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Abstract

Introduction: Cardiovascular diseases in patient with cancer present an increasing health
problem, the burden and determinants of which remains to be better understood.

Methods and results: First, using data of up to 37,882 individuals from the United States’
National Health Interview Survey, two cross-sectional studies demonstrated associations for
social determinants of health and psychological distress with cardiovascular health in cancer
survivors, and a prospective cohort study demonstrated independent associations between
social determinants of health and cardiovascular mortality in these individuals. Then, using a
cohort of up to 13,537 patients with prostate cancer receiving androgen deprivation therapy
(ADT), five retrospective cohort studies were performed to quantify their cardiovascular
burden and explore determinants of cardiovascular outcomes. Key findings included: 1) major
adverse cardiovascular events (MACE) rose in incidence with patients having worse
cardiometabolic profile over time despite declining mortality rates, 2) the number of major
cardiac comorbidities may be more prognostic of cardiovascular outcomes than their types, 3)
ADT worsened visit-to-visit HbAlc variability which was prognostic of MACE, and 4)
gonadotropin-releasing hormone antagonists may have similar short-term risk but higher long-
term risk of MACE compared to agonists. Lastly, using a cohort of up to 4324 patients with
cancer receiving immune checkpoint inhibitors (ICI), a retrospective cohort study was
performed to quantify their burden of MACE and cardiovascular hospitalizations, a self-
controlled case series demonstrated transient short-term elevations in the risk of myocardial
infarction following ICI use, and a retrospective cohort study demonstrated poor
implementation of guideline-recommended pre-ICI initiation cardiometabolic workup, despite
some improvements over time which did not improve cardiovascular outcomes.

Conclusions: Psychosocial factors, patient factors such as comorbidities, and cancer factors
such as cancer therapies are all important determinants of cardiovascular outcomes in patients
with cancer. Large gaps persist in these aspects of the cardio-oncology literature which remain
to be explored.

Abstract word count: 299
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1. Chapter 1: General introduction

This introduction is based on a published narrative review, with further expansion and
elaboration where appropriate:(1) Chan JSK, Chan RNC, Lee YHA, Satti DI, Dee EC, Ng K,
Achim A, Ng CF, Liu T, Matthews GDK, Tse G, Vassiliou VS. Cardiovascular health of patients
with cancer: challenges abound. Trends Cardiovasc Med. 2025; 35(1): 24-31. dot:
10.1016/j.tcm.2024.04.004

1.1. Epidemiology of cardiovascular conditions in patients with cancer

Cancer has been one of the most common causes of mortality and morbidity globally. In 2019,
an estimated 10 million deaths and 250 million disability-adjusted life years were attributable
to cancer.(2) The same year saw an estimated 23.6 million new cases of cancer, constituting a
26.3% increase compared to 2010, and is expected to continue rising in the future.(2)
Concurrently, improving cancer therapeutics, amongst other factors, have led to consistently
declining mortality rates amongst patients with cancer, with an estimated 33% reduction in
2019 compared to 1991.(3)

This combination of increasing cancer incidence and declining cancer-related mortality rates
will result in an ever-growing number of cancer survivors, who will have increased risks of
incident cardiovascular diseases and cardiovascular mortality when compared to the general
population. This was demonstrated by a Canadian study of 4,519,243 adults, which found that
patients with cancer had a 33% increase in the risk of cardiovascular mortality, a 44% increase
in the risk of incident stroke, a 62% increase in the risk of incident heart failure, and a 243%
increase in the risk of incident pulmonary embolism.(4) These findings were mostly replicated
by a contemporary study of 12,414 individuals from the Atherosclerosis Risk In Communities
study,(5) as well as another study of 1.1 million Taiwanese patients.(6) Similarly, large-scale
studies using data from the Surveillance, Epidemiology, and End Results program of the United
States demonstrated that patients with cancer had significantly increased risks of fatal heart
disease and cardiovascular mortality.(7,8) Importantly, there is evidence that cardiovascular
diseases and cardiovascular risk factors are undertreated in patients with cancer,(9,10) and a
study by Agarwal and colleagues found that cardiovascular burden increased in American
patients with cancer between 2003 and 2014.(11) Overall, these findings and the temporal
trends in cancer epidemiology suggest that cardiovascular diseases in patients with cancer will
become an ever-more important clinical issue.

