin
if a statin is deemed to be necessary. If the statin is no longer required, ceasing
statin treatment will also avoid the interaction and reduce polypharmacy.

9.8 Polypharmacy and Chronic Conditions
as a Result of Cancer Treatment

The association between cancer treatments and the development of comorbidities is
important to consider when caring for patients who are currently receiving, or have
previously received, treatment for cancer. Thus far, this chapter has discussed
polypharmacy due to patient’s comorbidities, or as a result of symptomatic and
supportive treatments. However, clinicians should be mindful of polypharmacy that
may result from treating cancer, especially when treating younger patients. Older
chemotherapies have well established associations with chronic diseases. For
example, anthracyclines can damage myocardial tissue and, therefore, have detri-
mental effects on the cardiovascular system, with many guidelines recommending a
lifetime limit on doxorubicin due to the potential to cause cardiotoxicity. Likewise
alkylating agents, 5-fluorouracil and paclitaxel are associated with cardiotoxicity
[102]. Therefore, treatment of younger patients may increase the prevalence of
chronic conditions in later years, which will increase the likelihood of polyphar-
macy in the treatment of these chronic conditions [103]. It is important for clini-
cians to discuss these issues with younger patients before commencing and
completing treatment.

In addition to the well-defined short-term ADEs and well-known long term ADEs
from certain older chemotherapies, clinicians need to consider the less well known
and less certain long-term ADEs of newer targeted therapies. Small molecule tar-
geted therapies have only been used in clinical practice since the early 2000s. While
they have dramatically changed the treatment course and survival outcomes of
certain cancers, the long-term effects of these medications are largely unknown.
Clinical trials with long term follow up for tyrosine kinase inhibitors have generally
excluded patients with cardiovascular disease, thereby limiting the external gener-
alizability of the results. Additionally, clinical trials of the second and third line
tyrosine kinase inhibitors have had limited long-term follow up, generally confined
to five years or less [104]. Larger, pharmacoepidemiological studies are required to
adequately address the range of long term side effects associated with the wide use of
these newer treatments. Despite the limited long-term follow up for many of the
newer treatments, there is evidence to suggest that they are associated with the
development of toxicities that include chronic conditions, such as congestive heart
failure, cardiac arrhythmias, vascular events and pulmonary toxicity [104].
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While there are well known and well established links between chronic diseases
and some older therapies, these associations may be less obvious for newer ther-
apies. For example, in a younger male who presents with symptoms of angina, it is
difficult to distinguish between new development of cardiovascular disease, versus
the presentation of ADEs such as coronary spasm, thrombus or vascular deficiency
due to targeted therapy. Failure to differentiate symptoms of angina as an ADE as
opposed to development of a chronic disease may lead to prescribing of guideline
driven polypharmacy, rather than reassessment of the targeted treatment. Many
doctors who are not familiar with cancer medications may be unaware of these
potential ADEs, which highlights the importance of good communication and
follow up with patients receiving long term oral therapies.

9.9 Methods to Address Polypharmacy

Addressing polypharmacy in patients with cancer and chronic conditions can be
difficult, especially when one or more of the medications is a cancer treatment. This
may cause a problem as prescribers who do not specialize in treating cancer may
lack specialist knowledge relating to cancer medication, while clinicians who
specialize in treating cancer may lack knowledge relating to the medications used in
the treatment of chronic conditions [105]. Qualitative research has identified that
prescribers often report reluctance to discontinue a medication initiated by another
prescriber [105, 106]. Therefore without good communication between all clini-
cians, medications often accumulate.

Deprescribing refers to the reduction of medications after consideration of ther-
apeutic goals, benefits and risks, and medical ethics [105]. While reducing inap-
propriate or unnecessary medication may provide benefits, it must be done with clear
communication, to ensure the patient and their care-givers and families understand
the reason. Often, in an effort to encourage compliance, patients are instructed that a
medication for their chronic condition should be used “for life.” Deprescribing such
a medication can cause undue concern for patients including making them feel like
they are not worthy of treatment, feeling like they have been abandoned by the health
system, feeling concerned they are imminently about to die, or feeling confused with
which prescriber they should believe [107]. For example, while statins may be
inappropriate because they have a long time to benefit and their lack of mortality
benefit in primary prevention for patients aged � 80 years, stopping a statin may
cause undue concern without good prescriber-patient communication.

Only one prospective study has investigated the outcomes of deprescribing
medications in people with cancer and chronic diseases [108]. Unfortunately, this
study might not be generalizable to the majority of people with cancer and
comorbidities, as it was conducted in a palliative care setting. Patients with a life
expectancy between 1 and 12 months were randomized to deprescribing their statin
or control. No significant difference was observed in either survival rate at 60 days
or new cardiovascular events, suggesting there is no immediate harm from
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deprescribing statins. Interestingly, patients who stopped their statins reported
significantly higher quality of life scores which is an important outcome for patients
with a limited life expectancy [108].

The process for deprescribing medications in people with cancer and chronic
conditions should be patient focused and appreciate that a patient’s health status is
dynamic, thereby benefits and harms for each medication may change over time
[109]. Various methodologies have been developed to guide clinicians in reducing
inappropriate polypharmacy [88, 110, 111]. Figure 9.4 summarizes the steps required
for patient focused deprescribing in patients with cancer and chronic conditions.

Firstly, clinicians should discuss with patients and their families and care-givers
about the goals of treatment. Patients have dynamic health status, which may shift
between states of being robust, vulnerable and frail. Additionally, as a patient’s
health status deteriorates, they may have a higher focus on quality of life, rather
than on life extension. As these goals change, the appropriateness of each medi-
cation should be reviewed. One way to review the appropriateness is to consider the
benefit-to-harm ratio of each medication [113]. If the harms from a medication
(including exposure to ADEs or drug-drug and drug-disease interactions) are
greater than the benefit provided by the medication, it should be considered for
deprescribing. When considering the benefit of each medication, the time to benefit
should also be taken into account. Some preventative medications require years of
continuous use before a mortality benefit becomes apparent. A useful way for
discussing the benefit-to-harms ratio with patients and their families and care-givers
is through the use of number needed to treat (NNT) and number needed to harm
(NNH) [111].

The second step requires a thorough review of each medication a patient is using
including regular and when required medications. This requires clinicians to
specifically enquire about oral and intravenous chemotherapy, cyclical medications
used to provide supportive and symptomatic relief, prescription medications used in
the management of chronic conditions, over-the-counter medications and comple-
mentary and alternative therapies. Adherence should also be checked at this time, to
identify medications that remain on the medication list despite no longer being used
by the patient.

Once a complete medication history has been obtained, each medication should
be checked to ensure it aligns with the patients current goals of care. Medications
which have no clinical indication, have a time-to-benefit longer than the patients’
predicted life expectancy, or medications that no longer meet the patients’ goals of
care can be identified for deprescribing. Likewise, medications causing ADEs or
drug-drug interactions should be considered for deprescribing. In addition, for
patients aged 65 years and over, the medication list should be assessed to ensure it
does not contain any potentially inappropriate medications. Lists such as Beers
criteria and STOPP/START criteria are the most commonly used tools for evalu-
ating medication appropriateness in older people with cancer [73, 83].

Deprescribing medications is best done one at a time when possible, to allow
monitoring for return of symptoms or withdrawal effects [114, 115]. Once a list of
medications to be deprescribed has been compiled, the order in which they should
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Step 1: Determine therapeu c goals

•Health status is dynamic and can change over me. Goals need to 
be revised accordingly

•Es mate life expectancy
•Determine goals of care: preventa ve, symptom management or 
quality of life

Step 2: Comprehensive medica on history

•Iden fy all medica ons being used, including prescribed 
medica ons, over-the-counter medica ons and complementary 
and alterna ve therapies

•Document regular and when required medica ons

Step 3: Evaluate medica ons
•Verify if the indica on aligns with the goals of care
•Assess for presence or risk of adverse drug events
•Check for poten al drug-drug interac ons with chemotherapy or 
suppor ve and symptoma c treatments

•Consider me to benefit

Step 4: Iden fy medica ons to stop and priori se

•Discuss with pa ents the reasons for stopping for each medica on
•When priori sing medica on cessa on consider immediate 
toxicity and pa ent acceptance

•Stop one medica on at a me 

Step 5: Plan medica on withdrawal
•Some medica ons may need tapering to avoid rebound symptoms 
or withdrawal reac ons

•Provide wri en informa on for pa etns and family to follow
•Communicate deprescribing plan with other health care 
professionals

Step 6: Monitor and review

•Monitor pa ents for adverse drug withdrawal events or rebound 
symptoms

•Plan withdrawal of subsequent medica ons

Fig. 9.4 Patient centered process for deprescribing. Adapted from Reeve et al. [112]
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be discontinued needs to be determined. There are several factors to be considered
when determining the order of deprescribing [88]. Firstly, deprescribing medica-
tions that are suspected of causing toxicity or serious drug-drug interactions may be
a priority. Alternatively, deprescribing medications that patients prioritize for
stopping may result in higher patient acceptance. Additionally, some clinicians
choose to deprescribe medications that may potentially cause adverse drug with-
drawal events last, as these may take longer to deprescribe, requiring a gradual
tapering protocol.

The final steps in a patient focused deprescribing process involve patient
monitoring and follow up. Depending on the patients’ cancer treatments, they may
have frequent appointments with their oncologist, making the oncologist an obvious
choice for monitoring for withdrawal or rebound symptoms. However, if a patient is
receiving outpatient therapy or oral chemotherapy and is not requiring regular visits
with their oncologist, the role of follow up and monitoring might be performed
more appropriately by another health care professional such as their family
physician so long as each physician understands their role in the deprescribing
process [116]. Regardless of who the follow up clinician is, the patient, their family,
their caregiver and the whole health care team should be provided with docu-
mentation clearly stating what is occurring within the deprescribing process, and
who the contact person is for follow up.

9.10 Future Directions for Research and Practice

Additional research is required into problems that can occur when treating people
with chronic conditions and cancer. Firstly, longitudinal research is required to
quantify the possible long-term ADEs associated with newer targeted therapies. This
will be important to guide practice when choosing therapies for people with chronic
conditions. For example, if a patient presents with cardiovascular disease, a physician
may choose not to prescribe a targeted therapy that has been found to be associated
with causing cardiovascular events. Similarly, research is required to understand the
mechanism behind the possible long term ADEs of newer therapies, and to determine
if switchingmedications can reverse the effects. This would inform practice and allow
physicians to differentiate between symptoms being irreversible ADEs, reversible
ADEs or development of chronic conditions. Being able to differentiate between the
causes of symptoms will dramatically alter the way they are treated.

Further research is also required to determine the most effective ways to
deprescribe for patients with chronic conditions and cancer. Discussing depre-
scribing of medications can cause undue concern for patients, as they may feel that
they are being abandoned by their health care team, they are no longer deserving of
treatment, their death is imminent, or they may lose hope [107, 117]. While
qualitative research has been conducted in community dwelling people with chronic
conditions and in long term care facilities to identify the barriers and enablers of
deprescribing, there is a paucity of research investigating deprescribing on people
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with cancer and chronic conditions [105, 117, 118]. Future research needs to
consider the barriers and enablers to deprescribing in people with cancer and
chronic conditions because there is likely to be a number of important differences.
Firstly, patients may be offered chemotherapy, along with supportive symptomatic
treatments, each of which increases the medication burden, and increases the
potential for ADEs, drug-drug interactions and drug-disease interactions, making
the benefits of deprescribing greater [22, 42, 100, 101]. Additionally, the diagnosis
of cancer is a sentinel event that may change the goals of care for people with
chronic conditions. This may reduce the focus on preventative medications, to
focusing on quality of life [107, 109]. Finally, access to specialist physicians and
family physicians may be limited for residents of long term care facilities therefore
making it difficult to discuss medication use and deprescribing [105]. This is in
contrast to people with cancer and chronic conditions, who may visit doctors, and
therefore need to actively manage the potential communication barriers between
primary care and tertiary care [90, 94].
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Chapter 10
Breaking the Silos: Integrated Care
for Cancer and Chronic Conditions

Lauren J. Cortis, Paul R. Ward, Ross A. McKinnon
and Bogda Koczwara

Abstract People with cancer and a chronic condition have complex care needs that
require input from multiple care providers in a variety of settings. Delivering these
different aspects of care in isolation can give rise to fragmentations of care,
experienced by patients as a disjointed and cumbersome care experience and by
clinicians as gaps in communication and information flow. Fragmented care con-
tributes to an ineffectiveness, inequality, inefficiency and higher cost of care.
Reducing fragmentation through better care integration is thus a key health care
priority for patients, health care providers and payers. This chapter reviews existing
strategies to improve integration of care and reduce fragmentation and their
respective strengths and limitations and argues further work is needed in developing
novel models of care that support efficient and effective integration of care for
patients with chronic conditions and cancer.

Keywords Integration � Team based care � Continuity of care � Health system
design � Multidisciplinary care � Coordinated care

Key points

• Health care delivery in cancer and chronic conditions involves different health
care providers, settings and health care systems. This increases likelihood of
fragmentation which contributes to ineffectiveness, inequality, inefficiency and
increased costs of care delivery.

• While a multidisciplinary care approach is designed to ensure input of multiple
providers into cancer care planning, its application is frequently limited to
cancer specific issues.
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• Integrated care offers an attractive conceptual model to deliver seamless care but
there has been little empirical application of this approach in the cancer setting.

• There are multiple barriers to greater integration of care of cancer and chronic
conditions, including lack of awareness of the problem, lack of common lan-
guage and lack of system integration.

10.1 Introduction

Cancer is a complex condition which usually requires the input of multiple care
providers in order to meet a patient’s cancer-related needs. In cancer services, this
team of provides is commonly known as the multidisciplinary team
(MDT) (Fig. 10.1). People living with chronic conditions and cancer also have care
needs that extend beyond cancer and its management, including concerns relating to
management of non-cancer conditions and their interaction with cancer and its
treatment. These needs are dynamic, varying in nature and intensity across time.
Meeting these needs is unlikely to be achieved by the cancer MDT alone, rather it
requires coordination across the healthcare workforce, incorporating of a broad
collection of care providers spanning disciplines (medical, nursing, allied health),
professional approaches (specialist and generalist) and settings of care (primary,
secondary, tertiary) (Fig. 10.2). This type of multi-team system of care presents
challenges to healthcare systems, care providers, and ultimately the patients
themselves [1].

Despite the increasing recognition that contemporary healthcare systems need to
enhance their capability for providing chronic care of complex conditions and
multimorbidity, most health care systems are designed to meet the needs of people
with single disease states in a short term or acute setting [3]. Within health care
systems, services are often comprised of different teams, with separate information
systems, performance indicators and payment models, contributing to the formation
of organizational silos [4]. These silos exist at various levels, ranging from
healthcare sectors and institutions to clinical units and individual disciplines.
Within teams there is a tendency for attitudes and behaviors to be more homoge-
nous and inwardly focused, giving rise to gaps between groups or teams and at the
boundaries of care [5]. These holes may accentuate barriers to inter-professional
relationships and information flow [6] which present as fragmentations in care. For
the health care system this can result in inefficiency, ineffectiveness and inequality
[7]. For clinicians, this can impede clinical decision making and workflow, affecting
their ability to understand the patient as a whole and consider whether more
aggressive or more conservative approach to management is warranted [8]. Most
importantly for the patient, this can result in a disjointed care experience, feeling of
“falling through the gaps” [9] and the need for a considerable effort to personally
manage their overall care which may be beyond the capabilities of those more
vulnerable on the grounds of poor health and/or limited health literacy [10].
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Fig. 10.2 An illustration of a coordinated healthcare workforce, adapted from Levitt et al. [2]
with permission from the National Academies Press, Copyright 2013, National Academy of
Sciences

Fig. 10.1 An illustration of a cancer MDT, adapted from Levitt et al. [2] with permission from the
National Academies Press, Copyright 2013, National Academy of Sciences
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Integrated care is an evidence based approach designed to overcome fragmen-
tations of care, in order to improve patients’ healthcare experience, care outcomes
and to the efficiency of the healthcare system [11]. While integration strategies such
as multidisciplinary care, coordinated care and shared care are utilized within the
oncology setting, they are usually limited to cancer-related health needs. This can
be problematic for patients who have a chronic condition as well as cancer, where it
can be difficult to determine what is cancer-related and what is not, creating con-
fusion for patients and care providers alike. Current understanding of the frag-
mentations of care encountered in the management of such patients is limited, as is
the exploration of integrated care as a strategy to improve care at the
primary-specialist interface.

In this chapter we will examine the key conceptual elements of integrated care
and its relevance to the care of patients with cancer and chronic conditions, how the
integration strategies of multidisciplinary care, coordinated care and shared care are
applied within the setting of oncology and their respective strengths and limitations.
We will then consider barriers to care integration and potential strategies to over-
come them, and consider gaps in evidence and future directions for research and
practice.

10.2 Increasing Complexity—Increasing
Fragmentations in Care

It is hypothesized that healthcare involving multiple providers and organizations
results in poor coordination between providers and suboptimal care [12]. While the
hypothesis is broadly accepted, it remains largely untested, with limited empirical
evidence to support or refute it. The underlying premise supporting the hypothesis
is the relationship between complexity and error.

Within a simple system, there are limited points where things can go wrong. For
example, if a GP prescribes empiric antibiotic therapy for an uncomplicated urinary
tract infection in a young, healthy and independent adult patient, in most circum-
stances it is expected that this will yield a favourable patient outcome with low
likelihood of adverse events. By contrast, in a patient with a history of antibiotic
use, other medical conditions, age related organ impairment, concomitant medi-
cations and limited understanding of English, what initially appeared as a simple
problem becomes a much more complex scenario. One now needs to consider
factors such as the possibility of antibiotic resistance, drug interactions, and altered
drug clearance as part of the clinical decision making process. All of these factors
add to the number of decisions that need to be made and the probability that one of
these decisions may lead to an adverse outcome. This does not just occur through
errors in judgement, but also due to failures in communication, such as insufficient
transfer of critical information between care providers, or patients obtaining
insufficient or conflicting information from care providers. While the decisions that
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clinicians make are connected by a mutual individual patient, they are often made in
isolation and reflect the care provider or team’s focus on specific aspects of that
individual’s health.

Within a complex system of issues and providers, it may be unclear which
provider is responsible for which aspect of care, such as the continued prescribing
and ongoing monitoring of drug therapy. For the patient, not knowing who is
responsible for what part of their treatment can create practical challenges as they
attempt to coordinate their medication management across their conditions. Lack of
clarity in roles and responsibilities can also lead to patient frustration and reduced
trust in care providers [12] as well as the need to repetitively provide information to
multiple clinicians, which is considered by patients to be disturbing and burden-
some [12].

Management of medications can be a useful surrogate marker for the complexity
of the health care needs of patients with coexisting cancer and chronic conditions.
The total amount of medications used is increasing as the population ages and
chronic conditions become more prevalent [13]. In addition to providing therapeutic
benefit, multiple medications are important contributors to excessive healthcare
costs and patient harm [14]. While it is possible for any patient using one or more
medications to experience a preventable medication-related hospital admission, it
has been shown to be more likely in patients taking multiple medications [15], as is
the case in patients with multiple chronic conditions, including cancer. This issue is
particularly challenging in cancer patients, as their cancer medications are often
delivered intermittently and thus are not easily identified in their medication supply,
and non-cancer health care providers are often unfamiliar with cancer drugs and
their side effects.

This is not to say that polypharmacy is the only risk factor for care fragmentation
—rather a simple example. In real life, a patient using multiple medications has
multiple other care needs and multiple health care providers and information
sources, creating a setting for a high risk of fragmentation and concomitant gaps in
care.

When considering what fragmentations of care may be encountered, one can
review the multiple layers of the environmental context that potentially influence
the care of patients with cancer and chronic conditions (Fig. 10.3). Potential sources
of fragmentation are present at all levels of the health system, including macro
(system), meso (organizational) and micro (clinical). Trying to understand how
disjointed healthcare experiences relate to contextual causes, rather than simply
identifying that they exist, is necessary to þdevelop targeted integration strategies to
improve care outcomes. If we return to the example of medication management,
evidence suggests that in patients with breast cancer there is a reduced level of
adherence to cardiovascular [16] and diabetes medications [17], beginning in the
treatment phase and persisting into survivorship. While this indicates that medi-
cation management is not currently optimised across all conditions (i.e. fragmen-
tation exists), it does not tell us how much this is associated with potentially
changeable patient behaviour or clinical decision-making (i.e. targets for integration
strategies).
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10.3 Care Integration—A Solution to Overcome
Fragmentation

Integrated care is a conceptual term originating from organizational and systems
theory that has been broadly applied in the healthcare literature. While there are in
excess of 150 definitions of integrated care, most definitions agree that its key
feature is the aim of improving outcomes for a target population through fostering
coordination within and between healthcare organizations [11]. As such, integrated
care refers to a broad concept that covers a range of approaches, which aim to
improve the experience of patients, the outcomes of care and enhance overall
efficiency. Integration is a nested concept within integrated care, used to describe
the processes and methods that seek to bring about integrated care [11].

It is important to acknowledge that the understanding that an individual has of
integrated care at a systems level is shaped by the health system context in which
they reside. In the USA and countries with existing integrated care delivery sys-
tems, integrated care has come to be somewhat synonymous with full organiza-
tional integration and managed care. In this context, integrated care is seen as a
structural or environmental concept, while coordination of care relates to practical
implementation of interventions to improve patient care. In the UK and countries
with a strong primary care system, like Australia, where the GP acts as the gate-
keeper to other services and care providers, integrated care may be understood as a

Fig. 10.3 The care of patients with cancer and a chronic condition is influenced by multiple
layers. These represent potential sources of fragmentation, and opportunities for integration
initiatives, adapted from Taplin and Rodgers [18] by permission of Oxford University Press
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system that supports coordinating a patient’s overall care, such as care networks and
organizations that commission service providers. Across all health care systems, at
an individual level, integrated care refers to the ease of addressing individual’s
diverse health care needs in a seamless fashion.

10.3.1 Dimensions of Integration

In designing an integration strategy, it is useful to consider it across five
dimensions:

– Degree of integration (from informal working relationships of providers to
coordinated networks, to full system integration)

– Level of the health system (health system, organization, clinical setting)
– Focus (target population)
– Direction (horizontal—affecting organizations at same level and, vertical—af-

fecting organizations at different levels i.e. primary and secondary care)
– Type of intervention involved.

Interventions used to achieve integration may address any of the vast number of
sources of fragmentation (Fig. 10.3). These include system redesign, including
alignment of policies and governance and operational support systems to facilitate
integrated management, building the culture of coordination and collaboration,
facilitating professional relationships between care providers, designing integrated
clinical care pathways. The design of an appropriate integration strategy should be
determined by the objective of the overall integrated care initiative, the stakeholders
involved and the health system environment in which it will be implemented [19].
No one type of integration is considered better than the other. It is generally felt
preferable to use multiple types of integration strategies in conjunction with one
another [19].

10.3.2 Measures of Integrated Care

There is no global measure of integration or integrated care available to evaluate it.
There are tools that measure components of integration within existing systems and
it is recommended that a comprehensive approach assessing multiple dimensions,
components and perspectives is taken in order to reflect the complexity of the
intervention [20]. Unfortunately, these tools do not necessarily translate across
health jurisdictions or contexts. Most measurement tools evaluate integration from
the perspective of health service providers within systems that are already inte-
grated, little assess integration from patient perspective [21, 22].
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10.4 Integration Approaches in Cancer

It may perhaps come as a surprise that integrated care is not a term commonly used
in the cancer literature. There has only been a single systematic review assessing the
efficacy of integrated care interventions in cancer [23]. Of the 33 studies included,
none were found to address all components of integrated care. Rather, the cancer
literature is comprised of research investigating aspects of integrated care through
integration interventions or exploration of phenomena relating to integration. This
includes multidisciplinary care, coordinated care and shared care.

10.4.1 Multidisciplinary Care

Multidisciplinary team (MDT) care, often considered the foundation of contempo-
rary cancer care, encompasses a multitude of integration strategies that facilitate
access to evidence based, holistic care through inclusion of multiple disciplines of
providers, such as inclusion of other health professionals [24–36], care pathways
[37–39] and multidisciplinary clinics [40, 41]. MDT care is care delivered by a group
of health professionals whose scope of practice covers all the relevant expertise
required to meet an individual patient’s care needs and considers all relevant treat-
ment options [42]. The desired outcome of the MDT is the development and
maintenance of a single collaborative treatment plan for an individual patient.

For the past two decades, MDT care has been considered a key approach to
promote the consistent delivery of evidence-based cancer care internationally,
including many areas of Europe, Australia, USA, Canada, UK and New Zealand
[43]. It has been adopted as an underlying principle of national cancer management
policies and cancer guidelines since the late 1990s [44]. It is argued that the policy
shift to MDT as the preferred method of cancer care delivery was not driven by
newly available empiric evidence, but rather by political and public pressures to
improve access to evidence based cancer care and improved patient outcomes [43,
44]. The key driving force behind the introduction of MDT care, has not been the
desire to improve integration of care or delivery of patient centered, holistic care but
rather, recognition that for many cancers, effective anticancer treatment is delivered
through multiple treatment modalities i.e. chemotherapy, radiation therapy, surgery,
some of which need to be delivered concurrently. Appropriate treatment decision
making and planning, needs to involve representatives of multiple cancer related
professions, like surgery, medical and radiation oncology. Indeed, these professions
remain at the core of the multidisciplinary team today. MDT have now become
ingrained into standard cancer care, and while there continues to be an absence of
randomized controlled trials, there is a growing body of evidence to demonstrate
that MDT care in cancer improves guideline compliant follow up and timeliness of
follow up, positively impacts therapy planning and implementation and improves
pain control and adherence to oral medications [1].
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In the USA, MDTs evolved from tumor boards (or cancer conferences), which
were originally designed as a formalized method to engage multiple medical spe-
cialists (e.g. radiology, surgery, pathology, medical oncology) into the collective
review of patient cases for the purposes of audit and education [45]. These boards
developed into a proactive opportunity to plan treatment for newly diagnosed
patients and discuss complex cases. Such a consultative approach allows for con-
sensus opinion on treatment to be reached, but it does not necessarily utilize a team
approach, with the physician who is presenting the case ultimately responsible for
treatment decisions and their implementation although many MDTs use a team
structure to facilitate collaborative treatment planning. The focus of MDT may not
solely be cancer pathology, but may be inclusive of the patient’s psychosocial
needs. Patient involvement is considered essential to ensuring patient-centered care,
although it is not widely adopted.

Delivering effectiveMDT care does not organically result from simply gathering a
group of healthcare providers around a common patient. Effective teamwork requires
structure, leadership and work by all team members. Features common to effective
MDTs include existence of a shared vision, defined membership with clear roles and
responsibilities of teammembers in linewith their scope of practice, and establishing a
communications framework including meetings and documentation standards [1].

As a result, the performance of a MDT, and ultimately patient outcomes, can be
variable depending on the quality of how well these elements are delivered, as
demonstrated in the UK analysis of more than 1000 multidisciplinary teams
working across six cancer types [44]. MDT performance is influenced by team
structure, team processes, and the context in which care is being delivered,
including institutional, technical and environmental factors [45]. While it is
expected that there would be wide ranging variation in context of care, considerable
diversity in MDT structure and processes may also exist.

10.4.1.1 MDT Focus/Scope

The focus or scope of the MDT may vary both in terms of clinical focus and place
in the cancer trajectory.

Clinically, the MDT may focus solely on the cancer pathology or, as is
becoming increasingly common, it may also include other aspects of care like
psychosocial care. In most cases, anything that is not considered directly related to
the effects of cancer or its treatment sits outside the scope of the cancer MDT, such
as the management of non-cancer conditions. While this approach may seem rel-
atively straightforward, it can present challenges in practice, where it is not
uncommon for chronic conditions to present during the diagnosis and treatment
phase, potentially triggered by the cancer or its treatment. This has implications
when determining which care team is responsible for meeting these needs. For
example, it is known that corticosteroids, commonly used in the management of
cancer, are associated with numerous short and long term effects, including an
increased risk of osteoporosis. Does the fact that it may be cancer treatment-related

10 Breaking the Silos: Integrated Care for Cancer … 295



make prevention, monitoring and management of osteoporosis the responsibility of
the cancer MDT? If such clinical responsibilities are left unclarified, they may result
in duplication (tests, workload) or unmet need.

Many cancer MDTs confine their operations to the diagnosis and treatment
phase. This presents similar issues in determining the roles and responsibilities of
care providers, as patients move into survivorship or end of life care. Specific
clinical responsibilities that may remain unclear as a patient moves from treatment
to survivorship include the management of late-stage effects of cancer or its
treatment (e.g. fatigue, cognitive impairment), non-primary cancer surveillance in
cancer survivors and management of ongoing psychosocial effects and rehabilita-
tion needs.

10.4.1.2 MDT Composition and Size

The composition and size of the MDT is determined by the defined scope of the
MDT and the needs of the patient. The size of the MDT should allow for enough
health professionals to ensure the patient’s needs are met [45]. As the focus of
clinical care broadens from cancer pathology to more holistic care, so does the
number of health professionals involved, expanding beyond medical disciplines to
include nursing, allied health and pharmacy (Fig. 10.1). Clinical roles and
responsibilities of team members are expected to be in line with their professional
scope of practice, while administrative and communication responsibilities, such as
documentation of MDT meetings may be allocated to specific MDT members.

Bigger is not always better for MDTs. Expanding MDT size and diversity brings
challenges in team coordination and communication. According to Fennell and
colleagues, team effectiveness is impaired when size exceeds 10 members, when
membership is not constant across the treatment process and when not all members
are relevant to a given discussion [45]. One approach to facilitating consistent
membership is to structure the MDT according to disease type, with core mem-
bership comprising the minimum disciplines required to provide quality routine
care [42]. Membership is extended for individual cases according to patient needs,
to include health professional who care for the individual patient (e.g. GP) and
referred specialist providers (e.g. physiotherapist for a patient with lymphedema).
Membership is therefore dynamic, expanding or contracting as needs change
throughout the care continuum. It should be noted that this distinction between core
and non-core members is made from the perspective of the oncology clinicians in
relation to developing team processes, it does not imply a hierarchy of care pro-
viders, nor does it reflect the patient perspective.

Cancer MDTs function within a practice philosophy of evidence based medicine.
While this aids in establishing team norms amongst healthcare professionals, it
cannot be assumed that the patient shares these values. A strong foundation of
evidence based medicine is essential to a high functioning MDT, but may be a
potential source of conflict for patients who access external care providers and seek
treatment options that are not supported by evidence.
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There is evidence that patient-centered treatment plans are more likely to be
implemented, clinically appropriate and acceptable to patients [46]. Indeed, it is
considered by many that the inclusion of the patient or their advocate in the MDT
decision-making process (e.g. involvement in the MDT meeting) is essential to
achieve effective MDT care [45]. Clinicians have been shown to be generally poor
at judging patient preferences [47] and studies suggesting that patients who do not
attend MDT meetings have a limited opportunity to input to or influence the
decision-making process of the MDT [48]. However, most MDTs do not allow for
patient’s attendance at the meeting and indeed, not all patients want to be included
in the MDT. A Canadian study demonstrated that while nearly all patients want to
be informed and presented with treatment options, half prefer to leave the decision
to their doctor [49]. Clinicians acknowledge the need to keep the patient informed,
but have expressed concerns that the presence of a patient in the high paced, explicit
and technical MDT discussion may negatively impact the efficiency of the meetings
and be potentially alarming to patients [44, 48].

Inclusion of the patient in the MDT is not the only method of providing them
with greater involvement in their care, but as it stands, the best method for accu-
rately representing patient views and ensuring they are appropriately informed
remains unclear [44, 46]. Other strategies that have been shown to positively impact
patient satisfaction by supporting greater patient involvement in their care include
interventions involving provision of information to patients, decision aids and
providing an audiotape of the consultation [23].

10.4.1.3 Multidisciplinary Team Processes

Regular MDT meetings are the key mechanism to achieving joint decision making
and communicating actions, along with clear identification of MDT members and
presence of a communications framework. An open and inclusive discussion is
required to achieve consensual decision making.

In order to ensure sufficient attendance and participation of core team members,
the conduct of MDT meetings tend to be centered on the needs of specialist pro-
viders. They are usually held within hospital or specialist locations and include
discussion of an agenda of patients under the care of the oncology team, with case
conferences about individual patients convened as necessary. Multiple analyses
have demonstrated that the decision making that occurs within cancer MDTs
relating to newly diagnosed patients tend to be medically dominated, maintaining a
narrow focus on cancer pathology [46, 50, 51].

Methods to enhance MDT processes have been explored in the literature,
including the use of integrated care pathways. An integrated care pathway is “a
complex intervention for the mutual decision-making and organization of care
processes for a well-defined group of patients during a well-defined period” [52].
Evidence that suggests care pathways reduce variation in outcomes for high-risk
cancer within and between countries [53]. Integrated care pathways and programs
of care have been explored relating to specific cancer types including breast cancer
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[54] and head and neck cancer [39]. Pathways and programs to support the man-
agement of specific supportive care needs have also been explored, including
post-operative management [37], febrile neutropenia in pediatrics [38], end of life
care [55], depression care [56, 57] and pain management [58].

10.4.1.4 MDT Approach to Multimorbidity and Cancer

Cancer MDTs are designed to suit the needs of patients for whom cancer is the
single clinical focus of care. They are generally based on the premise that care
needs can be met by specialist providers in a hospital or similar specialist setting for
a discrete period of acute need, usually the treatment phase. These are not the
circumstances encountered in the management of patients with cancer and a chronic
condition.

Failure to consider aspects such as the impact of patient preferences and
comorbidities on treatment options in addition to cancer pathology has been shown
to adversely impact the quality of MDT clinical decision making [46]. Despite this,
those clinicians with the most comprehensive knowledge of the patient and
responsibility for coordinating the management of non-cancer conditions (i.e. GPs)
are often not in attendance. What results is that many MDTs do not benefit from the
input of the primary care provider at the point of decision making, instead func-
tioning reactively. If it becomes apparent that a non-cancer condition is going to
impact the agreed treatment plan a number of consequences may arise: the plan may
be amended by an individual clinician outside of usual clinical governance; treat-
ment could be delayed to allow further discussion at the next MDT meeting, or; if
the problem is recognized after the treatment plan has been implemented it could
result in the administration of inappropriate treatment [50].

An alternative model that is yet to receive much attention is the proactive
undertaking of holistic needs assessments at defined times along the continuum of
care, and incorporation of this information into MDT meeting discussions [48].
There has been exploration of this in the care of frail elders, where incorporating
holistic geriatric assessment that provides knowledge extending beyond that
obtained by standard oncology assessment has been shown to positively influence
cancer treatment planning and decision making [59–62]. Whatever the solutions
may be, they must address the existing limitations in MDT scope, membership and
processes that currently stand in the way of meeting the needs of patients with
cancer and chronic conditions.

10.4.2 Coordinated Care

Coordinated cancer care refers to the orderly way in which patients with cancer
receive their cancer care where there exists a designated primary point of contact
within theMDT (a care coordinator). Cancer care coordinators/case managers/patient
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navigators are health professionals (nurse or other) with the specific role of sup-
porting the MDT, including the patient and GP, in order to improve continuity of care
and facilitate a patient-centered approach. There is also some exploration of the role
of lay patient navigators, someone who undertakes a patient support role to help
patients navigate the complex health system throughout the cancer care continuum
and reduce barriers to access [63].

Care coordinators have been shown to play a critical role in patient education
and in linking patients with support services [64]. They have also been demon-
strated to improve patient experience and achieve greater adherence to therapy
through a randomized trial investigating the use of a navigator early in the care
trajectory of patients with newly diagnosed breast, colorectal and lung cancers [65].
As with the cancer MDT, the focus of coordinated care in cancer is organizing the
provision of all elements of comprehensive cancer care including diagnosis,
treatment and supportive care, within the paradigm of evidence based medicine,
usually limited to the diagnosis and treatment phase. Anything that is not consid-
ered directly related to the effects of cancer or its treatment are out of scope. This
has obvious implications for patients managing a chronic condition throughout their
cancer care, particularly if they experience worsening of their condition or newly
presenting conditions.

Acute cancer treatment causes a disruption to the usual care for patients who are
managing a chronic condition prior to diagnosis with cancer. Literature suggests
that patients who usually self-manage their chronic condition can be expected to
need greater support during times of acute illness [12] yet they are known to have
reduced contact with their GP and other care providers during acute cancer treat-
ment [66]. When a patient experiences worsening of an existing condition or is
diagnosed with a new chronic condition during acute cancer treatment there is
further potential for role confusion between providers. If management of the
chronic conditions is considered to be within the scope of cancer care coordination
the management of the chronic condition would be facilitated through direct care
provided through the cancer MDT or specialist provider via MDT referral. By
contrast, if the management of the chronic condition is considered outside the scope
of cancer care coordination this would imply the patient should seek care through
standard channels of care, usually care provided directly from the GP or specialist
via GP referral. What often results is the patient or their caregiver informally taking
on the role of overall care coordination, acting as the conduit to ensure information
transfer between all care providers [66].

10.4.3 Shared Care

Shared care refers to a joint participation of primary care physicians and specialty
care physicians and other health care providers in the planned delivery of care [67].
It is a structured process with the aims of improving the level of communication and
relationship between the MDT, the patient (and/or advocate) and their GP, and
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fostering the environment necessary for collaboration in provision of cancer care.
Shared care between specialist and GP is receiving growing recognition as an
integration strategy that offers potential to benefit patients by improving the
structured transitions of care and promoting continuity of care with the GP.

There is a growing body of evidence exploring shared care between the GP and
cancer services in treatment [68] and survivorship care [69–71]. It has been shown
to increase contacts with the GP and improve patient satisfaction, with no effect on
quality of life [72], improve clarity over roles and responsibilities of care providers
relating to cancer care and provide facilitate information sharing [73]. Literature
shows that, with simple guidelines, primary care providers are able to provide care
to cancer survivors that is equivalent to that given by cancer specialists [73]. There
is some concern however that an unintended consequence of GP sub-specialization
is that GPs may function more as specialists than as primary care providers,
resulting in unmet needs relating to chronic condition management and preventive
care [74].