Concordantly, cardio-oncology, a subspecialty at the intersection between cardiology and
oncology, has received increasing attention in recent years. Since 2010, the number of cardio-
oncology publications in peer-reviewed journals has grown exponentially, exceeding 260
publications in 2021, and accruing over 5000 relevant citations.(12) The significance of cardio-
oncology as both a clinical and research field of interest was further consolidated by the cardio-
oncology guidelines published in 2022 by the European Society of Cardiology (ESC),(13)
which represented the first cardio-oncology guideline published by a major cardiovascular
society.
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Despite the established association between cancer and cardiovascular risk, quantification of
cardiovascular disease burden in patients with different types of cancer is still incomplete. The
risk factors and therapies differ for different cancers, the respectively associated cardiovascular
burden may be different, and an accurate and personalized approach to prognostication is
important when communicating with patients. Additionally, there are substantial ethnic
differences in cardiovascular burden.(14-16) Some large-scale studies of Caucasian-
predominant cohorts have quantified the cardiovascular burden in patients with cancer in
general,(4,8,17,18) and some have stratified for the type/site of cancer.(4,19-22) However,
findings from Caucasian-predominant cohorts may not be translatable to other ethnicities.
Recent years have also seen more such studies using data from non-Caucasian cohorts,(21,22)
although they remain relatively uncommon — a common phenomenon in cardio-oncology
research.(12,23) Further to such ethnic underrepresentation, there is substantial heterogeneity
in the definition of cardiovascular outcomes between studies. Notably, many use time-fixed
point estimates (e.g. incidence rates) as summary statistics. For the lay person, these may be
more difficult to understand than time-specific estimates (e.g. five-year risk). These also
assume a constant incidence rate, which has been shown to be untrue.(4) Overall, ethnically
diverse studies quantifying the cardiovascular burden in patients with various cancer types/sites,
usage of more clinically relevant estimates, and a more uniform definition of cardiovascular
outcomes remain warranted.

1.2. Determinants of cardiovascular health and outcomes in patients with cancer

Numerous factors may impact cardiovascular health in cancer survivors. In general, these
factors can be classified as cancer factors, patient factors, and social factors. Cancer factors
include cancer characteristics and, most prominently, cancer therapies. Patient factors are
personal characteristics including genetics, anthropometric and biological measurements, and
medical comorbidities. Social factors refer to social determinants of health (SDOH). These
factors affect cardiovascular health in cancer survivors in complex manners with numerous
gaps in understanding, as highlighted in the following sections, as well as in Table 1.1 and
Figure 1.1.
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Table 1.1 Critical gaps in the cardio-oncology literature.

Domain

Key areas for research

Epidemiology

Cardiovascular burden in non-Caucasian patients with cancer
Long-term cardiovascular burden in patients with cancer
Cardiovascular burden in patients with different types/sites of
cancers

Standardizing the definition of cardiovascular outcome in
cardio-oncology studies

Use of estimates that are clinically easy to interpret and
communicate

Cardiovascular risk
factors

Interplay between cardiovascular risk factors

Long-term management of cardiovascular risk factors in patients
with cancer

Mechanisms underlying the increased cardiovascular risk in
patients with cancer

Cancer therapy-related cardiotoxicity

Epidemiology

Mechanisms

Risk stratification

Prevention and
management

Burden in non-Caucasian patients with cancer receiving specific
cancer therapies

Long-term burden specific to different cancer therapies
Mechanisms underlying cancer therapy-related cardiotoxicity
Potential targets for preventing / ameliorating cancer therapy-
related cardiotoxicity

Development and validation of cardiovascular risk stratification
tools specific to cancer therapies

Development and validation of more sensitive and/or specific
biomarkers for cancer therapy-related cardiotoxicity
Assessment of the performance of cardiovascular risk
stratification tools developed for the general population when
used on patients with cancer

The efficacy of different chemoprevention or treatment for
cardiotoxicities related to different cancer therapies

Optimal regimen of cardiovascular medications as
chemoprevention or treatment

Optimal  timing of cardiovascular medications as
chemoprevention or treatment

Social determinants of
health

Standardizing the definition and quantification of social
determinants of health, with special attention paid to the
interplay and overlap between different potential domains
Delineating the drivers underlying the associations between
social determinants of health and cardiovascular health in
patients with cancer

Devising policies to translate research findings into patient care

Monitoring progress

Temporal trends in clinical practice and adherence with
guidelines

Whether changes in guidelines and/or clinical practice
influenced patient outcomes

Using standardised quality indicators
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Figure 1.1 Graphical summary of the gaps in evidence for the main areas of research in cardio-
oncology. SDOH, social determinants of health.
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1.2.1. Patient factors: shared biological risk factors between cancer and cardiovascular

diseases

The reasons underlying the elevated cardiovascular risks in patients with cancer are complex
and incompletely understood. Aside from the adverse cardiovascular effects of cancer
therapies,(24,25) the main underlying factors likely include shared risk factors, and heightened
inflammation and oxidative stress in cancer.(26) In particular, obesity, physical inactivity,
diabetes mellitus, smoking, alcoholism, and poor diet, all of which are well-established
cardiovascular risk factors, have been associated with elevated risks of cancer. A meta-analysis
of 98 studies demonstrated strong associations between obesity and cancer in both male and
female patients,(27) while a study of 1.46 million white adults demonstrated significant
associations between obesity and cancer-related mortality.(28) Similarly, a meta-analysis of 71
prospective cohort studies demonstrated a strong, inverse, non-linear dose-response
relationship between the amount of physical activity and cancer mortality.(29) A meta-analysis
of 151 cohorts including over 32 million individuals found strong associations between type 2
diabetes mellitus and multiple cancer types, although the association for some cancers may
have been attributable to confounders.(30) Additionally, smoking has long been recognized as
a strong risk factor for multiple cancers, particularly respiratory cancers,(31) and has been
identified as the risk factor to which the highest number of cancer deaths were attributable in
2019.(32) High alcohol intake has been similarly demonstrated to associate with elevated risks
of multiple cancer types, as seen in a meta-analysis of 572 studies including 486,538 cancer
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cases.(33) Finally, poor diet has been shown to account for 80,110 new cases of cancer in the
United States in 2015, with colorectal cancer having the highest number and proportion of diet-
related cases, and with low consumption of whole grain / dairy products, and high consumption
of processed meats being the most important dietary factors.(34) The mechanisms underlying
these associations are complex and incompletely understood, with inflammation, oxidative
stress and insulin resistance being some of the key mechanistic drivers.(26) Nonetheless, a
detailed discussion of these mechanisms is beyond the scope of this introduction and has been
covered in specialized review articles.(26,35,36)

These risk factors are interlinked, and the effects of each risk factor are difficult to isolate.
Although it is obvious that optimization of cardiovascular risk factors can lower cardiovascular
risk, the multifactorial nature of cardiovascular diseases in patients with cancer means that the
efficacy and optimal strategy of controlling these risk factors and managing cardiovascular
conditions may not be the same in these patients. Although the 2022 ESC cardio-oncology
guidelines detailed the long-term follow-up of cancer survivors, the majority of
recommendations were only based on expert consensus or low-quality observational
studies.(13) Further high-quality research of the long-term cardiovascular care of patients with
cancer is required.

1.2.2. Disease factors: cancer therapy-related cardiotoxicity

Adverse cardiovascular effects of cancer therapies are an important contributor to
cardiovascular diseases in patients with cancer.(37) A large number of studies have
demonstrated clear evidence for cardiotoxicities due to anthracyclines,(38) ErB2/HER2
inhibitors,(39) androgen deprivation therapy (ADT),(40,41) immune checkpoint inhibitors
(ICIs),(42,43) epidermal growth factor receptor inhibitors,(44) vascular endothelial growth
factor (VEGF) signaling pathway inhibitors,(45) and radiotherapy.(46) Specifically, whilst
heart failure and ischaemic heart disease are well-recognized cardiotoxic effects of cancer
therapies, studies have suggested that arrhythmias, such as atrial fibrillation and ventricular
tachyarrhythmias, may be important consequences and even prognosticators of cancer therapy-
related cardiotoxicity.(37,47,48) Furthermore, pulmonary hypertension may be another
overlooked cardiotoxic effect of cancer therapies, with diagnosis being difficult due to its non-
specific clinical presentation.(49,50) Nevertheless, a detailed review of the evidence
underlying associations between different cancer therapies and cardiotoxicities is outside the
scope of this introductions and has been covered in great details by the above-cited
reviews.(38—46,51) The pathophysiological mechanisms of such cardiotoxicities are complex
and incompletely understood, but mostly relate to inhibition of DNA transcription and protein
synthesis (e.g. alkylating agents, HER2 inhibitors, anthracyclines), oxidative stress and
reactive oxygen species (e.g. anthracyclines), microtubular disassembly disruption (e.g.
taxanes), immune activation causing autoimmune responses (e.g. ICIs), blockade of sex
hormone pathways (e.g. ADT), and/or fibrosis of the myocardium or other cardiac structure
(e.g. radiotherapy).(24,40,46,52) Moreover, some studies have shown that premorbid
cardiometabolic conditions, including hypertension, diabetes mellitus, coronary heart disease,
atrial fibrillation / flutter, and high body-mass index, are risk factors for adverse cardiovascular
events related to cancer therapies, such as anthracyclines,(53) VEGF inhibitors,(54) and HER2
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inhibitors.(55) It is also noteworthy that there may be significant differences in cardiovascular
risks associated with different cancer therapeutic agents in the same class, such as enzalutamide
and abiraterone which are both androgen receptor signaling inhibitors used in ADT.(56)

1.2.2.1.  Epidemiology, risk factors, and risk stratification

Cancer therapies appropriately prioritize cancer-specific efficacy, to ensure longer survival
from cancer. The concern about cardiotoxicity was thus only explored and studied after these
therapies have been widely adopted and enabled patients to live sufficiently long for
cardiovascular effects to be noticeable. There are many gaps in the understanding of cancer
therapy-related cardiotoxicity, which will likely remain the case due to rapid and continual
advances in cancer therapy. For instance, the predisposing and prognostic factors of cancer
therapy-related cardiotoxicity are incompletely understood. These gaps in evidence are present
not only due to the novelty of some cancer treatments, but also because certain life-threatening
cardiotoxic effects, such as myocarditis related to ICIs, are extremely uncommon.(57) Cancer
therapy-related cardiotoxicity burden, especially long-term burden, in non-Caucasian patients
is also only increasingly studied in recent years,(58—61) These gaps in understanding meant
that developing cardiovascular risk tools specific for patients with cancer is difficult.
Additionally, the inherently different treatment and natural history of different cancers may
necessitate separate risk models for different cancers or even cancer therapies, which may
require frequent updating and recalibration owing to the rapid advancement of cancer
therapeutics.

The presence of traditional cardiovascular risk factors is generally accepted to be associated
with higher probability of cancer therapy-related cardiotoxicity. This is because patients with
cardiovascular risk factors — who are generally more prone to have established or subclinical
cardiovascular disease — may be considered to have reduced cardiac functional reserve and thus
can tolerate less cardiac insults before cancer therapy-related cardiotoxicity becomes clinically
manifest (62). Nonetheless, a wide array of pathophysiological mechanisms underlying cancer
therapy-related cardiotoxicity from different cancer therapies, which necessarily implies
varying extents of associations between cardiovascular risk factors and the risk of cancer
therapy-related cardiotoxicity.