Collaborative care plans have been investigated in the setting of shared care in
the diagnosis and treatment phase [68] and survivorship care [75] (where they are
referred to as survivorship care plans) although they are yet to be utilized as part of
routine clinical care. They are designed to provide clear documentation of
responsibilities and outcomes relating to cancer treatment, its potential conse-
quences, and recommendations for follow up cancer screening and diagnostic tests
[72]. They have been shown to provide clarity in roles and responsibilities of care
providers and enhance transfer of information between specialist and primary care
relating to cancer care [73]. Collaborative care plans however, generally focus on a
single disease state and are not designed to cater for the needs of patients with
multimorbidity [76]. It is therefore unlikely that care plans alone will provide clarity
regarding roles and responsibilities of care providers in areas of clinical ambiguity,
such as interpreting if a generalized symptom relates to a late effect of treatment, is
a manifestation of chronic disease, or a consequence of polypharmacy (the use of
multiple medications) or others.

10.4.4 Novel Integration Strategies

What is considered to be a novel strategy to improve integration depends on the
healthcare context in which you are situated. Many of the clinical models of care
reported in the literature are being implemented within the integrated delivery
systems of the US. Key features of these systems include discrete patient popula-
tions (often defined by enrollment), alignment of financial models and shared
information systems [77]. In regions that do not have these integrated delivery
systems in place, like Australia and Europe, initiatives that promote integration
through the transfer of information such (e.g. patient held electronic health record),
or assist in identifying vulnerable patient groups (e.g. hospital avoidance programs
[77]) are increasingly being utilized.
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A number of integration strategies are designed to overcome some of the rec-
ognized shortfalls of existing models of cancer care. One area of focus is promotion
of information exchange. This includes initiatives that aid information flow between
care providers such as decision-support systems and patient information systems
[78], and strategies that improve information transfer between patients and provi-
ders, such as the patient held health record [79]. Another focus has been the way in
which patients receive their multidisciplinary care, such as multidisciplinary
‘one-stop’ clinics and shared medical appointments.

Multidisciplinary one-stop clinics are not new in cancer where they have been
utilized within specific clinical settings such as breast and prostate cancer.
However, there has been little exploration of how they may potentially benefit
patients with chronic conditions and cancer. One-stop clinics involve an individual
patient consulting multiple care providers either as a single appointment or
sequentially within a single clinic session. Evidence suggests that they reduce
negative subjective health outcomes (anxiety and depression) [39], improve
symptom control and patient satisfaction [80], improved practice patterns [40],
improve quality of care, patient satisfaction and patient retention [41].

Shared medical appointments (SMAs) have been utilized in the USA, primarily
in non-cancer chronic conditions, since the late 1990s. They are increasingly
gaining recognition in other regions, such as Europe and Australia, as a potential
model of care. An SMA is a medical consultation that is shared by a group of
patients in a confidential setting. The consultation is generally led by a medical
clinician or advanced practice nurse, with other disciplines included depending on
the intent [81]. For example, a shared consultation for patients with steroid induced
diabetes may include a dietician and pharmacist. In the general chronic condition
setting, SMAs have been demonstrated to not only improve the availability of
peer-education and support, but also improve access to specialist and multidisci-
plinary care, enhance therapeutic relationships, reduce waiting lists and promote
self-management and psychosocial care [81]. There has been little exploration of
SMAs within cancer. A Dutch study demonstrated that SMAs were a feasible
method of enhancing breast cancer survivorship care, but did not find the same
positive impact on psychosocial care, potentially increasing fear in some patients
[82]. SMAs appear to be a promising model of care worthy of exploration in cancer,
but further research is required to establish their cost-effectiveness and to determine
the optimal criteria (e.g. professions involves, number of patients) [83].

It can be argued that within the context of general multimorbidity, clinical
management needs to move away from clinical guidelines based upon individual
disease states, and needs to transition towards models that incorporate clinical
judgment and patient priorities into goal-oriented care that addresses overall health
[8, 76, 84]. Reuben and Tinetti argue that an approach that aligns treatment goals
across conditions enables patients to actively participate in identifying and
achieving outcomes that improve overall health and prompts clinicians to have the
difficult conversations with patients that are necessary when the desired goals are
not attainable [84]. Such an approach is particularly relevant in the context of
advanced or terminal cancer, and in caring for frail elders.
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As it stands there is limited exploration of novel approaches to improve the
interface of primary and specialist cancer care. What evidence does exist is pri-
marily practice based reports, with few robust clinical trials [23, 56, 57, 85]. There
is a need for investigation of initiatives that creatively utilize all aspects of the
healthcare workforce, along with rigorous evaluation.

10.5 Integration Approaches and Multimorbidity

While patients with multimorbidity are expected to gain the most from integration
initiatives, most evidence focuses on single disease states. There is limited
empirical evidence investigating integrated care models of care, with little to guide
models of care in the context of multimorbidity [86, 87].

There have been two published meta-analyses of systematic reviews exploring
the literature regarding integrated care strategies applied within the context of
general multimorbidity. Each review demonstrated that integrated care programs
positively impact patient outcomes in chronic conditions [88, 89]. More recently,
Mitchell and colleagues published a systematic review of integrated models of care
delivered at the primary-secondary interface of care to improve outcomes for
patients with chronic conditions. Their analysis of ten studies supported the findings
of the meta-analyses, demonstrating that integrated care initiatives have a modest
impact on clinical outcomes, substantial impact on process outcomes and mixed
cost data in the context of general multimorbidity [90].

While these reviews were not specific to cancer populations, it has been shown
that the principles relating to what make integrated care strategies successful
transcend healthcare context and clinical setting [91]. Thus, the findings may not be
immediately translatable to the oncology setting, but in an area where evidence is
sparse, they do offer some valuable insight into what may work in a setting of
multimorbidity.

10.6 Barriers to Achieving Integration for Cancer
and Chronic Conditions

There are multiple barriers to overcoming the fragmentations of care encountered in
the care of patients managing cancer and chronic conditions. Perhaps the most
fundamental barrier relates to the limited evidence promoting awareness and
understanding of the problem itself. Further to this, there is an absence of shared
understanding across the health system of the strategies available to address rec-
ognized fragmentations in care (i.e. integrated care) presenting difficulties in
developing effective collaborative solutions. Lack of system integration
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demonstrated by rigid funding models and absence of shared information systems
present challenges when trying to implement integration initiatives in practice.
Finally, effective collaboration and teamwork form the basis of all integration
strategies; achieving this in practice is not necessarily an easy task.

The logical starting point for any integration initiative is establishing a shared
understanding of the problem in order to design a solution to overcome it. With so
little evidence available regarding the management of patients with chronic con-
ditions and cancer, it cannot be assumed that the problem is recognized nor
understood. Recognition of the issues across both primary and specialist care is a
critical barrier to achieving integration at a system level. Similarly, there is no
shared understanding across the health system of what integrated care entails and
therefore no validated measures for assessing or benchmarking services. The lack of
shared terminology has the potential to create challenges when attempting to put
policy into practice, from intervention design through to implementation. Differing
semantic understanding of integration may impede stakeholder buy in and collab-
oration. For example, ‘integrated care’ may be understood by a policy maker to
result in a system that combines governance, administrative and financial structures,
but by clinicians as a system that streamlines clinical processes and multidisci-
plinary teamwork. Inability to consistently measure integration initiatives may
result in missed opportunities to identify variations in practice that could be
addressed by specific interventions [78].

Another significant challenge to implementing integration strategies that cross
the boundary of specialist and primary care is the way in which most health systems
are designed. Different sectors and institutions often have separate IT infrastructure
and funding models that prevent collaboration. For example, many
community-based health services are designed to be accessed through primary care.
For example, in Australia if a patient with cancer needs to access a publicly funded
community based psychologist they cannot be referred by the cancer MDT under
their cancer management plan. Rather, they must be referred by their GP under a
GP Mental Health Treatment Plan, or by a psychiatrist under an appropriate
assessment and management plan [92]. Thus any attempts to integrate care using
these services can only occur through primary care and not acute cancer sector.
Such barriers relating to system integration may be difficult to change at a grass
roots level, potentially resulting in duplication of services or work around solutions.

Perhaps the most commonly encountered barrier to successful implementation of
an integration initiative are the individual agents themselves (healthcare providers,
managers, policy makers), regardless of clinical context or care setting. In an
environment rich in professional tribalism, it can be difficult to establish normative
integration. Similarly, convincing clinicians to participate in the collaborative
approach necessary to put policy into practice, can present significant challenges
[93]. Integration initiatives are fundamentally reliant on team collaboration. This
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brings with it a multitude of barriers including confusion or lack of role clarity,
professional self-interest, competing ideologies and values, lack of mutual trust and
conflicting views about client interests and role [91].

10.7 Overcoming the Barriers to Integration

Many of the systemic barriers to integration may not be able to be influenced at a
grass roots level. It is possible however, to increase awareness and understanding of
the problem, and to arm primary and specialist care providers with the knowledge
and skills required to develop and implement clinically relevant solutions. Research
that improves our understanding of the issues encountered in the management of
cancer and chronic conditions is essential to achieving recognition of the problem
across policy makers, managers, care providers and patients. Research that
strengthens the knowledge base relating to integrated care is also needed to
establish the shared taxonomy and conceptual application required to develop valid
measures that enable benchmarking of services.

In order to effect change that results in improved patient care, research must be
coupled with broad ranging education of patients and care providers. While it is not
known what the most effective type of education intervention is, it has been sug-
gested that education initiatives should be based on a shared curricula that span
primary healthcare and oncology, and are inclusive of the full range of health
professionals [78]. Ideally such education would be informed by a robust evidence
base. In absence of this, education that demonstrates the conceptual basis of inte-
grated care should be encouraged across professional groups and settings to ensure
that effective collaboration is not blocked by divergent semantic meanings.

It is thought that a ‘bottom up’ rather than ‘top down’ approach to integration
should be encouraged [94], with policymakers articulating the vision (and budget),
and clinicians creating the workable solution. Ideally, the development of ‘bottom
up’ clinical or service integration strategies occurs within well designed policy that
supports them by ensuring the information systems, governance structures and
financial management is in place. In reality, this may not be the case and it may not
possible to overcome these system barriers for an individual project. In order to
minimize the development of tedious mechanisms to work around systemic
obstacles, it is recommended to develop strategies that target specific segments of
the patient population, identified through population segmentation and risk strati-
fication [19]. The idea being that clinicians are more willing to go to the effort to
overcome systemic obstacles if they recognize it is meeting a need for a patient that
would otherwise go unrealized.

Establishing normative integration is complex and presents one of the most
challenging barriers to overcome. Teamwork can be facilitated by establishing
explicit goals, establishing roles and managing interdependent work [95]. Building
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effective teams requires team members to have the appropriate knowledge and skills
to participate in teamwork and may require specific training [95]. Methods that
standardize the teams approach to care, such as guidelines and protocols have been
found to be common elements of successful integrations initiatives [90]. Another
recognized feature is the presence of organizational and cultural leadership [91].

Box 1: Recommendations to overcome the barriers to integration to
improve the care for people with cancer and chronic conditions
Overcoming the barriers to integration requires:

• Research base that supports a shared understanding of the problem of
multimorbidity and available solutions

• A framework of shared understanding

– Clarity of definitions and language
– Promotion a culture of integrated approach to care

• A policy environment that supports integration

– Improved integration of systems (information systems, governance
structures, financial management and incentives)

– Encouragement of ‘bottom up’ approaches to integration
– Availability of data to facilitate the identification of target groups

through population segmentation, risk stratification and measurement
of outcomes

• A practice environment that supports effective teamwork

– Organizational and cultural leadership
– Methods that standardize the teams approach to care
– Clarified expectations within teams (goals, roles and responsibilities,

interdependent work)

• Care providers that possess the appropriate knowledge and skills

– Broad ranging education that spans primary healthcare and oncology,
and includes the full range of health professionals

– Education on the issues encountered in the management of cancer and
chronic conditions

– Education on the conceptual basis of integrated care, skills training
regarding development and implementation of integration strategies

– Education on the features of effective teamwork, teamwork skills
training.
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10.8 Recommendations for Research and Practice

There is a need for research to address the gaps in knowledge relating to our
understanding of the fragmentations of care encountered in the management of
patients with chronic conditions and cancer, particularly at the interface of primary
and specialist care [66, 73, 90, 96]. Within the cancer literature, the examination of
this interface appears to focus on the engagement of primary care providers to
undertake specialist aspects of cancer care. There has been less exploration of the
role of primary care providers in enhancing cancer care through their holistic
knowledge of the patient, and how the healthcare delivery system, available deci-
sion support and clinical information systems may facilitate or impede this. There
are indications that cancer diagnosis and treatment causes disruptions in the con-
tinuity of care with primary care providers and suggestions that this may result in a
shift in focus of care away from chronic condition management and prevention
activities, yet there has been little exploration of why this occurs and how it can be
avoided. While it is generally accepted that fragmentations of care should be
expected in the management of patients with chronic conditions and cancer, there is
little research providing insight into what they are or why they occur.

Well-designed research is also required to provide the empirical evidence to
support the integration initiatives that have been implemented in the oncology
setting (multidisciplinary teams, coordinated care and shared care) in addition to
novel models of care and strategies that promote patient involvement in their care.

Research that improves our understanding of effective approaches for involving
patients in their care may be of particular relevance for patients who are managing a
chronic condition as well as cancer, where self-management is considered a critical
element of care [97]. Little is known about the impact of cancer on a person’s
capacity for self-management beyond broad indications that there is an adverse
impact on medication adherence [16, 17]. Patients who are diagnosed with a
chronic condition during the acute treatment phase may require additional
self-management support [10]. Little is known about the self-management support
patients receive when diagnosed with a chronic condition during the acute treatment
phase. Similarly, little is known about the perceptions and understanding of cancer
clinicians relating to self-management support, including awareness of community
based chronic disease programs and services.

While there may not be evidence to provide in depth understanding of the
fragmentations of care encountered in the management of patients with chronic
conditions and cancer, it is likely that clinicians have an understanding of specific
issues of concern within their practice. By developing an understanding of inte-
grated care, clinicians can work toward developing collaborative solutions that
affect change for their patient population. Importantly, the outcome of these
strategies should be measured using approaches that allow flexibility and further
improvements, such as Kolb’s experiential learning model or the plan-do-study-act
cycle of quality improvement [98]. Sharing the outcomes of these initiatives
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through publication is both a valuable contribution to the knowledge base, and
important source of inspiration for colleagues in other practice settings.

10.9 Conclusions

In order to make improvements in the quality of care for patients with cancer and
chronic conditions we must increase awareness and understanding of the frag-
mentations encountered across primary and secondary care. Research must flow in
both directions. That is, to consider both how primary care providers can be utilized
to enhance cancer care and how cancer clinicians can promote continuity of pri-
mary care throughout the cancer care continuum.

In addition to improving our understanding of the problems, we must also take
steps to arm primary and specialist care providers with the knowledge and skills
required to work collaboratively to develop and implement clinically relevant
solutions. Integrated care offers the conceptual foundation and theoretical frame-
work upon which this collaboration can be based.
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Chapter 11
Advocacy in Cancer and Chronic
Conditions—Challenges
and Opportunities

Paul Grogan and Sanchia Aranda

Abstract The WHO World Cancer Report 2014 identified cancer as the leading
global cause of death. The report was published at a time when multiple other
reports showed an aggregate increase in the burden of prevalent chronic conditions,
such as cardiovascular disease, diabetes and kidney disease. Whichever way the
data are cut, significantly greater numbers of people are living with, and dying
from, these conditions—many with multiple morbidities. The reasons include
increased life expectancy and lifestyle risk factors, and a relative reduction in the
infectious disease burden. While increased life expectancy is welcome, govern-
ments worldwide must develop evidence-based responses to the associated growth
in chronic and co-morbid disease burden. Navigating through the evidence of
population benefit will be a challenge, particularly at a time of increased patient
expectations and expenditure on healthcare in most national economies. Although
governments in many countries have reasonably good records in implementing
health policy and delivering services, evidence is seldom the sole driver of deci-
sions. Governments may favour political expediency, ideology and vested interests.
Elected officials rarely invest optimal taxpayer funds into health and they are even
less likely to invest when the returns take a long time to accrue. They may also
protect powerful commercial groups whose interests are at odds with public health.
For this reason, independent, evidence-based healthcare advocacy is a necessary
and powerful driver for policy reform, either through a non-government organi-
sation, a professional group or an individual. The potential for health professionals
to drive the collection of evidence is another key reason why independent advocacy
could be the key. This chapter summarises key challenges in health policy and
advocacy for the management of cancer and chronic conditions. It explores the role
of the healthcare professional as advocate. It analyses a case study in advocacy from
the Australian experience and includes recommended principles and techniques for
driving change.
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Key Points

• Independent health policy and advocacy must be guided by the evidence.
• Healthcare professionals have potential to be effective advocates, if they func-

tion without any perception of self-interest.
• There are a number of practical steps that advocates can take to help drive the

translation of independent public policy recommendations into practice.
• Integrative health system advocacy across cancer and other chronic disease has

barely extended beyond tobacco control, but there are key opportunities and a
growing need for action and outcomes.

11.1 Introduction

Of all the topics in this book, advocacy is the least scientific in terms of evidence,
literature and frameworks for professional practice. Advocacy can mean different
things to different people. It varies widely in how it is defined and applied across
settings.

By its broadest definition, “advocacy” describes the act or process of supporting
a cause [1]. This is a useful starting point, and could explain why advocacy is so
readily associated with politics, activism and campaigning.

Two of the most celebrated advocacy actions in recent history are the US civil
rights movement and the abolition of apartheid in South Africa. Both involved an
extraordinary amount of activity at multiple levels; both resulted in changes to
constitutional law. Perhaps it is no coincidence that both movements were driven by a
shared fundamental belief: that the same constitutional rights should be extended to
all people irrespective of race or culture. In this sense, the broad definition of
advocacy was easy to apply. The “cause”—racial equality under constitutional law—
was clear, simple and supported by all advocates. The advocates then sought to work
in varying alliances (with varying success rates) on actions and processes to support
that cause.

There are a number of other geopolitical examples where the collective under-
standing and immediacy of a cause enabled advocates to come together. When it
comes to health policy, however, it can be much more challenging to unify
advocates behind a common cause. This is because the cause itself can be difficult
to define, particularly if it involves working across multiple disciplines and disease
groups.
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Health system reform requires much more than amended constitutional law. The
more complex the problem, the most complex the solution—and the advocacy. For
example, we will assume that most readers of this book would support reforms that
deliver improved outcomes in cancer and chronic conditions. That is a “cause”
under the broad definition of advocacy. However, if a political leader asked for a
five-minute pitch on what was required to support that cause, the responses from
advocates would vary widely depending on settings, interpretations of the evidence,
professional bias and in some cases self-interest.

If we as a healthcare community are to meet the growing challenges of cancer
and chronic disease burden, we will have to unite behind evidence of benefit—as
measured in epidemiology, clinical outcomes and overall equity. In some cases,
collecting and disseminating that evidence will itself be a pillar of advocacy;
indeed, when it comes to healthcare advocacy, cause, action and process become
intertwined.

This is a theme that will recur—effective health advocacy is as much about
healthcare professionals, consumer and other advocates working together to
develop specific policy as it is about driving change to make things happen.

11.1.1 Does Advocacy Work?

There are multiple examples of successful health advocacy. Some of the most
effective global and local advocacy to date has been focused on disease prevention,
in particular the impact health professionals and their allies have had on changes to
laws that have reduced smoking prevalence. As documented throughout this
chapter, the anti-smoking movement is an (unfinished) advocacy success story and
a cause that has mobilised and unified healthcare professionals everywhere. More
recently, collaborative advocacy has also driven some (but little) policy change in
nutrition, such as restrictions to junk food advertising (e.g. Quebec),
government-sanctioned food labelling (Australia et al.) and a sugar levy on bev-
erages introduced in the UK in March 2016.

It could be argued that one reason the anti-smoking advocacy movement was
able to coordinate the efforts of multiple healthcare professionals and organisations
is its relative simplicity and absence of potential turf wars between disciplines.
During the formative days of the anti-smoking movement, the “cause” was
straightforward: advocates sought restrictions to the way tobacco products were
advertised (largely to protect children) and campaigned for health warnings to
inform the population of the risks. Tailored interventions, such as price controls,
smoke-free areas and sponsorship bans, and tailored strategies to compel reluctant
governments to adopt them, evolved as required. Apart from rivalry over the
research agenda, advocates, particularly those from the health sector, were not
distracted by concerns about how policy reform to drive down smoking rates might
affect their patch.
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The same interdisciplinary and inter-sectoral collaboration will be required to
develop and promote recommendations for improved management of cancer and
chronic conditions. This in itself is an unprecedented challenge.

So we return to the “cause”—whether that cause is at the macro level (e.g. “a
sustainable, equitable health system”) or the micro level (e.g. “an enhanced billing
system that reduces waiting times and accelerates referral pathways for patients
with or at risk of multiple morbidities”).

Essential to the challenge of driving health system reform to reduce cancer and
chronic disease burden will be collecting the strongest evidence to define the
“cause” at multiple levels.

By exploring challenges and policy opportunities across a range of topics, this
book is contributing to the evidence base. The aim of this chapter is to provide
context on how independent policy is supported, and some practical guidance for
healthcare professionals who seek to drive change to improve outcomes in cancer
and other chronic conditions.

11.2 The Challenge—Growing Burden of Cancer
and Chronic Conditions

According to the WHO World Cancer Report 2014, cancer (as a single disease
entity) is the biggest cause of mortality worldwide, with an estimated 8.2 million
deaths from cancer in 2012. Cancer cases worldwide are forecast to rise by 75 %
and reach close to 25 million over the next two decades [2].

Cancer death rates have increased in relation to heart disease and stroke, how-
ever, if the latter two are combined and aggregated as cardiovascular disease (as
they are in some statistical frameworks) they continue to cause more deaths. Cancer
(14 %) and cardiovascular diseases (31 %) combined caused an estimated 45 % of
all the world’s deaths in 2014. This percentage is higher in developed countries,
which have lower relative rates of infectious disease. Yet in all countries combined,
non-communicable diseases such as cancer and cardiovascular disease are on the
rise. Around 68 % of all deaths in 2014 were attributed to non-communicable
diseases, an 8 % increase from 2000 [3].

In developed countries such as Australia, cancer causes an even higher level of
overall disease burden (years of healthy life lost). This is largely due to significant
improvements in managing cardiovascular disease in recent decades, as well as the
relatively low contribution of infectious disease deaths and unchanged trends in the
impact of some cancers that cause death in younger people [4].

The impact of diabetes (types 1 and 2) on death rates continues to increase, with
type 2 diabetes disease burden largely due to poor diet and high body mass [5].
Chronic obstructive lung disease and tobacco-related cancers are also increasing
significantly, due to increased rates of smoking in developing countries and the time
lag between exposure and disease in countries with relative reductions in smoking
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prevalence [6, 7]. In countries with longer life expectancy, dementia related ill-
nesses are increasing at unprecedented rates [8] and having a major impact on
health and aged care systems.

Whichever way these projections are cut, the message is simple: health systems
and public policies will need to adapt to extraordinary growth in the rates of people
with cancer and one or more other chronic conditions.

We cannot rely on governments alone to get the policy agenda right to ensure
that optimal clinical and public health outcomes are delivered. The non-government
healthcare professional as advocate can play an important role in working con-
structively with governments to help ensure that evidence is the primary driver of
policy and practice. Indeed, motivated health professionals armed with the best
available evidence and working with non-government organisations can be a
powerful force for improving healthcare delivery and patient outcomes. Consumers
can, and should, also be powerful advocates for change. Collaboration and coor-
dination across disciplines, sectors and even nations will be required.

11.3 Global Non-communicable Disease Agenda

The World Health Organisation has formally recognised and seeks to address the
growing global challenge of chronic disease burden with its Global action plan for
the prevention and control of non-communicable diseases (NCD) 2013–2020. The
global NCD agenda is an example of applying an international focus to a jointly
recognised threat and providing a framework for acting globally and locally.

Observation shows that global alliances can help to take an issue forward and
demonstrate that experts and leaders from a range of nations agree on problems and
solutions. Collective advocacy across the global non-communicable disease agenda
is one example. But working globally in pragmatic terms is limited by many factors.
We are one world, but around 190 sovereign nations. (Even the number of
sovereign nations is disputed, with the sovereignty of all who claim it not recog-
nised by all nations.) It is almost impossible to establish a workable international
mandate; governments will always prioritise domestic concerns. Translating
in-principle agreements underpinned by treaties, conventions and declarations into
implementation is seldom seamless. (The United Nations was established
seventy-one years ago to maintain “international peace and security”. An estimated
50 million people have died in armed conflicts since. Working globally is a
challenge.)

There is, however, significant goodwill and collective purpose in improving
global health outcomes. In the international setting, cancer is firmly located within a
non-communicable framework for a variety of pragmatic and political reasons.
Politically, the priority across the early 2000s was to problematize to the world the
impact of non-communicable diseases on low and middle income countries in order
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to mobilise resources to address a growing problem. Up to that point NCDs were
not mentioned within the United Nation’s Millennium Development Goals (MDGs)
and therefore were not able to access most international funds aimed at the global
development agenda. Cancer NGOs and their counterparts in other chronic diseases
reflected on the successful international effort against HIV/AIDS and believed that
the problems facing LMICs in terms of NCDs were best approached, not as a health
issue, but as a broad global development agenda. To this end in 2009 the CEO of
the International Diabetes Federation, Ann Keeling, sought to convene a global
NCD civil society movement to confront misconceptions that NCDs were of little
importance in the developing world and to catalyse political action. The Union for
International Cancer Control and the World Heart Federation, the International
Union Against TB and Lung Disease joined IDF to form the NCD alliance.

The movement commenced by the NCD alliance led to a UN High-Level
Meeting on the Prevention and Control of Non-Communicable Diseases in
September 2011, only the second ever such meeting devoted to a health topic. This
meeting subsequently led to a set of measurable targets and action plans to hold the
world to account for this important issue.

Several factors were critical to the successful advocacy begun by Ann Keeling.
First, the agenda for change was firmly located in an agenda that went beyond the
health of individuals. NCDs were identified in a 2011 report by the World
Economic Forum and Harvard Business School demonstrating the critical impact of
NCDs on the economies of all countries with a cost in 2010 representing 48 % of
global gross domestic product and rising. Critically NCDs were identified for their
role in pushing millions of people into poverty and were linked to a complex
interplay between health, economic growth and development and universal trends
such as aging, urbanisation and unhealthy lifestyles. This report placed the issue of
NCDs above the global economic crisis in terms of importance of impact on the
global economy and suggested the solution lay beyond simply a health agenda.

Secondly, the formation of the NCDA strengthened the voice of the
disease-based organisations. It did this by enabling a set of common messages, a
clear ask for targets related to prevention of NCDs and provided a cohesive and
clear path for communication and engagement between the NCDA and the UN and
WHO in the lead up to the UN high-level meeting. In the follow-up period as
targets and action plans were being formulated this single voice of interaction
remained critical.

While the experience was positive there are downsides to any alliance. Alliances,
while strengthening a common mission, reduce the ability of any one organisation
to mobilise its own advocacy agenda. This may mean that members of the alliance
require additional resources locally to enable a joint focus on working within the
alliance and working on its core agenda.

Alliances also slow down decision-making processes as each organisation
confers with its constituents about position statements and advocacy approaches.
While this can be overcome to some extent with an empowered staff, the time
needed to bring all parts of the alliance to one position cannot be under-estimated.
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11.4 Advocacy and Health Policy

Drilling down past the dictionary definition in the Introduction, the World Health
Organization (WHO) takes a specific approach to defining advocacy relating to
health:

A combination of individual and social actions designed to gain political commitment,
policy support, social acceptance and systems support for a particular health goal or pro-
gramme [9].

This is widely considered to be an appropriate (broad) definition in a health
context, noting that the WHO’s stakeholder base is global and highly diverse. From
our experience, just about everything that occurs under an advocacy umbrella is
picked up in the WHO definition. In relation to health system reforms for improved
outcomes in cancer and other chronic conditions, the references to policy support
and systems support are particularly important.

It should also be noted that, while the WHO definition might imply that advo-
cacy is something done by non-government people to influence government people,
this is not strictly the case. As explored later, government officials (political and
non-political) can be among the most effective advocates for change.

So what does it all mean in practice? Are there agreed frameworks for action?
Guiding principles that can be applied in practice? How can we target health
advocacy to purpose, when systems of government, relative wealth and other
variations prevail across settings? How do we even begin to drive change for more
sustainable, equitable approaches to reducing cancer and chronic disease burden?

11.4.1 Frameworks for Health Advocacy

While there is no definitive framework for health advocacy, there is agreement
among advocates on some key points. For example, Michael Moore (CEO of the
Public Health Association of Australia) and co-authors have published a guiding
framework for public health advocacy [10], based on the Kotter change model [11].
It contains 10 generic steps:

Step 1: Establishing a Sense of Urgency
Step 2: Creating the Guiding Coalition
Step 3: Developing and Maintaining Influential Relationships
Step 4: Developing a Change Vision
Step 5: Communicating the Vision for Buy-in
Step 6: Empowering Broad-based Action
Step 7: Be Opportunistic
Step 8: Generating Short-term Wins
Step 9: Never Letting Up
Step 10: Incorporating Changes into the Culture.
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These are useful guiding principles, noting that they were developed for “public
health advocacy”—i.e. political change to reduce risk factor prevalence in a pop-
ulation. They apply more readily to scenarios that might require a cultural shift and
also involve adversarial interests (e.g. tobacco companies, whose commercial
interests are at odds with public health). Seldom have the steps above played out in
a linear fashion; yet most have been invoked at some point in achieving major
policy reform.

To succeed in areas that require policy and systems change, however, requires
even more nuanced, flexible and targeted approaches—particularly for driving
reforms to reduce the combined burden of cancer and other chronic conditions,
which will encompass prevention, early detection, integrated care and patient
support. Some will be sweeping in scope, such as policies to improve population
nutrition (poor diet is a risk factor for most chronic and co-morbid conditions);
others will be highly specific, such as improved systems for integrated patient care.

Although our experience in advocacy relates primarily to cancer control policy,
the core principles and effective strategies should just as readily apply to driving
reforms in chronic disease control more broadly. The record shows that multiple
stakeholders can collaboratively advocate to support a relatively simple cause such
as tobacco control. But to do so in order to drive change in more complex policy
areas such as integrated care is likely to require a more policy-focused and adaptive
framework for advocacy.

11.4.2 Advocacy and Chronic Disease Management Reform

From our observation, effective advocacy in public health and disease control has
tended to be built around a 10-part framework that is consistent with both the WHO
definition of advocacy and the separate but intertwined 10 steps identified by
Moore et al.

1. A scientific evidence base showing the population and individual health ben-
efits of the policy recommendations being promoted.

2. Feasibility assessment.
3. Cost-effectiveness.
4. A framework for prioritisation—e.g. how do we weigh up relative benefits,

short-term versus long-term goals, public acceptability etc.?
5. Maintaining political neutrality.
6. A focus on outcomes—not only those for individual patients but also for

population health and the health system in terms of reduced cost and increased
sustainability.

7. Running tight campaigns and strategies tailored to each objective.
8. Working locally, nationally and/or internationally, depending on circumstances.
9. Fostering and maintaining key personal relationships (trust, courtesy, mutual

respect etc.).
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10. Ensuring appropriate recognition and thanks are accorded those who make the
decisions and allocate the funding (rather than to the non-government
advocates).

These 10 points recognise the complexity of promoting highly specific and
technical interventions that may require new and improved policy settings in a wide
range of domains. On that basis, they might be a useful guide for healthcare
advocates operating across disease groups and professions.

It should be noted that while the main focus of these principles and steps is a
party-political audience, health advocacy at times will be targeted directly at
businesses, communities and individuals. People from multiple walks of life all
contribute to the way health policy is funded, developed, promoted and imple-
mented. But the reality, in democratic countries with a mix of public and private
health systems, is that political support will in most cases be required to embed
policy reform in practice.

Box 1 summarises how these points were applied in practice in the establishment
of a cancer screening program in Australia.

Box 1: Bowel Cancer Screening in Australia: A Study in Health
Advocacy
Australia’s National Bowel Cancer Screening Program (NBCSP) was phased
in from 2006 and will be fully implemented in 2020. Its introduction was a
pre-election policy recommendation from Cancer Council in 2004; its com-
pletion by 2020 was a 2013 Cancer Council election priority. The latest
published data shows the program is a world-leading public health inter-
vention; it is being held up as a model for international best practice [12].

Cancer Council Australia is the only non-government organisation that has
been represented on all key multi-sectoral bodies formally tasked with the
NBCSP’s implementation. The program is an instructive study in
inter-sectoral collaboration and public health advocacy. Following is a
summary of how the 10 points identified at Sect. 11.4.2 were applied.

1. A scientific evidence base showing the population and individual
health benefits of the policy recommendations being promoted
Evidence of benefit in Australia was first collected by independent
researchers. Cancer Council (and allies) collated further evidence in repre-
sentations to Government and Opposition in the lead-up to the 2004 election.
Both sides of politics announced plans to introduce a program during the
campaign.

As a non-government agency, we continued to collect and promote the
evidence, to position it as the key rationale for our position. This included
evidence-driven editorials in the Medical Journal of Australia [13], and the
tactical use of mainstream media for wider dissemination.
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In 2013, Cancer Council published estimates that showed, even on low
participation rates, the NBCSP would prevent around 70,000 Australian
deaths over the next 3–4 decades [14]. The then federal Opposition (and
Government from September 2013) based its $100 million investment in
completing the NBCSP according to this advice—and said so publicly [15].

2. Feasibility assessment
Government in Australia had run three successful pilot projects in diverse
settings to test the feasibility of a program [16]. The subsequent reports
helped to build the case and were key parts of our advocacy toolkit. However,
feasibility in advocacy is about whether something will happen—not just if it
will work. (We have not pushed for tobacco bans, for example, as it is
unfeasible on current prevalence.)

Two things were clear from the NBCSP’s introduction: it would be
implemented incrementally (the Government in 2012 announced a 2034
program completion date); and an effective strategy would be required for
acquiring funds to keep the program moving forward. Three years into the
NBCSP’s introduction, we did a feasibility assessment based on a scientifi-
cally acceptable timeframe and political realities. In 2011, we agreed that a
2020 program completion date would be feasible and acceptable.

3. Cost-effectiveness
Cancer Council advisers co-authored with US health economist Dr Michael
Pignone the first-ever cost-effectiveness modelling of a full program in 2009
[17]. This was reported to the Government but did not enter the literature until
2011 [18]. Even pre-published, it became the standard for estimating
cost-effectiveness, despite initial government resistance. As the evidence of
clinical benefit grew, along with drug costs for treating late-stage disease, the
estimates in Pignone et al. became more powerful.

We also brought in state government evidence, notably from the Cancer
Institute NSW [19]. The cost of public hospital care in Australia is borne
largely by state governments; thus the states have an economic stake in
detecting disease early when treatment costs are lower.

Cancer Council Australia did its own cost estimates based on the available
evidence; our costed pre-budget submissions to Treasury to expand and
complete the NBCSP, in 2010 and 2013 respectively, were supported by
government almost verbatim.

4. A framework for prioritisation—how do we weigh up relative benefits,
short-term versus long-term goals, public acceptability?
The NBCSP is a good example of phasing and prioritising advocacy efforts.
Evidence on public acceptability was collected in the pilot programs and
strengthened by subsequent data on intention to rescreen. Prioritisation of our
policy development and promotion, and government and community
engagement, was based on feasibility assessment. For example, in 2011 we
judged that a $50 million funding increase and age cohort expansion, and a
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commitment to permanent recurrent funding, were the best outcomes we
could feasibly strive for. Both were announced in the subsequent budget.

5. Maintaining political neutrality
This can be a challenge but it is a critical principle. There will be times when
one side of politics will support your policy and the other will not. Both sides
of politics in Australia’s largely two-party state supported verbatim costed
proposals published by Cancer Council Australia in the tens of millions.

6. A focus on outcomes—not just those for individual patients but also
for the health system in terms of things like reduced cost and increased
capacity
One of the challenges of a federated health system is seeking policy change
that requires a response from multiple jurisdictions. In making a
cost-effectiveness case for bowel cancer screening investment, we drew on
potential savings at both the federal (subsidised pharmaceuticals, Medicare
gap payments for unnecessary screening colonoscopy) and state (public
hospital costs) level. We sought support from funders at both levels for our
argument that detection at earlier stage was an economic benefit for multiple
sectors. Ultimately, the cost-effectiveness arguments supported a compelling
clinical case.

7. Running tight campaigns and strategies tailored to each objective
As documented, short and long-term outcomes based on the evidence and our
assessments underpinned our representations, strategies and tactics. The
co-opting of parliamentary Independents in a minority government is an
example of tailoring strategies to objectives and circumstances. Collecting
our own evidence, such as the “magic number” of 70,000 lives saved (de-
liberately timed to coincide with an election campaign) is another example.

8. Working locally, nationally and/or internationally, depending on
circumstances
The establishment of the NBCSP, while specific to Australia, had an inter-
national dimension. The systematic reviews that drove the Australian pilot
projects drew on international studies. Dr Pignone, an American, led the
pivotal cost-effectiveness analysis; Cancer Council Australia had brought in
other international experts to contribute to its advocacy agenda. These include
Dr Roland Valori, clinical adviser to the UK’s bowel screening program, and
Dr Heather Bryant from the Canadian Partnership Against Cancer, a key
driver of bowel cancer screening in Canada. Opportunities to share infor-
mation and work globally continue.

9. Fostering key personal relationships (and maintaining trust, courtesy
etc.)
Personal relationships are a vital component of advocacy. The valued rela-
tionships with cross-bench Independents was pivotal to a $50 million injec-
tion into the program in 2012. Trusted relationships with MPs in Opposition
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also translated to major investments in the program when governments
changed, without the advocates being drawn into the politics.