The empirical literature for cancer therapy-related cardiotoxicity is dominated by studies of
patients treated with anthracyclines or trastuzumab, with risk factors such as hypertension,
diabetes, and dyslipidemia having been consistently observed to be associated with
cardiotoxicity (63,64). Nonetheless, thematically similar observations have been made in
patients receiving other cancer therapies. For instance, hypertension has been shown to be a
predictor of cancer therapy-related cardiotoxicity related to vascular endothelial growth factor
inhibitors (65), and diabetes has been associated with the risk of cancer therapy-related
cardiotoxicity related to ICIs.(66,67) Meanwhile, richer evidence exists for longer-term
cardiovascular health, with multiple cohort studies having observed strong associations for
premorbid hypertension, diabetes, and coronary artery disease with long-term cardiovascular
events among cancer survivors (68—70).
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The complexity of cardiovascular risk stratification in patients receiving cancer therapies and
the paucity of specific cardiovascular risk stratification tools were evident from the 2022 ESC
cardio-oncology guidelines, which recommended the Heart Failure Association — International
Cardio-Oncology Society (HFA-ICOS) risk assessment tool for patients on a limited range of
cancer therapies (e.g. anthracyclines), and a cautious use of the SCORE2 / SCORE2-OP
cardiovascular risk scores in others (e.g. ADT).(13,71) However, the evidence underlying the
HFA-ICOS risk assessment tool was weak, with the guideline recommendations most
supported by low-quality observational studies or expert consensus.(71) Furthermore, this tool
only offered qualitative cardiovascular risk assessment for some cancer therapies, which is not
ideal for clinicians who are obliged to clearly communicate the risks of cancer therapies to
patients. The qualitative nature also meant that the tool could not consider interactions between
different comorbidities. Meanwhile, the SCORE2 and SCORE2-OP risk scores were originally
developed for use in the general population, and has not been thoroughly validated in patients
with cancer, particularly non-Caucasian ones. Similar issues exist for most other common
cardiovascular risk scores such as QRISK3 and JBS3. Whilst recent years have seen attempts
to develop cardiovascular risk scores for patients with breast cancer,(72) acute myeloid
leukaemia,(73) prostate cancer,(74) or diffuse large B-cell lymphoma treated with
anthracyclines,(75) these scores generally lacked thorough external validation and have not
seen widespread clinical use, with the 2022 ESC guidelines opting for the more general HFA -
ICOS risk assessment tool instead. Similar studies have remained scarce, and much more effort
is urgently required to address the unmet need for risk stratification tools in patients with cancer.

1.2.2.2. Prevention and management

Compared to cardiovascular risk stratification, there has been somewhat more interest in the
prevention and management of cancer therapy-related cardiotoxicity. Given the impact of
cardiovascular risk factors in oncologic patients receiving cancer therapies, it is imperative that
clinicians seek to continuously optimize them before, during and after cancer therapy.
Optimization of cardiovascular risk factors remains important after the completion of cancer
therapy as multiple classes of cancer therapies, such as ADT and ICIs, are known to be
associated with varyingly elevated risks of developing cardiovascular risk factors such as
diabetes and dyslipidaemia. This may be especially important in survivors of childhood cancer
(68,76). The 2022 ESC guidelines on cardio-oncology recommended lifestyle modifications
including smoking cessation, restriction of alcohol consumption to no more than 100 g per
week, and adequate physical exercise (13). Whilst specific evidence on the efficacy of such
changes on the risk of cancer therapy-related cardiotoxicity is scarce, substantially more
evidence exists for longer-term cardiovascular benefits. In particular, a large cohort study has
shown that patients with cancer who abandoned smoking after being diagnosed with cancer
had an estimated 36% lower risk of incident cardiovascular diseases than those who continued
(77). Meanwhile, high levels of alcohol consumption have been observed to be associated with
drastically higher risk of incident cardiovascular diseases in long-term colorectal cancer
survivors (78). As well, healthier diet has been shown to be associated with lower risk of
cardiovascular disease in cancer survivors (79).

30



Pharmacologically, one of the best examples is dexrazoxane, which has been shown in a meta-
analysis of randomized controlled trials (RCTs) to reduce the risk of clinical heart failure by
78% amongst adults with cancer receiving anthracyclines.(80) Similarly, another meta-analysis
of RCTs has shown that liposomal-encapsulated doxorubicin reduces the risk of clinical heart
failure by 80%.(81) As such, both dexrazoxane and liposomal anthracyclines were
recommended by the 2022 ESC cardio-oncology guidelines for use in patients with high or
very high risk of cancer therapy-related cardiotoxicity who are indicated for anthracycline
chemotherapy.(13) More recently, statins have been explored for the same purpose. Although
the PREVENT (Preventing Anthracycline Cardiovascular Toxicity with Statins) trial, the first
randomized controlled trial testing statin’s efficacy in patients receiving anthracyclines,
showed no significant effect on absolute change in left ventricular ejection fraction (LVEF),(82)
the subsequent STOP-CA (Statins to Prevent the Cardiotoxicity of Anthracyclines) trial
randomized patients with lymphoma due to receive anthracycline chemotherapy and showed
that 40 mg/day atorvastatin reduced the incidence of significant declines in LVEF (10% or
greater to a final LVEF of <55%) compared to placebo over a 12-month period.(83) Subsequent
meta-analyses confirmed that statin significantly reduced the incidence of cardiotoxicity, whilst
high levels of heterogeneity, likely due to inter-study differences in follow-up durations and
baseline cardiovascular risk, precluded meaningful conclusions to be drawn for changes in left
ventricular ejection fraction.(84,85) The 2022 ESC cardio-oncology guidelines recommended
statins for adult lymphoma patients with cancer at high or very high risk of cancer therapy-
related cardiotoxicity.