10. Ensuring appropriate recognition and kudos is given to those who
make the decisions, allocate the funding etc. (rather than to the
non-government advocates)
A good example of this is our proactive media statements in support of then
Health Minister Peter Dutton’s budget commitment to complete the program
according to our plan in 2014. Australia’s 2014–15 health budget was a
contentious one for health, with a number of cost-cutting measures and
criticisms. Media commentary from the non-government sector was negative.
We were nonetheless determined to ensure the minister responsible received
due recognition. The fact that he found almost $100 million in a budget
focused on savings was, in one sense, even more reason to thank and
acknowledge him.

Being adversarial and confrontational rarely works in health advocacy.
And, when it does, it can be a Pyrrhic victory—a short-term gain that com-
promises the long game. There are, however, times when a bad government
decision should be criticised—and loudly. This is a judgement call based on
myriad circumstances. Sticking with the 10 points above should help to keep
you on track.

11.4.3 Evidence and Recognition

The 10 points at Sect. 11.4.1 are inter-related. Points 1 and 10 require particular
emphasis as they are sometimes overlooked.

Firstly, point 1. Evidence should underpin any health policy recommendations.
This may seem obvious, but there have been numerous campaigns over the years
that were not supported by the evidence. (Examples range from compensation for
diseases not attributable to the claimed causes, to the impact of anti-vaccination
campaigners.) Populism can be powerful, but health advocacy should be driven by
evidence, based on a rigorous framework. Moreover, the strength of your evidence
for change can:

• make it more difficult for opponents or resisters to reject your recommendations;
• remove or reduce the impact of opinion, bias, and politicisation;
• provide an unspoken position of moral authority;
• neutralise concerns around conflict of interest—which can be particularly

important for the “clinician advocate”; and
• assist you in staying on-message in multiple contexts.
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Collecting the evidence itself can be a powerful form of advocacy. Governments
will not always gather information that requires them to fund interventions or
change policies; in some cases they will evade or suppress the evidence. The work
of Sir Richard Doll, whose epidemiology on lung cancer and smoking helped to
drive the tobacco control movement, is a good example of how independent sci-
entists can change the world with their research alone. As noted later, Doll did not
see himself as an advocate; but his statistics were more powerful than many
campaigns.

It is also important to further highlight point 10—recognition and kudos. No
matter how effective the non-government advocate, accountability rests with a
government official (usually an elected official). Governments, and in particular
ministers, have to find the funds, make the decisions, work with their colleagues,
balance the demands of multiple stakeholders and, ultimately, face the voters.
Moreover, health ministers often have little time to make a long-term impact and
are usually remembered for negative media rather than for their achievements.

It is therefore critical that the parliamentarians (usually ministers) receive most,
if not all, the public recognition and kudos for their decisions—even if decisions
were the result of your advocacy. It is important to resist the temptation to focus on
your contribution.

Politics is a tough and thankless job, particularly in countries that have strong
democracies and a cultural irreverence towards political leaders. There is also a sense
of purpose in working with a government official (sometimes against their initial
intention) to get a good health policy outcome and enabling them to enjoy the credit. In
addition, your chances of succeeding as an advocate will increase if you ensure that
ministers and others are duly acknowledged. Officials will want to work with you
again if the end result of your advocacy reflects well on their administration.

11.4.4 Advocacy in the Context of a Western Health System

The observations and advice in this chapter are based on driving change in a
relatively well-funded health and social services environment. Health advocacy in
countries with significantly lower GDP and relative investment in healthcare will
require different approaches. Countries that face greater challenges in areas such as
tobacco control may also require more radical approaches that we explore here
(apart from some historical references herein). We nonetheless hope readers from a
range of socio-political environments will find our observations useful.

The increasing burden of chronic disease and multiple morbidities in Australia is
reflected throughout the developed world. In Australia, in a population of just under
24 million (in 2016), more than 3.7 million people have at least one form of
cardiovascular disease, 1 million have diabetes and 1.1 million are estimated to
have had a cancer diagnosis and/or are in active treatment for cancer. Around
350,000 live with dementia; 310,000 have obstructive lung disease. One million
Australians are estimated to be morbidly obese (arguably a risk factor rather than a
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disease). There are no integrated national datasets to indicate how many of these
conditions coexist in the same people. We only know that the numbers are large and
increasing.

Yet we have barely scratched the surface when it comes to integrating the
multiple elements of a complex health system around the needs of the patient. And
to date, most of the rhetoric has been about the problem rather than solutions.
Identifying the problem is the easy part, particularly in a relatively well-resourced
country with health-literate politicians and public servants. Few, if any, officials in
countries like Australia, New Zealand and Canada would dispute the claim that a
projected rise in chronic conditions is set to impose pressures on health systems.
But developing workable solutions to meet that challenge, and pushing for
improved outcomes and equity, are separate challenges altogether.

This is where the healthcare professional as advocate—acting with no sense
(perceived or real) of professional self-interest—may be needed as never before.

11.4.5 The Healthcare Professional as Advocate

As discussed, “advocacy” has many interpretations and applications, and many
potential agents. In Australia (and elsewhere) an increasing number of professional
agencies and individuals are promoting services, usually on a consultancy basis, to
assist non-government organisations in achieving a policy outcome. Services range
from lobbying and campaigning to broad government relations, strategic engage-
ment and grant applications.

In addition, a number of non-government organisations with a health policy
focus (e.g. not-for-profit peak bodies) employ in-house specialists to drive public
policy outcomes. Professionals involved in this sector, whether fee-for-service
consultants or staff, tend to be former media and policy advisers with senior gov-
ernment experience. This makes sense, as professionals with this type of back-
ground understand how government policy is developed and implemented and how
to engage with government at multiple levels. (These roles are explored under
Sect. 11.4.5.)

What role, then, does the healthcare professional have as advocate? From our
experience, the healthcare professional can be a highly effective advocate for
change—particularly if the evidence to support the policy priority is strong.

The dedicated healthcare professional can be seen as mission-driven, with no
personal stake in the policy outcomes being promoted other than seeking improved
public health or clinical outcomes. However, a healthcare professional can also be
seen to have self-interest, which is another key reason for the emphasis on points 1
and 10 above. (Concerns about conflict of interest in this respect will be explored
later.) The mission-driven advocate is distinct from the “lobbyist”—a professional
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perceived as having a mercenary role to deliver results for a client. This perception
played out in practical terms in Australia in 2008, when a lobbyist’s register was
introduced in the federal parliament—distinguishing professional lobbyists from
community representatives. Mission-driven advocates are not required to register in
order to access parliamentarians.

Again, we can return to the importance of the evidence and of recognition for
policy makers (points 1 and 10 above) in framing this distinction. A professional
consultancy will, in most cases, be driven by client aspirations rather than the
evidence. Sometimes these align, but often they do not. The driver for a commercial
consultancy is an outcome for their client. Governments know this and will be
sceptical when dealing with professional lobbyists.

Professional lobbyists, campaigners and other consultants will also in many
cases seek to claim some credit for an outcome. This is partly because professional
lobbyists and campaigners are looking for the next client. Understandably, they
need to tout (if not exaggerate) their achievements. This does not go down well with
government officials.

What does this have to do with the healthcare professional as advocate? The
effective advocate only promotes the policy and the evidence that supports it—not
themselves (unless the latter is a well-judged tactic). The effective healthcare pro-
fessional advocate will seek tactical advice from government relations professionals
but never waver from the evidence, their sense of mission or their preparedness to
put an outcome before all else.

11.4.5.1 Conservatives and ‘Real Doctors’

There has been an observed tendency for some politicians, conservatives in
particular, to value the opinion of a clinician over other health policy profes-
sionals. The question are they a “real” doctor (as distinct from doctoral
researcher) has been asked in relation to health advocates—even if the policy
issues are more relevant to non-medical fields (e.g. sociology, statistical analyses
etc.). This bias towards medical expertise is likely to be shared within the
community more broadly, given that few lay people understand the role of
non-medical scientists in health policy yet almost everyone has consulted a
GP. This perception may change, as people become more health literate. In any
case, if a clinician makes an effective advocate for a health initiative developed by
a non-clinician, so be it—provided the policy is evidence-based and the clinician
understands the issues. The outcome is the key.

See box 2: Dr Nigel Gray, a case-study in the doctor-advocate.
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Box 2: A Case-Study of the Doctor-Advocate
Dr Nigel Gray (1928–2014) is regarded as a pioneer of tobacco control, both in
Australia and internationally. In an obituary published inCancer Forum (the journal
of Cancer Council Australia and the Clinical Oncology Society of Australia), it was
suggested Dr Gray’s work on tobacco alone “may have resulted in his preventing
more disease than any other Australian” [20]. Either way, he is rightly regarded as a
giant of tobacco control advocacy. Yet his medical career began in paediatrics and
infection control.

.

Director of Cancer Council Victoria from 1968 until 1995, and President
of the Union for International Cancer Control from 1990 to 1994, Dr Gray
also oversaw the introduction of Australia’s first skin cancer awareness ads
(the Slip, Slop Slap campaigns, now embedded in Australian culture). Dr
Gray was at times a disrupter, took risks; tried things that had not been done
before. Apathy towards tobacco control (and skin cancer) in Australia during
the 1970s, and the substantially higher rates of tobacco prevalence, required
different advocacy approaches than are needed today—at least in a country
like Australia. Dr Gray challenged parliamentarians, instigated powerful
anti-smoking ads, pushed for health warnings and helped establish robust
behavioural research in both cancer and smoking, to build the evidence
needed for policy change. He used the evidence to drive his agenda, and
played a crucial role in the campaign to ban tobacco advertising. He went on
to lead a global tobacco control movement, leveraging available international
frameworks and helping to develop new ones (first with the Union for
International Cancer Control then the World Health Organization).

Despite his radical tactics, those who worked closely with Dr Gray
maintain he always presented as the gentlemen physician, the “good doctor”;
even a political conservative. (He worked effectively with politicians from
multiple backgrounds.) In that respect he is an instructive example of the
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medical professional as powerful advocate—his standing as a clinician, and
his use of the evidence, transcended his disruptive methods.

To even be considered as the single health professional in Australia likely
to have saved more lives than any other is an extraordinary achievement.
Does the multi-morbidity disease control and integrated care agenda need a
team of Dr Grays?

11.4.6 Consumer Advocates

Healthcare consumers are an integral part of advocacy, particularly in relation to
treatment services. Non-government, not-for-profit organisations as a matter of
course have formal consumer representation feeding into the policy process. (If they
don’t, they should.)

It can, however, be challenging to capture consumer input in a rigorous scientific
framework. There is a key advantage in leveraging the emotional dimension of
first-person health system experience, particular involving consumers with poignant
stories. There is also a risk that emotion can trump evidence. (There are examples of
knee-jerk reactions from government to powerful emotional stories that have not
translated to best use of evidence or available funds.)

One powerful and poignant example of the consumer as advocate is the late
Christina Fiddimore [21], whose personal intervention drove a change in super-
annuation policy in Australia. At the behest of the Breast Cancer Action Group, Ms
Fiddimore, while receiving palliative care, wrote directly to the assistant treasurer
seeking early access to superannuation for the terminally ill without a tax penalty.
Cancer Council had made representations on the same issue. Our understanding is
that the power of Ms Fiddimore’s personal case was the catalyst for the policy
change.

It should be noted that consumers can assist in prevention policy too. An
instructive case is the late Clare Oliver [22], whose diagnosis with metastatic
melanoma drove major policy change across all Australian jurisdictions on the
regulation of sunbed (solarium) use. Cancer Council had long-held a core policy
position on solarium regulation, but was unable to engage middle-ranking public
servants on the issue. (Regulation was considered too complex, too niche; too
difficult to enforce.) After Ms Oliver’s story broke, the then Prime Minister John
Howard stepped into say his government would lead a federal response to the
problem. From 1 January 2016, commercial solariums were banned in all
Australian jurisdictions except the Northern Territory (a tropical area with no
commercial sunbeds). Cancer Council remains grateful to Clare and her family for
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taking a public position at a time of extraordinary duress and emotional distress
which, by degrees, led to the eradication of commercial sunbeds in Australia.

A key to the success of these two examples was the integration of an extraor-
dinarily powerful personal story with a well-developed public policy recommen-
dation to get an outcome.

11.4.7 Non-government-Organisations

Non-government organisations by definition are a key to independent advocacy.
Their level of independence, or how it is perceived, can however vary. Some
industry associations will present as peak bodies but their priority may be the
interests of their members, rather than the community. Even well-established
medical professional groups, such as the Australian Medical Association (AMA), at
times will be seen by government as acting out of member interests. The AMA has
a good record of advocating for improved public health policy and is seen by
Australian parliamentarians as a powerful advocacy group. However, as a profes-
sional body funded by member subscriptions, a perception of self-interest remains,
whether fair or unfair.

Not-for-profit groups with recognised charitable status, on the other hand, are
often perceived by government policy makers as prioritising the interests of their
community stakeholders only. A problem with not-for-profit groups with a single
disease focus can be that they are seen as “in competition” with other disease
groups. This presents challenges, but also opportunities for collaboration that cut to
the theme of this book. There is a case for single disease organisations to apply the
(modest) collaboration they have utilised in joint prevention advocacy to health
reform more broadly. In Australia, we are working towards this through alliances
such as the Australian Chronic Disease Prevention Alliance (currently chaired by
co-author Professor Aranda), which are exploring opportunities for collaboration
beyond primary prevention. Similar groups are also emerging in other countries.

From our experience there is also value in collaborating with professional groups
such as the AMA, while maintaining a separate level of independence and com-
munity focus as a charity organisation.

11.5 Examples of Effective Health Advocacy

Despite the lack of an accepted science, there are a growing number of agents who
claim to know how advocacy is done. The advent of the internet and social mar-
keting has facilitated new ways to advocate—including an unprecedented interest in
digital or social media campaigning. Experience, however, shows that health
advocacy is a specialised skill; technology and campaigning are only part of it.
Generating noise, being populist and making an impact can be easy—or irrelevant.
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(Check any snapshot of the week’s trending YouTube clips.) But driving
evidence-based, equitable and sustainable reform in health policy is seldom
achieved by making noise. It usually requires multiple and nuanced approaches—
sometimes as complex as a long-term multifaceted strategy; sometimes as simple as
picking up the phone and talking to the right person.

Working in government provides a unique perspective on how to advocate as a
non-government agent. Former government staff with policy and public affairs
backgrounds (either within government agencies or parliamentarians’ offices) are
particularly well-placed to provide strategic and tactical advice. Experienced
ex-government and ministerial staff have an understanding of the practicalities of
how policy is developed and implemented. Moreover, former government staffers
with public affairs experience have unique insights into what governments do to
avoid adopting policies proposed by advocates.

As we have seen, the healthcare professional can be a powerful health policy
advocate. That power will be better directed with the advice of a professional who
understands how policy is developed and how to drive change.

11.5.1 Advocacy Toolkit

There are a number of tools and techniques that can be useful within the 10-point
framework. As always, discretion, judgement and a detailed understanding of
processes and personalities should be applied to their use. The basic components of
an effective advocacy toolkit are as follows.

11.5.1.1 Evidence as a Tool

The evidence is not only a health advocate’s most valuable tool and a core principle
and enabler, it is also the most important lever, driver and justification for the cause.
It is the most powerful tool in the kit.

We have elsewhere emphasised the importance of evidence—it is fundamental
to mission and purpose. Different factors within an evidence base can also be
emphasised for varying purposes (more on that below). Moreover, as highlighted in
Sect. 11.4.2, professionals collecting the evidence can themselves be the most
powerful advocates—without even trying. This is a call to epidemiologists and
other researchers who might never see themselves as advocates, but whose work
could be the most powerful advocacy tool.

Sir Richard Doll and Sir Austin Bradford Hill are two of the best examples. In
the 1950s, Doll as medical epidemiologist and Hill as his statistician published the
then most convincing evidence of an association between tobacco and both cancer
and cardiovascular disease. Their research changed the world. Neither was an
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advocate; both were concerned that advocacy could compromise their impartiality
as scientists [23]. Through their research alone (and similar studies in the US) they
kick-started the global tobacco control movement. Their earliest studies did not
even estimate mortality burden, but disease incidence—and attracted howls of
scepticism from vested interests. Six decades later, the most robust
Australia-specific study showed that two in three long-term smokers in Australia
[24] would die of disease attributed to their smoking. The tobacco industry dared
not question the findings.

Doll went on to be described as history’s greatest epidemiologist and, arguably,
Britain’s most distinguished doctor. He is also an interesting study in how the “real
doctor” is perceived. Some obituaries described him as the archetypal conservative
Christian gentleman, yet he was a socialist and an atheist [25]. If the perception
helps you to engage with a particular audience, go with it.

Applying the evidence to purpose
Evidence of mortality benefit is usually held up as the benchmark for driving

health policy reform. There are, however, opportunities to apply different evidence
for different purposes. For example, you might need a headline (see following) to
take your agenda forward. If so, the big magic number might be useful. (As per box
1, our “70,000” lives saved from bowel cancer screening [26] is an example.)

Other big numbers, such as the Collins and Lapsley studies on the economic
costs of tobacco and alcohol use [27], can also generate news and interest. It is
important, however, to apply different data for different audiences. This might seem
obvious, but emphasising dollar values weighted to disability adjusted life years
(DALYs) for Treasury officials can miss the mark. Treasury economists seldom
look at “dollarized” DALYs. At budget time, net revenue and expenditure in a
timeframe of fewer than four years is the usual obsession. If your returns on
investment take a long time to accrue, they need to be big. And they will be more
compelling if they flow back into the budget that provides the outlay. Studies that
show overall community costs for disease burden, inflated by myriad indirect
expenses, won’t turn the head of a Treasury official.

There will be other opportunities to match data with tactics. Some
policy-makers, or influencers, take a particular interest in child health, indigenous
health or some other specific area. Do your homework and find the most compelling
data to fit your purpose—provided you stick within an evidence-based framework.

11.5.1.2 Media

Media and health advocacy go hand-in-hand. But they require high-level expertise
and local intelligence to work effectively and without risk. Governments spend
substantial taxpayer funds on media monitoring. It is an effective way for gov-
ernments to gauge how their policy agenda plays out in the electorate and com-
plements targeted party-political surveys and news-media polling. If your story
plays well in media it will reach the attention of policy-makers. Timing and
judgement are crucial.
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It is also important to avoid being adversarial (in most cases). There are ways to
apply pressure on governments though media without compromising valuable
relationships. Finding third-party spokespeople, briefing trusted journalists without
publicly involving your own organisation and leveraging relationships with local
communities are among the recommended techniques. Rural and regional media
can be particularly useful. Although audience numbers are lower in regional areas,
local issues often gain prominence and local MPs take a strong interest in the media
outlets that target “their” communities. Regional MPs can also be tactically valu-
able in getting national outcomes.

A media plan should be part of any coordinated advocacy strategy. If this is
beyond your capacity, consider engaging with a not-for-profit organisation that
supports your agenda.

11.5.1.3 Government Processes

Democratic governments share a number of conventions, practices and mechanisms
to engage with their communities. Public consultations, parliamentary processes;
budget and election cycles; questions on notice, speeches drafted for supportive
MPs to read on your behalf in the parliament—there are a number of avenues to
engage in the democratic process and to push a policy agenda along from outside
government.

Even a letter to an MP can help. A well-crafted formal letter from an individual,
or a number of individuals making similarly articulate representations, can have
more impact that an online petition. MPs’ advisers know how easy it is to generate a
lot of noise with digital technology and social media; they know that this noise
seldom reflects genuine voter intention. Data on voter intention is patchy and varies
in different countries, depending on parliamentary and voting systems. In Australia,
the most consistent driver of voter intention in recent decades has been the
“time-for-change” factor. Between 1975 and 2016, government in Australia at the
federal level only changed hands five times. The chances of your policy agenda
being a voter issue are low. No one is going to “storm the bastille” over a rec-
ommended increase in tobacco tax or the expansion of a screening program’s age
cohort. Delude yourself into thinking you are part of a sweeping movement for
change and you may miss opportunities to push for targeted reforms through direct
engagement with policy makers.

Relationships (see following) with MPs, guided by experts in political advocacy,
are essential for navigating these processes. MP support is vital. But extreme
caution is required. A naïve or poorly timed public push can wedge an MP into
going on record to rule out your proposal. If they do that, and there is no backlash,
your reform agenda can be lost. Likewise, engaging with the “wrong” MP to
support your cause can compromise your case. There is extraordinary vindictive-
ness in politics. “We are not supporting anything that he is backing …” Statements
like this are often heard in minister’s offices. Likewise, governments may be
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reluctant to “follow” oppositions into supporting a policy. You need good intel and
relationships to get the detail right on these matters.

11.5.1.4 Relationships

Nothing ever occurs in a parliamentary democracy without the support of indi-
viduals in government. Effective parliamentary advocates exist inside and outside a
minister’s office. However, sooner or later your proposal will have to go to the
relevant minister. Leaving aside ideological barriers, most ministers want to support
their stakeholders and only say no because of budget constraints and the demands
of managing multiple stakeholders. They are seldom the enemy.

Sooner or later your proposal will also go to the relevant government depart-
ment. Ministers seldom do anything without advice from the people they pay to
provide it. Even if a minister adopts your policy proposal from opposition, they will
obtain departmental advice once in government. So it is important to have good
relationships with professional public servants. If you or your organisation are well
regarded by ministers, they will usually be comfortable with you engaging their
departmental staff. Respect the officials. And remember, if your proposal is
markedly out of step with departmental advice, it is unlikely to get up.

There might be times when you go to a higher level—e.g. the office of a prime
minister. This can be effective; it can also fail badly. “Pulling rank” can close the
door to future engagement with portfolio ministers and officials. Trusting rela-
tionships and good advice can help you to make a judgement call on these
opportunities.

11.5.1.5 Toolkit Checklist

Items for inclusion in your advocacy toolkit might include:

• Lists of fast facts for a range of uses
• A clear statement of message (the elevator pitch)
• Published evidence specific to your policy agenda
• Pre-prepared proactive and reactive media statements and “grabs”
• Lists of important journalists and their contact details
• Lists of policy makers and areas of interest regarding your policy agenda
• Lists of potential supporters and allies
• Who’s who in the parliament
• List of opponents
• List of key dates—e.g. elections, parliamentary sittings, budget timetable
• A learning list—what you did, when and why, and what you learned.
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11.6 Summary

So what does all this mean for advancing healthcare policy to improve outcomes in
the management of cancer and other chronic conditions? The principles and tech-
niques articulated here should provide general guidance.

From experience, the policy and advocacy agenda on cancer and other chronic
conditions has been most effective in disease prevention—taking forward a joint
platform on reducing exposure to shared risk factors. While this has been chal-
lenged by vested commercial interests (e.g. tobacco, alcohol, unhealthy food) it has
been easier to capture a collective position and collaborate on strategy. The global
tobacco control agenda, for example, was driven to a large extent by cancer and
cardiovascular disease groups, often working together. This approach has since
extended to obesity and alcohol policy and involves other disease groups in mul-
tiple alliances, local and global.

But what about clinical and supportive care for people with multiple morbidi-
ties? These are challenges faced by the target audience for this book. Doctors,
nurses, allied health workers, researchers, consumers and policy experts will need
to find new ways to collaborate in order to drive an evidence-based policy agenda
particularly when policy extends across state and federal domains and public and
private settings. Collecting and synthesising that evidence and putting it into a
framework that prioritises the points in Sect. 11.4.1 (feasibility, cost-effectiveness
etc.) may facilitate a higher level of interdisciplinary collaboration than we have
seen in independent healthcare reform. Now is the time to develop new networks.

A chronic disease policy agenda will also require healthcare professionals to step
away from any perception of self-interest. Anyone working in health policy with a
detailed understanding of how billing systems and health financing policies have
been developed will be aware of examples where decisions were made on the basis
of political pressure, not evidence, leading to overall higher healthcare costs and
continued medical stranglehold on reimbursement systems. As a healthcare com-
munity, we will only be able to meet the challenges of cancer and chronic disease
through a rigorous, evidence- and equity-driven approach to policy and advocacy
that takes account of the changing shape of care delivery and the roles of many
players. Supporting the interests of an individual professional group may yield a
short-term win but compromise the long game. The first priority is to develop the
evidence base, working down from mortality and morbidity benefit through to
cost-effectiveness (for the taxpayer).

Leaving aside self-interest, observation also shows an inherent scientific disci-
pline bias among professional groups. This is understandable when hardworking
professionals spend countless hours immersed in a particular field of healthcare and
see firsthand the benefits and lost opportunities. But a clear view of the big picture
is necessary for the best outcomes.

There are also times when enthusiasm for a new intervention can get ahead of
the evidence. The example of Herceptin in breast cancer treatment in Australia is
instructive. It has been suggested that media pressure, rather than scientific rigour,
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forced early decisions on subsidisation in Australia [28]. (Subsidy arrangements
were adjusted after the initial product listing.) By all accounts, the push was
well-intentioned, but leveraging media and emotion in ways that go beyond the
evidence is ethically questionable, can lead to unintended harms and can make
government officials overly guarded against future claims.

One of the great strengths of the disease-prevention advocacy agenda is that it is
free of perceived professional interest. No one ostensibly makes money from
keeping people well. Yet everyone does. A population with increased life expec-
tancy, life quality and reduced dependence on drugs like statins (economically
disastrous in Australia) provides business opportunities for everyone, especially
healthcare professionals. Greater equity in healthcare access is the key. This is
critical in view of evidence showing the cyclical nature of health outcomes and
prosperity. The principle of equity, and the evidence that underpins it, should be the
driving force of independent advocacy.

The collection and publication of new evidence will be pivotal to a new col-
laborative agenda in managing cancer and chronic conditions. In our view, greater
collaboration among health groups and individuals, and the application of advocacy
principles and techniques that work, could be the drivers of effective reform.
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Chapter 12
Research Considerations in Patients
with Cancer and Comorbidity

Marjan van den Akker, Laura Deckx, Rein Vos and Christiane Muth

Abstract Research in patients with cancer and comorbidity poses methodological
challenges due to heterogeneous study populations, difficulties with recruitment and
a variety of relevant outcome measures. This chapter discusses methodological
choices regarding study design to ensure best fit with the research questions
regarding cancer and comorbidity, the most appropriate study populations and
potential strategies to recruit patients, the availability and fit of data sources,
methods to measure comorbidity, and relevant outcomes and strategies for statis-
tical analyses with a particular focus on the handling of longitudinal data.
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Key Points

• Similarly to other areas of research, choosing a study design should be primarily
guided by the research question one aims to answer (e.g. to describe a problem
or to reject a hypothesis) taking into account the pros and cons of the design
(such as the influence of recall bias and selection bias).

• Cancer patients with comorbidity form an older and very heterogeneous study
population and their recruitment is a major challenge. Strategies to improve
recruitment come at considerable costs, because they require a substantial
increase in time and efforts.

• There is no single comorbidity measure available that satisfies all needs.
A measure should be selected taking into account the research question, the
available data sources, and the context of the study (e.g. community setting,
nursing home, hospital).

• Statistical analyses of studies involving cancer patients with comorbidity should
take into account the skewedness and non-normality of data, dependence
between longitudinal clinical data and cancer related outcomes, competing
causes of death and individual illness trajectories.

12.1 Introduction

Comorbidity of cancer—the co-occurrence of cancer with one or more diseases
within one person—is a phenomenon with consequences for the patient, his or her
family and friends, the health care system and society at large. Similarly, clinical
research in this patient population is associated with complex methodological
considerations and decisions.

In a primary care based study Deckx et al. [1] reported that only 22 % of newly
diagnosed cancer patients did not have any co-occurring chronic disease; the vast
majority were suffering from diabetes, lipid disorders, ischemic heart disease,
myocardial infarction, and/or chronic obstructive pulmonary disease (COPD). In
addition to comorbidities present pre cancer diagnosis, Deckx et al. also found that
in the period following a cancer diagnosis other new chronic diseases develop,
sometimes as a result of cancer and/or its treatment (e.g. thrombosis), but overall in
a similar pattern to people from a similar age without a cancer diagnosis. Other
studies report slightly higher occurrence of comorbidity in cancer patients [2, 3], or
report an increased incidence of specific disease, for example deep venous
thrombosis [1, 4]. The presence of co-occurring conditions in cancer patients
increases patients’ complexity at many levels. Interactions between diseases and
their treatments may attenuate benefits and increase harms of any kind of diagnostic
or therapeutic intervention. Patients may be overwhelmed by treatment burden
resulting from multiple disorders and prioritization is needed. Therefore, a
single-disease perspective on cancer falls short when managing real world patients.
Research in this patient population has to take into account these clinical necessities
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but major challenges arise from this approach. In the following paragraphs we will
focus on challenges related to research in cancer and comorbidity and some
strategies to address these challenges will be provided.

Below, we summarize the key considerations that inform research in this field.

1. Comorbidity and multimorbidity are related but distinct concepts (see also
Chap. 1). Comorbidity is the presence of other chronic diseases in addition to
cancer; hence the index disease is cancer. Multimorbidity on the other hand does
not focus on an index disease but looks at the co-occurrence of multiple diseases
and conditions as a whole. Both concepts are helpful in research (and practice)
and should not be used interchangeably. For example, life expectancy of
patients with chronic heart failure is comparable to that of patients with colon,
prostate and breast cancer [5, 6]. Depending on the research question the con-
dition identified as the index disease may vary (heart failure with comorbid
cancer or cancer with comorbid heart failure) or should not follow a
pre-specified hierarchy at all. The choice of the appropriate concept—comor-
bidity or multimorbidity—provides a framework for the study and its further
operationalization supports the selection of outcome measures and procedures to
control for potential confounders.
Many research considerations for comorbidity and multimorbidity are similar,
given the overlap between both concepts. However, because this chapter focuses
on research challenges in patients with cancer and chronic diseases, we will
predominantly use the term ‘comorbidity’. We will only use the term ‘multi-
morbidity’ if the studies that are being discussed clearly focus on multimorbidity.

2. The choice of the appropriate study design is of crucial importance. Although,
the randomized controlled trial (RCT) design is the experimental gold standard
in intervention research, it is often not possible to test the effectiveness of
interventions such as a drug treatment in varying patterns of multimorbidity in
cancer patients. RCTs may be conducted for the most important
cancer-comorbidity combinations and observational studies may generate fur-
ther evidence whether an intervention has comparable or attenuated benefits in
cancer patients with and without comorbidity. Further, observational study
designs are helpful to estimate harm in patients with cancer and comorbidity,
e.g. arising from drug-disease and drug-drug interactions.

3. Older and more vulnerable patients will have to be included in the study
population to take comorbidity into account. This population has been gener-
ally excluded from randomized controlled trials [7], and in many other aspects
of cancer research [8, 9]. Although, more research in this population is needed,
research including an older and sicker population raises important method-
ological and ethical challenges relating to recruitment, survival of the fittest, and
hence requires special attention of researchers in this area.

4. Research in comorbidity of cancer cannot be limited to studies collecting pri-
mary data, given the enormous research needs and complexity. Other available
data sources collected for different purposes (e.g. claims data), data from
registries or research practice networks come to play. However, the use of these
data is frequently hampered by their variable validity and difficulties arising
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from combining different data sources. Combining available data sources with
additionally collected primary data may be preferable, but might not always be
feasible.

5. Comorbidity operationalization and measurement is needed to describe the
morbidity of the included population, to adjust for confounding, and to be
applied as an outcome in itself. With more than 10,000 known diseases the
number of potential combinations is vast. However, existing measures reflect
some ongoing discussion about definitions resulting in a multiplicity of opera-
tionalizations and instruments. Also, some of these instruments have been
developed and validated in certain populations and are applied in others. Their
use may be further complicated by limitations of available data sources.

6. The choice of appropriate outcome measures may be difficult and has to go
beyond the classical “hard outcomes”, such as survival and hospitalization. In
particular in older patients with cancer and comorbidity, quality of life often
outweighs length of survival [10]. In patient-centered care, the ultimate outcome
measure would include those preferred by the patients. However, goal attain-
ment scaling instruments have been restricted to rehabilitation medicine and
have been rarely applied in cancer until now [11, 12]. Appropriate (age-adapted)
measures of health related quality of life and functionality—including all
domains of social, cognitive, mental, and physical functioning—should be
applied to provide evidence to support decisions for or against certain treatments
adequately. The choice of outcomes may also be challenging in epidemiological
studies where research on the relationship between cancer, comorbidity, and
other potential determinants goes beyond mere correlation.

7. Statistical analyses in cancer research in general are not trivial, as they should
often include time-dependent analyses to take into consideration that neoplasms
have their specific natural course and that treatment at times is highly toxic.
Often, cancer status is unclear, disease may be progressive despite aggressive
treatment, and patients may develop serious toxicity as a consequence of the
treatment. This has led to the development of oncology-specific outcomes such
as disease free survival, prediction of toxicity, and tolerance to treatment, which
may not reflect the interaction with comorbidity. Interferences from comorbidity
or multimorbidity enhance the complexity of the statistical models and may
hamper the transparency of analyses as well as the interpretation of the results.

Box 1: Research challenges in studying the comorbidity of cancer

• Study design
• Study population
• Data sources
• Measures and operationalization of comorbidity
• Outcomes
• Statistical analyses of longitudinal data.
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12.2 Study Design—Design to Fit the Question

The choice of the appropriate study design is of crucial importance. The random-
ized controlled design is the gold standard when it comes to testing the effectiveness
of an intervention. However, the possible combinations of cancer and different
comorbid diseases are endless, which pushes us to explore other avenues.
Generally, study designs can be subdivided in descriptive studies versus analytic
studies, although there may be some overlap between both as well (see Fig. 12.1).

Descriptive studies generally focus on describing the characteristics of a study
population, i.e. the population of patients with cancer. The aim is to provide a
picture of what is happening in a population, for example the prevalence and
incidence of comorbidity in a population of cancer patients. This information is
often gathered using cross-sectional observational studies (e.g. population surveys).
Descriptive studies can also include qualitative studies. Qualitative studies gener-
ally aim to understand the experience of a certain problem. For example, a quali-
tative study design can be used to understand the impact of comorbidity on daily
life in cancer patients or the impact of comorbidity on top of cancer [13]. They can
also be used to understand the views of primary care physicians in the management
of comorbidity in cancer patients, since primary care physicians are seen as experts
in dealing with multimorbidity [14]. Other applications of a qualitative study
designs are to generate hypotheses or to provide in-depth understanding of quan-
titative studies. For example, a qualitative study design can be used as part of a
process evaluation of a new model of care that especially targets cancer patients
with extra needs, such as other chronic health problems.

Analytic studies generally attempt to quantify a relationship between two or
more factors. For example, analytic designs can be used to quantify the relation

Fig. 12.1 Study designs. Source [16]: adapted from http://www.cebm.net/study-designs/
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between comorbidity in cancer patients and different outcomes, such as treatment
toxicity, disease-free survival, and overall survival. The best-known analytical
study design is the randomized controlled trial, which is designed to test the effect
of an intervention. In this respect, the effect of a new drug can be tested in the
presence of comorbidity (e.g. compare a treatment group with and without
comorbidity to standard care). These studies are often referred to as trials or
experimental designs. Another type of analytic study design is the observational
study. This includes cohort studies, and case control studies, and they are often used
to evaluate the effect of an exposure on an outcome, for example, to investigate the
effect of comorbidity (exposure) on cancer survival (outcome). However, there
might be some overlap between descriptive and analytic study designs as well.
Cross-sectional studies can be both descriptive and analytic. A population survey
can be used to describe the prevalence of comorbidity in cancer patients (e.g.
describe prevalence of comorbidity across different types of cancer and stage at
diagnosis). However, it can also be used to analyze the relationship between two
factors or groups (e.g. quantify the relation between presence or absence of
comorbidity and cancer stage at diagnosis).

Depending on the research question one aims to answer, a descriptive or more
analytic design might be more appropriate. Below we will discuss some examples
of different study designs that were used to study cancer and comorbidity. This is
not a comprehensive overview of study design. For such an overview we refer to
one of the many epidemiological handbooks, like the one from Rothman et al. [15].

As a first example, we will discuss the cross-sectional study design, which can
be both descriptive and analytic. Using a Medicare Health Outcomes Survey, Smith
et al. [2] illustrated the prevalence of the most common comorbid conditions in
cancer patients. The sample of cancer patients that participated had a mean age of
75 years and 48 % of them were female. For this sample, they showed that 54 % of
cancer patients had hypertension, 17 % had diabetes, and 10 % has had a
myocardial infarction. These findings are descriptive. However, because this survey
also included patients without cancer, Smith et al. were also able to analyze the
prevalence of comorbid conditions in patients with and without cancer. They found
that the prevalence of comorbid conditions was higher in cancer patients compared
to patients without cancer (e.g. the prevalence of diabetes was 17 % in cancer
patients compared to 16 % in patients without cancer, p < 0.0001) [2]. These
findings are analytic. Unfortunately, a cross-sectional survey study-design has some
limitations as well; it is based on self-reports, which makes it susceptible to
recall-bias and its cross-sectional nature only enables one to show an association
between two factors, not a direction of effect or causality. For example, Smith et al.
showed the prevalence of comorbid conditions, however, they were not able to
determine whether cancer patients are more likely to develop comorbid conditions
after their diagnosis and treatment.

A cohort study on the other hand can provide an answer to this question. Cohort
studies follow a group of persons forward in time from an exposure (e.g. diagnosis
of cancer) to one or more outcomes (e.g. new chronic conditions). Deckx et al. [1]
used a cohort study to assess the incidence of new comorbid conditions in cancer
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patients compared to patients without cancer, using data from a large primary care
based cohort study. This cohort study includes approximately 135,000 people,
participants are registered with a general practitioner (GP), and all their relevant
health problems are recorded continuously in time. All patients with cancer were
selected from this cohort and the incidence of new comorbid conditions—after the
diagnosis of cancer—was assessed and compared to the patients without a diagnosis
of cancer. They found that the incidence of new comorbid conditions was largely
similar for patients with and without cancer. Although a cohort study is the best
design to study the incidence and natural history of a problem, the disadvantages of
this design are that it is very time-consuming and labor-intensive, it relies strongly
on long-term and substantial commitments of the participants, and it is not feasible
in rare disorders.

Case-control studies are much more efficient from this perspective. In
case-control studies, patients with and without a disease (e.g. cancer) are recruited
and information on the exposure is then gathered retrospectively (e.g. evaluate
exposure to cigarettes in patients with and without lung cancer). For example, Hang
et al. [17] conducted a large case-control study to investigate the effects of lifestyle
factors and comorbidities on the risk for colorectal cancer. They recruited 1144
patients who were diagnosed with colorectal cancer and 60,549 community con-
trols. Both groups were interviewed using structured questionnaires that included
questions on comorbidity history and lifestyle factors. They found that four
comorbid conditions (diabetes, hyperlipidemia, inflammatory bowel disease and
polyps) and some lifestyle factors (e.g. reduced physical activity and eating red
meat) were associated with an increased risk for colorectal cancer. Nevertheless,
case-control studies have some limitations as well. For example, case-controls
studies are prone to recall bias; patients with the disease are more (or less) likely to
remember exposure compared to people without the disease. Also the selection of
an appropriate control group might be difficult (selection bias); it is important that
patients and controls are similar in all factors that could influence the relationship
under study (e.g. selection of controls could have been inappropriate if they were
generally younger and therefore had less or less severe comorbid conditions).

The latter is not an issue in a randomized controlled trial design. The random
allocation of participants to the treatment or the placebo group should ensure that
the two groups are balanced in terms of confounding factors (e.g. age and comorbid
conditions are balanced across both groups). Klepin et al. [18] reported the results
of a randomized controlled trial that focused on the influence of age and comor-
bidity. In the parent trial, women aged 65 years or older with stages I–III breast
cancer were randomly allocated to standard adjuvant chemotherapy or capecitabine
[19]. They found that women who were treated with standard chemotherapy had a
lower risk of breast cancer recurrence and death than those treated with capecita-
bine. In the companion study it was explored if women with a greater number of
comorbid conditions would experience more treatment toxicity during adjuvant
chemotherapy, if they would have a shorter time to relapse, and reduced overall
survival. It was shown that self-reported comorbidity was not associated with
toxicity, or breast cancer relapse, regardless of treatment (standard/capecitabine).
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However, having four or more comorbid conditions was associated with shorter
overall survival. Although this study was based on a randomized controlled trial
design—which is considered to be the gold standard for clinical trials—even this
study was not without limitations. For example, the authors acknowledged that the
analyses were restricted to a selected population of women healthy enough to
receive chemotherapy, which might contribute to a lower comorbidity burden at
baseline. In unselected real world patients, some adjustments of chemotherapy
regimen may be necessary to reduce toxicity. Here, an additional observational
cohort study might provide insight in the treatment outcomes of women who are not
fit enough to receive standard regimen.

In conclusion, no study design is perfect. Choosing a study design should be
primarily guided by the research question one aims to answer, taking into account
the pros and cons of the design.

12.3 Study Population—Tensions Between Homogeneity,
Reproducibility and Recruitment

In studies evaluating an intervention, like randomized controlled trials, homoge-
neous study populations are often recruited, to enable more specific effect estimates
and narrower confidence intervals. Historically, older patients have been under-
represented in clinical trials, as have been patients with (severe) comorbidity [7].
This is also true for trials evaluating cancer treatments [8, 9]. This approach,
however, comes at the cost of a decreased possibility to generalize study results. As
a result, there is a serious lack of information on both the efficacy and the effec-
tiveness of cancer treatment in patients with comorbidity, as well as a lack of
information regarding safety and adverse events of cancer treatment in this popu-
lation. But also, other questions regarding burden of treatment, quality of survival,
and acceptability of treatment in a vulnerable (older) population of cancer patients
with comorbidity remain largely unanswered.

Trying to find answers to important research questions relating to the effec-
tiveness of treatment, safety, and acceptability of treatment in more heterogeneous
study populations is often jeopardized by the difficult recruitment of cancer
patients with comorbidity. This has been identified as a major challenge in research
with older cancer patients [20, 21]. Low inclusion rates have been attributed to
limited physical and cognitive capacity of the patient, and insufficient awareness of
the study by the treating physicians [21]. From the patients’ perspective, barriers to
participation included feeling too anxious (40 %) or being not interested (25 %)
[22]. In this respect, it is important to carefully plan the moment of recruitment, e.g.
after the treatment plan is explained to the patient, when the first wave of anxiety
has decreased. A number of other strategies have been recommended to help
overcome age- and health-related barriers to participation [21–23]:
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• Providing information about the study in a written form, but always ensuring it
is explained face-to-face as well

• Including family members in the recruitment process; often they are concerned
about the burden it will place on the patient

• Informing and regularly reminding the entire hospital staff of the study
• Researchers being present in the clinics as much as possible to reinforce the

reminders when the physicians see their patients
• Performing data collection face-to-face while the patient is hospitalized, during

ambulatory care, or at home visits, ensuring no extra burden for the patients. If
this is not feasible, ensure at least one face-to-face contact at the start of the
study, so that the patient knows who is going to call them

• Keeping the length of the interview acceptable (less than one hour)
• Being flexible to reschedule interviews if the patient is not feeling well or if

hospital appointments are postponed
• Using the same interviewer as much as possible, also for follow-up data

collection
• Only providing a self-administered questionnaire if it is agreed with the patient

that this is feasible.

Unfortunately, these strategies require considerable time and effort, which makes
these types of studies even more expensive [21, 22].

12.4 Data Sources—Overcoming Silos

Although older people with comorbid conditions have been underrepresented in
clinical cancer trials [8, 9], it is virtually impossible to do all cancer trials again
given the heterogeneity of the population. Countless combinations of age cohorts
with different combinations of comorbidity types and stages of cancer are possible.
Therefore, the necessity arises to broaden the scope of research in comorbidity of
cancer beyond studies collecting mere primary data.

Other available data sources collected for different purposes come to play as
well. Information on diseases and other relevant measures can be collected using
different methods and different resources, each with their own strengths and
limitations.

1. Patient self-reported. Methods to collect data directly from the patients are
written or digital questionnaires, telephone or face-to-face interviews, using
either closed or open-ended questions. This method of data collection is gath-
ering information directly from the person under study, but the validity of
information has to be taken into account. For clearly defined and more serious
diseases, such as diabetes, myocardial infarction and also cancer, patient
self-reports have high levels of agreement compared to physician-registered
morbidity. However, for other diseases like rheumatoid arthritis, migraine, and
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chronic back problems, the agreement between patients and primary care
physicians is limited [24]. This general problem may arise from the distinct
representation of medical problems in patients and health professionals:
physicians’ representation is mostly (data) driven, by biomedical knowledge
underlying the disease (disease model), whereas patients’ representation is
frequently based on narrative structures, the social and moral meaning attached
to the dysfunction of the body which involves the disruption of the patient’s
normal life (illness model) [25, 26]. Patients with cancer might overestimate or
underestimate the presence of other diseases unconsciously, because of pre-
sumed associations between cancer and e.g. cardiovascular disease or certain life
styles. Also, mental illness might cause patients to be more prone to recall or
reporter bias than other somatic disease, due to cognitive or emotional dys-
function, experiences of taboo, shame or social desirability. Also, the accuracy
of recall may be an important source of bias, depending on the time frame and
subject and should be considered in the selection of data sources, the choice of
measurement and the interpretation of results.

2. Clinician reported, usually written/digital. Clinical reports are likely to be
accurate about treatments and issues related to the condition of interest, but
clinicians may not be aware of, or may under-report, other health issues [27].

3. Electronic medical records are valuable data sources and are often considered
‘gold standard’. A major advantage of medical records is that they are a good
representation of daily practice, assuming that physicians keep written or digital
track of their patient population. In case of longitudinal studies covering a large
time-window, retrospective information going back into the 20th century might
be less comprehensive, but increasingly electronic patient records are the norm
and minimal data sets are increasingly required, also for refunding purposes. An
important pitfall of medical records is that the quality of documentation may
vary and that the information included is often strongly related to the reason for
encounter. Further, the primary consideration of medical specialists is naturally
related to the subjects of their discipline, whereas documentation of information
on conditions that are out of scope might be lacking. In some countries, such as
the UK and the Netherlands, where the general practitioner acts as a gate keeper
in health care, the use of medical records from general practice might therefore
provide the most comprehensive medical information.

4. Research practice networks are increasingly common. In various Western
countries, like the Netherlands, Belgium and the UK, where the vast majority of
individuals are registered with a single general practice, registration networks
continuously collect data about routine consultations such as the General
Practice Research Database in UK. Data are extracted directly from the clinical
record utilizing a combination of clinical codes and free text comments. Their
strengths include large population sizes, longitudinal follow up, and cost
avoiding the need to contact patients directly [28–31]. In some registration
networks, hybrid data from medical records and annual questionnaires for
research purposes are collected such as the Study into Medical Information and
Lifestyle (SMILE) in Eindhoven attached to the Maastricht University [32].
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5. Cancer registries or extensive cohorts of patients diagnosed with cancer are
available and often contain sufficient medical information to analyze the influ-
ence of comorbidity on cancer related outcomes [33, 34] and can be linked to
hospitalization data [35] but facilities may vary widely between countries. Some
cohorts specifically focus on other domains, such as sociodemographic and
psychosocial evolutions [36]. Taking into account privacy legislation, possi-
bilities to link databases are increasingly common [37] sometimes even
encompassing several databases [38].

6. Administrative databases, such as claims data from health care insurers usu-
ally cover large numbers of patients and contain very structured information.
These databases are convenient for surveillance of survival and mortality [39],
morbidity [40], recurrence rates [41], and treatment effects [42]. The main
limitation of this type of databases is the lack of clinical, lifestyle and demo-
graphic data [42]. Also, it is recognized that routinely collected databases may
underestimate the prevalence and incidence of comorbidity, because databases
were not originally designed for research purposes and may suffer from
incomplete coding, especially in the earlier years [37]. Additionally, information
collected for reimbursement purposes may be distorted—in particular, where
financial incentives may have unintended consequences such as fraudulence
coding [43].

Given the enormous resources and costs which are spent to collect primary data
and given the pitfalls in data documented for other than research purposes, activities
to provide and share data sets of completed studies for secondary analyses should
be a core research consideration in patients with cancer and chronic comorbidity
[44]. Patients with comorbidity are frequently (but not always) excluded in cancer
trials and under-reporting of comorbidity may pretend a distorted picture that no
evidence is available for this patient group. However, individual patient data
meta-analyses in large data sets may identify subgroups of sufficient sample size to
answer questions of comparative effectiveness and harms in patients with cancer
and high prevalent comorbidity, such as cardiovascular disease. Similarly, data
exchange between cancer registries or administrative data bases may support
research in patients with cancer and comorbidity of low prevalence in future but
safety concerns of patients and stakeholders as well as technical challenges of the
connection of data bases differing in structure have to be overcome [45–47].

12.5 Measures of Comorbidity—From Simple Count
to Cancer Specific Index

There are many comorbidity measures available, developed for different purposes,
each with their own flaws and benefits. Some list diseases separately, with or
without weighing of the diseases, some present aggregate measures, and in the case
of comorbidity of cancer many studies describe specific combinations (i.e. cancer
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plus specific chronic condition). Conditions taken into account in an index may be
psychological or somatic, complaints or diagnoses, chronic or acute, including or
excluding social aspects and functional status. Finally, there are proxy based
indices, e.g. counting the number of chronic medications [48] or scoring of selected
patterns of prescriptions such as the Chronic Disease Score (CDS) [49].

In many observational studies comorbidity can act as a serious confounder.
When a large number of comorbid diseases may be relevant to take into account,
controlling for individual comorbid diseases may not be practical for method-
ological reasons, including loss of power. Furthermore, it may be more appropriate
to control for the overall burden of comorbidity, rather than the individual effect of
each comorbid disease. In their systematic review Yurkovich et al. [42] showed that
for specific applications (e.g. with cancer patients) often new indices were devel-
oped or existing indices were adapted for the use in specific patient groups.

Many different comorbidity indices have been validated for various outcomes,
most often mortality or hospitalization, but only few have been tested in a popu-
lation of (older) cancer patients. Lee et al. [34] evaluated the impact on management
and prediction of outcomes in patients with oral squamous cell carcinoma (OSCC)
using ECIS and CCIS. Mayr et al. [50] evaluated five comorbidity indices assessed
preoperatively in patients with bladder cancer, scheduled to have a radical cys-
tectomy. All five appeared to be predictive for cancer-independent mortality, but
none of them predicted cancer specific mortality, when adjusting for other relevant
characteristics (age, sex and cancer severity indicators).

Fröhner and Wirth [51] described the impact of comorbidity in patients with
early prostate cancer and suggested a classification of relevant comorbidity for this
patient group; comorbid diseases have prognostic and clinical relevance, i.e. be
associated with an increased mortality risk. Furthermore, in order to be clinically
relevant, these diseases should have a considerable impact on survival time and
should occur rather frequently. Also Briganti et al. [52] studied the survival of
patients with prostate cancer, taking into account type and severity of comorbidity.

Furthermore, definitions of comorbidity should both inform and reflect clinical
practice. This objective may be difficult to achieve when epidemiology oriented
definitions are less inclusive and aim at a limited set of clear-cut criteria. For
‘diseases’ with varying latency or a chronic course, developing a definition depends
on decisions regarding the phase to monitor—asymptomatic, early disease, late
disease—and the circumscription of the spectrum of morbidity [15]. Each of these
definitions as Rothman et al. argue, would measure different segments of the
population, each would have strengths and limitations, and each would require a
unique approach, data source and monitoring system.

Moreover, it is important to distinguish comorbidity from complications of
cancer. When complications are not considered separately, the total comorbidity
burden will be overestimated [53]. This distinction is, however, not always evident:
cancer and its treatments are well-recognized risk factors for venous thromboem-
bolism (VTE), but not all VTEs in cancer patients are due to cancer treatment [54].
This underlines the relevance to distinguish between general susceptibility and
disease related susceptibility/complications when analyzing comorbidity [55].
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There are a number of studies to describe the co-occurrence of diseases known
to share risk factors. Gottlieb et al. describe the prevalence of pulmonary
comorbidity among patients with lung and head and neck cancer [56]. Knowing
comorbidity that is pathophysiologically related to the index disease (such as COPD
and lung cancer) and optimizing the treatment of comorbid diseases could influence
interventions tested.

Below, some examples of indices and other measurements of comorbidity are
specified and commented:

The Charlson comorbidity index (CCI) [57] is probably the most commonly
used and cited comorbidity index. The National Cancer Institute comorbidity index
was developed as an adaptation of the CCI [58]. However, the validation of the CCI
was based on a relatively small cohort of general medical patients and was executed
nearly 30 years ago. The CCI includes conditions that may not have an impact on
survival among patients with cancer nowadays, because of substantial improve-
ments in management (e.g. peptic ulcer disease), and it does not incorporate some
that evidently have such impact (e.g. noncerebrovascular neurological conditions)
[40]. Another limitation of the CCI is that it does not take into account some
disorders that might affect prognosis or evolution of quality of life in cancer
patients, like Parkinsonism, blood transfusions, transplantations, thromboses, lung
embolisms, and angina pectoris [59]. Furthermore, Streiner and Norman [60] state
that for a valid comorbidity index inclusion of as many relevant items (diseases) as
possible, is more important than the weighting of individual conditions.

Also, cancer specific indices have been developed. The C3 Index [40] was
developed as a cancer specific index using data from over 14,000 cancer patients,
aiming to include all conditions that were likely to have an impact on functional
status or length of life among cancer patients. They include conditions from other
indices and conditions that were mentioned as relevant by clinical experts. The C3
index assesses the presence of 42 chronic conditions in five years previous to the
diagnosis of cancer. Conditions are weighted to their impact on non-cancer mor-
tality among cancer patients and then summed to arrive at an aggregated score. The
C3 Index outperformed the CCI for the combined cancer types. The C3 Index was
also used to evaluate of the impact of comorbidity on the stage of cancer at
diagnosis [35]. Results indicated that (1) the presence of comorbidity increased the
odds of a patient being diagnosed with distant metastases, (2) did not lead to earlier
diagnosis, and (3) increased the likelihood of a patient receiving no staging of
disease at diagnosis. The latter finding might be related to the fact that in case of
severe comorbidity and hence poor prognosis, the clinician might decide not to
extend diagnostics.

Guo et al. [61] assessed the prognostic value of the Adult Comorbidity
Evaluation-27 (ACE-27), which was also developed for patients with cancer, on
the course and prognosis of nasopharyngeal carcinoma. They found increasing
levels of accurateness in patients with higher stages of cancer.

Apart from prognostic indices which predict hospitalization or death, other
indices have been developed which differ in the selection of included diseases. For
example, prognostic indices usually include asymptomatic but prognosis limiting
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diseases, such as hypertension but frequently exclude diseases without a short-term
impact on mortality, such as osteoarthritis or mental illnesses other than dementia
[57]. On the other hand, osteoarthritis may have a severe impact on physical
functioning and mental illnesses on emotional or social well-being and all together
may significantly reduce quality of life. Therefore, indices to predict other outcomes
than mortality or health services utilization are needed. Recently, the health-related
quality of life comorbidity index (HRQL-CI) has been developed and validated by
Mukherjee et al. [62], using diseases that have the strongest association with
health-related quality of life. Furthermore, Lorem et al. developed a comorbidity
index named the health impact index, using self-rated health (SRH) as an outcome
[63].

Bender et al. [64] evaluated the presence of symptom clusters in patients who
have cancer as a comorbid disease to other chronic conditions. Their Comorbidity
Questionnaire is a self-reported measure based on the CCI and modeled to assess
conditions and symptoms.

The diversity of available measures reflects the fact that there is no single
measure which satisfies all needs. Depending on the available data sources and the
purpose for which the measure is intended, in research, comorbidity measure should
be careful selected. Moreover, indices are often context-dependent from the char-
acteristics of the population where they were derived from and underlie a change
over time due to improved survival in conditions, changed (drug) treatments, and
the overall demographic change. Therefore, indices such as the CDS have been
adapted to certain populations and over time [65, 66] and others, such as the CCI
may be outperformed by newer indices. However, it is increasingly popular to
develop prognostic models and caution is needed about their methodological
appropriateness in development and validation [67, 68].

12.6 Outcomes—Disease Related and Patient Related

The choice of appropriate outcome measures depends on a variety of factors, pri-
marily on the main research question, feasibility, and methodological issues, such
as study design and setting. Outcome measures shall be sensitive to changes, e.g. to
detect pre- and post-intervention differences. These general requirements meet a
number of challenges in patients with comorbidity such as confounding. Moreover,
certain comorbidity may preclude the application of outcome measures such as the
application of a questionnaire on cancer specific quality of life in patients with
cognitive dysfunction. Apart from methodological issues, the key question is about
the relevance of the outcome for patients. In patients with co- and multimorbidity,
health outcomes shift from disease-specific to generic and patient’s values often
swing from life expectancy to quality of life. Desired outcomes, such as symptom
relief, preservation of physical, mental, and social functioning, or disease preven-
tion are often of equal importance as the avoidance of undesired outcomes such as
nausea, drowsiness, dizziness, lethargy, or confusion [69–71]. Considering this,
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research should provide effect estimates on efficacy/effectiveness with respect to a
full range of holistic, cross-disease outcomes and should also provide sufficient
information on potential harms. This evidence would support weighing of potential
benefits and harms in decision making with patients with cancer and co-occurring
conditions.

Studies that focus on comorbidity as the outcome have often investigated the
association between cancer and susceptibility to subsequent comorbidity. In this
respect, cancer has been suggested as an indicator of aging, showing through an
increased susceptibility to comorbidity, also for young cancer survivors [72].
Studies that focus on comorbidity as a confounding factor generally focused on the
effect of comorbidity on treatment decisions (e.g. treatment choices and adherence
to clinical guidelines) and cancer-related outcomes (e.g. treatment tolerance, 5-year
survival) [73].

Survival/mortality. When analyzing mortality after a certain treatment,
comorbidity is an essential patient characteristic which has to be taken into account
[37]. Moreover, attention should be paid to different time windows and specific
comorbid conditions. Tovikkai et al. [37] showed changes in prevalence of
comorbid conditions dependent on the study era, but also showed different effects in
different time windows after liver transplantation, where chronic renal disease
tended to be related to a short term (first 90 days) increase of mortality, whereas
dementia seemed to be associated with an increased mortality after 5 years.

When different patient populations or clinical settings are considered the survival
probabilities may differ significantly between patients with apparently identical
levels of comorbidities [51].

Delay of the diagnosis of cancer/stage of cancer at diagnosis. Comorbidity
has an impact on cancer stage at diagnosis, but until now findings regarding this
subject are ambiguous, and there are explanations for both positive and negative
relations. People with comorbidity in general have an increased number of contacts
to health services, which may result in a so-called surveillance effect, leading to
earlier diagnosis. On the other hand, comorbidity may also distract both the
physician and the patient from early signs and symptoms of cancer, resulting in a
diagnostic delay [35]. In case of severe comorbidity that causes a serious limitation
of life expectancy, diagnostics do not always appear warranted. Finally, specific
conditions or their treatments can have a direct influence on cancer growth [74].
When further analyzing this, also other characteristics have to be taken into
account, because patients with more comorbid diseases are in general also older,
more often female, and tend to have lower socio-economic status. Also, when
relating summary measures of comorbidity to staging colorectal cancer at diagnosis,
results are conflicting [75].

Treatment decisions/prognosis/recurrence of cancer. Comorbidity can have
an important impact on the treatment decision making process for patients with
cancer [76], e.g. in the administration of radiotherapy and chemotherapy [77]. Even
though this is relevant and frequently applied in clinical practice, it is not common
practice in oncology research.
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Patient related outcome measures (PROMs). Of the PROMs, the most com-
monly applied are quality of life, functional status, and disease burden/treatment
burden [78]. Quality of life measurement tools can be divided into generic tools and
disease specific instruments. Generic quality of life tools can be used for all patient
groups, irrespective the absence of presence of e.g. cancer. An important advantage
of generic instruments is the generalizability of the results, allowing the comparison
of quality of life in patients with different diseases, or diseases in different stages.
Generic quality of life instruments usually cover multiple domains, possibly
including less relevant domains when applied to patients with cancer. At the same
time those general instruments are potentially lacking details on other relevant
domains, such as side effects of e.g. chemotherapy. A subgroup of the generic
quality of life instruments are the utility generating tools, to assess
cost-effectiveness from a societal perspective, expressed quality adjusted life years
(QALYs) [79]. Disease-specific quality of life measures contain domains relevant to
that disease. In oncology the most commonly applied disease-specific quality of life
tools are the EORTC QLQ-C30 [80] and the FACT-scale [81]. However, these
instruments have been mainly designed for patients with advanced disease stages
and may have limitations when applied to patients with localized disease [82]. For
use in patients with localized prostate cancer, Schmidt and co-workers identified
eight instruments, but only three out of eight instruments showed a good perfor-
mance regarding development process, metric properties, and administrative issues
[82]. To assist the selection of instruments, Valderas et al. developed a tool for the
standardized assessment of patient-reported outcomes (EMPRO) [83].

12.7 Statistical Analyses of Longitudinal Data

Statistical analysis of cancer research data encompasses an extensive spectrum of
methods and software tools for analysis and reporting. These methods and analyses
also apply to oncological studies encompassing comorbidity:

• Measures of cancer burden (incidence, prevalence, mortality, and survival);
• Therapeutic endpoints in the various phases of oncology clinical trials, from

phase I, phase II, up to phase III trials;
• Validation of biomarkers in diagnosis and prognosis of cancer;
• Overall and net survival, relative survival ratio, excess mortality hazard;
• Survival of cancer with the relative survival design, including cohort, complete,

period, and hybrid approaches;
• Methods of handling missing data and data quality; and
• Estimation of avoidable deaths and personal or population “cure”.

Examples of resources on cancer statistics include the National Cancer Institute’s
(NCI) overview of SEER tools (SEER stands for Surveillance, Epidemiology, and
End Results Program) [84] the International Agency for Research on Cancer
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(IARC) [85] and handbooks of statistics in oncology, such as Crowley and Hoering
[85]. These resources provide overview of and insight in the tools and methods to
analyze incidence, mortality, survival, prevalence, and other related cancer statis-
tics. If no follow-up data are available, linear and logistic regression analysis of
outcomes are standard techniques for describing the relationship between an
exposure variable and an outcome variable. Comorbidity can be used both as input
and output to such modelling, for which the reader is referred to the literature.

The emphasis here is on cancer and comorbidity from a longitudinal perspec-
tive. On the one hand, attention is paid to studies with the availability of short-term
and long-term follow-up information on cancer patients. On the other hand, when
cancer and comorbidities are considered from a chronic disease perspective, whence
there is a need to monitor the late effects of the disease and the treatment as well as
the potentially negative neurocognitive, somatic and psychosocial outcomes of
cancer survivors [86]. It is, perhaps, overstated to claim that statistics in oncology
research is more complex and time consuming compared to other therapeutic areas.
However, it is true that the analysis of longitudinal data, and especially survival
data (time to event), is inherently difficult. Nonetheless, taking cancer and
comorbidity into account significantly complicates statistical analyses through:

– Skewed and non-normal distributed data;
– Dependence between longitudinal clinical data and cancer outcomes;
– Competing causes of death;
– Different illness trajectories.

Skewed and non-normal distributed data: survival analysis is in many ways
like conventional statistical analyses: information is gathered on the outcome or
response variable on the one hand and covariates of interest on the other hand. It
differs, however, in a very intricate aspect: the event of interest may not occur for
each subject under study. Not all subjects will experience the outcome during the
course of observation, resulting in the absence of a time-to-event for that particular
individual. This situation is referred to as censoring in the analysis of survival data,
and a study subject for whom no time-to-event is available is called censored.
A typical situation is one in which a survival study has to end due to, for example,
time constraints or resource limitations. In this case, for subjects whose survival
events have not occurred at the end of the study, their survival times are not
observed exactly but are known to be greater than the end of the study end time i.e.,
they are right-censored. For subjects who have already had the event at the end of
the study, the time-to-event is known exactly. In essence, censoring implicates that
an observation on a survival time of interest is incomplete; the survival time is
observed only to fall into a certain range instead of being known exactly. Censored
data are different from missing data as censored observations still provide partial
information, whereas missing observations provide no information about the vari-
able of interest. Different types of censoring arise in practice, but the one that
receives most of the attention in the literature is right censoring [87].
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Censored data analysis requires special methods to compensate for the infor-
mation lost by not knowing the time of failure of all subjects. In addition, survival
data analysis must account for skewed data [88]. Some individuals will experience
the event of interest much sooner or later than the majority of individuals under
study, giving the overall distribution of failure times a skewed appearance and
preventing the use of the normal distribution in the analysis. Mostly, logarithmic
transformations are used to stabilize the variance and allow for non-symmetric
confidence intervals. Thus, the analysis of survival data requires techniques that are
able to incorporate the possibility of skewed and censored observations. The reader
is referred to the many excellent books and reviews of the major approaches in
survival analysis: the parametric approach (e.g. exponential model, the Weibull
model, the log-normal and logistic models), the non-parametric approach (e.g. the
log-rank test), and the semi-parametric approach, e.g. the Cox proportional hazard
model, perhaps the most widely used model in in clinical survival analysis [88, 89].

Dependence between longitudinal clinical data and cancer outcomes:
Complicating it even more, standard statistical tools for the analysis of censored
observations assume random censoring: event time and censoring time should be
independent. However, in reality this might not be the case. A negative association
between censoring and event time could occur when patients who are entering the
study later have a better prognosis due to increased experience of surgeons.
A positive association between censoring and event time occurs when patients are
leaving the study because their health status is getting worse.

When event time and censoring time are not independent, the proportional
hazards assumption of the commonly used Cox proportional hazard model does not
hold. Several approaches exist to overcome this problem by extending the Cox
proportional hazard model. One possible approach is to stratify a patient group,
according to the values of some variable, mostly a variable which is considered a
confounder rather than the main exposure of interest, e.g. comorbidity. The effect of
the confounder is not estimated, but its effects are controlled for. An example is a
study evaluating the therapeutic effects of intraperitoneal chemotherapy in which
comorbidity is used as confounder variable [90]. A second approach is to include an
exposure-time interaction term; that is to model the dynamic behavior of
time-dependent variables. The third approach is to split the follow-up time into
different periods. The latter puts emphasis on an important aspect of survival
analysis: the choice of the time axis, because risks sets of patients will correspond to
the choices made. The fourth approach is to model the complex changes over time
itself, for example, by choosing one of the many available parametric models. Such
models may be of particular use when the aim is to predict survival probabilities in
different groups. If multiple pathologies are considered, which may have a distinct
time scale, then such an approach might be conceivable. This is a technical and
complex issue, for which the reader is referred to the specialized literature [91]. Van
Houwelingen and Putter [92] show that within a short-term scope of the study the
violations of the survival models are limited and small, whereas the effects will
show up in large studies with long follow up.
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This becomes more intricate, when addressing issues of variability in treatment
response and chances of complete remission in patients with cancer, particularly
when addressing heterogeneous patient populations, such as patients with
comorbidity.

Competing causes of death: The literature on these combined or joint models is
extensive and good examples are described by Fieuws et al. [93] and Brant et al.
[94]. Studies including comorbidity or multimorbidity in such models are scarce.
A notable exception is a study by Bayliss et al. [33] who analyzed a cohort of 6500
adults with initial cancer diagnosis between 2001 and 2008, SEER 5-year survival
probability equal to or greater than 26 %, and a range of cardiovascular comor-
bidities. They modeled the competing risks by comparing different, cause-specific
Cox proportional hazard models. Following cancer diagnosis, it was shown that
15.3 % of causes of death were attributed to cancer deaths, 5.1 % to serious car-
diovascular deaths and 8.3 % of death from other causes. Thus, it was shown that in
oncology populations, comorbidities interact to affect the competing risks of dif-
ferent outcomes. Another example is the nationwide, cohort study by Erichsen et al.
[95], with 56,963 colorectal cancer (CRC) patients and five times as many patients
from the general population (N = 271,670) matched by age, gender, and specific
comorbidities. Among CRC patients with low comorbidity scores the 0-1 year
mortality rate was 415 out of 1000-person-years (95 % CI: 401;430) and the
interaction estimating the excess mortality rate in patients with both CRC and
comorbidity accounts for 9.3 % of this rate. For patients with a severe comorbidity
score the interaction consists of 34 % of the mortality. The interaction between
CRC and comorbidity limited influence on mortality beyond 1 year after diagnosis,
except again for the interaction between colorectal cancer and a high comorbidity
burden accounting for 14 % of mortality 2-5 year after diagnosis. In sum, the
authors showed that comorbidity interacts with colorectal cancer to increase the rate
of mortality beyond that explained by the independent effects of CRC and comorbid
conditions.

This shows that when taking comorbidity into account one often faces the
problem of competing causes of death; the patient group under study may be more
likely to die from complications due to the comorbid condition rather than due to
the cancer [96–98]. Binbing et al. described a method to estimate the personal cure
rate of cancer patients using population-based grouped cancer survival data [99].
Cancer patients are subject to multiple competing risks of death and may die from
causes other than the cancer diagnosed. The probability of not dying from the
cancer diagnosed, which is one of the patients’ main concerns, is sometimes called
the “personal cure” rate. Binbing et al. [99] used two approaches of modelling
competing-risk survival data, namely cause-specific hazards approach, and the
mixture model approach. The authors used the colorectal survival data from the
SEER Programme of the NCI (N = 199,715 colorectal cancer patients diagnosed
between 1975 and 2002), with a maximum follow-up time of 28 years. They
applied the models in particular, because comorbidity for cancer patients may limit
treatments and increases the risk of death from other causes. Usually comorbidity
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from competing causes increases with advancing age and is greater for patients in
poor health.

The above shows that statistical analysis of cancer survival data is a delicate
issue by itself. The study of the intricate relationships between cancer—occurrence
as well as recurrence—and comorbidity, complicates statistical analysis in various
ways. The integration of comorbidity in the statistical analysis in cancer research
emphasizes the need for:

– The multi-adjustment of cancer survival not only for age, stage, and other
cancer-related factors, but also for the co-occurring diseases

– Multi-variable modelling of the excess hazard of death (due to comorbidity)
– The comparison with different statistical tools, e.g. with Cox and Poisson

approaches. The analysis of heterogeneity, variability and chance of health risks
in various subgroups (stratified according to age, sex, and comorbidity). Some
subjects might be more prone or more likely to experience an event. Normally,
in most clinical applications, survival analysis implicitly assumes a homoge-
neous population to be studied. This means that all individuals sampled in that
study are subject, in principle, to the same risk (e.g., risk of death and risk of
disease recurrence). In many applications, the study population cannot be
assumed to be homogeneous but must be considered as a heterogeneous sample,
i.e., a mixture of individuals with different hazards. For example, in many cases,
it is impossible to measure all relevant covariates related to the disease of
interest [98, 100, 101] and special approaches are required to include hetero-
geneity in the analysis, e.g. different forms of frailty models [100, 102].

Taking into account the illness trajectory: In longitudinal study approaches
data on patient characteristics, clinical data, and survival data are frequently col-
lected simultaneously. For example, in many medical studies, clinical researchers
collect patients’ information (e.g. blood pressures, X-ray measures) repeatedly over
time and they are also interested in the time to recovery, recurrence of a disease (i.e.
cancer) or death.

As such, longitudinal approaches are becoming increasingly important.
Longitudinal approaches can be subdivided in:

1. Adaptive designs
2. Reciprocal designs: randomized clinical trial methodologies, e.g. potential

clinical outcome model, causal modelling, propensity stratification integrated
within observational studies; observational methodologies integrated within
oncology trials [103]

3. Trajectories: population-based and personalized trajectories.

Longitudinal clinical data and survival data are often associated in several ways,
with the time to event (death) being associated with the longitudinal trajectories of
clinical characteristics. Separate analyses of longitudinal clinical data and survival
data may lead to inefficient and biased results as they do not take the underlying
relationship between one another into account. In these settings, the multivariate
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longitudinal profiles and the event information need to be combined. Several
methods have been proposed to combine longitudinal clinical data with event
history data (e.g. survival, recurrence) [104, 105]. Most statistical methods, such as
linear regression models, logistic regression models and survival models, are based
on the assumption that the observations in a sample are independent of each other
and that is the value of one observation is not influenced by the value of another.
This assumption of independence will be violated if the data are clustered.
Clustering or correlation is at hand, if observations in one cluster tend to be more
similar to each other than in the rest of the sample. Clustered data usually arise
when subjects are grouped, e.g. in cluster randomized trials of general practices or
hospitals, family studies or cluster sampled surveys. Also when subjects are
repeatedly measured as in longitudinal studies there are often clustered data (within
subjects, e.g. the repeated measurement of blood pressure). In analyzing clustered
data, connectedness of data has to be taken into account by aggregating data, or
applying advanced statistical methods such as Generalized Estimating Equations or
random effect models [106]. More information on these advanced statistical
methods can, for example, be found in Hox [107] or Hox and Roberts [108].

Patients with comorbidity may face different illness trajectories, an important
aspect of disease that is often neglected in current research. While a great deal of
literature concerns the prediction of risk and the prognosis of co-occurring diseases
in patients with multimorbidity, relatively little research is concerned with the
course or “trajectory” of the illness of patients with multimorbidity [109]. Most
multimorbidity studies focus on the identification of specific disease combinations
in patient populations, based on one index disease and additional diseases, either in
general or specific population-based studies or in administrative databases. In recent
years a few studies investigated multimorbidity patterns, using data mining
techniques, e.g. factor analysis methods, to investigate clusters of diseases.
However, these studies are cross-sectional and investigate prevalence patterns in
specific age groups, and restrict comorbidities to lists of common chronic condi-
tions [110, 111].

Few studies have analyzed such multimorbidity patterns integrated with cancer
as one of the health conditions. Islam et al. [112], reported three important multi-
morbidity patterns, one of which included cancer, coronary heart disease and stroke.
Vos et al. [109] showed that 49 % of patients with more than ten chronic health
conditions had at least one diagnosis of cancer during the course of their life. Jensen
et al. [113], investigated a population-wide registry data, covering 6.2 million
cancer patients of Denmark, and showed distinct disease development patterns for
different types of cancer. For example, they showed a clustering of malignant
neoplasms of the prostate and secondary malignant neoplasms of other sites.
However, research on disease trajectories is rather limited and more research into
the patterns and relating characteristics for different types of cancer as well different
age and gender groups is needed.

With the growing population of patients with cancer together with other chronic
health conditions [114], integrative analysis of cancer and multimorbidity is
urgent. Two major challenges are open. One is to connect multimorbidity research
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with the rapid developments in integrative cancer data analysis; cancer informatics;
and high-dimensional data analysis [115]. The other challenge is to elaborate and
implement a longitudinal approach, from a clinical and a family practice perspec-
tive. Studies of multimorbidity patterns over long time periods are scarce
[109, 116].

The concept of distinct trajectories of illness over time is well established in
other advanced diseases [117, 118]. Longitudinal analysis of multimorbidity,
however, is complex. Varying definitions of multimorbidity exist and different
scopes of time windows are abound. If a research time-frame is short, a point in
time (time independent, cross-sectional) comorbidity measure is sufficient. Many
studies are longitudinal, raising questions how best to measure comorbidity over
time [39]. Different approaches are available to model and analyze the multiple
events and multiple pathways in these trajectories [87, 105].

The new developments include time-dependent covariates, recurrent events,
quantile regression in identifying important prognostic factors for patient subpop-
ulations and joint modelling such as quality of life and time to event data. Similarly,
there is an explosion in new areas of statistics, such as space and time modelling,
which might help to track an individual’s lifetime exposure while taking into
account other clinically relevant histories, or track an individual’s access to cancer
screening or treatment services. There is a rather large literature on Bayesian
methods for survival data [89, 119]. It is not possible to do justice here to Bayesian
methods and the many computational advances of recent years.

12.8 Recommendations for Future Research

• Hospitals and research institutes should actively seek collaboration to join
expertise and facilitate large epidemiological studies that include patients with
different comorbid diseases, or disease patterns. This can also facilitate more
efficient recruitment of patients.

• Evidence on comparative effectiveness and safety of treatment in patients with
cancer and comorbidity is needed and serious efforts should be made to share
data of completed trials to conduct individual patient data meta-analyses and
investigate subpopulations of sufficient sample size.

• More input from patients in research is required, e.g. involvement in writing
patient information or in developing strategies to recruit patients.