Besides statins, other common cardiovascular medications have also demonstrated efficacy in
preventing cancer therapy-related cardiotoxicity. As early as 2006, a RCT has shown that early
treatment with enalapril reduced the development of late cardiotoxicity in patients with cancer
initiated on high-dose chemotherapy (86). The PRADA (Prevention of cardiac dysfunction
during adjuvant breast cancer therapy) trial also demonstrated that candesartan had protective
effects against early decline in global LV function in patients with early breast cancer treated
with adjuvant anthracyclines (87). Another RCT showed that both lisinopril and carvedilol
reduced the occurrence of cardiotoxicity in patients with HER2-positive breast cancer treated
with trastuzumab (88). Meta-analytically, angiotensin-converting enzyme inhibitors (ACEIs)
or angiotensin receptor blockers (ARBs) and beta-blockers have been shown to increase LVEF
regardless of whether they were given alone or in conjunction (89). The 2022 ESC cardio-
oncology guidelines advised the use of ACEI/ARB and beta-blockers for adults with cancer at
high or very high risk of cancer therapy-related cardiotoxicity who are scheduled to receive
cancer therapies causing heart failure, particularly anthracyclines and/or anti-HER2 therapies.
Meanwhile, observational studies have suggested that other agents may have similar effects,
such as sodium-glucose cotransporter-2 inhibitors and metformin.(90,91) However, a pairwise
meta-analysis and a network meta-analysis failed to find heart failure therapies to be efficacious
in preventing HER2 inhibitor-related cardiotoxicity.(92,93) Further studies including rigorous
RCTs remain required before these treatments may be formally recommended.

On the other hand, the 2022 ESC cardio-oncology guidelines provided relatively detailed
guidance on the cardiovascular surveillance for patients with cancer while receiving cancer
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therapies, as well as the management of cancer therapy-related cardiotoxicity.(13) For the latter,
there was a recurring theme of multidisciplinary team care, initiation of workup and treatments
according to the presenting clinical syndrome (e.g. heart failure, or acute coronary syndrome)
similar to those in patients without cancer, and interrupting cancer therapy with the potential
for re-initiation in non-severe cases after resolution of the acute cardiotoxicity.(13) These
recommendations were centered around the critical cardio-oncology concept of ‘permissive
cardiotoxicity’, where cardiotoxicity is to be proactively minimized with minimal impact on
the overall cancer treatment.(94)

Nonetheless, as was the case for many other areas, the recommendations made by 2022 ESC
cardio-oncology guidelines, in terms of the prevention and management of cancer therapy-
related cardiotoxicity, were heavily reliant on low-quality observational studies and/or expert
consensus. Further to the abovementioned PREVENT and STOP-CA trials, there have been an
increasing number of cardiovascular-focused trials either comparing cancer therapeutic agents
or testing cardioprotective strategies. For instance, the PRONOUNCE trial compared degarelix
(a gonadotropin-releasing hormone antagonist) against leuprolide (a gonadotropin-releasing
hormone agonist), both commonly used for the treatment of prostate cancer, in terms of the risk
of major adverse cardiovascular events,(95) a question which several observational studies had
attempted to answer but arrived at contradicting conclusions.(96,97) Unfortunately, patient
recruitment for PRONOUNCE was impacted by the COVID-19 pandemic, and the trial was
ended prematurely, resulting in underpowered analyses which found no significant differences
between the two agents.(95) There are also a number of ongoing randomized controlled trials
being conducted in diverse populations. For instance, the ongoing Norwegian PRADAII trial
will assess the efficacy of sacubitril/valsartan, which had shown promising results in pre-
clinical and observational studies,(98) in preventing cardiotoxicity in patients with breast
cancer  receiving  adjuvant  epirubicin  with/without  trastuzumab/pertuzumab
(NCT03760588).(99) Another example is an Egyptian trial which will assess the efficacy of
rosuvastatin in preventing cardiotoxicity in patients with breast cancer receiving both
doxorubicin and trastuzumab (NCT05338723). Also ongoing is another Taiwanese trial which
will assess the efficacy of initiating sacubitril/valsartan as preventive therapy versus rescue
therapy in patients with breast cancer receiving trastuzumab (NCT05892146). The
multinational, European RESILIENCE trial will assess the efficacy of remote ischaemic
conditioning, which had not shown significant benefits in smaller trials of low-risk
patients,(100,101) in patients with lymphoma and high cardiovascular risks receiving
anthracyclines (NCT05223413). These trials and other emerging epidemiological and
observational studies will hopefully give much-needed insights into the prevention and
treatment of cancer therapy-related cardiotoxicity, not only pertaining to the efficacy of
individual agents, but also the optimal regimen and timing of such agents.