• Research should further elicit the construction of patient’s preferences and the
process of prioritization of conditions and treatments in patients with cancer and
multiple disorders.

• Comorbidity should always be taken into account, because of the proven impact
on diagnostics, therapeutic decisions, psychosocial needs, and other needs
during follow-up care. Furthermore, comorbidity as well as cancer are related to
aging, and both are increasingly considered chronic health status, underlining
the importance of studying the two as combined concepts.
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• When studying cancer and comorbidity, it is relevant to distinguish between
complications of cancer regimen (long-term and late effects of treatments) and
comorbidity.

12.9 Conclusions

Comorbidity is frequent in clinical practice amongst patients with cancer, but in
scientific research too often comorbidity is ignored or methods are applied that
insufficiently take into account comorbidity. It is, however, of vital importance to
recognize the impact of comorbidity on a broad spectrum of outcomes when
studying patients with cancer and comorbidity. Though complex to handle,
ignoring or avoiding comorbidity in research is not an option.

The population of patients with cancer and comorbid conditions is a heteroge-
neous group. If it is decided to focus on a more homogeneous subgroup, results are
more specific, but lack external validity and generalizability to the heterogeneous
group of cancer patients.

Recruitment of (older) patients with cancer and comorbidity is a major chal-
lenge. Strategies to improve recruitment come at considerable costs because they
require a substantial increase in time and efforts.

There is no single comorbidity measure available that satisfies all needs.
A measure should be selected taking into account the research question, the
available data sources, and the context of the study (e.g. community setting, nursing
home, hospital).

Statistical analyses of studies encompassing oncological patients with comor-
bidity should reckon with complexity due to skewedness and non-normality of data,
dependence between longitudinal clinical data and cancer related outcomes, com-
peting causes of death and individual illness trajectories.
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Chapter 13
The Cost of Cure: Chronic Conditions
in Survivors of Child, Adolescent,
and Young Adult Cancers

Christina Signorelli, Joanna E. Fardell, Claire E. Wakefield,
Kate Webber and Richard J. Cohn

Abstract Few children and young adults with cancer have a pre-existing chronic
condition which contributes to their cancer risk, highlighting the unique aetiology
of most cancers in this age group. Children and adolescents often tolerate acute
cancer treatments well, however, the majority will experience life-altering, and
some even life-threatening, conditions as a result of the cancer treatments they
received. Young people face particular challenges, due to significant disruptions to
a developmentally important time of life, placing them at higher risk of physical and
psychological conditions. Many chronic conditions related to cancer treatment do
not appear until children and adolescents mature, years to decades after completion
of treatment. Available data highlights the high prevalence and severe nature of
treatment-related conditions, supporting the need for continuing management
through long-term follow-up care well into adult life. Both survivors and health care
professionals must be knowledgeable about the risk of chronic conditions in sur-
vivors of child, adolescent and young adult cancers and must be aware of the
appropriate follow-up care aimed at their prevention and management. Knowledge
of late complications also informs modification of new treatment, helping to avoid
chronic conditions in future survivors. Researchers’ efforts should be focused on the
development of strategies to reduce the potential burden of chronic conditions in
this vulnerable population.
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Key Points

– Over 80 % of children and young people diagnosed with cancer will survive,
adding to the growing population of survivors

– Survivors of child, adolescent and young adult cancers face unique challenges,
due to the crucial developmental stage during which they are treated, placing
them at higher risk of medical and psychological treatment-related conditions

– Childhood and adolescent cancer survivors experience a range of physical (e.g.
cardiovascular) and emotional (e.g. lower quality of life) treatment-related
complications, often severe and more characteristic of people much older

– Young survivors are also more likely to die prematurely, due to recurrence of
the primary malignancy, subsequent neoplasms, or other treatment-related
conditions

– Long term follow-up care is therefore critical, but practices are inconsistent and
face many patient and system-related challenges

– Exposure-based, risk-stratified models of care allow best use of limited
resources for this population

13.1 Introduction

“Looking forward … ever more refined and precisely targeted methods of treatment
(are needed), so that increasing numbers of successfully treated children of today
do not become the chronically ill adults of tomorrow” [1].

The words of D’Angio were written in 1975, when there were few survivors of
cancer diagnosed in children and young people aged under 25. He anticipated the
late consequences of childhood cancer therapy which threaten survival and detract
from the quality of survival. Decades on, and with a growing population of young
cancer survivors, due to vastly improved treatment outcomes and survival rates,
significant numbers of chronic conditions appearing in this population reinforce
D’Angio’s message. Given high survival rates for most cancers in young people,
and the number of years of life ahead for young survivors, there is a significant need
to be mindful of possible late effects or chronic conditions that may emerge during
survivorship.

Until the 1970s, cancer treatment relied almost exclusively upon surgery and
radiation. Receiving a cancer diagnosis in childhood or adolescence was almost
universally fatal [2]. With the introduction of multimodal therapy and combination
chemotherapy (i.e. administering multiple drugs with different mechanisms of
action) and improvements in supportive care, the number of children surviving
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most types of cancer has steadily increased [3]. Today over 80 % of children with
cancer will survive at least five years post-diagnosis and the majority will be cured
of their cancer (see Fig. 13.1) [4]. More than 400,000 young people who are
currently alive worldwide have survived childhood cancer and 1 in every 530
young person aged between 20 and 39 years old is now a cancer survivor [4, 5].
With potentially six decades of life ahead after treatment for cancer in childhood, it
is important to consider the ongoing impact of cancer and its treatment on children
and young adults [6].

Diagnosis Childhood % AYA %

Thyroid carcinomas 98.8 99.5

Retinoblastomaa 97.5 -

Germ cell: testis 96.8 96.9

Germ cell: ovary 95.3 98.4

Hodgkin lymphomas 95.2 93.1

Melanoma of the skin - 92.2

Malignant Melanoma 88.1 -

Lymphoid leukaemias 85.4 49.5

Non-Hodgkin lymphomas 82.3 74.4

Ovarian carcinoma 70 89.5

Acute myeloid leukaemias 66.8 59.1

Astrocytomas 62.9 55.8

Osteosarcomab 77.3 59.8

Bone - 61.8

Ewing tumour 66.5 48

Soft tissue sarcomas - 67.5

CNS tumours 62.8 61.7

Cervix - 85.7

Ovarian carcinoma 70 83.3

Renal carcinomas 78.8 -

Colon - 80.2

Breast - 85.5

Lung - 72.1

Abbreviations: CNS = central nervous system
aChildren aged 0-4 years only
b Children aged 10-14 years only

Fig. 13.1 Five-year survival
rates (%) for selected
childhood (aged 0–14 years)
and adolescents and young
adult (AYA, 15–24) cancers
[203]
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Cancer presenting during childhood and the adolescent years represents 1 % of
the annual incidence of cancer in most developed countries, but differs from adult
cancer with respect to cancer type, biological features, response to treatment and
long-term prognosis [7]. It is the commonest cause of disease-related death among
children and adolescents in developed countries, second only to accidental deaths
[8]. The cancer types found in children and adolescents differ from that of adult
cancers, with leukaemias, lymphomas and cancers of the brain and nervous system
representing the majority [9]. Children with cancer rarely have pre-existing chronic
conditions that contribute to their cancer risk, although there is a growing appre-
ciation that some carry germline mutations in cancer-predisposing genes [10, 11].
The differences between most adult and paediatric cancers necessitate different
treatments and supportive care approaches to that used in adult oncology [12, 13].

While children and adolescents often tolerate acute cancer treatment well, they
can be more affected in the long term by the intensive treatments administered to
their developing organs, putting them at significantly higher risk of developing late
toxicities from cancer treatment [14]. Chronic conditions in childhood cancers are
not likely to be the result of pre-existing or environmental exposures, but rather are
a direct or indirect effect of cancer and its treatment. Young people diagnosed with
cancer during the teenage and young adult years face particular challenges, due to
significant disruptions to a developmentally important time of life. The adolescent
and young adult (AYA) years are a peak time for psychosocial, sexual, educational,
and career development [15–17]. Diagnosis and treatment during such a time places
them at higher risk of ongoing treatment related complications, for instance second
cancers, depression or anxiety [18, 19]. Long term follow-up of young people
treated during these critical years has allowed study of the time course for devel-
opment of such chronic conditions and identification of individuals at greatest risk.
Large cohort studies of childhood cancer survivors, following survivors for decades
post-treatment, have not been matched in survivors of adult cancers [20]. Despite
these unique challenges, which is much of what has been learnt from child and
adolescent survivorship research and clinical practice is of relevance to adult
oncology, bringing attention to the importance of surveillance for late
treatment-related morbidities in models of care for adult cancer survivors.

Surveillance of young survivors has highlighted the need for risk-based,
exposure-related follow-up, using evidence-based survivorship guidelines. For
example, the International Late Effects of Childhood Cancer Guideline
Harmonization Group has developed evidence-based recommendations for breast
cancer surveillance in childhood cancer survivors (see Fig. 13.2). Recommendations
are categorized according to a 4-level colour system based on existing levels of
evidence; green (strong recommendation, high quality evidence), yellow and orange
(intermediate level recommendations, moderate quality evidence), and red (recom-
mend against a particular intervention). The guidelines are designed to improve
health outcomes and facilitate care for young cancer survivors, with similar
evidence-based recommendations developed for the surveillance of cardiac disease,
metabolic syndrome, and other chronic conditions [21–24].
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Surveillance must continue indefinitely as many of the late effects may only
manifest many years, and even decades after therapy is completed. Survivors
should be prepared for transition from patient focused acute cancer care to
risk-stratified community-based holistic follow-up through education, provision of
treatment summaries and survivorship care plans which allow them to be their own
advocates. Lifestyle education is important in minimising the number and severity
of many late chronic complications.

Fig. 13.2 Breast cancer screening recommendations for childhood cancer survivors, as advised
by the International Late Effects of Childhood Cancer Guideline Harmonization Group; green
indicates a strong recommendation, yellow a moderate recommendation, and orange a weak
recommendation [204]

Fig. 13.3 Some of the life threatening/life altering chronic complications at which survivors are at
risk of following treatment for childhood cancer
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Survivors experience a range of morbidities after cancer treatment, including
physical and psychological chronic conditions, which begin to emerge during
adolescence and adulthood (see Fig. 13.3). This chapter summarises some of the
chronic conditions faced by survivors of child, adolescent and young adult cancers
diagnosed under the age of 25. The chapter begins with an overview of the unique
biology associated with cancer in young people. Following this is a summary of
illustrative data on long-term or chronic health conditions facing CCS (summarised
in Tables 13.1 and 13.2), focusing on common examples of chronic disease
including cardiovascular disease, mental health, cognition, and education and other
life outcomes. The latter half of the chapter demonstrates the importance of ongoing
surveillance for this population, to prevent or manage such conditions, including
presenting guidelines for the management of chronic conditions and recommended
models of care.

13.2 Long-Term Health Outcomes in Young Survivors

Much has been learnt from surveillance of large cohorts of childhood cancer sur-
vivors. The Childhood Cancer Survivor Study cohort in the US follows patients
treated from 1970 [25]. In the initial cohort over 12,000 survivors treated between
1970 and 1986 contributed data. There has been a recent expansion of the cohort to
over 24,000, with increased diversity (see https://ccss.stjude.org/). National cohorts
in the United Kingdom (BCCSS), the Scandinavian countries (ALiCCS), and the
Netherlands (DCOG LATER) have also contributed to the knowledge base, as have
many single centre studies [26]. The establishment of PanCare (Pan-European
Network for the Care of Survivors after Childhood and Adolescent Cancer) has the
potential to provide a cohort of over 80,000 childhood cancer survivors for the
study of late effects in Europe [26].

Many young survivors are at increased risk of premature mortality, serious
morbidity, and poor mental health, compared with survivors of adult cancers and
the general population [27–30]. Tables 13.1 and 13.2 provide a snapshot of the
range of medical and psychosocial conditions survivors may experience (described
in more detail in the review by Robison and colleagues [7]) and the Children’s
Oncology Group (COG) Survivorship Guidelines [31].

Many chronic conditions do not become evident until many years or decades
after treatment, and become more clinically significant as child and adolescent
cancer survivors continue to age [32, 33]. Due to the time lapse between the
cessation of cancer treatment and their late emergence, chronic conditions are
commonly referred to as ‘late morbidity’, ‘late effects’ or ‘late sequelae’. In the
decades that follow ‘cure’, disabling or life altering chronic health conditions will
affect three out of four young survivors [34]. A further 37 % experience severe and
possibly fatal conditions [34]. Prolonged follow-up data from the St Jude Lifetime
Follow-up Study suggests even higher cumulative rates over time. The study
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reported that 95.5 % of survivors have a chronic health condition, 80.5 % of which
are life threatening by age 45 years [30, 35].

In contrast to survivors of adult cancers, where pre-morbid lifestyle factors such
as obesity, physical inactivity and smoking predispose to both the cancer diagnosis
and a range of chronic conditions, a young survivor’s risk of a particular chronic
condition can be linked primarily to the treatment they received. For many chronic
conditions, what is seen in young survivors mirrors chronic conditions seen in
older, healthy, adults with aging, but occurs at a younger age. Many morbidities
may remain undiagnosed and therefore unmanaged due to a lack of awareness
about such risks amongst health care providers. Premature atherosclerosis, early
onset metabolic syndrome and young age at development of breast cancer highlight
this point [36, 37].

13.2.1 Late Mortality in Survivors

Late mortality in child and adolescent cancer survivors is defined as a death five or
more years from diagnosis [38]. Survivors’ long-term health trajectory differs from
that of their age-matched peers, with survivors’ risk of late mortality remaining at
least 3-fold higher three decades post-diagnosis [38, 39]. Overall risk of mortality is
most prominent in the first decade post-diagnosis, steadily decreasing in the sub-
sequent 10 years [40]. However, survivors’ risk of death does not ever decrease to a
point which mirrors population norms [38]. Of those survivors alive and disease
free at 5 years, 88.1 % are alive at 20 years after diagnosis (see Fig. 13.4) [38]. The
commonest cause of death is recurrence of the primary cancer (55–75 %), followed
by complications arising from the treatment (most commonly cardiac and pul-
monary problems, 6–18 %), and new second cancers (12–16 %) (see Fig. 13.5)
[38, 40–42]. With further follow-up, deaths from recurrence of the primary cancer
plateau, while deaths from second cancers and non-cancer causes become more
prevalent [43, 44].

Survivors who are younger at diagnosis (especially <5 years) and those who
experience a relapse and are re-treated have a notably higher risk of late mortality
[40, 45, 46]. Female sex may increase survivors’ risk of late mortality by 1.3–2.1
times compared with males [41, 47], however not all studies demonstrate this, with
the effect potentially depending on the specific cause of death (e.g. due to second
cancers or non-cancer causes) [19].

Second malignant neoplasms (SMN), defined as histologically distinct malig-
nancies developing at least two months after completion of the treatment of the
primary malignancy, are the most serious late toxicities of child and adolescent
cancer treatment and over time become the greatest cause of late mortality [48]. In
the United States, SEER data suggests that 16 % of all cancers (approximately one
in six cases) represent SMNs in all cancer survivors [49]. The cumulative incidence
of second neoplasms among survivors treated between 1970 and 1986 and followed
in the Childhood Cancer Survivor Study (CCSS) was 20.5 % at 30 years after the
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Fig. 13.4 All-cause mortality (survival function estimate) in the general US population and CCSS
sample (a), and by sex (b) [38]
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childhood cancer diagnosis, 7.9 % for second malignant neoplasms, 9.1 % for
non-melanoma skin cancer and 3.1 % for meningioma [50]. Relative to the general
population, the risk of SMNs is higher after all primary diagnoses, with the highest
risk being following Hodgkin Lymphoma (more common in adolescents and young
adults) which is 8.7 fold [50].

The primary cancer diagnosis and the specific therapy received influence the
incidence and type of SMNs [51, 52]. Chemotherapy-related myelodysplasia and
acute myeloid leukaemia are associated with alkylating agents and topoisomerase
inhibitors, and occur after a short latent period with the risk plateauing after 10–
15 years [53]. Radiation-related solid SMNs have a latency that exceeds 10 years
and does not plateau and include cancer of the breast, thyroid, sarcoma, lung,
melanoma and the brain. With increasing age, many survivors experience multiple
SMNs. The incidence of solid SMNs does not plateau with time. Even in the 5th
and 6th decades of life, survivors have an increased risk of SMNs, highlighting the
need for life-long monitoring [53]. In addition to treatment exposures as a cause for
SMNs in survivors, the latency suggests potential genetic susceptibility [52].

Fig. 13.5 Cumulative cause-specific mortality in the CCSS sample: proportion of deaths
attributable to recurrence/progression, non-recurrence/non-external and external causes [38]
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Genetic cancer syndromes in adult cancer survivors are well described (e.g. the
hereditary breast and ovarian cancer syndromes). Genetic syndromes predisposing
to cancers occurring in childhood and in young adults are less well described, but
appear to occur in 5–10 % of young cancer survivors [11], making up to 29 % of
young survivors suitable for genetics assessment [54]. Adult cancer survivors carry
additional risks for second cancer which are seldom seen in younger survivors, such
as occupational carcinogen exposures and lifestyle factors, especially tobacco
smoking and obesity, which add to the multifactorial risk of SMNs after adult
cancer [55].

13.2.2 The Nature of Chronic Conditions in Young
Survivors

Chronic late conditions may relate to surgery, radiation and/or chemotherapy used
to treat cancer in young people. It is beyond the scope of this chapter to address all
potential treatment-related chronic conditions in detail. Tables 13.1 and 13.2 offer a
detailed overview, including the prevalence of the particular organs and systems at
risk of chronic conditions, organised by the anti-cancer therapies a child receives
(for comprehensive reviews see [7, 33, 56]). By way of illustration, this section will
address cardiovascular complications as one example of a prevalent medical
chronic condition, as well as summarising mental health and psychosocial outcomes
as examples of non-medical chronic conditions.

13.2.2.1 Long Latent Period Before Chronic Conditions Manifest

Cancer has become a chronic disease in many young people. On average, young
people who survive cancer live an additional six decades [6], meaning that their
survivorship care must traverse puberty, through to menopause, and old age. While
some side effects, such as ototoxicity, develop on treatment or soon afterwards and
persist, many conditions due to cancer treatment do not appear until many years
after completion of therapy [48]. Figure 13.6 demonstrates ageing survivors’ gap in
knowledge about chronic conditions due to their cancer treatment, despite their
incidence continuing to rise as they age [32, 33]. In AYA cancer survivors, 15 %
report 2 or more comorbidities up to 14 months post-treatment, which is associated
with higher mental health service needs and poorer self-reported health status [57].
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13.2.2.2 Multifactorial Causes of Late Arising Chronic Conditions

While treatment received is incriminated in the development of late effects, the
cause of many chronic conditions may be multifactorial. Even before diagnosis and
commencement of therapy, the primary malignancy may predispose to late com-
plications, such as hydrocephalus in association with brain tumours causing cog-
nitive dysfunction and possible deafness [58].

13.2.2.3 Cardiometabolic Disorders as One Example of a Chronic
Medical Condition

Cardiometabolic disorders exemplify the multifactorial nature of some chronic
disorders in young survivors and further consideration is needed in the approach to
managing chronic conditions in survivors. Cardiovascular disease (CVD) is the
leading non-cancer cause of death in adult survivors of childhood cancer and the
cause of significant morbidity [41, 59]. CVD can be the result of direct cardio-
vascular (CV) damage caused by chemotherapy and/or by radiation to the heart
[59]. Although Anthracyclines are the best studied cause of cardiomyopathy and
congestive heart failure, nearly all chemotherapeutics have some acute or chronic
cardiotoxicity, including therapeutic antibodies and tyrosine kinase inhibitors.
Cardiomyopathy can occur early in treatment or can have its onset many years after
completion of therapy. The risk is dose dependent, with female gender, age less

Fig. 13.6 Young cancer survivors increasing gaps in knowledge related to long-term outcomes
and late morbidities, with increasing time since treatment [7]
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than 5 years at treatment and concomitant mediatinalirradiation associated with
highest risk [59].

It is now appreciated that CVD in survivors can also be the result indirectly of,
or aggravated by, accelerated atherosclerosis due to cancer treatment-related car-
diovascular risk factors [60]. Previous focus has been on end organ failure, but it is
increasingly recognised that chemotherapy and radiation may initiate vascular
injury, and lead to endothelial dysfunction and premature atherogenesis.
Cardiovascular risk factors seen in the general population such as obesity, hyper-
tension, dyslipidemia and impaired glucose tolerance may be seen at a younger age
in survivors of child, adolescent and young adult cancers [61]. The metabolic
syndrome occurs at a higher prevalence following both child and adult cancer than
the general population [62]. Treatment associated metabolic syndrome may be
associated with cardio-metabolic disease and increased predisposition to second
cancers.

In adult survivors, correlation of metabolic syndrome with treatment is com-
plicated by the fact that the prevalence of metabolic syndrome increases with age
and may predate colon and breast cancer [63]. In adult patients, metabolic syn-
drome has been documented following haematopoietic stem cell transplant and in
association with hypogonadism in testicular, prostate and ovarian cancer [63].
A prospective, cross-sectional study of 248 survivors attending the long-term
follow-up clinic at Sydney Children’s Hospital, Australia reported a prevalence of
insulin resistance of 18 % in pubertal and adult survivors of childhood cancer, at a
median follow up of 13 years, double that of controls [64]. None of the prepubertal
children met the criteria. Fifty-eight percent of those with insulin resistance had
undergone bone marrow transplantation. The most prominent risk factor for
development of hyperinsulinism, impaired glucose tolerance and diabetes mellitus
was Total Body Irradaition (TBI). However, untreated hypogonadism and
abdominal obesity also emerged as important. The finding of hypogonadism as an
independent metabolic risk factor is consistent with other studies assessing bone
marrow transplantation patients and adults after testicular cancer and underlines the
need for screening of patients and appropriate replacement therapy [63]. The
pathogenesis of the metabolic syndrome in survivors is largely unknown but may
differ from the general population and help researchers to identify effective pre-
ventive and therapeutic measures.

In children treated for cancer, interactions between lifestyle, treatment and
environmental factors all probably contribute to the clustering of metabolic
abnormalities [62] Endocrine dysfunction (usually but not exclusively radiation
induced) is a frequent common factor. Additionally, chemotherapy induced elec-
trolyte deficiencies or direct toxicity to muscle, adipose tissue and the endothelium
might also contribute to metabolic syndrome in childhood cancer survivors [63].
Emerging literature is suggesting a role for visceral adipose tissue as an endocrine
organ capable of causing dyslipidemia.

In the absence of understanding a central aetiological factor, therapeutic inter-
ventions for metabolic syndrome are directed toward individual components of the
syndrome and cardiovascular risk factors. Screening to identify at-risk survivors
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and provide directed health counselling is recommended [62]. COG and other
Childhood Survivorship guidelines have developed risk based, exposure related
recommendations for follow-up of cardiovascular risk factors [21, 31]. Lifestyle
interventions include advice against smoking and an increasing amount of literature
supports the benefits of dietary and exercise interventions [65]. Other ongoing
interventions aim to address maladaptive feeding behaviours established during
cancer treatment and a persisting taste and smell dysfunction in survivors which
may influence their food choices [66, 67]. The correction of hormone deficiencies
may also reduce the risk of developing the metabolic syndrome. When reduction of
metabolic risk factors is insufficient, drug interventions to treat hyperglycaemia may
be necessary [63]. The longitudinal effect of the treatment of metabolic syndrome
on the development of cardiovascular disease in survivors is unknown and should
be the focus of future research.

13.2.3 Chronic Psychosocial Conditions
and Life Outcomes in Survivors

13.2.3.1 Mental Health

Child and adolescent cancer can have a profound impact on young survivors and their
families [68]. Early psychosocial research focussed primarily on identifying possible
deleterious effects of cancer affecting young people (including depression, anxiety,
generalised distress, suicidal ideation, and posttraumatic stress disorder). Newer
evidence however, suggests that young survivors can also experience concomitant
positive outcomes, including posttraumatic growth, benefit finding, and improved
interpersonal maturity [68, 69]. Identifying survivors most at risk of developing poor
mental health, and intervening early with effective interventions, appear to be key to
planning best practice supportive care for survivors in the long term.

As a group, childhood cancer survivors generally have psychosocial outcomes
that are on a par with their siblings and peers without cancer [68]. Many young
survivors demonstrate considerable resilience in their recovery from a highly dis-
ruptive and often frightening life event. Many re-integrate well into school, social
life, and their early careers [69]. Some survivors also describe finding benefits in
their cancer experience [70], often conceptualised as posttraumatic growth [68, 71].
Early work suggests that survivors of leukaemia, and those diagnosed in middle
childhood (i.e. over 5 years of age) may experience more benefit finding than
younger and older patients [68, 72].

There are, however, particular subgroups at significant risk of developing sub-
stantial mental health problems, particularly in the early years post-treatment [73].
For some survivors, mental health problems and poor adjustment can be experi-
enced simultaneously with aspects of posttraumatic growth [68, 69]. Young sur-
vivors of central nervous system tumours are particularly at risk of both poor
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psychosocial and neurocognitive outcomes, as are those who have had cranial
radiation or a stem cell transplant. Other medical factors, such as experiencing
chronic pain and other health conditions after cancer treatment are also associated
with poorer mental health outcomes [68]. Data on the impact of other potential
clinical/medical predictors of poor mental health are more mixed, although some
research suggests that young people who experienced more intense treatment may
be more likely to develop posttraumatic stress symptoms and distress [74, 75].

There is growing evidence to suggest that survivors diagnosed during adoles-
cence may experience more disruption to their mental health than survivors diag-
nosed in early childhood or adulthood [75]. Other key risk factors for experiencing
worse mental health for children and AYAs include female sex, and social factors
(such as having a lower household income, lower educational achievement, and
being unmarried). A recent review also highlighted the importance of health beliefs
in young cancer survivors, demonstrating that survivors with poor perceived
physical health also had poorer mental health [68].

In keeping with the notion that families, rather than patients, should the unit of
care, young survivors’ families appear particularly important in influencing their
mental health. Young adults with a family history of mental illness are more likely
to experience psychosocial distress themselves [76]. Several studies conducted
across different cultural groups have also demonstrated that family functioning
during and after cancer treatment is a significant predictor of young survivors’
mental health outcomes [77, 78]. One US study, for example, reported that 75 % of
adolescent cancer survivors with PTSD had families categorised as functioning
poorly [78]. Considering, and treating, the mental health concerns of parents of
young cancer survivors might be a fruitful area for future interventions to improve
outcomes for the whole family [73].

13.2.3.2 Cognitive Outcomes

Children and young people treated for cancer are at risk of neurocognitive diffi-
culties during survivorship. Deficits are most typically seen in the core areas of
cognition: attention, working memory, processing speed, executive function and
visual motor integration [24, 79, 80]. However, difficulties with learning and
memory are also prevalent, and can be secondary to problems with attention,
working memory and executive function [24, 81]. On an individual level, the profile
and severity of difficulties observed in any single survivor will be unique and
dependent on factors such as age at diagnosis, developmental stage, premorbid
intellectual ability and the interaction with diagnosis and treatment received. For
example, adolescents and young adults (AYAs) experience cancer at an age which
is typified by rapid neurocognitive development in higher level thinking skills and
executive functions, as well as social and emotional function which is crucial for
identity formation [82]. As such, AYAs are at increased risk of difficulties with
executive functions including task efficiency, inhibition (or emotion regulation),
and memory [16].
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Many young survivors initially demonstrate age appropriate cognitive skills after
treatment. However neurocognitive problems, deficits in thinking skills, learning
and memory, can appear in the years following treatment [24, 79]. Problems with
cognitive skills can become apparent when a child enters high school and learning
requires more higher level skills, such as self-implemented organisation and
planning [16]. This distinction is important to make: children do not lose cognitive
skills, rather, cancer and its treatment can to interrupt normal neurodevelopmental
processes such that children fail to acquire crucial cognitive skills and age appro-
priate neurocognitive milestones [83]. Cognitive difficulties can be lasting and
experienced long into adulthood, with up to 48 % of survivors experiencing neu-
rocognitive impairment more than 25 years after treatment [20]. Verbal intellectual
skills may initially appear within the normal range relative to that of their peers
shortly after treatment, however well after treatment ceases, survivors may expe-
rience difficulties with verbal intellectual skills potentially related to ongoing dif-
ficulties with attention [84].

Modern treatment regimens, where exposure to CNS radiotherapy is reduced,
have led to a reduction in the occurrence of cognitive difficulties for survivors.
Despite these treatment improvements, 40–60 % of children with ALL experience
cognitive impairment during survivorship [85, 86]. Chemotherapy alone can cause
difficulties with cognitive function [87]. Survivors who received high dose
methotrexate and cytarabine (commonly used in ALL treatment), are at increased
risk of cognitive impairment [85]. Survivors at particular risk of cognitive diffi-
culties after treatment are those with Central Nervous System (CNS) cancer, and
those who have received CNS directed therapy (including surgery, radiotherapy and
chemotherapy). Approximately 40–100 % of children with brain cancers experi-
ence cognitive impairment [79]. New molecularly targeted biological therapies also
have the potential to impact developing cognitive abilities, but are yet to be fol-
lowed up longitudinally [88]. Individual risk factors associated with poor cognitive
outcomes include younger age at diagnosis (particularly <3 years at diagnosis and
treatment), being female, and a longer time since treatment [24]. In addition, some
genetic polymorphisms related to oxidative stress and/or neuroinflammation may
confer additional risk of neurocognitive conditions [89, 90]. Environmental risk
factors include family or parents who do not prioritise education [91].

13.2.3.3 Educational Outcomes

Compared with the general population, childhood cancer survivors have reduced
academic achievement [92, 93], are more likely to repeat a school grade [94, 95],
and require educational support [94, 96]. Children who had CNS tumours are at
particular risk and have poorer educational and employment outcomes than sur-
vivors of non-CNS cancer and the general population [93, 97]. Poor educational
attainment among childhood cancer survivors is likely due to multiple factors.
Children can struggle to re-integrate into the school environment after cancer
treatment is complete [98]. This may be due in part to prolonged absences from the

13 The Cost of Cure: Chronic Conditions in Survivors … 393



classroom and learning environment during treatment which can continue long into
survivorship. Even 10 years after diagnosis survivors of childhood cancer may miss
almost twice as many school days compared with their peers [99].

AYA cancer survivors are especially vulnerable to the negative effects of
absence from school. Re-integration with education is particularly important in
AYAs and cancer treatment causes significant disruption to normal school atten-
dance (when compared with the majority of childhood diagnoses occurring under
5 years of age). Poor reintegration to school is associated with reduced emotional
well-being and global self-esteem [82]. Many AYAs also report social difficulties
together with academic difficulties on return to school [82, 100]. Treatment-related
side effects, such as loss of hair, can negatively impact self-esteem, and AYAs with
body image concerns can withdraw from usual social activities including engage-
ment with school [82, 101]. Other barriers to school attendance for AYAs include
ongoing fatigue and treatment related side-effects as well as lack of support or
understanding from teachers [82, 100, 102].

In addition to time spent away from formal learning, impairment in cognitive
skills due to cancer and its treatment impact educational outcomes [15, 83].
Difficulties with reading, spelling, and mathematics have been consistently
demonstrated among young survivors [103–106]. A good understanding of an
individual survivors’ neurocognitive profile after cancer allows appropriate school
and higher education support to be identified. Students placed in special support
classes or given additional educational support perform better than those not offered
the same support [94, 96].

Box 1: What do neurocognitive deficits look like?
Attention and concentration difficulties impact a child’s ability to learn and
remember new information in the classroom and at home, and can result in
inconsistent academic performance, careless errors, and incomplete assign-
ments. Difficulties with processing speed can mean children take longer to
complete schoolwork or assignments, and may miss instruction details. Their
work may therefore be incomplete or missing some aspects. Children with
weaknesses in executive functions may struggle to correctly sequence or
order their responses, so that their work appears haphazard and unorganised
or poorly considered. They may also have difficulty moving between tasks
and become flustered or upset when task demands change.

13.2.3.4 Life Milestones

Children surviving all cancer types experience social difficulties after cancer to
some degree [107]. Survivors of CNS cancers, or those who have received CNS
directed therapy, may be particularly vulnerable to negative social outcomes
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[108–110]. They can also be more socially isolated and less likely to be rated as a
close friend than their classroom peers [108]. As adults, survivors who experience
social difficulties are less likely to form lasting romantic relationships, and expe-
rience reduced quality of life and emotional well-being as a result [107, 111–113].

Life milestones such as living independently and achieving career promotions
are achieved at lower rates among survivors of childhood brain cancer [93, 97, 111,
114]. For survivors of other childhood and adolescent cancers, vocational outcomes
are variable. Some studies report no difference in rates of current employment
between survivors and the general population [15, 16, 94, 115], though not all have
found this [15, 114]. Young survivors may be older when starting their first
occupation [15]. Key risk factors for unemployment include poor cognitive or
educational outcomes after cancer, younger age at diagnosis, and being female
[15, 114].

13.3 Managing Chronic Conditions in Young Survivors

13.3.1 Modifying Treatment Regimens to Reduce Risk
of Treatment-Related Chronic Conditions

The decade in which patients were diagnosed influences survivors’ risk of short and
long term mortality, reflecting medical advances in detection and treatment.
Evidence for a decline in cumulative late mortality due to cancer treatment in more
recent decades of primary diagnosis and treatment is strong [38, 116, 117]. The
modification of current therapy approaches is driven by knowledge gained from
early survivors and has led to significant reductions in some of the ongoing
treatment-related illnesses observed in this cohort.

13.3.1.1 Surgical Changes to Reduce the Risk of Chronic Conditions
in Survivors

Early successes in treating cancer in young people were achieved by disfiguring
surgery, including limb amputation and bladder exenteration which caused life-long
functional disability. With advances in imaging and effective chemotherapy regi-
mens, the aim of surgery today is to avoid disfigurement and impaired function.
Limb sparing procedures for bone tumours have largely replaced amputation and
reduced functional deformity [118]. With modern imaging, splenectomy for staging
is avoided, averting the risk of overwhelming infection [119]. Cystectomy is rarely
performed for tumours involving the bladder [120]. Nephron sparing surgery is now
commonly performed for Wilms’ tumour, conserving renal function and avoiding
chronic renal issues [121].
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13.3.1.2 Radiation Changes to Reduce the Risk of Chronic Conditions
in Survivors

Radiation therapy has been a mainstay of management of childhood malignancy,
but has resulted in many chronic conditions. The risk associated with radiation
relates to the radiation source, total dose administered, and volume and fractiona-
tion, as well as sex, age at time of treatment and the organ irradiated (see
Table 13.1). Invasive and non-invasive second cancers are seen in survivors treated
with radiation, after a relatively long latent period. Second Neoplasms are discussed
below.

Knowledge of late adverse effects of radiation has driven attempts to eliminate or
reduce radiation where possible. The radiation technique used for Wilms’ tumour
patients has also changed. Patients with Wilms’ tumour who previously received
radiation to the flank developed severe scoliosis, while the new technique (in-
cluding the whole vertebral body) still causes height loss but no functional defor-
mity due to wedging of the vertebrae (see Fig. 13.7) [122].

Except in very high risk leukaemia patients, cranial radiation therapy is now
avoided in children due to the long-term sequelae and every effort is made to avoid
its use in brain tumour patients less than 3 years of age because of the devastating
effects on cognitive function REF [123, 124]. Total Body Irradiation (TBI) has been
eliminated in the treatment of neuroblastoma. Patients who received TBI as part of
their conditioning were reported to have growth (100 %) and pubertal failure
(83 %), hearing impairment (73 %), orthopaedic complications (63 %), renal
impairment (47 %) and thyroid dysfunction (36 %) [125].

Fig. 13.7 Cancer survivors treated with radiation in 1972 (left) and 2002 (right). The patient
treated earlier displays noticeable Kyphoscoliosis, whilst the patient treated more recently, using
new radiation techniques, is spared this late effect
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There is a current randomised trial investigating whether relapsed Acute
Lymphoblastic Leukaemia can be successfully treated without TBI in view of the
multiple chronic effects documented (see Table 13.1).

13.3.1.3 Chemotherapy Changes to Reduce Risk of Chronic
Conditions in Survivors

A number of chronic conditions have been attributed to chemotherapy used in
successful treatment protocols for childhood cancer (see Table 13.2). Late or
chronic toxicities of chemotherapy are related to cumulative dose received,
scheduling, as well as the sex and age of the patient at the time of treatment. Higher
risk of such conditions is associated with certain classes of chemotherapeutic
agents, including alkylating agents, anthracycline antibiotics, antimetabolites, cor-
ticosteroids, epipodophylotoxins, and vinca alkaloids [7]. Newer agents such as the
therapeutic antibodies and tyrosine kinase inhibitors have also been implicated [59].
With the accumulation of knowledge of late effects, newer treatment protocols
attempt to limit the total dose of anthracyclines to reduce the risk of cardiovascular
disease, and avoid alkylating agents where possible to decrease the risk of second
cancers [126, 127].

13.3.2 Importance of Surveillance

Ongoing surveillance is vital for young cancer survivors as demonstrated by the
seriousness, scope and prevalence of chronic conditions in this population. Without
early intervention, these conditions can shorten survivors’ lives and can severely
impact quality of life [41]. Fortunately, many of these conditions are modifiable
through prevention, or early detection and intervention (see Sect. 13.3 for exam-
ples) [128]. It is crucial that all young survivors receive on-going follow-up care
well into adulthood, to continue monitoring for potential physical and psychosocial
conditions. Young cancer survivors represent an especially unique cohort: during
the six or more decades after they are ‘cured’ [129], they will function mostly
outside the tertiary health care system; yet their health risks are significantly higher
than their peers as reviewed above [130].

Clinicians now widely recognise that risk-based long-term follow-up (LTFU)
care for young survivors is essential [131] and long term follow-up centres have
been established in most major cities worldwide. In Australia, all paediatric tertiary
centres run LTFU clinics to provide anticipatory medical and psychosocial care to
young survivors. The potential benefit of these centres is two-fold. Clinically, they
provide surveillance for this high risk group, to ensure the highest possible level of
well-being of all long-term survivors. They also assist in improving our under-
standing of chronic illness in this population, thereby leading to the refinement of
future treatment protocols to minimise treatment toxicity in the next generation of
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young people affected by cancer. If survivors do not participate in appropriate
follow-up, they forgo optimal management of chronic conditions and opportunities
for prevention, early detection and risk reduction, as well as not contributing to the
benefits of longitudinal research in this patient population.

13.3.3 Chronic Condition Management
and Survivorship Guidelines

In the landmark 2003 publication, “Lost in transition”, the Institute of Medicine
recommended that all survivors receive follow-up care from a practitioner knowl-
edgeable about the survivor’s cancer history, their long-term risks and their rec-
ommended health care and surveillance, to minimise the impact of potential late
effects of cancer therapy [132]. A number of national groups in the USA (see
sample Fig. 13.8), Scotland, Sweden and the Netherlands have developed
surveillance guidelines which incorporate risks based on therapeutic exposures and
allow prediction of chronic illness based on treatment received [22, 133, 134]. In an
attempt to ensure concordance of guidelines, the International Late Effects of
Childhood Cancer Guideline Harmonization Group (IGHG) is reviewing available
literature to develop standardised recommendations for follow-up of childhood
cancer survivors [135].

Fig. 13.8 A sample from the children’s oncology group (COG) Guidelines for health living after
treatment for childhood cancer, specifically the potential impact to male survivors’ hearts as a
result of radiation [31]
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The development of comprehensive, harmonised, guidelines for young sur-
vivors, based on treatment received, stand in contrast to the approach traditionally
taken in adult survivorship guidelines, which tend to be tumour specific.
Recommendations for follow-up care of adult survivors now feature in a number of
tumour-specific guidelines [136–138], however such guidance is not available for
all adult tumour types, especially rare cancers, nor is the advice necessarily con-
sistent across guidelines for common treatment exposures (for example, the NCCN
adult breast cancer guidelines do not comment on monitoring for cardiac toxicity
after anthracyclines and chest radiotherapy, whereas the guidelines for Hodgkin’s
lymphoma by the same group provides a suggested approach). General survivorship
guidelines are emerging for adults [139], however these are not as comprehensive
as the guidelines available for childhood cancer survivors. It is arguable that the
exposure-based approach taken by the childhood groups provides a rational
approach which is applicable to all survivors, and adoption of such an approach for
adults may help to address some of the short-comings with the tumour-based
approach (Fig. 13.9).

Fig. 13.9 Trajectory of risk-based long-term follow-up care of paediatric cancer survivors and
adolescent and young adult cancer survivors (AYAs), highlighting the importance of the third
season in paediatrics as opposed to the second season in AYA survivors
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13.3.3.1 Risk Stratification

Individual, ongoing multidisciplinary follow-up for every young survivor, whilst
ideal, is both financially unviable and difficult to maintain given the escalating
number of young people surviving cancer every year [140]. Follow-up practices
often vary both within and between centres, often revealing an unnecessary
dependence on hospitals and in older survivors, an age-inappropriate setting [141,
142]. This emphasises the need for more manageable, systematic, and
evidence-based models of long term follow-up care. In recognising that not all
survivors require hospital-based long term follow-up care [143], a possible solution
is to offer individually tailored care by stratifying survivors by their risk of
developing chronic illnesses.

Risk-based models of care are founded upon the notion that survivors’ risk of
developing long-term adverse health outcomes can be predicted by their underlying
malignancy, including its site, as well as the nature and intensity of cancer therapy
received [140]. Evidence-based guidelines incorporating this approach (as reviewed
above) categorise patients into therapy-based groups, usually consisting of three
levels of risk (low, moderate and high) [144, 145]. A high level of risk is associated
with a greater number and more severe illness due to cancer treatment and as such,
requires closer monitoring.

The stratification of survivors in this manner appears both feasible and appro-
priate [140]. Importantly, risk stratification has been shown to be safe and effective
and reported by staff to be easily implemented [146]. Ideally, risk-based care should
be anticipatory and proactive, whilst addressing each patient’s individual risks
associated with their diagnosis, treatment received, health behaviours, as well as
any co-morbid health conditions [27]. This model of care can meet the unique, and
potentially changing, needs of each patient for the rest of their lives. Importantly, a
risk-stratified approach may reduce unnecessary reliance upon hospitals, thereby
maximising the use of community based health services, including primary care
[140]. This model enables already resource-limited centres to focus their follow-up
programs on maintaining continued follow-up with those survivors who are at the
highest risk.

13.3.3.2 Survivorship Care Plans

As survivors may visit a range of specialists for treatment and follow-up, they rarely
have a single integrated medical record when they return to the primary care setting
[147]. Survivorship Care Plans (SCPs) summarise the patient’s profile for them-
selves and their future healthcare team [145, 148–150]. Typically they include
details about survivors’ diagnosis, treatment, an ongoing follow-up care plan
including personalised recommendations, and sometimes include lifestyle and
health behaviour advice or support [145, 148]. SCPs have the potential to improve
post-treatment care for childhood cancer survivors, by facilitating communication
between members of a survivor’s health care team (e.g. oncologist, GP and
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specialists) or between health settings (e.g. between primary and tertiary, or
between hospitals if a patient relocates) [145]. Additional benefits include the
promotion of survivor independence and continuity of care, especially as they
transition to adult services [151]. Given that most SCPs are populated by oncology
teams, the significant time taken for their preparation is a noteworthy barrier to their
implementation [152]. Additional research is necessary to establish their utility in
clinical practice, including measures for maximising their efficacy [148].

In childhood cancer survivors, a small single arm study found that provision of a
care plan was associated with uptake of recommended screening for second cancers
and cardiac toxicity [153]; whether this will translate to a reduction in chronic
disease remains unproven. In the adult cancer setting, a number of qualitative
studies have demonstrated that both cancer survivors and clinicians view receipt of
a care plan document favourably [154–156], but establishing evidence of clinically
meaningful benefits has proven challenging and to date SCP trials have largely
proven negative. A number of methodological issues cloud interpretation of these
findings however, including the nature and timing of delivery of the intervention,
targeting of the appropriate patient population, selection of clinically relevant
endpoints, and the duration of follow-up required.

Such challenges are exemplified in a randomised trial of survivorship care plans
in breast cancer survivors, which proved negative for its primary endpoint of
cancer-related distress and other self-reported quality of life outcomes [157].
However, this study has been criticised for the patient population selected, being
several years after treatment completion, and the failure to report on clinically
important outcomes such as adherence to recommended follow-up, lifestyle beha-
viours, tumour recurrence and survival. It is also likely that the control arm in this
study received an intervention in the form of a survivorship-focussed discharge visit
(without SCP provision), which is not part of routine care. A study of SCPs in
endometrial cancer similarly found no difference in satisfaction with information
provision or care, but an increase in patients’ concerns, symptoms and cancer
related health care utilisation [158]. It is conceivable that this may translate into
appropriate health surveillance and promotion activities; however this remains
unproven. Given these challenges with the evidence-base, it would be premature to
overlook the important function that SCPs can serve in information transfer
between health settings and at care transitions. Efforts to establish their long term
impact on chronic disease management should therefore continue.

They are particularly important tools for the management of chronic conditions
stemming from childhood and adolescence (refer to Sect. 3.2 for further detail on
the use of SCPs in the management of adult chronic conditions). The use of SCPs
spans many life stages, requiring ongoing management and updating of information
to ensure that the information remains relevant. Furthermore, SCPs may be par-
ticularly important for accompanying patients upon their transition to adulthood,
particularly as their care shifts from family/parent-focused to more patient-centred
care in the adult setting.
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13.3.4 Transition and Engagement with Primary Care

The purpose of transition is to ensure that survivors receive age-appropriate
follow-up care. Facilitating more formal transition from paediatric care to adult
survivorship services may help to better meet young survivors’ unique and
changing medical, developmental, and psychosocial needs. Ideally, transition
should be a ‘purposeful’ and ‘planned’ process rather than a single event [159].
That is, it should be discussed early with the patient and family to more effectively
prepare them, and to encourage greater health-related responsibility in the young
person [160]. This ensures that movement towards adult care is not unexpected and
therefore undesired, whilst also maintaining continuity of care.

The transition from paediatric to adult-centred care is complex. Unfortunately,
many patients are lost to active follow-up at this stage [161]. Many young survivors
have insufficient knowledge of their cancer-related medical history and the rec-
ommended health promotion and screening practices that could improve their
long-term outcomes [162]. Even in survivors who are engaged in follow-up care,
much of the chronic illness education is often directed at their parents and may not
be transferred formally to the child. This contributes to young survivors’ lack of
knowledge about their risk of such illnesses, and may be partly responsible for the
declining participation in survivorship programs with age.

There are several, widely documented, barriers which prevent formal and effec-
tive transition to age-appropriate care [160, 161, 163]. Hospital processes (such as
poor supervision during the transition stage) or staff attitudes, usually a reluctance to
pass care onto adult units, are common obstacles [161]. A lack of parent/caregiver
knowledge, including a lack of familiarity with chronic treatment-related conditions
and risks, or patient factors such as a dependency on oncologists or other members of
the treating team, or over-protective families may also prevent effective transition
[161]. Providers of care in adult health settings may also inhibit the successful
transition of patients, due to lack of experience/knowledge of the issues unique to
young survivors, or a lack of experience building patient rapport in this age group
[163]. Even among oncologists, substantial gaps exist in knowledge about the late
effects likely to affect young cancer survivors [164].

Most paediatric oncology clinics discharge survivors between ages 18–25, and
there is a lack of services to which to transition discharged survivors [165].
Increasing acknowledgement of the unsuitability of paediatric follow-up centres,
especially for AYAs, has encouraged the creation of some age-appropriate centres
[142]. However many of these are still situated within paediatric units. Adolescence
is characterised by increasing independence, self-awareness, understanding of
abstract and complex information, and changing relationships, identity, roles and
responsibilities [166]. A formal transition process from family to adult-focused
health care services is therefore essential to alleviate the detrimental impact of these
changes on AYA survivors’ engagement with follow-up care.

Not all young survivors need specialist tertiary care. Some survivors with lower
risk cancers (e.g. Wilms’ tumour) and those who received less intense treatment
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may receive adequate follow-up care through their general practitioner (GP) [167].
LTFU clinics at paediatric centres commonly discharge, mainly low-risk, survivors
to a GP. However, GPs report lack of confidence in caring for this cohort and prefer
not to be primarily responsible for young survivors’ care [167, 168]. GPs typically
care for few young cancer patients in their career and have limited knowledge of
chronic illness in this population [169]. This can be compounded by a perceived
lack of information and communication regarding their patient’s medical history
and care plan from the treating hospital [170–172].

Despite these barriers, GPs may be willing to provide care to this population
with appropriate tertiary support [173]. GPs are already involved in some aspect of
survivors’ follow-up care in almost 60 % of childhood cancer survivors [174].
However unfortunately, LTFU clinic limitations and GPs; lack of confidence
compels many survivors to become disengaged with their cancer care and therefore
deprived of appropriate surveillance [167, 168].

13.3.5 Survivors’ Engagement in Follow-up Care
for Chronic Conditions

Despite health-risks escalating over time, engagement in follow-up care actually
decreases with the passage of time, resulting in a significant gap in care [22, 130,
175–177]. As many as 1 in 2 survivors do not attend any form of cancer-related
follow-up care [178]. Yet a large proportion of these disengaged survivors are at
high risk of adverse health outcomes, or unknowingly experience them [179], and
are therefore in need of ongoing surveillance and early intervention [178].

To encourage appropriate follow-up care, survivors should be educated about
their medical history, including their diagnosis and treatment, as well as the sig-
nificance of regular survivorship care. Disengaged survivors are compelled to
become their own ‘care integrator’, single-handedly managing multiple, non-cancer
specialist appointments (e.g. cardiologist, neurologist, etc.), multiple screening
schedules (e.g. breast exams after chest irradiation, etc.), significant costs and time
off work/study, in order to adhere to survivorship guidelines which are revised
regularly [167, 168].

Young survivors experience many barriers to remaining engaged in follow-up
services. These are commonly classified as survivor-related barriers (such as lack of
awareness about their treatment history or resulting risk of chronic illness, or being
unaware of long term follow up services), provider-related barriers (for instance, a
lack of appointment reminders/prompts, poor communication with the survivor
and/or specialists, lack of knowledge or relevant experience), health care
environment-related barriers (including financial costs, or distance to the centre/
clinic), and insurance/policy-related barriers [7, 180].Many survivors also choose not
to engage in follow-up care due to a desire to leave their past behind, or due to a
perceived lack of control over developing/preventing chronic illness. They may also
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experience heightened distress when returning to their treating hospital, another
disincentive to remaining engaged with their follow up care [180].

13.3.6 Ideal Models of Ongoing Surveillance for Chronic
Conditions in Survivors

Physician and cancer survivor, Fitzhugh Mullan, brings attention to the inadequacy
of the binary description of the cancer trajectory as ‘sickness’ followed by ‘cure’
[181]. His own experience of acute illness following treatment and ‘cure’ informed
the development of three “seasons” of survival: acute, extended and permanent
survival. The first is rather medical and describes the diagnosis stage, characterised
by anxiety, pain and confrontation with death. The second, extended survival
describes the remission phase and is usually a period of reduced strength (from
treatment), healing, and fear of recurrence. Finally, permanent survival roughly
aligns with “cure”, whereby the patient becomes a survivor coping with the
after-effects of the cancer experience. In this latter phase of permanent survival,
young survivors may be faced with discrimination, vocational and insurance
restrictions, and other difficulties reintegrating back to ‘normal’ life. The benefit of
understanding these seasons extends beyond beating the cancer itself, to address the
specific needs of survivors and minimise the lasting medical and psychosocial
effects of cancer often experienced well into survivorship.

Children and adolescents are generally well cared for at their oncology centre
during the first and second seasons. However, adult and AYA survivors often
experience a sense of abandonment upon entering the second season, permanent
survival, particularly after such close observation during and following treatment
[69]. Given the family-centred care approach of most paediatric oncology units,
parents (and even siblings) are usually intimately involved with the child’s initial
treatment, and therefore often remain involved in survivorship care planning for
young survivors. When children are diagnosed very young, survivors can have
limited recall and understanding about their cancer and the treatment they received
[48, 182], increasing their reliance on parents and making their transition to inde-
pendent adult healthcare settings more complex.

An ideal approach to survivorship care for young survivors is characterised as
being risk-based, involving routine health care and a personalised care plan, aimed
at the management and prevention of chronic conditions that arise due to cancer and
its treatment, while at the same time ensuring their normal, holistic care is met
[183]. This is best achieved using a ‘hybrid approach’ [7] which encompasses
evidence-based guidelines, developed by and agreed upon by the multidisciplinary
team involved in the long-term follow–up care of childhood cancer survivors and
involving, primary care physicians who can offer more holistic care to survivors
following transition and well into adulthood, addressing both their survivorship and
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general health needs [184]. There is little about such an approach which is not
equally applicable to survivors of adult cancers.

13.4 Directions for Future Research and Practice

Many treatment-related conditions do not become apparent for years or decades
after treatment completion. The prevalence and severity of such conditions high-
light the need for improved ongoing surveillance and comprehensive follow-up care
following treatment, well into adulthood. It is also imperative that survivors and
health care professionals are educated about survivors’ increasing risk of late
treatment-related conditions as well as about the appropriate follow-up care for their
prevention or management. Available data and knowledge about late complications
arising from childhood cancer treatment are important for the modification of new
protocols, and to reduce further chronic conditions in future generations.
Researchers’ efforts should be focused on surveillance studies, interventions and
prevention to reduce the potential burden of these chronic conditions and to ensure
the years of life saved are of the highest possible quality.

The need for effective interventions to reduce the burden of chronic physical and
mental health conditions in young survivors and their families is urgent [32, 185,
186]. Fortunately, many chronic conditions following childhood cancer treatment
are preventable or treatable with appropriate medical care, emphasising the
importance of proactive care [128]. Treatment related risks may be modified by
health-related behaviours (smoking, alcohol, exercise and obesity). It is now pos-
sible to reduce the incidence of chronic conditions in survivors with focused pre-
vention strategies [35, 187]. Behavioural medicine interventions can help to address
osteoporosis [188], obesity and metabolic syndrome [62], and cardiovascular dis-
ease [187]. Mental health interventions can effectively reduce anxiety/depression,
and poor social skills [189, 190]. Parent-targeted interventions can create ‘whole
family’ change [191–196]. There is however, a serious gap in the availability of
age-appropriate evidence-based interventions.

Survivors of adult cancer may enter their cancer journey from a very different
place in their lives, but these recommendations are equally applicable to survivors
of adult cancer. Providers of adult cancer survivorship care may benefit from
considering the experience of their paediatric colleagues. By contrast with the
childhood cancer model, there are relatively few specialised survivorship services
or long term follow-up clinics for survivors of adult cancer in Australia. The
majority of adult survivors are followed by their treating oncologist for a variable
period of time, typically somewhat proportional to their risk of relapse, before being
discharged to care in the community with their general practitioner. This model of
care has provided little opportunity to accurately capture the late morbidity burden
experienced by these survivors, or to implement appropriate early intervention or
preventive care. Much could be learned from the childhood cancer experience in
this regard.
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Adult cancer survivors report poorer physical and psychological well-being, are
at increased risk of a range of co-morbid medical conditions and are approximately
50 % more likely to die of non-cancer causes compared to their peers [197, 198].
They too carry an excess chronic disease burden related to their cancer and its
treatment which is not solely explained by pre-morbid lifestyle factors. The adverse
lifestyle risk factors of many adult cancer survivors should not be underestimated
however, with population data suggesting that fewer than 5 % are meeting rec-
ommendations for all three of diet, exercise and smoking [199], yet less than 10 %
will have a discussion with a health care provider about all three lifestyle beha-
viours [200]. Just as in considering the needs of young survivors, a holistic
approach to follow-up is essential for adults too, to monitor and manage chronic
illness following cancer treatment, which may include the treating oncologist but
must acknowledge the central role of the general practitioner in health promotion,
chronic disease management and psychosocial care.

Current research in the field is promising, as are efforts to create unified and
grounded models of care to manage chronic illness in young cancer survivors.
However, additional resources should be allocated to the more systematic evalua-
tion and real-world application of such research. Ideally, these should be in the form
of randomised controlled trials (RCTs) and translation-focused, which evaluate the
efficacy of interventions promoting healthy behaviours, targeting modifiable risk
factors for treatment-related chronic illness.

Greater attention must also be given to developing and accessing comprehensive
models of care, incorporating more appropriate risk-stratification, facilitating
communication between patients and health providers as well as between health
professionals, whilst promoting continuity of care with careful transition approa-
ches. In conjunction with these efforts, further resources should be prioritised in
practice for those who are at highest risk of developing conditions due to their
treatment. Overall, we recommend a model of care which prepares patients from
their diagnosis, for appropriate long term follow-up required to prevent and manage
ongoing treatment-related conditions.

13.5 Conclusion: The ‘Cost of Cure’

While the majority of children diagnosed with cancer will survive, the impact of
their cancer and treatment may continue to affect survivors and their families in the
long-term. Unsurprisingly, survivors with the largest number of treatment-related
chronic conditions have the poorest quality of life [201]. Given the lifetime that is
lived beyond a diagnosis of cancer in childhood [129], it is essential to ensure that
the life years saved are of good quality and do not continue to burden the indi-
vidual, family unit, society and the healthcare system.

Ongoing surveillance for chronic illness arising following cancer increases
detection and thus the possibility of prevention or treatment [27]. In comparison to
the costs of providing healthcare for survivors who do not engage in follow-up care,
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ongoing follow-up care aimed at prevention and early detection may be highly cost
effective [202]. To date, there is no data quantifying the financial burden of
managing treatment-related chronic conditions in young cancer survivors. The
range and severity of late toxicities provides some insight into the significant costs
that a survivor might face for the rest of their lives. Respectively, 62.3, 37.6, and
23.8 % of survivors experience 1, 2 or 3 late effects, each one entailing visits to
health professionals, tests, treatment, and possibly ongoing management or
screening for future related complications [35]. For example, a young survivor at
risk of cardiovascular complications may require ongoing screening and, in the
event of positive results, may be encouraged to make significant lifestyle changes
(e.g. diet and exercise) or undergo costly treatment and possibly additional mea-
sures to manage further complications. Moreover, these late effects impose a
considerable logistical and economic burden on society and the healthcare system
[142].

However, long term follow-up, particularly screening and other testing, may be
problematic for some patients, especially those without health insurance, or with
limited insurance. Further assessment of the benefits of surveillance and the
ongoing financial consequences, including cost of managing chronic illness in
survivors of childhood cancer, is an important area of focus for future research.
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Chapter 14
Chronic Conditions and Cancer
in Older Adults

Arduino A. Mangoni, Kimberley Ruxton, Anna Rachelle Mislang
and Laura Biganzoli

Abstract As a result of the progressive ageing of the population worldwide, an
increasing number of older adults suffer from the sequelae of acute and chronic
disease states. The latter are not confined to structural or functional impairments of
individual organs or systems. Rather, they often impact on global domains of
physical and cognitive function, leading to loss of independence, disability and
frailty. An increasing number of older adults either suffer or have suffered, from
cancer. Older cancer patients often have distinctive clinical features warranting
consideration by healthcare practitioners, including significant co-morbidity burden,
polypharmacy, and high inter-individual variability in homeostatic capacity, func-
tional status and social circumstances. Although these factors are likely to influence
cancer treatment options and follow-up, relatively little information is available on
how to best screen, diagnose and manage this complex patient group. With the
expected increase in the prevalence of older cancer patients, development and val-
idation of dedicated care pathways, tailored to specific healthcare settings, are
increasingly recognized issues in modern clinical practice. This chapter discusses
general epidemiological principles of human ageing in the context of co-morbidity
burden and cancer, the available information on the prevalence and outcomes of
specific types of cancer in older adults, the interplay between cancer and other
common disease conditions, the available tools to assess functional status and frailty
in older cancer patients, and their role in clinical decision making in common cancer
types in this group, namely prostate and breast cancer.
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Key Points

• An ever-increasing number of older adults with various degrees of frailty and
functional status suffer, or has suffered, from cancer

• Older cancer patients often have co-morbidities influencing treatment options
and treatment-related toxicity

• Assessment of health status in older cancer patients should include the presence
and severity of co-morbidities as well as patient-centered end-points such as
self-rated health and functional status

• Newer, easy to use, tools to routinely assess traditional and patient-centered
end-points have the potential to facilitate treatment decisions and follow-up in
older cancer patients

14.1 Introduction

The world population is ageing, primarily as a result of reduced fertility rates and
increased life expectancy [1]. The increase in global life expectancy, from
46.5 years in the period 1950–1955 to 66.0 years in the period 2000–2005, can be
explained by a number of factors, such as better economic conditions and access to
health services, political and social stability, introduction of population screening
programs and improved management of disease states [2]. In the United Kingdom,
the older population, defined as adults aged � 65 years, was 2.2 million (5 %) in
1911 and 10.4 million (16 %) in 2011 [3]. In Australia, the proportion of peo-
ple � 65 years has grown from 8 % in 1970–71 to 13 % in 2001–02, and is
projected to almost double (25 %) in 40 years [4]. The sub-group composition
within the older population is also changing. For example, subjects � 80 years are
growing particularly fast because of their increased gain in life expectancy versus
subjects <80 years [2].

An increasing number of older adults survive acute disease states, e.g. acute
coronary syndrome, severe infection, or stroke, but also suffer from their long-term
sequelae. These may adversely affect global measures of wellbeing and functional
status, often leading to disability, reduced independence and frailty [5–8]. Although
there is no universal consensus, frailty can be defined as a clinical syndrome in old
age, with various causes, that is associated with an increased risk of adverse clinical
outcomes, such as falls, disability, hospital admission and mortality [9].

Disease management in old age requires specific clinical skills in view of the
co-existence of different medical conditions presenting with similar signs and
symptoms, the different clinical presentation of the same disease versus younger
patients, the possibility that presentations mimicking disease states are the result of
adverse effects of medications, and the involvement of different healthcare pro-
fessionals, as a result of co-morbid states, in formulating individual care plans. In
this context, an important issue is the increasing age-related inter-individual
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variability in organ function and homeostasis, disease burden, type and number of
medications, functional status and social support.

An increasing proportion of older patients either survives cancer diagnosed
earlier in life or develops it, often after surviving other disease states. The
increasing representation of older adults in the cancer patient population brings a
number of issues, such as:

1. Optimal management and coordination of long-term care of cancer survivors in
regards to the identification and management of co-morbidities as well as cancer
follow-up

2. The potential role of baseline functional status, as well as co-morbidity burden,
in decisions pertaining to cancer diagnosis and treatment options

3. The impact of frailty on cancer treatment-related toxicity and outcomes.

This chapter discusses the current information regarding the incidence, preva-
lence and outcomes of common cancer types and other common chronic disease
conditions in older adults, the interaction between cancer and other disease states,
and the importance of assessing key clinical and functional patient characteristics in
order to formulate appropriate management and follow-up plans in this group. The
available considerations will focus, when possible, on common cancer types in the
older population, namely prostate and breast cancer.

14.2 Ageing and Cancer—Epidemiology and Outcomes

Data on the incidence and prevalence of cancer in older adults derive from a number
of sources, including investigator-driven epidemiological studies, governmental
datasets, insurance claim databases, surveys and clinical trials. Therefore, the quality
of the information is inevitably influenced by the methods used to establish the
presence, severity or history of cancer, e.g. patient reporting, biomarkers, adminis-
trative databases, imaging, or clinical notes. Therefore, variability in the results can
be explained, at least partly, by differences in data collection.

In the United Kingdom, 64 % of all cancers, barring non-melanoma skin cancer,
are diagnosed in patients � 65 years [10]. In the United States, patients � 65 years
account for 54 % of all patients diagnosed with the four main types of cancer [11].
The overall incidence of cancer in patients >75 years has significantly increased
over time in the United Kingdom, from 1,669 cases per 100,000 people in 1975 to
2,404 cases per 100,000 people in 2011 [10]. Similar trends have been reported in
Australia and in the United States. In Australia, in the older subgroup 75–79 years
the incidence was 1,926 cases per 100,000 people in 1982 and 2,379 cases per
100,000 people in 2011 [12]. In the United States, the incidence of cancer in
subjects >75 years has increased from 2,096 cases per 100,000 people in 1975 to
2,217 cases per 100,000 people in 2012 [11]. The reported increased incidence of
cancer in older adults over time could be secondary to better screening programs,
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increased longevity as well as a genuine increased risk of specific cancer types in
this patient group.

In the United Kingdom, prostate cancer is the main cancer type in older males
(25 %), followed by lung (17 %) and bowel cancer (15 %). By contrast, breast
cancer is the main cancer type in older females (21 %), followed by bowel (15 %)
and lung cancer (15 %) [10]. Similar figures have been reported in the United
States, with prostate cancer being the most common type of cancer in older males
(28 %), followed by lung (16 %) and bowel cancer (9 %), and breast cancer being
the main cancer type in older females (24 %), followed by lung (18 %) and bowel
cancer (10 %) [11].

More than 50 % of cancer-related deaths occur in patients >75 years [10]. In the
United Kingdom, during the period 2007–2011, the five-year overall survival rate
in women with breast cancer was 91 % in those 50–59 years old, 91 % in those
60–69 years old, 81 % in those 70–79 years old, and 61 % in those 80–89 years
old. During the same period, the five-year overall survival rate in males with
prostate cancer was 92 % in those 50–59 years old, 93 % in those 60–69 years old,
88 % in those 70–79 years old, and 59 % in those 80–89 years old [10]. Trends
indicating a relatively lower overall survival rate in patients 80–89 years have also
been observed with cancers affecting both sexes. For example, the five-year overall
survival rate in lung cancer patients was 12–17 % in patients 50–59 years old
versus 5 % in those 80–89 years old, and 61–64 % in bowel cancer patients
50–59 years old versus 43 % in those 80–89 years old [10].

Therefore, the available data for common cancer types in different geographical
areas consistently demonstrate the significant burden of cancer in the older popu-
lation. Notably, the five-year survival figures for the two most common cancer
types in males and females, prostate and breast cancer, respectively, show overall
survival rates well above 50 % in the old-old subgroups, 80–89 years [10].

14.3 Cancer and Chronic Conditions in Old Age

14.3.1 Epidemiology

Early studies investigated co-morbidity burden in older cancer patients by accessing
epidemiological datasets. Coebergh et al. [13] studied *34,000 newly diagnosed
cancer patients from a Dutch cancer registry. The prevalence of significant
co-morbidities increased with age, 12 % in patients <45 years, 28 % in patients
45–59 years, 53 % in patients 60–74 years and 60 % in patients � 75 years. The
most common co-morbidities included heart disease, cerebrovascular and peripheral
vascular disease, hypertension, pulmonary disease and diabetes [13]. Holmes et al.
[14] studied the prevalence of chronic disease conditions in 18,133 cancer survivors
and 94,407 controls � 65 years participating in the Behavioural Risk Factor
Surveillance System 2009 telephone survey. When compared to controls, cancer
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survivors reported a slightly higher age-adjusted prevalence of � 2 chronic con-
ditions (67 % vs. 64 %) as well as individual conditions (hypertension, 60 % vs.
59 %; cardiovascular disease, 24 % vs. 23 %; hypercholesterolemia, 55 % vs.
53 %; diabetes, 21 % vs. 20 %; and arthritis, 57 % vs. 53 %) [14]. Berry et al. [15]
investigated the prevalence of self-reported chronic disease conditions in patients
with a history of cancer and age- and sex-matched controls with no history of
cancer by conducting a telephone survey in South Australia. The mean age of the
study population was 70 years in males and 68 years in females. When compared to
controls, male patients with a history of cancer reported more frequently cardio-
vascular disease (OR 1.48, 95 % CI 1.15–1.90), hypercholesterolemia (OR 1.43,
95 % CI 1.16–1.76) and diabetes (OR 1.47, 95 % CI 1.11–1.94), with a
non-significant trend for increased prevalence of hypertension (OR 1.19, 95 % CI
0.97–1.47). No significant differences were observed with osteoporosis (OR 1.11,
95 % CI 0.67–1.85) [15]. By contrast, women with a history of cancer reported
similar prevalence of cardiovascular disease, hypertension, hypercholesterolemia,
diabetes and osteoporosis compared to women without history of cancer [15].
Keating et al. [16] assessed the prevalence of several disease conditions in a
population-based sample of community-dwelling Americans � 55 years surviving
cancer for more than four years and a control group with no history of cancer.
Cancer patients reported higher rates of lung disease (13.9 % vs. 9.6 %,
P = 0.001), heart disease (29.3 % vs. 22.9 %, P < 0.001), diabetes (18.2 % vs.
16.0 %, P = 0.05) and arthritis (69.4 % vs. 59.4 %, P < 0.001), but similar rates of
hypertension, stroke and mental health problems [16].

A recent study by Leach et al. [17] assessed the prevalence of chronic disease
conditions before and after a cancer diagnosis in 1,527 young, middle-age and older
cancer survivors from two California cancer registries. In the whole population,
patients reported on average 5 conditions ever diagnosed, and 1.9 conditions
diagnosed after cancer. Notably, the number of chronic disease conditions was
highest in breast cancer (5.8 ever, 2.9 after cancer diagnosis) and lowest in prostate
cancer (4.0 ever, 1.0 after cancer diagnosis) patients. The most common chronic
disease conditions ever diagnosed included hypertension (54 %), eye and ear
problems (48 %), arthritis (46 %), heart disease (35 %) and lung disease (31 %)
[17]. By contrast, the most common chronic disease conditions specifically diag-
nosed after cancer diagnosis included eye and ear problems (27 %), hypertension
(17 %), heart disease (16 %), arthritis (16 %) and bone-related problems (12 %).
Although data were collected from a population including older adults as well as
young and middle-age patients, in multivariate analysis age >65 years was inde-
pendently associated with a higher number of total conditions ever diagnosed (beta
coefficient 1.54, 95 % CI 0.99–2.09), and a trend towards a higher number of
conditions diagnosed after cancer diagnosis (P = 0.08) [17].

The burden of multimorbidity, defined as the concomitant occurrence of � 2
chronic medical conditions in one person, is also of increasing concern in the older
cancer population as well as in the general population. A study of Medicare ben-
eficiaries of all ages in the United States showed that 64 % of participants had � 2
conditions whereas 24 % had � 4 conditions [18]. During the period 2000–2020
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the number of Americans suffering from multimorbidity is estimated to increase
from 60 to 81 million [19]. A Dutch study showed a similar multimorbidity burden
in older cancer patients (n = 3,835, mean age 72 years) and in age-, sex-, and
practice-matched patients without cancer (n = 11,973) [20]. The prevalence of
participants with two chronic conditions was 19.6 % in cancer patients and 19.1 %
in non-cancer patients, whereas the prevalence of participants with � 4 conditions
was 20.5 % in cancer patients and 20.6 % in non-cancer patients [20].

Despite significant differences in population characteristics, sample size, meth-
ods for assessing the presence of chronic conditions and statistical analysis, the
available evidence suggests an increase in the prevalence of some disease states and
risk factors, e.g. heart disease, respiratory disease, hypertension, hypercholestero-
laemia and arthritis, in older cancer patients when compared to older adults without
cancer and younger cancer patients. However, the burden of multi-morbidity
appears similar in older patients with and without cancer. Little information is
available on co-morbidity burden in older cancer patients >80 years, and in patients
with different cancer type and severity. Further research is also warranted to
ascertain whether there are significant ethnic and/or geographical differences in the
prevalence and severity of co-morbid conditions in this patient group.

The assessment of the type and the number of co-morbid states, albeit useful,
may not adequately characterize their impact in individual patients. For example,
hypertension, particularly when adequately and safely controlled by means of
pharmacological and/or non-pharmacological strategies, is a cardiovascular risk
factor rather than a disease condition per se. Therefore, the impact of hypertension
on measures of self-rated health, functional status and independence is likely to be
relatively small if compared to disease conditions such as chronic obstructive
pulmonary disease or heart failure. Moreover, the same chronic condition, e.g.
diabetes, might exert different effects on health according to its duration, severity,
degree of control, and co-existing medical conditions. Finally, considering the
impact of different co-existing medical conditions as simply additive does not
account for the complex disease-disease, disease-patient and disease-drug interac-
tions. The latter increase the risk of adverse drug reactions and toxicity as well as
physical and cognitive decline [21–23].

14.3.2 Impact of Co-morbidity on Cancer
Screening and Treatment

The type, severity and number of co-morbid conditions are likely to influence older
cancer patients’ decisions regarding treatment options and follow up, as well as
short- and long-term outcomes. However, the available evidence primarily origi-
nates from qualitative and epidemiological studies rather than randomized clinical
trials. The latter are unlikely to recruit older cancer patients with significant
co-morbidity burden, polypharmacy, and frailty given their generally stringent
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inclusion and exclusion criteria. Professional groups have recently called for an
increased participation of ‘real-life’ older patients in clinical trials, particularly those
involving pharmacological interventions. Although protocol adjustments allowing
recruitment of frail older patients seem feasible and justified this group remains
largely neglected [23–25].

A recent review has sought to identify factors influencing older cancer patients’
decisions regarding treatment from published qualitative studies [26]. Current or
previous co-morbidities were factors involved in the decision to decline cancer
treatment in seven studies [27–33]. However, these studies were generally small in
size, included patients <65 years, and did not demonstrate an independent effect of
co-morbidities on decisions regarding cancer treatment. Studies have also investi-
gated the possible impact of co-morbidity and polypharmacy on patient decisions
regarding cancer screening. Gross et al. interviewed older adults with � 2 chronic
medical conditions and on � 5 prescribed medications [34]. The vast majority of
participants (93 %) indicated that the presence of co-morbidities would not affect
their screening decisions. After viewing an educational prompt, describing the
rationale for screening and its potential benefit in relation to life expectancy, 25 %
of patients stated that their current health would affect their decisions, 52 % con-
firmed that their decisions would not be affected by current health status, whereas
the remaining were undecided [34].

Prout et al. [35] assessed the potential impact of age and co-morbidity on specific
treatment options in older patients with bladder cancer, using population-based
cancer registries. Similarly to other studies, hypertension, heart problems, respira-
tory disease and arthritis represented the main co-morbid conditions (preva-
lence >15 %). In patients with bladder invasion, age � 75 years was associated
with a significantly reduced number of radical cystectomies. Similar trends were
observed for patients with poorer physical status. For the same categories indicating
poorer physical status, patients <75 years were 12 times more likely to undergo
radical cystectomy than patients � 75 years [35]. Therefore, advancing age, rather
than co-morbidity, was a factor influencing treatment options in bladder cancer
patients. However, it is not possible to ascertain whether specific treatment deci-
sions were primarily made by patients, carers, or treating physicians.

14.4 Assessing Frailty and Functional Status in Older
Cancer Patients

Disease management is based on a number of factors, including disease severity,
achievable treatment goals, life expectancy, and co-morbidities as well as individual
patient preferences, social circumstances and functional status. Although cancer
treatment guidelines primarily focus on objective markers of response patient-
centred end-points and frailty are also important, particularly in old age. A related
issue is whether traditional cancer end-points, including progression-free survival
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and overall survival, have similar relevance and significance in frail older patients.
The latter group might prioritise other, patient-centred, end-points such as improved
quality of life and overall symptom control, e.g. reduced pain, fatigue and nausea.
Multiple co-existing medical conditions might impact on key self-rated health
measures and overall functioning in this group, regardless of a previous or current
history of cancer. Patient-centred end-points should be used in combination with
traditional clinical and demographic characteristics when making decisions in
relation to cancer screening, management and follow-up.

The comprehensive geriatric assessment (CGA) is routinely performed in the
general older population to assess a patient’s medical, psychosocial and functional
capacities in order to formulate a coordinated plan to maximize health [36]. Based
on a multidisciplinary approach and assessment, the CGA includes key ‘patient-
centred’ domains, such as functional capacity, falls risk, cognitive function and
mood, nutrition, polypharmacy, social support, financial issues, treatment goals and
advanced care preferences. Assessment of these domains allows determining a
patient’s degree of frailty, with important implications for management planning
and follow-up. Performing a CGA has been associated with better clinical outcomes
in the general older population, particularly improved functional status (OR 1.75,
95 % CI 1.31–2.35), reduced institutionalization (OR 0.64, 95 % CI 0.51–0.81) and
reduced mortality (OR 0.72, 95 % CI 0.55–0.95) [37].