1.2.3. Social factors: social determinants of health

SDOH, broadly referring to socioeconomic factors that may affect health, have been
increasingly recognized as a determinant of cardiovascular health. Whilst there is no universal
consensus on its definition, the United States’ governmental Healthy People 2030 initiative has
grouped SDOH into five main components, i.e. economic stability, education access and quality,
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healthcare access and quality, neighborhood and built environment, and social and community
context (102). Some have also considered additional factors, such as systemic discrimination,
as components of SDOH (103). A large-scale prospective cohort study of 182,375 participants
from 20 countries demonstrated significant associations between low education levels and
higher risk of major adverse cardiovascular events,(104) with similar findings in another large
cohort study of 303,036 participants from Asia or Australasia.(105) A cohort study of
participants from United States and Finland also demonstrated associations between low
income and increased risks of sudden cardiac death, non-sudden cardiac death, and non-fatal
myocardial infarction,(106) the significance of which likely remains stable with age.(107)
Similar associations have been demonstrated in patients with cancer. A study of 81,418
Canadian patients with cancer showed that a rural residence, low education level, and low
income were all associated with elevated risk of incident cardiovascular diseases.(108)
Similarly, another study of 1,139,767 American women with breast or gynaecological cancers
found associations between rural residence and higher risk of cardiovascular mortality, which
was likely driven by behavioural risk factors (e.g. smoking) and poorer access to
healthcare.(109) Unlike in the general population where the association between income and
cardiovascular risk appeared to be mostly applicable to older persons,(107) such associations
were observed in adolescent and young adult cancer survivors too, as evident from an analysis
of data from the United States’ nationally representative National Health Interview Survey
(NHIS).(110)

Notwithstanding the above, most studies have only explored selected aspects of SDOH, and
few have explored links between SDOH and cardiovascular health in patients with cancer
comprehensively. This is difficult due to the inter-correlated nature of multiple domains of
SDOH, the lack of a universal and objective definition of SDOH, and the broadness of SDOH,
which means very few studies collected sufficient data to explore SDOH comprehensively.(111)
Additionally, different components of SDOH are inter-related, likely with bidirectional
relationships in many instances, and it is difficult, if not impossible, to disentangle their
influences on cardiovascular health (103). This means that comprehensive, composite “poly-
social” risk scores are difficult to construct. Moreover, the drivers of SDOH’s association with
cardiovascular health in patients with cancer are unclear. Some studies in the general
population have found access to healthcare as a driver.(109) Others have suggested
neighbourhood environment, specifically pollution as a likely driver.(112) Overall, further
research into the definition, quantification, modelling, and drivers of SDOH’s association with
cardiovascular health in patients with cancer is warranted.

1.3. Monitoring progress

Whilst progress is continually being made in cardio-oncology, it is important to stay critical
and assess whether such progress has translated into differences in practice and patient
outcomes. Unfortunately, these studies of temporal trends are exceedingly rare. A nationwide,
American study demonstrated evolving cardiovascular needs amongst patients with
cancer.(113) Another study using the same database showed reducing rates of cardiovascular
mortality, particularly in males and patients living in rural areas.(114) More studies like these
are needed to monitor the progress that we, as a field, are making.
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1.4. Aims of this thesis

This thesis is based on eleven published works, each constituting one chapter (chapters 2-12).
These chapters explored the importance of different cancer factors, patient factors, or social
factors in terms of cardiovascular health and/or outcomes in cancer survivors / patients with
cancer. Chapters 2-4 aimed to make use of nationally representative survey data from the
United States of America to explore the associations between SDOH, cardiovascular health and
related outcomes in cancer survivors. Chapters 5-9 aimed to make use of population-based data
from Hong Kong to explore the burden, trends, and prognostic determinants of cardiovascular
events amongst patients with prostate cancer receiving ADT. Chapters 10-12 aimed to make
use of similar data from Hong Kong to explore the cardiovascular burden and trends in pre-
therapeutic workup amongst patients with cancer receiving ICIs. Aside from administrative
reasons such as the availability of appropriate collaborators and data sources, ADT and ICIs
were chosen for this thesis for different reasons. ADT was chosen as long-term Asian data on
the cardiovascular burden in patients receiving ADT was scarce. Since it has been in use for a
long time for the treatment of prostate cancer, long-term follow-up data is available for a large
number of patients in Hong Kong, allowing for good statistical power and exploration of
temporal trends which contributes to bridging the aforementioned gap in literature. On the other
hand, although ICIs are well known to cause severe immune-mediated cardiotoxicity, most
prominently myocarditis, their atherosclerotic effects were less explored. Asian and longer-
term follow-up data on the cardiovascular burden of patients receiving ICIs was also lacking.
In both cases, findings from Caucasian cohorts may not be directly generalizable to Asian
patients due to important ethnic differences in the epidemiology and risk of cardiovascular
diseases.(115) Overall, this thesis had the overarching aim of exploring the burden, trends,
and/or determinants of cardiovascular health and outcomes in patients with cancer.
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2. Chapter 2: Associations between social determinants of health and cardiovascular
health of US adult cancer survivors

This chapter is based on the following publication: Chan JSK*, Satti DI*, Dee EC, Lee YHA,
Wai AKC, Dani SS, Virani SS, Shapiro MD, Sharma G, Liu T, Tse G. Associations between
social determinants of health and cardiovascular health of US adult cancer survivors. JACC
CardioOnc. 2023; 6(3): 439-450. doi: 10.1016/j.jaccao.2023.07.010 * co-first authors

2.1. Introduction

Recent advances in cancer care have led to significantly improved cancer survival rates,
resulting in a growing population of cancer survivors.(116) In 2022, there were an estimated
18.1 million cancer survivors in the United States (US), i.e., ~5% of the population.(117)
Compared to the general population, cancer survivors have increased risks of cardiovascular
diseases (CVD) and cardiovascular mortality, resulting from overlapping risk factors
underlying cancer and CVD (17,18,118,119) and cancer therapy-related cardiotoxicity.(8,120—
122) Therefore, cardiovascular care for these patients is increasingly important.

The increased CVD burden among cancer survivors may not be entirely attributable to
traditional cardiovascular risk factors.(8) Studies have highlighted associations of
socioeconomic status with CVD risk factors and mortality in the general
population.(104,105,123) Therefore, it is plausible that social determinants of health (SDOH)
— encompassing socioeconomic, environmental, and psychosocial factors that influence
health — are also associated with CVD in cancer survivors. However, despite efforts to address
SDOH-related cardiovascular health (CVH) disparities,(124) the relationship between SDOH
and CVH among cancer survivors remains underexplored. This knowledge gap is particularly
relevant as cancer affects both SDOH(125) and CVH,(126) meaning that associations between
CVH and SDOH observed in other populations may not be directly extrapolated to cancer
survivors. Hence, this study aimed to investigate the association between SDOH and CVH
among cancer survivors.

2.2. Methods
2.2.1. Data source

The National Health Interview Survey (NHIS) is an annual household survey conducted by the
National Center for Health Statistics/Centers for Disease Control and Prevention, collecting
health data for non-institutionalized civilian adults.(127) Utilizing multistage probability
sampling, the NHIS generates representative estimates for the non-institutionalized US
population. (127) The NHIS uses sampling weights that account for the complex survey design,
including stratification, clustering, and oversampling of certain population groups. These
weights are calculated to ensure that the estimates derived from the survey data accurately
reflect the characteristics of the non-institutionalized U.S. population.(128) Harmonized data
were obtained through the Integrated Public Use Microdata Series (IPUMS) Health Survey
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database.(129) Since all data used were de-identified and publicly available, it was exempt
from review by an institutional review board.

2.2.2. Study population

We analyzed NHIS data from 2013 to 2017 as only these iterations of the NHIS contained all
variables required in the ascertainment of cardiovascular health (CVH) score and SDOH score
(detailed below). We included adults (aged >18 years) reporting a diagnosis of cancer, defined
as patients who responded “Yes” when asked if they had ever been told “by a doctor or other
health professional that [they] had cancer or a malignancy of any kind.” Those reporting a
diagnosis of non-melanoma skin cancer were excluded, consistent with other cancer
survivorship studies.(130,131) Those with missing data for any domain of SDOH or CVH, or
any of the pre-specified covariates (sex, age, race, sexual orientation, and the presence of any
known cardiac condition) were also excluded.

2.2.3. Ascertainment of Cardiovascular Health

The primary outcome was CVH, quantified by American Heart Association’s Life’s Essential
Eight model.(132) As the NHIS does not include detailed dietary data, the score comprised
seven binary domains / risk factors (hypertension, diabetes mellitus, hypercholesterolemia,
current smoking, physical activity, inappropriate sleep, and obesity). Current smoking status
was self-reported. Obesity was defined as body mass index >30 kg/m?. Insufficient physical
activity was defined as not engaging in >75 min/week of vigorous exercise, >150 min/week of
moderate intensity exercise or combination, or a total combination of >150 minutes per week
of moderate intensity/vigorous exercise. Inappropriate sleep duration was defined as <6 hours
or >10 hours of sleep on average per night. Each of the seven CVH domains was coded as 0
(absence of a risk factor) or 1 (presence of a risk factor), with a maximum composite CVH
score of 7. A higher composite score indicated worse CVH. This score has been published
previously.(133)

2.2.4. Ascertainment of the social determinants of health

We developed a comprehensive SDOH framework based on the six domains defined by the
Kaiser Family Foundation: economic stability, neighborhood, community and social context,
food poverty, education, and access to healthcare.(134) Using NHIS data, we identified 38
individual components across these domains (Supplemental Table 2.1). Each component was
classified as favorable or unfavorable, with a value of 0 assigned to the former and 1 to the
latter with a maximum score of 38. To calculate an aggregate SDOH score, we added the scores
for individual components. Consequently, a higher aggregate SDOH score indicated worse
deprivation. The aggregate SDOH score was used to divide the study population into quartiles,
with the 1% quartile representing the least deprived (lowest SDOH scores) and the 4™ quartile
representing the most deprived (highest SDOH scores). This score has been published
previously.(133,135)
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2.2.5. Statistical analyses