Use of the CGA for the management of older cancer patients is recommended by
several key professional societies, such as the US National Comprehensive Cancer
Network, the International Society for Geriatric Oncology and the European
Organization for Research and Treatment of Cancer [38, 39]. A recent systematic
review has assessed the available evidence regarding the use and the impact of the
CGA in the management of older cancer patients [40]. Although the feasibility of
conducting a CGA was demonstrated in several studies, its impact on treatment
decisions and outcomes is less clear. In a study of 1,967 older cancer patients,
CGA-related information was available to the treating oncologists for 61 % of
patients. In this subgroup, treatment decisions were changed according to the CGA
in 25 % of cases [41]. In two similar, albeit smaller, studies the proportion of
patients changing treatment plan according to the results of the CGA was 39 and
49 %, respectively [42, 43]. Two further studies have identified older age, living
alone, reduced activities of daily living, low body mass index and poor nutrition as
CGA components that were independently associated with changes in treatment
decisions [44, 45].

Studies have also assessed whether the CGA, or any of its components, is
associated with cancer outcomes, including toxicity or other adverse effects related
to treatment. Reduced activities of daily living, loss of independence, cognitive
impairment, poor nutrition, adverse social circumstances and polypharmacy were
independently associated with treatment-induced toxicity in four studies [46–49].
Reduced activities of daily living, impaired mobility and cognitive function,
depression, poor nutrition and co-morbidity burden, also predicted mortality in
several studies [50–57].
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One issue related to the routine use of the CGA in older cancer patients as well
as in the general older population is the time and staff resources required to perform
the assessments. Simpler, yet robust, tools are being investigated in order to stratify
risk and facilitate decision making in this context. A recent systematic review
identified published studies on frailty screening methods with the best sensitivity
and specificity to predict different CGA components in older cancer patients.
Hamaker et al. identified 14 studies investigating 7 screening tools. The latter
showed variable degrees of sensitivity and specificity: Vulnerable Elders
Survey-13, 68 and 78 %; Geriatric 8, 87 and 61 %; Triage Risk Screening Tool, 92
and 47 %; Groningen Frailty Index, 57 and 86 %; Fried frailty criteria, 31 and
91 %; Barber, 59 and 79 %; and abbreviated CGA, 51 and 97 % [58]. Notably, the
tools with the highest sensitivity, Geriatric 8 and Triage Risk Training Tool, also
had relatively poor specificity. Therefore, the available evidence questions the
routine use of available frailty screening tools to identify older cancer patients
benefiting from a CGA for decisions regarding treatment options, follow up and
outcomes.

Another limitation of the CGA is the lack of an objective, consistent and
quantifiable approach to determine functional status and frailty. This affects its
capacity to facilitate cancer treatment decisions and to predict treatment toxicity and
overall outcomes. The Multidimensional Prognostic Index (MPI), a recently
developed tool based on key components of the CGA, provides a quantifiable index
score of between 0 and 1, with higher scores indicating increasing frailty and
disability [59]. The total MPI score is obtained by averaging the scores of the
following CGA components [59]: Activities of Daily Living [60]; Instrumental
Activities of Daily Living [61]; Short Portable Mental Status Questionnaire [62];
Mini-Nutritional Assessment [63]; Exton-Smith Scale, assessing the risk of
developing pressure sores [64]; Cumulative Index Rating Scale, assessing the
severity of co-morbid conditions [65]; total number of medications; and social
support network, assessing whether the patient lives alone, with relatives/partner/
friend, or in an institution. Patients are stratified into low (MPI � 0.33), medium
(MPI 0.33–0.66) or high (MPI >0.66) risk [59]. The MPI has been shown to
independently predict adverse outcomes in older patients in different settings and
with specific disease states, e.g. heart failure, chronic kidney disease, dementia and
cancer [53, 59, 66–72]. Notably, the MPI demonstrates superior predictive capacity
and discriminatory power versus other functional frailty instruments [73]. Giantin
et al. [53] investigated the clinical use of the MPI in 160 patients � 70 years with
different types of advanced solid cancer, by assessing 6- and 12-month all-cause
mortality. In the study population, 60 % of patients had a low MPI (� 0.33), 30 %
had a medium MPI (0.33–0.66) and 10 % had a high MPI (>0.66). The latter group
had a significantly higher risk of death at 6 (HR 8.09, 95 % CI 3.75–14.48,
P < 0.001) and 12 months (HR 5.66, 95 % CI 2.87–11.16, P < 0.001) versus
patients with a low MPI. In a model including the MPI, age, gender, co-morbidities,
body surface area, depression, cognitive function, chemotherapy treatment and type
of cancer the predictive performance (area under the curve) was 0.914 (95 % CI
0.869–0.959) at 6 months and 0.874 (95 % CI 0.819–0.928) at 12 months [53].
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Further studies are required to support the clinical use of the MPI in the older cancer
population, not only in terms of predicting overall outcomes but also in assisting
with treatment decisions and follow up.

Because of their capacity to assess a range of health parameters, including
physical and cognitive function, tools such as the CGA or the MPI might also be
useful for the assessment of patient-centred end-points during cancer treatment, in
addition to traditional outcomes. Recent studies in patients with depression or
dementia showed MPI changes during treatment, affecting a number of cognitive,
behavioural as well as frailty-related domains [74, 75]. The latter may be particu-
larly relevant in this patient population [23].

14.5 Assessment and Management of Specific
Cancer Types in Old Age

14.5.1 Prostate Cancer

14.5.1.1 Epidemiology

As previously discussed, prostate cancer represents the most common type of
cancer in older males [10, 11, 76]. The incidence of prostate cancer has increased
by 147 % over the last 30 years [10]. The latter finding is at least partly explained
by the increasing use, and misuse, of the prostate-specific antigen for cancer
screening [77]. Prostate cancer related mortality significantly increases with
advancing age, with the highest rates reported in patients >85 years, 790 deaths per
100,000 population [10]. The five-year overall survival of patients with prostate
cancer also varies by age, although it is still relatively high in older patients, 88 %
in patients 70–79 years and 59 % in patients 80–89 years [10].

14.5.1.2 Impact of Chronic Diseases on Treatment
Options and Outcomes

Studies have investigated the effect of co-morbidity in predicting survival in older
prostate cancer patients. Fouad et al. [78] identified 561 men (mean age 79 years)
with a diagnosis of prostate cancer before death from three databases (death cer-
tificates, Medicare and Veteran’s Administration). Of them, 42 % died from
prostate cancer whereas 53 % died with the disease (the status was undetermined in
the remaining 5 %). The prevalence of very serious (index disease severity = 4) and
serious (index disease severity = 3) comorbid conditions was significantly higher in
patients who died with prostate cancer compared to those who died from the disease
(35 % vs. 6 % and 33 % vs. 25 %, respectively). The risk of dying of causes not
related to prostate cancer was significantly associated with race (OR 1.8, 95 % CI
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1.2–2.7), age at death (OR 2.2, 95 % CI 1.2–3.8) and higher index disease severity
scores (OR 5.2, 95 % CI 2.7–10.0) [78]. Common chronic disease conditions in
patients who died with prostate cancer versus those who died from the disease were
cancer other than prostate (17 % vs. 2 %, P < 0.001), ischaemic heart disease
(12 % vs. 5 %, P < 0.05), heart failure (8 % vs. 1 %, P < 0.001), stroke (12 % vs.
5 %, P < 0.01) and chronic obstructive pulmonary disease (20 % vs. 8 %,
P < 0.001). Each of these co-morbidities was also independently associated with an
increased risk of dying with prostate cancer than from the disease. Albertsen et al.
[79] investigated the impact of co-morbidity burden on overall survival at 10 years
in 19,639 older men (age >65 years) with localized prostate cancer, identified using
the Surveillance, Epidemiology and End-Results program linked with the Medicare
database. Patients included in the analysis received no surgery or radiotherapy
within 180 days of diagnosis. The Charlson comorbidity index was measured to
assess co-morbidity burden. The latter was considered as confounder, together with
tumour grade, stage and age, in survival analyses. Co-morbidity exerted a negative
impact on survival. Overall 10-year mortality was 40, 49 and 59 % in patients with
0, 1 or 2 co-morbidities, respectively. Only 5 and 11 % of patients with moderately
or poorly differentiated cancer died as a result of the disease. In patients
66–74 years with localized prostate cancer (T2) and Gleason score 8–10, overall
10-year mortality was 61, 77 and 94 % in those with 0, 1 or � 2 co-morbidities,
respectively. By contrast, prostate cancer-specific mortality was 24, 9 and 18 %,
respectively [79]. Bradley et al. [80] investigated possible differences in prostate
cancer treatment and survival according to the presence of co-morbid conditions in
73,563 men identified from a national database during the period 2004–2009. An
adapted version of the Charlson co-morbidity index was used to identify co-morbid
conditions. The latter were present in 46 % of the study population and included
diabetes, heart failure, stroke and chronic obstructive pulmonary disease. The
presence of multiple co-morbid conditions was associated with a reduced likelihood
of receiving any treatment versus patients without co-morbidities (OR 0.77, 95 %
CI 0.73–0.82). Patients with heart failure or multiple co-morbidities had the highest
death rate whereas patients with diabetes only or no co-morbidities, had the lowest
[80].

The International Society of Geriatric Oncology has published recommenda-
tions, in 2010 and 2014, on the management of older patients with prostate cancer
[81–83]. The initial reports emphasise that chronological age per se should not
determine decisions regarding treatment options in this group [81, 82]. The 2014
report recommends an preliminary general health screening using relatively simple
tools such as the Geriatric 8 assessment instrument [84]. The latter includes eight
domains: age, food intake, weight loss, mobility, neuropsychological issues, body
mass index, number of prescribed drugs, and self-rated health [84]. Based on this
assessment, patients would fall into one of the following three management cate-
gories: (1) healthy or fit patients, undergoing similar prostate cancer treatment to
that offered to younger patients; (2) vulnerable patients with reversible impairment,
receiving treatment after medical intervention targeting specific impairments; and
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(3) frail patients with permanent impairment, necessitating adapted treatment for
prostate cancer [84].

In older patients with clinically localized, high-risk, prostate cancer, the 2014
report recommends that fit and vulnerable patients undergo curative treatment with
radiation therapy or radical prostatectomy [84]. Patients in the low-intermediate risk
should undergo active surveillance or watchful waiting according to their individual
expected survival. In this group, the use of androgen deprivation therapy should be
carefully balanced with the increased risk of cardiovascular disease, sexual dys-
function, diabetes, osteoporosis and bone fractures associated with this treatment
[85]. Patients with advanced prostate cancer should receive androgen deprivation
therapy as first line treatment. Concomitant treatment with supplemental dietary
calcium and vitamin D, bisphosphonates or denosumab has been shown to be
effective in preventing the detrimental effects of androgen deprivation therapy in
this context [85–87].

Although the SIOG professional recommendations represent an important step
towards individualization of prostate cancer treatment in older patients a number of
issues need to be considered. First, the proposed strategies for patient assessment
and management are largely based on clinical judgement and professional opinion
rather than evidence. It is unknown whether a risk stratification based on the
Geriatric 8 tool leads to better prostate cancer and overall outcomes, reduced
treatment-related toxicity, improved patient-centred end-points independent of
prostate cancer, e.g. increased food intake or mobility, and better use of available
healthcare resources. Second, as previously discussed, a recent systematic review
reported that the Geriatric 8 assessment tool, while showing high sensitivity (87 %),
also has a relatively low specificity (61 %) for predicting different components of
the CGA [58]. Further evidence is therefore required to demonstrate the superior
clinical utility of this assessment tool over others in stratifying older prostate cancer
patients into different management care pathways. Third, the proposed approach
involves a concerted effort by different healthcare staff, including medical oncol-
ogists, geriatricians, general practitioners, physiotherapists, nurses, and dieticians.
Building these multidisciplinary teams might present challenges, including the need
for dedicated clinics, availability of key members, and close liaison with individual
patients, relatives, carers as well as other healthcare staff, e.g. surgeons and radi-
ation oncologists.

14.5.1.3 Adverse Effects of Treatment

Available medical treatment options in prostate cancer primarily involve androgen
deprivation therapy (ADT), either by bilateral orchiectomy (surgical castration) or
by medical orchiectomy. Medical orchiectomy is accomplished by using either
gonadotropin releasing hormone (GnRH) agonists, with or without antiandrogens,
or GnRH antagonists [88, 89]. A number of short- and long-term adverse effects are
commonly observed in prostate cancer patients receiving ADT. They primarily
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include cardiovascular disease, osteoporosis and bone fractures, and cognitive
impairment.

A. Cardiovascular and thromboembolic disease

ADT exerts several adverse metabolic effects, particularly increased fat mass,
increased LDL-cholesterol and triglyceride concentrations, insulin resistance and
increased incidence of new onset diabetes [90, 91]. However, the evidence for an
increased incidence of cardiovascular events in prostate cancer patients treated with
ADT is conflicting [92–95]. A meta-analysis of eight randomized controlled trials
of ADT versus placebo in 4,141 patients failed to show a significant increase in the
risk of adverse cardiovascular outcomes with ADT. The relative risk of cardio-
vascular mortality was 0.93 (95 % CI, 0.79–1.10) [96]. By contrast, another
meta-analysis of eight observational studies in 414,657 patients showed a signifi-
cant increase cardiovascular risk with ADT. The relative risk of nonfatal cardio-
vascular events was 1.38 (95 % CI, 1.29–1.48) with GnRH agonists [97]. ADT has
also been associated with an increased risk of venous thromboembolic events in
several observational studies, with hazard ratios ranging between 1.56 and 1.95
[98–100].

Pending further evidence on the short- and long-term effects of ADT on car-
diovascular health in patients with prostate cancer professional groups recommend
a thorough cardiovascular risk assessment and management, by means of phar-
macological and non-pharmacological interventions, before and during ADT [90].
However, there are some uncertainties regarding the applicability of national and
international guidelines on cardiovascular risk management in a population of
frailty older patients with cancer [101].

B. Osteoporosis and bone fractures

There is good evidence that ADT leads to a loss of bone mineral density, by
5–10 % in the first year of treatment, and an increased risk of bone fractures in
patients with prostate cancer [85]. The reported relative increase in fracture risk
ranges between 21 and 54 % [102, 103]. Although treatment with calcium and
vitamin D are commonly recommended in prostate cancer patients receiving ADT,
no specific randomized controlled trials demonstrating efficacy have been con-
ducted in this population group [104, 105]. By contrast, a number of randomized
controlled trials have shown the beneficial effects of bisphosphonates, particularly
pamidronate, risedronate and zolendronic acid, on bone mineral density versus
placebo in prostate cancer patients [85]. This is further supported by a systematic
review and meta-analysis of 15 trials in 2,634 patients, which showed that bis-
phosphonate therapy was associated with a significant reduction in osteoporosis
(RR 0.39, 95 % CI 0.28–0.55) and vertebral fractures (RR 0.80, 95 % CI
0.69–0.94) versus placebo [106].

Denosumab, a humanized monoclonal antibody targeting the receptor activator
of nuclear factor-jB ligand, preventing the transformation of pro-osteoclasts to
osteoclasts, has been shown to be effective on bone mineral density and risk of
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fractures in prostate cancer patients treated with ADT. In a study of 1,468 patients,
denosumab treatment exerted significant beneficial effects on bone mineral density
and reduced the incidence of vertebral fractures versus placebo (RR 0.38, 95 % CI
0.19–0.78) [87]. Positive effects on bone density and fracture risk have also been
reported for selective estrogen receptor modulators (SERMs). In a randomized
controlled trial in 1,284 prostate cancer patients the SERM toremifene was asso-
ciated with a significant increase in bone mineral density at the lumbar spine, total
hip and femoral neck, and a reduction in the risk of new fractures (RR 0.62, 95 %
CI 0.40–0.98) versus placebo [107]. However, toremifene treatment was also
associated with an increased incidence of thromboembolic events versus placebo,
2.6 % versus 1.1 % [107].

Several bone health treatment recommendations and management algorithms in
prostate cancer patients receiving ADT have been published. They generally
involve a thorough baseline and follow-up assessment of bone density and other
osteoporosis risk factors as well as treatment with calcium, vitamin D, bisphos-
phonates or denosumab as first-line options [108–111].

C. Cognitive impairment

The issue of a potential adverse effect of ADT on cognitive function has been
widely debated, with several relatively small studies reporting contrasting results
[112–114]. More recently, a large retrospective study on 16,888 prostate cancer
patients, with 2,397 receiving ADT, demonstrated a significant independent asso-
ciation between ADT and risk of cognitive impairment using a propensity-score
matching analysis approach (HR 1.88, 95 % CI 1.10–3.20) [115]. Patients receiving
ADT for more than 12 months had the greatest risk of cognitive impairment (HR
2.12, 95 % CI 1.11–4.03). Further longitudinal studies are required to better
investigate the short- and long-term effects of ADT on cognitive function.

14.5.2 Breast Cancer

14.5.2.1 Epidemiology

Breast cancer is the most common cancer in women and the second most common
cancer overall. The lifetime risk of developing invasive breast cancer increases with
age, with women � 70 years having the highest 10-year probability risk of 3.8 %
[11]. Breast cancer-specific incidence and mortality in women � 70 years are 24.5
and 36.5 %, respectively [116]. As indicated before, the net survival is approxi-
mately 90 % in women aged 40–69 years, 81 % in those aged 70–79 years, but
only 64 % in those aged 80–99 [10]. Survival is impacted negatively by age at
diagnosis, clinical stage and presence of comorbidities.
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14.5.2.2 Impact of Chronic Diseases on Treatment
Options and Outcomes

The number of co-morbid diseases increases with age in the general population, by
10 % in ages up to 19 years and up to 80 % in people of ages 80 and older [117]. In
breast cancer, a constellation of chronic diseases has been reported in 20–35 % of
patients. This is anticipated to rise with advancing age [118]. Comorbidities can
both influence and complicate the potential treatment options in older breast cancer
patients. However, as a result of the under-representation of this patient group in
clinical trials, management is reliant on extrapolation of available data, careful
geriatric assessment, and close monitoring for potential side effects [119]. Hence, a
personalized multidisciplinary care is needed in managing older patients with breast
cancer to improve tolerance to systemic treatment and achieve a better outcome
[120]. A CGA may provide insights to the patient’s overall health status, life
expectancy, tolerance to treatment, and may therefore guide clinicians in the
decision-making when it comes to balancing risks-benefits with comorbidities and
treatment options.

An age-related difference was noted in the treatment of breast cancer in a large
population-based study in Netherlands, indicating a less aggressive treatment in
older patients [121]. In contrast to younger patients, patients � 80 years were less
likely to undergo surgery (95 % vs. 76 %, P < 0.01) or breast conserving surgery
(54 % vs. 29 %, P < 0.01). Axillary dissection was performed less frequently in the
presence of comorbidities (78 % in those with � 2 comorbidities vs. 97 % in those
without, P < 0.01), as did adjuvant radiotherapy (78 % vs. 94 %, P < 0.01) [121].

Comorbid conditions adversely affect survival outcomes in breast cancer
patients. Mechanisms are either patient- or treatment-related. Patient-related factors
include the comorbidity itself, being a contraindication to the desired treatment or
reducing the tolerance to treatment due to poor physiological reserve, leading to
complications and toxicities. In contrast, treatment-related factors include the
treatment itself, i.e. toxic regimen, suboptimal or under-treatment from dose
reduction or modification relative to organ function. Breast cancer patients with
comorbid conditions have an increased age-adjusted risk of death at one and five
years versus patients without co-morbidities, with HR values ranging between 1.60
and 2.34 [122]. Ahern et al. [123], assessing the longitudinal comorbidity in a
cohort study of women treated for primary breast cancer over a median follow up of
85 months, observed that a unit increase in the Charlson comorbidity index raises
the hazard ratio for all-cause mortality by 1.4-fold, whether accounting for baseline
or for acquired comorbidity. In a case-control study of older breast cancer women
(median age 76 years) by Schonberg et al. [124], a direct association was found
between advancing stage and worse survival after a median follow up of 7.7 years.
Women with stage III or IV disease were more likely to die of breast cancer while
women with ductal carcinoma in situ or stage I, of cardiovascular disease, similarly
to most women without breast cancer [124]. Brandt et al., in a population-based
study during the period 1961–1991, showed that age � 80 years was a prognostic
factor for poor survival, independent of stage at diagnosis and diagnostic period.
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Although there was an improvement in survival rate over time, older patients still
had a higher relative risk versus other age categories [125]. In the study of Patnaik
et al. [126] on 64,034 breast cancer patients aged � 66 years from the Surveillance,
Epidemiology, and End Results (SEER) and Medicare data, patients with stage 1
breast cancer and comorbidities had similar survival rates to patients with stage 2
breast cancer and no comorbidities. The most prevalent comorbidities included
previous cancer (16.3 %), diabetes (13.0 %), chronic obstructive pulmonary disease
(8.8 %), congestive heart failure (6.5 %), and stroke (4.3 %). Individual comor-
bidities were associated with a statistically significant increased mortality compared
with patients with no comorbidities [126]. Land et al. [127] performed a population-
based, stage-specific analysis that revealed an association between comorbidity and
survival in 62,591 women diagnosed with early breast cancers in from 1990 to 2008
in Denmark, confirming an increase in all-cause mortality with severe comorbidity.

14.5.2.3 Adverse Effects of Treatment

Available standard systemic treatment options in breast cancer include endocrine
therapy, chemotherapy, and anti-Her2 therapy depending on disease biology and
comorbidities. However, several chronic conditions could potentially limit available
treatment options, reduce treatment tolerance, and exacerbate risk of
treatment-related adverse events. The following paragraphs describe the potential
impact of common co-morbidities on treatment options.

A. Cognitive impairment

The risk of cognitive impairment increases with age, up to 5 % in persons aged
71–79 years, 24 % in those aged 80–89 years, and 37 % in those � 90 years [128].
The United States Preventive Task Force (USPTF) 2014 did not recommend routine
screening for cognitive impairment in older adults lacking signs and symptoms,
given the insufficient evidence to assess clinical benefits and harms. However, it
acknowledges that decisions should be individualized based on specific patients or
situations [128]. In older cancer patients, establishing the presence of cognitive
impairment is vital not only in obtaining informed consent, but also in the ability to
adhere to complex treatment regimens, manage and report potential toxicities, and
attend regular follow-ups.

An increasing number of studies have shown a detrimental effect of adjuvant
chemotherapy per se on cognitive function both in cross-sectional and in longitu-
dinal studies [129, 130]. A recent meta-analysis of 27 studies confirmed the pres-
ence of a significant association between adjuvant chemotherapy and cognitive
impairment, particularly in cross-sectional studies [131]. Another meta-analysis,
investigating the evidence on the effect of interventions to manage cognitive
impairment in breast cancer patients, showed that pharmacological interventions
were generally ineffective. By contrast, non-pharmacological strategies such as
cognitive training interventions improved self-reported cognitive function, memory,
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verbal function and language and orientation/attention whereas physical activity
interventions were effective on executive function and self-reported concentration
[132].

B. Cardiovascular disease

Cardiovascular disease remains the leading cause of death globally and one of the
most common chronic diseases in older patients. The population ageing has led to
an increase in global cardiovascular mortality between 1990 and 2013 despite an
improvement in age-specific death rates in most regions, specifically in Central and
Western Europe [133]. Cardiovascular disease is often associated with other dis-
eases, such as chronic kidney disease and diabetes. Many routine breast cancer
therapies have potential adverse cardiovascular effects [134], negatively impacting
on quality of life during and after treatment.

Anthracyclines can cause or exacerbate cardiac toxicity, particularly heart fail-
ure, both acutely and chronically. The risk is associated with dose and exposure.
Older patients have a two-fold risk of developing doxorubicin-induced heart failure
versus younger patients, even at relatively low doses [135]. A Cochrane review of
seven randomized controlled trials evaluating the duration of anthracycline infu-
sions showed a reduction in heart failure with infusions exceeding six hours
compared to shorter duration (relative risk, RR 0.27), with no negative impact on
response rate or survival [136]. A review of five randomized controlled trials on
epirubicin versus doxorubicin showed a lower incidence of clinical heart failure
with epirubicin, while a meta-analysis on the use of liposomal doxorubicin showed
a reduction in heart failure risk versus conventional doxorubicin (RR 0.20) [137].
A meta-analysis of dexrazoxane also showed a significant cardioprotective effect
(RR 0.29) [138]. The incidence of late-onset cardiac dysfunction, increasingly
recognized as the survival from breast cancer improves, ranges between 18 and
65 %. Its prevalence rises with time, suggesting a progressive nature of the disease
[139, 140]. Older patients at increased risk of cardiotoxicity should be carefully
identified and evaluated before treatment with anthracyclines.

Cardiac events from paclitaxel are most commonly due to bradycardia (30 %).
However, the incidence of serious cardiac events is low in patients without pre-
existing cardiac dysfunction [141]. Notably, taxanes can potentiate anthracycline-
induced cardiotoxicity by stimulating the formation of doxorubucinol, a toxic
metabolite [142]. Fluoropyrimidines increase the risk of endothelial dysfunction
and coronary artery vasospasm within two to five days of therapy, lasting up to
48 h. This might trigger acute coronary syndromes, with a reported incidence
between 1 and 68 % [143–148].

Of the anti-Her2 agents, trastuzumab has been the most studied. Trastuzumab
binding to Her2 has been shown to cause contractile dysfunction via mitochondrial
integrity disruption and interference with cardiac myocyte growth, repair and sur-
vival [149]. Unlike anthracyclines, trastuzumab-related cardiac dysfunction, rang-
ing from declining left ventricular ejection fraction to overt heart failure, is
generally reversible, but the long-term effect is unclear. The risk of cardiac
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dysfunction is substantially higher when given concurrently with anthracyclines
(27 %) versus paclitaxel (13 %) or monotherapy (3–7 %) [150]. A systematic
review of randomized trials on adjuvant trastuzumab in patients >60 years showed
a 5.2 % pooled incidence of cardiac events [151]. Chen et al. assessed the
three-year cardiac event rates (heart failure and cardiomyopathy) after adjuvant
chemotherapy and trastuzumab therapy in women aged 67–94 years using the
Surveillance, Epidemiology, and End Results-Medicare data from 2000 through
2007. Compared with patients who received neither therapies, there was a 14 %
increase in absolute risk for trastuzumab use alone, 23.8 % for trastuzumab and
anthracyclines, and 2.1 % for anthracycline use alone [152]. In the NSABP-31 trial
comparing doxorubicin and cyclophosphamide (AC) followed by paclitaxel with or
without trastuzumab, those in the trastuzumab arm had a 4.1 % cumulative inci-
dence of New York Heart Association class III–IV heart failure and an overall
cardiac event incidence of 19 % in three years [153]. The latter occurred more
frequently in patients � 50 years and in patients with marginal post-AC decline in
left ventricular ejection fraction. Asymptomatic decrease in left ventricular ejection
fraction was the most common cause for trastuzumab discontinuation (14 %) and
the cardiac dysfunction was reversible [153]. Similarly, the N9831 trial reported a
5 % reduction in left ventricular ejection fraction and a three-year cumulative
incidence of cardiac events of 0.3 % in arm A (AC followed by weekly paclitaxel),
2.8 % in arm B (paclitaxel followed by trastuzumab), and 3.3 % in arm C (pacli-
taxel plus trastuzumab followed by trastuzumab alone) [154]. Age � 60 years was
associated with increased cardiac events (6.6 %) in the univariate analysis [154].
Cardiac function recovered after trastuzumab discontinuation. Similar results were
reported during extended follow-up, with only two additional heart failure diag-
noses beyond five years [155]. In the HERA trial, the incidence of trastuzumab-
related cardiac dysfunction at 12-month median follow-up was 3.6, and 4.3 %
discontinued treatment [156]. Most patients recovered within six months. Early
trastuzumab discontinuation could substantially affect overall survival. In a
population-based cohort study of 585 women with stage I–III breast cancer (mean
age 72 years) and no pre-existing cardiovascular disease, 41 % discontinued tras-
tuzumab treatment early (defined as cardiovascular events within 45 days before the
last trastuzumab treatment) [157]. Among these cohorts, 48 % had prior anthra-
cycline, 25 % had prior docetaxel and carboplatin, and 27 % had prior docetaxel
and cyclophosphamide. Heart failure, or cardiomyopathy, was the most common
cardiovascular event (18.8 %) [157]. Notably, women suffering from cardiovas-
cular events had significantly worse survival, even if they had completed trastu-
zumab treatment. These results highlight the vulnerability of older patients to
cardiotoxicity from adjuvant treatment, with subsequent increased in mortality,
regardless of treatment completion status. Developing strategies to prevent and
manage cardiac events could impact their overall survival.

Anti vascular endothelial growth factor drugs (anti-VEGF) such as bevacizumab,
combined with chemotherapy, are biologically active as first or second line treat-
ment in older patients with Her2 negative locally recurrent or metastatic breast
cancer, with significant improvement in progression-free survival but not overall
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survival [158]. However, anti-VEGF treatment is associated with an increased
incidence of hypertension, proteinuria, thromboembolic events and heart failure. In
a review of all phase I–III clinical trials published up to December 2008 with
approved anti-VEGF therapies, the incidence of grade 3–4 hypertension, cardiac
dysfunction and thromboembolism was 9.2, 0.3 and 9.6 %, respectively [159]. The
adverse safety profile, together with the relatively high treatment costs, made the
use of anti-VEGF drugs prohibitive in older patients with comorbidities.

Aromatase inhibitors, commonly used in postmenopausal breast cancer, also
increase cardiovascular risk versus tamoxifen [160, 161]. More than 19,000 patients
from seven randomized controlled trials were assessed in a study comparing
tamoxifen versus aromatase inhibitors [160]. The latter were associated with an
increased risk of cardiovascular events (RR 1.31) and a reduced risk of throm-
boembolic events (RR 0.53). However, the absolute risks were low, with number
needed to harm (NNH) of 189 patients to produce one cardiovascular event, and 85
patients for one thromboembolic event. Similarly, a meta-analysis of more than
30,000 patients from randomized controlled trials confirmed the increased risk of
cardiovascular events (OR 1.26, NNH 132) but also showed reduced risk of venous
thrombosis (OR 0.55, NNH 79) [161]. The reduced risk of venous thrombosis could
be due to the relative increase in risk imparted by tamoxifen [162].

The International Society of Geriatric Oncology has published recommendations
for the management of anthracycline-induced cardiac toxicity [163, 164].
Additionally, the European Society for Medical Oncology released clinical practice
guidelines for cardiovascular toxicity induced by chemotherapy, targeted agents
and radiotherapy (Table 14.1) [165].

C. Type 2 diabetes mellitus

Type 2 diabetes is an independent risk factor for breast cancer [166]. Srokowski
et al. reported its negative influence on the choice of chemotherapy regimen, related
toxicities, and outcomes. In their cohort study of 70,781 patients aged � 66 years
from the SEER-Medicare database, 20.4 % had type 2 diabetes [167]. The latter had
reduced odds of receiving anthracyclines (OR 0.78, 95 % CI 0.71–0.87) or taxanes
(OR 0.86, 95 % CI 0.75–0.99), and increased odds of any chemotherapy toxicities,
including hospitalizations due to chemotherapy toxicity (OR 1.38, 95 % CI 1.23–
1.56), infection/fever (OR 1.43, 95 % CI 1.20–1.70), neutropenia (OR 1.22, 95 %
CI 1.03–1.45) and anaemia (OR 1.24, 95 % CI 1.05–1.47). Moreover, patients with
type 2 diabetes had higher all-cause mortality (HR 1.35, 95 % CI 1.31–1.39) and
breast cancer specific mortality than patients without type 2 diabetes, when given
chemotherapy (HR 1.20, 95 % CI 1.07–1.35) [167]. In another study of 112
patients � 70 years with early, operable ER-negative breast cancer treated between
2000 and 2010 in China, type 2 diabetes at diagnosis was an independent prognostic
factor for overall survival (with the addition of chemotherapy regimen) while
chemotherapy was not. This suggests that type 2 diabetes management may be more
important than chemotherapy in this group [168].
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Table 14.1 Recommendations for management of cardiotoxicity—adapted from SIOG and
ESMO [164, 165]

Recommendations Management

Rigorous screening
for high cardiac risk

Comprehensive patient
history and physical
examination

Cardiovascular comorbidities and risk
factors
• Previous exposure to anthracyclines
• Previous mediastinal irradiation
• Previous or current use of other
cardiotoxic drugs

• Planned for trastuzumab
• Age � 60 years
• Comorbidities
– Hypertension
– Coronary artery disease
– Cardiomyopathy
– Arrhythmias
– Dyslipidemia
– Diabetes mellitus
– Obesity
– Peripheral vascular disease
– Smoking
– Sedentary lifestyle
– Alcohol excess

Not exceeding the
recommended
cumulative dose

Reduce maximum
cumulative dose

Doxorubicin
• Max: 450–500 mg/m2

• Aim: 300 mg/m2

Epirubicin
• Max: 900 mg/m2

• Aim: <720 mg/m2

Liposomal Doxorubicin
• Max: 900 mg/m2

• Aim: <900 mg/m2

Use of alternative,
less cardiotoxic
therapy

Use of continuous
infusion

Aim for at least 6 h

Avoid concurrent
anthracyline and
trastuzumab

Sequential anthracycline and
trastuzumab

Use less cardiotoxic
formulations

Liposomal doxorubicin

Epirubicin

Taxanes

Capecitabine

Vinorelbine

Gemcitabine

Use cardioprotectant Dexrazoxane
(continued)
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Taxanes are commonly used in both early and advanced breast cancer. Steroid
use, as a premedication to reduce hypersensitivity, could precipitate or exacerbate
type 2 diabetes. In a retrospective study on 632 patients given docetaxel-based
chemotherapy in Korea, the overall incidence of hyperglycaemia was 13.7 %,
10.9 % in patients without previous type 2 diabetes. The risk for infections was
higher with hyperglycaemia, stressing the need for early recognition and optimal
glucose management during docetaxel therapy [169]. Moreover, pre-existing type 2
diabetes increases the risk and severity of peripheral neuropathy with taxanes, and
predisposes to a slower recovery [170].

D. Renal disease

Older patients with renal impairment are at risk for toxicity when given
chemotherapy drugs that are renally excreted, e.g. fluoropyrimidines, cyclophos-
phamide and bisphosphonates. A dose adjustment is recommended in this context.
The cardiotoxicity risk is markedly increased in patients given 5-fluorouracil or
capecitabine with intercurrent renal impairment [148]. In a study comparing zole-
dronic acid with pamidronate, a grade 3–4 increase in serum creatinine concen-
trations occurred in 0.4 % patients in the zoledronic acid group and in 1.9 % in the
pamidronate group after two years of administration [171].

Table 14.1 (continued)

Recommendations Management

Regular cardiac
function monitoring

Baseline assessment of
cardiac function

12-lead ECG

Echocardiography or Multiple gated
acquisition scan (MUGA)

Cardiac biomarkersa

Serial cardiac
monitoring
Long-term follow up

Monitor every 2–3 cycles of
conventional anthracyclines

Careful attention to left ventricular
ejection fraction drop exceeding 10 %,
even if still within normal range

Cease treatment if left ventricular
ejection fraction decreases below the
lower limit of normal

Cardiovascular risk
reduction
intervention

Treatment optimization
of pre-existing cardiac
dysfunction

Medical management
• ACE inhibitors, AII inhibitors,
beta-blockers, statins, etc.

Lifestyle modification
• Smoking cessation, regular exercise,
moderate alcohol consumption, diet
modification

Early recognition and aggressive
management of cardiac dysfunction,
even when asymptomatic

aBiomarkers: troponin and brain natriuretic peptide are experimental, awaiting prospective
validation
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E. Bone health: osteoporosis and osteonecrosis of the jaw

Bone health requires careful evaluation in older patients, particularly those
receiving treatment for breast cancer. Age is a non-modifiable risk factor for
osteoporosis regardless of bone mineral density [172]. However, in the National
Osteoporosis Risk Assessment (NORA) study of >170,000 women aged
50–99 years, a low bone mineral density (T score <−1.0) had a similar relative risk
for fracture regardless of age [173]. Risk factors for osteoporosis can be
patient-related (i.e. age � 50 years, female gender, personal or family history of
fracture, ethnicity, malnutrition, sedentary lifestyle, immobility, falls, alcohol
use >2 units/day, and smoking), disease-related (i.e. estrogen deficiency, hypogo-
nadism, nutritional disorders or malabsorption, vitamin D deficiency, chronic liver
or kidney disease, endocrinopathies, and malignancy—e.g. breast, prostate, multi-
ple myeloma), or therapy-related (i.e. glucocorticoids, aromatase inhibitors,
anti-androgens, thyroxine, proton pump inhibitors, methotrexate, psychotropic
agents, antidepressants, and anticonvulsants) [174]. Not surprisingly, older breast
cancer patients with pre-existing risk factors are at increased risk of bone loss and
osteoporosis, particularly when treated with aromatase inhibitors. For these reasons,
tamoxifen is preferred in patients with pre-existing or increased risk of osteoporosis.
Tamoxifen conferred a non-significant 19 % reduction in osteoporotic fracture
events versus placebo in the NSABP-1 trial, with overall reduction being greatest in
women � 50 years [175]. In the cross-sectional analysis of Kwan et al. on 2,157
patients with breast cancer, prior risk factors (11.2 % prior history of osteoporosis,
16.3 % any fracture, and 4.6 % major fracture) had been present for six years or
more before cancer diagnosis. The majority of patients were initially treated with
aromatase inhibitors although those started on tamoxifen had nearly twice the
prevalence of prior osteoporosis, highlighting the clinical consideration of prior
bone health history when initiating cancer treatment [176].

Bisphosphonates, selective estrogen receptor modulators, denosumab, plus
supplemental calcium and vitamin D are approved for the management of bone loss
or bony metastases. Recently, the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) reported the benefit of adjuvant bisphosphonates only in post-
menopausal women in reducing the rate of breast cancer recurrence in the bone and
improving breast cancer survival [177].

However, bone-modifying agents such as oral bisphosphonates and denosumab
have been implicated in osteonecrosis of the jaw (ONJ), a rare but potentially
serious complication. In breast cancer, the reported frequency of ONJ ranges from
0.6 to 6.2 % [178]. Review of relevant articles describing the relationship between
bisphosphonates and ONJ revealed age � 60 years, female sex, and previous
invasive dental treatment as potential risk factors [179]. In a cohort study of 1621
cancer patients treated with zoledronate, ibandronate, and pamidronate, dental
extractions and use of dentures were identified as risk factors. The crude ONJ
incidence was 3.1 % with breast cancer [180].

Receptor activator of nuclear factor kappa-B ligand (RANKL) inhibitors such as
denosumab, are an alternative to bisphosphonates when managing patients at risk
for skeletal related events from solid organ metastasis or osteoporosis. Denosumab
is widely used because of its superior efficacy to bisphosphonates as well as a more
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favourable adverse event profile, including manageable hypocalcaemia, reduced
nephrotoxicity and acute phase reactions, and ease of subcutaneous administration
[181]. However, in a trial on patients with advanced breast cancer denosumab was
associated with a non-statistically higher incidence of ONJ versus zoledronic acid
(2.0 % vs. 1.4 %, P = 0.39) [182].

In summary, patients with breast cancer are at increased risk of ONJ when
treated with bone modifying agents, especially in the presence of risk factors.
Evidence recommends careful planning and pre-treatment prophylactic dental care
to reduce ONJ incidence [181, 183].

F. Arterial and venous thromboembolism

In a retrospective study of 3,283 breast cancer patients treated with tamoxifen, there
was an age-associate increase in the risk of thromboembolic events, e.g. deep venous
thrombosis, pulmonary embolism, myocardial infarction or cerebrovascular events:
5 % (<45 years), 7 % (45–54 years), 14 % (55–64 years), 19 % (65–74 years), and
27 % (� 75 years) [184]. However, in the NSABP-1 trial on tamoxifen versus
placebo, tamoxifen use had no effect on ischaemic heart disease annual rate. It did,
however, increase the risk of stroke (RR 1.59), pulmonary embolism (RR 3.01), and
deep vein thrombosis (RR 1.6), especially in women >50 years [175]. The ATLAS
trial randomized nearly 13,000 women with ER-positive early breast cancer to either
five or ten years of adjuvant tamoxifen. The probability of dying from another cause
after breast cancer diagnosis, during years 5–14, was 5 % in women <60 years and
20 % in older women. Moreover, there was an increased incidence of pulmonary
embolism (RR 1.87) and stroke (RR 1.06) [185]. Age >65 years and prior history of
arterial thromboembolism can increase the risk of bevacizumab-associated throm-
boembolism, especially when combined with chemotherapy [186].

In summary, although improvements in therapeutic options have increased sur-
vival in older breast cancer patients, the presence of comorbidities may adversely
influence treatment decisions, tolerance, and outcomes. Treatment goals must bal-
ance efficacy with toxicity, while controlling the symptoms and maintaining quality
of life. The long-term consequences of anti-cancer therapies have become an
important issue contributing to morbidity and mortality as survivorship increases.

14.6 Recommendations for Research and Practice

The evidence discussed in this chapter highlights the high prevalence of cancer, as
previous or current disease state, in an ever-growing older patient population
characterized by significant inter-individual variability in co-morbidity burden,
prescribed drugs, homeostatic capacity, physical and cognitive function and social
circumstances. Similarly to the general older population, the number of co-morbid
conditions increases with age in older cancer patients, although little information is
currently available on the impact of disease states on self-rated measures of health
as well as functional status. The limited available evidence suggests that the
co-morbidity burden may influence decisions regarding cancer screening and

14 Chronic Conditions and Cancer in Older Adults 443



treatment options. However, more research is needed to ascertain whether specific
disease states and their impact on individual patients’ health, rather than patient’s
preferences or physician’s attitudes, independently affect such decisions. Additional
knowledge is also required to better identify the pattern of co-morbid states diag-
nosed specifically after cancer diagnosis and treatment. The latter might also
influence decisions regarding cancer management.

Patient-centered end-points, such as measures of self-rated health, functional
status and independence are increasingly recognized as factors independently pre-
dicting adverse clinical outcomes as well as influencing management decisions in
old age. A number of Geriatric Oncology professional societies advocate the use of
the Comprehensive Geriatric Assessment (CGA) and other frailty assessment tools
for early stratification of frailty and functional status in older cancer patients. As a
result of this assessment, patients would be entered into specific management
pathways, e.g. active treatment similar to what recommended in younger patient
cohorts, medical management of specific co-morbid states before initiating cancer
treatment, modified, less-intensive, cancer treatment or palliative care. Although the
proposed strategies take into account individual measures of health and functional
status, key elements of modern care in old age, additional studies are required to
justify their routine clinical use, particularly in regards to acceptance by patients and
healthcare staff, adequate resource utilization, reduced treatment-related toxicity,
and improvement in traditional cancer outcome measures as well as patient-centred
end-points.
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Chapter 15
Chronic Conditions and Cancer
at the End of Life

David C. Currow and Jane L. Phillips

Abstract The majority of people diagnosed with cancer are older and therefore are
likely to have co-morbidities at the time it is diagnosed and if the cancer progresses
to advanced disease. Guidance in the process of managing long-term co-morbidities
at the end of life requires clarity about the goals of care for the person’s cancer, and
for each of his/her co-morbidities. Why was a particular therapy started in the first
place? What risk is the therapy mitigating, and does it need to be continued? Very
few studies help to inform the process of ceasing medications. For example, with
cachexia and its associated weight loss, frequently encountered in advanced cancer,
the management of two of the most frequent conditions—hypertension and diabetes
—will change. The need for anti-hypertensives will decrease or the person will risk
postural symptoms and the need for lower doses of hypoglycaemic agents and
liberalised diets will be hallmarks of managing diabetes in order to avoid hypo-
glycaemia. Mostly, this care is in the setting of multiple co-morbidities, making
review a complex and continuing process. Changes in co-morbidities can also
directly influence the anti-cancer therapies that are available to patients, because of
characteristics of the drug itself or changes in metabolism or elimination. Adjusting
chemotherapy in advanced disease also requires careful evaluation of the goals of
palliative treatment—are there symptoms that can best be addressed by disease
modifying treatments or are there other more direct, better tolerated symptom
control therapies available? Not only will there be a need for active management of
long-term co-morbidities, but people will need to adjust psychologically to these
changes. Modifying the goals of treatment is often the most overt signal to people
that their disease is progressing and therefore can be particularly confronting. Such
changes will often precipitate, or are an opportunity for, much wider conversations
about life, dying and death.
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Key Points

1. Clinicians need to actively manage the long term therapies for chronic
co-morbid conditions as people experience the systemic changes of advanced
cancer, reflected most overtly by cachexia.

2. As function declines and there are measureable systemic changes in muscle
mass, fat mass and appetite, it is important to adjust prescribing for long term
co-morbidities that may be affected by these changes. Such conditions include
hypertension and diabetes as key examples.

3. Most people invest effort and energy in optimally managing their co-morbid
illnesses to the best of their ability. Changing the goals of care for such people
as systemic changes (weight loss, declining function) dictate the need to adjust
these therapies is often a difficult psychological transition to make for patients
(and their families).

4. Palliative anti-cancer treatments for symptom control, particularly late in life,
need to be considered in the context of the other ways that symptoms can be
managed. ‘Palliative’ chemotherapy must have a specific target symptom that
otherwise cannot be well palliated.

5. Co-morbidities will have an increasing impact on whether or not to offer sys-
temic therapies late in life. An adequate assessment of each co-morbidity and its
impact on level of function and symptom control is needed in parallel with the
assessment of the person’s cancer.

15.1 Introduction

Adults with advanced cancer who have other active co-morbidities are at increased
risk of adverse outcomes [1]. As cancer advances, its impact on people is dictated in
three major ways:

1. The systemic effects of having uncontrolled cancer (most frequently manifest by
increasing fatigue, weight loss (of both muscle and fat), loss of appetite and
resulting changes in body habitus)

2. Local effects of the cancer (which are most often over-shadowed by the systemic
effects of the disease)

3. Psychological transitions associated with these systemic changes. Managing
these changes needs to be considered in the context of the person’s disease
progression, goals and palliative care needs (Fig. 15.1).
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The systemic changes of advanced cancer demand the active management of
co-morbid illnesses in order to optimise a person’s function and avoid iatrogenic
harm. With widespread and sometimes dramatic systemic changes, goals of care
need to be reviewed frequently and adjustments made, not only to the goals as
function declines, but also to therapies for long term co-morbidities. Such mor-
bidities are frequently encountered in people with advanced cancer as older age is
the most prominent risk factor for both cancers and co-morbidities.

In order to adjust therapies for long term co-morbidities, it is necessary to
understand in detail why a medication was commenced and the goals of that
therapy.

15.1.1 A Framework for Managing Co-morbidities

One proposed framework is to consider the level of prevention being undertaken by
prescribing a medication (primary, secondary, tertiary) and the likely timeframes for
the onset of problems if the therapy were ceased (Fig. 15.2). Another way to
consider this is to quantify the number needed to treat and the timeframes required
to avoid an event in order to contextualise the real risk for the specific patient if the
medication were to be ceased. This helps clinicians to have an approach to rational
deprescribing when there is no evidence that addresses directly ceasing the medi-
cation in question.

Fig. 15.1 Conceptualising the palliative management of advanced cancer and other
co-morbidities
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15.1.2 Negotiating Goals of Care

Negotiating goals of care with people who have advanced cancer requires time and
conversations that are both honest and respectful. This is often a time of confronting
change for patients and especially for their families and friends. Resetting expec-
tations and hence resetting goals is one of the most important conversations that a
clinician can have as he/she sees the manifestation of systemic changes of advanced
cancer. Although these are often very challenging conversations, especially when
first introduced, they are also highly valued conversations by patients and their
families. Not having these conversations risks patients making ill-informed deci-
sions about their future, often leading to anger and disappointment regarding the
decisions and actions they would prioritised if they had truly known their prognosis.

The process of negotiating goals of care often entails also considering people’s
fears and concerns: What is my prognosis? How will I die? Will I have uncontrolled

Fig. 15.2 Factors influencing the likelihood of continuing treatment for medical comorbidities in
patients with life limiting illness, and examples of conditions in each category. Used with
permission from Stevenson et al. [34]
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symptoms? Who is going to provide care for me? How can I ensure that my wishes
are respected even if I am unable to speak for myself? Patients expect that clinicians
will be able to brooch these topics (rather than expecting the patient to raise these
issues) and answer these questions confidently and sensitively [2]. It is the
opportunity to provide information on advanced care planning, and to facilitate
these crucial, ongoing conversations.

Many people will also have long term symptoms that pre-date their diagnosis of
cancer. These symptoms may require special consideration, especially if they have
not previously responded to disease modifying or symptom-focused measures [3].

This chapter is divided into sections on

• Chronic non-communicable diseases
• Communicable diseases
• Multi-morbidities.

It is structured to outline the considerations for key decisions as people face the
systemic changes of advanced cancer. The chapter covers major co-morbidities and
illustrates how to approach the challenges of managing co-morbidities in advanced
cancer. Such a chapter cannot cover all potential co-morbidities, but it can ensure
that it illustrates a framework to apply to decision-making from first principles if a
particular clinical scenario is not outlined.

15.2 Non-communicable Diseases

Chronic cardiovascular disease in cancer
Managing cancer patients with cardiovascular disease requires consideration of

prognosis and the risk factors that are being managed to minimise the impact of
cardiovascular disease.

15.2.1 Management with a Prognosis of Months to Weeks

Many people with cardiovascular disease may also be receiving palliative cancer
treatment, some of which may cause cardiotoxicity. Cardiotoxicity in this group
may manifest as myocardial ischemia, hypertension, arrhythmias, pericarditis or
conduction defects that require attention [4]. These people require ongoing moni-
toring and optimisation of medications to prevent symptomatic decompensated
heart failure requiring hospitalisation [5].

People with cardiovascular disease tend to be on a large number of medications.
Beyond reviewing medications for dynamic conditions such as hypertension which
are likely to change as a result of weight loss, many people will also be taking
cholesterol lowering medications. If these are for primary or secondary prevention,
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there is evidence that these can be safely ceased once a person is identified as
having a limited prognosis [6].

15.2.2 Managing Hypertension at the End of Life

Most people will benefit from having their anti-hypertensives reduced or ceased
once cachexia is evident. The therapeutic goal should be to avoid any postural
symptoms and any ensuing falls. Routine monitoring for this group includes a full
assessment, addressing reversible factors and palliating refractory symptoms, irre-
spective of the underlying cause of the disease (cancer or heart failure).

15.2.3 Symptoms in People with Chronic Cardiac
Disease—Pain

Pain in people with heart failure may be related to underlying cancer or heart failure,
including refractory (stable) angina especially if there is worsening anaemia, gross
edema, immobility or diabetic neuropathy. Key considerations for this group is to
avoid if possible medications with anti-cholinergic activity (pro-arrhythmogenic)
and, if possible, avoid non-steroidal anti-inflammatory drugs which can increase salt
and water retention [7, 8].

15.2.4 Symptoms in people with chronic cardiac
disease—breathlessness

Breathlessness: The pharmacological management of breathlessness includes reg-
ular, low dose extended release morphine. Benzodiazepines are not recommended,
but could be considered if panic is triggering the breathlessness and psychological
interventions have not been effective. Supplemental oxygen is unlikely to be of
benefit for routine palliation of breathlessness in the absence of hypoxaemia [7, 8].
Non-pharmacological management includes exercise, breathing training, walking
aids, psychological interventions, and hand-held (battery operated) fans [7, 8].

15.2.5 Symptoms in People with Cardiac Disease—Edema

Edema is often a major symptom, worsened by hypoalbuminemia late in the course
of cancer. Pharmacological management includes diuresis as appropriate, including
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parenteral diuretics. Non-pharmacological management includes appropriate fluid
restriction which may have to be modified across the last months of life, weight
monitoring and good skin care [7, 8].

15.2.6 Symptoms in People with Chronic
Cardiac Disease—Fatigue

Cancer and heart failure are both multi-system systemic disorders causing skeletal
muscle loss, which contributes to both breathlessness and fatigue. The patient’s
heart failure will be exacerbated by anaemia [5]. which is not uncommon in this
group and may worsen fatigue. Non-pharmacological management, if someone still
has a reasonable level of function, includes gentle graded exercise. It is also
important to consider if people have episodic hypoxia due to sleep disordered
breathing such as obstructive sleep apnoea, or central hypoventilation syndromes,
or poorly controlled symptoms contributing to the person’s fatigue. Other causes of
fatigue such as poor nutritional intake, side effects of medications (beta blockers),
hypokalaemia, hypothyroidism or depression need to be considered and treated
accordingly [7, 8].

15.2.7 Advance Care Planning

Timely advance care planning is essential because patients in this group are at risk of
a sudden cardiac death and/or cognitive impairment and need to be provided with an
opportunity to plan accordingly [9–11]. Consideration of deprescribing of the car-
diovascular medication needs to be sensitively discussed with the patient and
undertaken in partnership with their treating heart failure team. Similarly if a plan for
deactivation of implantable cardioverter-defibrillator in patients with New York
Heart Association functional class IV symptoms had not been previously formu-
lated, this also needs to be devised in partnership with the patient and their team [12].

15.2.8 Management with a Prognosis of Days to Hours

Once the diagnosis is made that prognosis is limited, these patients do not require
any further investigations, but rather the focus ought to be on optimising palliative
symptom management through careful history and clinical assessment, and effective
patient and family communication about the goals of care.

Pharmacological management includes treatments for pain and breathlessness. If
the person is on opioids for pain or for breathlessness and is unable to swallow,
convert usual opioids to an equivalent subcutaneous dose (eviQ [3] on-line opiate
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calculator; www.eviq.org.au) [13]. If the person is opioid naïve, small doses of
parenteral (subcutaneous or intravenous if there is central access) morphine 1–2.
5 mg can be given regularly for pain or for breathlessness.

If the person has heart failure and is unable to swallow, he/she may benefit from
subcutaneous frusemide 20–40 mg daily or twice daily; topical nitrates may still be
required in the terminal stages of a life-limiting illness for relief of chest pain and
oxygen should be given for anyone who is hypoxemic.

Non-pharmacological treatments include elevating the head of the bed if there is
any suspicion of heart failure, regular mouth and pressure area care, and reassurance
to families and friends about the absolute commitment to providing comfort. If the
person has an implantable defibrillator, ensure that it is turned off [12].

15.2.9 How Does Chronic Cardiac Disease Impact
on Therapies Directed Against the Cancer?

People who have heart or vascular conditions at the time they are diagnosed with
cancer are especially vulnerable to the cardiovascular effects of some cancer
treatment (radiotherapy chemotherapy and hormone cancer treatments). Cardiac
toxicity is the most common cancer therapy complication, which has increased
since the advent of molecularly targeted therapies. The new cancer therapies have
contributed to a rise in unexpected cardiac toxicities, especially when added to more
conventional chemotherapies [14]. Heart failure is the unfortunate manifestation for
many of these toxicities, especially related to anthracyclines [14].

15.2.10 Recalibrating Self-management

The symptom burden associated with cancer and the persons’ heart failure neces-
sitates that any self-management plans be reviewed frequently to ensure that they
are reflecting the person’s changing well-being and that they continue to be helpful.

15.3 Diabetes

Diabetes remains highly prevalent across the community and given that prevalence of
diabetes and cancer both increase with age, this is a frequently encountered
co-morbidity in the population of people with cancer. With increasing rates of obesity
around the world, there is an increasing rate of metabolic syndrome, with increased
insulin resistance creating a large group of people with type II diabetes. Sensitively
managing diabetes in the setting of advanced cancer requires careful attention to
detail and sometimes difficult discussions with patients and their families.
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15.3.1 Management with a Prognosis of Months to Weeks

The principles of managing diabetes with a prognosis of months are similar for type
I and type II diabetes. Fundamentally, there is a need to adjust goals of care.
Avoiding long term micro- and macro-vascular complications ceases to be the
primary goal of care as their genesis takes prolonged periods of hyperglycaemia.

The clinical aims when managing diabetes once it is recognised that the person
has advanced cancer is to:

– make every effort to minimise the risk of hypoglycemia as untreated hypo-
glycemia can cause death in minutes,

– reduce the risks of symptomatic hyperglycemia.

The threshold for symptoms from hyperglycemia will vary from person to
person but is likely to be above twice the upper limit of blood sugar levels required
for glycaemic control.

For people with type II diabetes:

– monitoring can often be relaxed to daily or less frequent if they are stable; and
– dietary restrictions can often be relaxed simultaneously, allowing a wider choice

of foods.

The latter is important given that people who are experiencing cancer anorexia
cachexia syndrome (CACS) often have reduced appetite and marked changes in
food preferences. Allowing a broader range of foods may better support oral intake
at a time when this can be difficult. For people with cachexia, the associated weight
loss often means that the medications for glycaemic control will have to be reduced
markedly in any case.

For people with type I diabetes, a similar approach to management is needed
with:

– revised glycaemic controls;
– a relaxing of dietary restrictions (especially in the presence of anorexia); and
– adjustment of insulin doses especially in the presence of marked weight loss.

15.3.2 Management with a Prognosis of Days to Hours

In type II diabetes, oral hypoglycaemic agents are often stopped safely in the last
days of life. Ensuring that a small dose of insulin is available for any resultant
symptomatic hyperglycaemia is often all that is required. Diet can be liberalised to
include anything that a person desires.

In type I diabetes, it is necessary to continue a small (and diminishing) dose of
insulin to avoid ketoacidosis. Once more, monitoring can be reduced and diet
expanded in order to match the person’s rapidly changing metabolic environment.
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15.3.3 How Does Diabetes Impact on Therapies
Directed Against the Cancer?

There are a number of impacts that diabetes can have on therapies late in life. Most
frequently, the challenge is the use of medications that induce diabetes or worsen
glycaemic controls. Widespread use of glucocorticoids is the pre-eminent cause of
this. (Of note, although often used to stimulate appetite, glucocorticoids also
accelerate muscle loss through catabolic pathways at a time when cachexia is
already causing profound loss of muscle.) New classes of agents such as ghrelin
agonists also cause hyperglycaemia in a small number of people taking them.

15.3.4 Recalibrating Self-management

Most people with diabetes are highly motivated to optimise their care of the con-
dition. For most diabetics, glycaemic control has required major lifestyle changes
which need to be maintained daily over many years with incredible attention to
detail.

It is likely that many people will have difficulty adjusting to liberalised diet and
changed medications as the goals of glycaemic control are shifted from avoiding
long term complications of hyperglycaemia to the short term complications of
hypoglycaemia as appetite worsens and oral intake and exercise become less pre-
dictable. There may well be a time of people feeling very psychologically unsettled
with changed goals of care. The ability to adjust to new goals of care and to need to
consult health professionals about management that patients have managed for
years or decades can be very confronting for patients.

15.4 Renal Impairment/Renal Failure

Mild to moderate renal impairment is frequently encountered in people with
advanced cancer. One in 15 people have marked renal impairment reflected in
raised serum creatinine when first diagnosed with cancer, but using a more con-
servative threshold for renal insufficiency, one in two people will have abnormal
renal function when diagnosed with cancer using Cockcroft and Gault criteria for
calculating creatinine clearance, mostly in the presence of a ‘normal’ serum crea-
tinine [15]. In the setting of advanced cancer, people with end-stage renal disease
include people with:

• Progressive renal failure unrelated to the cancer
• An acute insult (often from the treatment of cancer or cancers such as multiple

myeloma) superimposed on, or causing, chronic kidney disease
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• Local factors such as post-renal obstruction by a cancer
• A malignancy itself that may be a consequence of previous renal transplantation.

In considering the management of renal failure in the setting of advanced cancer,
the underlying insults leading to kidney disease are important only where they are
currently remediable because they are worsening renal function.

15.4.1 Management with a Prognosis of Months to Weeks

For most people with renal insufficiency, a prognosis limited to months or weeks
may not change the symptoms experienced nor the measures introduced for
symptom control. If renal function is stable because of chronic disease that is not
progressing, symptom control can continue with careful ongoing review of renal
function.

For people on dialysis, symptom control related to advancing cancer can provide
some challenges but, by using medications that are short acting, symptoms can be
well controlled.

Symptoms from severe renal insufficiency that may co-exist with advancing
cancer include (in order of prevalence) fatigue, pruritus, constipation, anorexia,
pain, sleep disturbance, anxiety, nausea, restless legs syndrome and depression. On
dialysis, the top four symptoms are pain, fatigue, pruritus and constipation [16].
Although many of these symptoms are frequently encountered in other settings,
restless legs syndrome is most frequently seen in the setting of renal insufficiency.

Pharmacological management of restless legs syndrome in end-stage renal dis-
ease relies on non-ergot dopamine agonists with the more recent approval of
gabapentin. Most studies have been underpowered and it is difficult to identify
characteristics of either the likelihood of responding to medications or only expe-
riencing toxicities [17]. Non-pharmacological treatments include intra-dialysis
exercise including the use of exercise bikes which have collateral benefits of
improving aerobic fitness and also patterns of sleep.

15.4.2 Management with a Prognosis of Days to Hours

Part of the challenge of providing excellent care for someone on dialysis and
simultaneously facing advanced cancer is the discussion about when dialysis should
cease. This conversation requires great skills and empathy. Most patients will have
thought about the issue and will expect that their physicians will raise this topic
respectfully and confidently. The decision to withdraw dialysis ultimately rests with
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the patient in consultation with the people that he/she trust to help make decisions
like this.

Few data are available about the focus required to provide good symptom
control in end-stage renal disease and advanced cancer. Symptom control especially
for pain, breathlessness and restless legs will be the focus of the process.

15.4.3 How Does Renal Impairment Impact on Therapies
Directed Against the Cancer?

Before initiating systemic palliative anti-cancer therapies, it is important to assess
renal function (which diminishes with age), co-morbidities that may affect renal
function (such as heart failure), medications that may worsen renal function,
medications that may be affected by worsening renal function and hydration status
[18]. Approximately one half of all cycles of chemotherapy will require some dose
adjustment due to renal insufficiency [15].

Most directly, renal impairment affects the choice and dosing of many systemic
therapies for cancer treatment, many of which may be considered even in the setting
of advanced cancer.

Systemic anti-cancer therapies that require dose adjustment in the setting of renal insuffi-
ciency include: cyclophosphamide, ifosfamide, docetaxol, vinorelbine, carboplatin, cis-
platin, zoledronate, etoposide, topotecan, capecitabine, pemetrexed and methotrexate.

Systemic therapies that may worsen renal insufficiency include: gemcitabine, carboplatin,
cisplatin, oxaliplatin, epirubicin, doxorubicin, paclitaxel, irinotecan. trastuzumab, zole-
dronate and methotrexate [15, 18].

In people on dialysis, the safe and effective administration of chemotherapy
becomes a key consideration. This is a highly specialised area with few data to
inform practice.

Chemotherapy frequently used for treatment in people on haemodialysis where dose
adjustment is still needed include cisplatin, oxaliplatin and carboplatin, cyclophosphamide,
capecitabine, methotrexate, irinotecan, etoposide, docetaxel, and vinorelbine [19].

For people with cancer and renal insufficiency, careful consideration of the most
appropriate analgesic is also required as morphine and its derivatives (codeine) are
not recommended for people with severe (stage 5) kidney disease (calculated cre-
atinine clearance of less than 10 mL/min) due to accumulation of active metabolites
and opioid toxicity. Buprenorphine, fentanyl, hydromorphone or oxycodone are
preferred opioids in severe kidney disease [20].
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15.5 Liver Impairment/Liver Failure

Hepatic impairment may be due to:

• Infiltration of the liver with cancer
• Obstruction to the biliary tree by cancer including local lymph nodes
• Long term disease

Globally, the most common non-malignant causes of hepatic impairment include
viral hepatidities (although the burden of disease will change with increasing
immunisation rates against hepatitis B and highly effective treatments now available
for hepatitis C) and alcohol. The ability to metabolise some drugs and the liver’s
synthesising function for key proteins can have a major influence on the therapeutic
choices in late stage disease.

Symptoms manifest as a result of worsening hepatic impairment include fatigue,
pain, itch, ascites and progressive cognitive impairment. Cognitive impairment can
be frustrating for the patient and his/her family.

15.5.1 Management with a Prognosis of Months to Weeks

Fatigue is commonly experienced by people with advanced cancer, and is more
pronounced in the presence of co-existing liver disease. While the mechanisms
driving fatigue in both cancer and liver failure continue to be poorly understood,
anaemia, medications (i.e. anti-histamines, anti-emetics, anti-depressants and
analgesics) and anorexia all contribute to this debilitating symptom. As sarcopenia
is more pronounced in this population, with 15–50 % of patients with cancer and
30–45 % with liver failure having CT defined sarcopenia, it is likely to play a role
[21]. Managing fatigue in this population is predominately focussed on
non-pharmacological interventions, such as:

• Promoting physical activity;
• Spacing activities;
• Reserving energy for important and enjoyable activities;
• Accessing assistance with instrumental activities of daily living; and
• Nutritional support.

Managing pain in the presences of liver failure requires careful consideration of
the analgesic type and dose. Paracetamol use in the context of chronic alcohol use
can lead to unexpected toxicity, while more cautious titration of codeine and
morphine is needed to avoid precipitating encephalopathy or coma. Non-steroidal
anti-inflammatory medications should also be avoided in this population.
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Persistent itch is another distressing symptom that is challenging to manage.
Whilst there is no universally effective medication a number of drugs are often
trialled [22]. Non-pharmacological interventions such as avoiding soap, shampoo
and hot water on the skin, and using bath oil, a soap substitute and soothing lotions
and avoiding vaso-dilating food and drinks (e.g. coffee, alcohol and spices) provide
some comfort.

Ascites may be due to either cancer, liver failure or a combination of both [23].
If the underlying cause of the ascites cannot be managed, then symptom man-
agement becomes the goal of treatment. Abdominal paracentesis is indicated if it is
causing pain, breathlessness or nausea and vomiting, and only if the coagulation
profile permits. Diuretics need to be ceased for 24 h immediately prior to and after
paracentesis.

Assess and manage any post-paracentesis adverse effects such as hypovolaemia,
hypotension, renal dysfunction, perforated viscus, peritonitis or fistula formation.
Patients with ascites due to liver failure, who have had abdominal paracentesis
where more than five litres has been drained may benefit from concentrated albumin
replacement therapy. If not already in place, sodium restriction and oral diuretics
need to be initiated [23]. The use of ACE-inhibitors and angiotensin receptor
blockers in patients with chronic liver failure and ascites maybe harmful, so their
use in this population needs careful consideration [23].

Liver failure is associated with changes in central neural transmission that result
in:

• Alterations in behaviour
• Cognitive dysfunction
• Mood disorders
• Sleep disturbances (inversion of the day/night cycle).

which impact on patients’ quality of life [24]. People with advanced chronic
liver disease frequently develop hepatic encephalopathy that causes a wide spec-
trum of neuropsychiatric symptoms from subclinical neurological or psychiatric
abnormalities through to coma [25].

Cognitive changes due to liver failure will be exacerbated in the presence of
delirium and/or cerebral secondaries. These distressing and debilitating symptoms
severely affect the lives of patients and their families. In addition to initiating early
advance care planning conversations in this population, patients and families need
to be made aware of the reasons for any cognitive impairment and supported to
cope with these changes.

15.5.2 Management with a Prognosis of Days to Hours

Managing gross ascites is a potentially common problem for this population. If
abdominal paracentesis is contra-indicated, the discomfort and breathlessness
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associated with gross ascites is best addressed through the use of opioids. If SC
opioid administration is required, care needs to be taken to ensure that the SC
cannula is not located in an oedematous area. Anti-emetics often need to be
maintained to manage a hypomotile gut or a squashed stomach and to minimise
nausea and vomiting.

15.5.3 How Does Hepatic Impairment Impact on Therapies
Directed Against the Cancer?

Markers of hepatic impairment sufficient to suggest dosing changes in chemotherapy
include raised bilirubin or the presence of ascites due to liver dysfunction [18]. The
impact of hepatic impairment on drug metabolism is far more difficult to predict from
hepatic function tests than renal impairment using creatinine clearance [26, 27].
Further, severe renal impairment is likely to alter medications with hepatic meta-
bolism through a number of mechanisms acting on the liver.

Chemotherapy likely to require dose adjustments in the setting of hepatic
impairment include: docetaxel, paclitaxel, doxorubicin, epirubicin, gemcitabine (in
the presence of hyperbilirubinaemia), irinotecan (hyperbilirubinaemia), erlotinib,
sorafenib, and vinorelbine [26]. Imatinib may cause hepatic dysfunction and should
be ceased without rechallenge if this occurs [26].

15.6 Advanced Respiratory Disease

Obstructive lung disease is highly prevalent in resource rich, and even more so in,
resource poor countries. Smoking remains the world’s primary cause of obstructive
lung disease. As this is also the most frequent lifestyle choice related to lung cancer,
many people with lung cancer have co-existing symptomatic chronic obstructive
pulmonary disease. It means that for many people diagnosed with lung cancer,
breathlessness on exertion or while carrying out the activities of daily living will
already be part of everyday life.

Less frequently, chronic lung disease is caused by restrictive diseases, most
frequently related to idiopathic pulmonary fibrosis, connective tissue diseases or
occupational exposures. For those, particularly with occupationally related lung
disease, smoking rates are relatively higher than the population in general, often
leading to severe breathlessness.
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15.6.1 Management with a Prognosis of Months to Weeks

The management of respiratory diseases themselves is unlikely to change greatly
even when advanced cancer creates a limited prognosis. As such, the major
implication for people with co-existing cancer and chronic respiratory diseases
relates to symptom management.

As cancer worsens, breathlessness also tends to worsen. As such, focus on the
symptom of chronic breathlessness once the underlying causes have been optimally
treated is the focus of care. As noted in the section on heart failure, non-
pharmacological and pharmacological approaches are need for most people. Many
clinicians are concerned about introducing regular, low dose oral extended release
morphine, but there is good evidence that this safely relieves breathlessness even in
people with co-existing chronic obstructive pulmonary disease (COPD) [28, 29].

Pain is frequently encountered in late stage respiratory disease, and its genesis is
usually multifactorial. Adequate treatment of pain is necessary to optimise quality
of life in the setting of advanced cancer. Musculoskeletal pain is a major source of
discomfort, especially with weight loss which includes loss of muscle. Both regular
paracetamol and non-steroidal anti-inflammatory medications have a key role to
play in optimising analgesia for people with cancer and respiratory disease.

Fatigue is frequent, especially as people expend greater proportions of dimin-
ishing energy on the activities of daily living. Pacing such activities is a manage-
ment plan, but is very difficult to put into practice for many people. Other
manifestations of fatigue include leg tiredness that for many people is more likely to
limit exertion than breathlessness [30].

Unfortunately, many people with advancing cancer and respiratory disease find
themselves in a cycle of breathlessness leading to anxiety, reducing the person’s
exercise which, in turn, leads to more deconditioning and worsening breathlessness.
This cycle is understandable and, with advancing disease is often very difficult to
break.

15.6.2 Management with a Prognosis of Days to Hours

In the terminal stages of advanced cancer, breathlessness and fatigue are two
symptoms that tend to worsen (in contrast to almost all other symptoms).
Contributing factors include loss of muscle mass and, in some people, disease
progression of intra-thoracic malignancy. Few interventions are likely to reduce
fatigue predictably and, in people with worsening breathlessness, increasing reli-
ance on pharmacological interventions will be required if the symptom is trou-
blesome to the patient. As noted in the cardiology section, if anxiety is a major
component of breathlessness then there may be a place for an anxiolytic such as a
benzodiazepine.
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15.6.3 How Does Respiratory Impairment Impact
on Therapies Directed Against the Cancer?

Rarely does respiratory impairment limit the treatment of cancer. Breathlessness
may, however, be sufficiently troublesome that people may choose not to attempt or
continue disease modifying therapies.

15.7 Neurological Conditions

Chronic neurological conditions rarely have a direct implication for treatment of
advanced cancer. Major issues can arise with progressive neurological diseases
where cognition, mobility or swallowing are affected. Of particular concern is:

The ability to make informed decisions about treatment (and assimilate the
implications of not pursuing a particular path (in order to ensure that the consent is
truly informed).

The ability to take medications orally is important for:

• Acute symptom control related to cancer treatments
• Anti-cancer treatments
• Symptom control for co-existing diseases.

Mostly, there are parenteral variants that are able to ensure excellent anti-cancer
therapies and good symptom control.

15.8 Mental Health Concerns

15.8.1 Management with a Prognosis of Months to Weeks

The prevalence of depression for people with advanced cancer is no different for
that of the general public. However, it is often under-diagnosed and under-treated in
people with advanced cancer. Patients with mild to moderate depression need to be
provided with access to counselling and support, while those with a major
depression will need treatment with anti-depressants. Any pharmacological treat-
ment needs to be considered alongside potential drug-drug interactions, altered
pharmacokinetics due to hepatic or renal impairment and the impact of cachexia,
and monitored accordingly [31]. Variations in withdrawal syndromes and the
washout period before a new anti-depressant can be initiated are based on specific
anti-depressant drug type (i.e. SSRIs, tricyclics and MAOIs).

Any deprescribing of long term antipsychotics needs to be discussed with the
patient and their usual psychiatric team and appropriate monitoring and psycho-
logical support provided.
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15.9 Communicable Diseases

15.9.1 HIV/AIDS

Certain cancers are more common in people living with HIV, and the risk of
developing cancer is amplified when their infection is poorly controlled (low CD4
count). Cancers such as Kaposi sarcoma, Non-Hodgkin lymphoma and cervical
cancer are all AIDS defining cancers [32].

15.9.2 Management with a Prognosis of Months to Weeks

Managing the needs of this population is complex and requires an integrated
multi-disciplinary team approach. Anti-retroviral treatment needs to be maintained
in this population as it helps prevent the development of opportunistic infections
and allow for the use of standard cancer treatments. However, ongoing antiretro-
viral treatment is associated with potential adverse effects than need to be prevented
or managed [31].

Despite, the social progress made since HIV was initially identified, a person
living with HIV may experience social stigma and isolation, marginalisation and be
estranged from their family of origin. Advance care planning in addition to pro-
viding people living with HIV and cancer with an opportunity for reconciliation
with others, provides an opportunity for conversations about appointing a power of
attorney and/or enduring guardian who can make financial and clinical decisions,
when the person is no longer able to.

15.9.3 Management of HIV with a Prognosis of Days
to Hours

In additional to usual palliative care, the most important intervention is to maintain
anti-retrovirals for as long as possible or until the person is unable to swallow, to
prevent the latent development of opportunistic infections.

15.9.4 How Does HIV Impairment Impact on Therapies
Directed Against the Cancer?

Antiretroviral use is associated with numerous drug interactions which are too
numerous and complex to list. However, an evidence based point of care resources
is available to assist clinicians identify these interactions [33].
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15.10 Multi-morbidity

Most patients with advanced cancer have more than one co-morbidity. Currently,
there are few data about how to manage several co-morbidities in a coordinated and
logical way. Most clinical decisions are made using guidance for a particular
co-morbidity and few take into account the impact of other co-morbidities. Even
fewer data are available about the role of how to safely prioritise the management of
several co-morbidities in the clinical setting of advanced cancer. For example, in the
setting of marked cachexia with co-existing heart and renal failure, the balance of
clinically conflicting goals of achieving adequate renal perfusion and adequate
blood pressure, while minimising left sided heart failure becomes more challenging
as cancer advances.

15.11 Future Direction for Research and Practice

The rational management of multi-morbidities in general is in its infancy. How to
provide scientific rigour around how to do this in the setting of advanced cancer is
at an even more fundamental level. Fully understanding the underlying patho-
physiology of cachexia and identifying ways to reverse it or slow its progression
requires much more work.

Deprescribing studies in large populations are necessary to ensure that the timing
of dose decrements or cessation are based on the best available evidence. These
studies can be undertaken but there is too little commitment from funding bodies to
provide resources for these fundamentally important works.
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