Survey-specific statistics including sampling weights (divided by the number of survey years
included, as per NHIS recommendations) and stratification by the survey year were used to
obtain estimates representative of the US population. Continuous variables were described as
weighted mean + weighted standard deviation. Multivariable Poisson regression was used to
test the relationships between the SDOH score (in quartiles) and CVH, with the first quartile
as reference, and with risk ratio (RR; ‘risk’ refers to the risk of having a worse CVH score) and
the corresponding 95% confidence interval (CI) as summary statistics. Regressions were
adjusted for pre-specified covariates which were part of the self-reported NHIS data: sex, age,
race, sexual orientation, and the presence of any known cardiac condition (self-reported history
of any heart condition or disease). A five-knot restricted cubic spline was used to assess the
linearity of the association between the SDOH score (as a continuous variable) and the CVH
score, with knots placed at 5% 27.5% 50% 72.5% and 95% percentiles as recommended by
Harrell.(136)

To further understand whether any of the domains of SDOH had particularly strong
associations with CVH and vice versa, multivariable Poisson regression was used to explore
these relationships. Individual domains of the SDOH score containing >3 sub-items were
analyzed as both a continuous and categorical variable. Wherever the data distribution allowed,
these variables were analyzed as quartiles. Fewer categories were used wherever meaningful
quartiles could not be generated. Multivariable logistic regression (with odds ratio (OR) and
the corresponding 95% CI as summary statistics) or Poisson regression was used as appropriate.

Four pre-specified subgroup analyses were performed to further delineate the relationship
between SDOH score (as quartiles) and CVH score, stratifying for age (18-45 years vs. 46-64
years vs. >65 years), sex (male vs. female), race (White vs. non-White), and cancer sites (breast,
prostate, lung, colon/rectum, and skin [melanoma], which were the five most common sites for
incident cancer in the US).(3)

Three pre-specified sensitivity analyses were performed. First, although the American Heart
Association’s composite CVH score combined different domains with equal weighting, it is
unclear whether each domain has equal prognostic values. Thus, each unit-increment in CVH
score may not be prognostically equal. Therefore, a sensitivity analysis was performed for the
CVH score using ordinal logistic regression instead, with OR and the corresponding 95% CI
as summary statistics. Second, to further remove and thus clarify the effects that known cardiac
conditions may have on the observed associations, a sensitivity analysis was performed in
which only patients without any known cardiac condition were analyzed.

The third sensitivity analysis explored the relationship between SDOH (in quartiles) and
varying definitions of CVH by using multivariable Poisson regression. As the definition of
CVH is still evolving, testing different potential definitions may better reflect the robustness of
the observed associations. In this analysis, excessive alcohol use was added as a CVH
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component, defined as >14 drinks/week [for men] or >7 drinks/week [for women] in the past
year.(137)

Finally, as worse CVH might have been due to better detection by higher rates of
cardiometabolic workup, a post-hoc exploratory analysis was performed to explore the
association between the SDOH score (in quartiles) and a self-reported history of having had
blood pressure, fasting blood glucose, and cholesterol checked within the past year.
Multivariable logistic regression was used for this analysis.

All p-values were two-sided, with p<0.05 considered statistically significant. As participants
with missing values were excluded, the study population had no missing data. All analyses
were performed using version 16.1 (StataCorp LLC, College Station, Texas, US).

2.3. Results

Of the 16,586 subjects with known cancer in NHIS 2013-2017, 8254 were analyzed after
applying the exclusion criteria (Figure 2.1), representing a weighted population of 10,887,989
persons. The distribution of the SDOH score is visualized in Supplementary Figure 2.1, with
a weighted mean score of 5.3+4.2. Subjects in the first quartile of the SDOH score had a score
of 0-2, the second quartile had a score of 3-4, the third quartile had a score of 5-7, and the
fourth quartile had a score of 8-28. The per-component distribution of the SDOH score is
detailed in Supplementary Table 2.2. The distribution of the CVH score is visualized in
Supplementary Figure 2.2, with a weighted mean score of 2.9+1.5. Characteristics of the
included subjects are summarized in Table 2.1. Characteristics of subjects were also tabulated
against the included subjects in Supplementary Tables 2.3 and 2.4. The included and excluded
subjects were generally comparable, except for older age, more commonly male, had higher
rates of hypercholesterolemia, and less commonly had low family income.

Figure 2.1 Study flowchart

164,557 subjects in NHIS 2013-2017

16,586 subjects with known cancer

Excluded:
Subjects with missing data for cardiovascular health (N=3631)
Subjects with missing data for the SDOH score (N=4671)
Subjects with missing data for race (N=7)
Subjects with missing data for sexual orientation (N=23)

8254 subjects analyzed '
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Table 2.1 Demographics and components of cardiovascular health in the included subjects

Overall SDOH - - -
Quartile 1  Quartile 2 Quartile 3 Quartile 4
Sample size 8254 2493 2010 1801 1950
Weighted sample size 10,887,989 3,233,506 2,619,067 2,433,199 2,602,216
Demographics
Age in years, N (%)
18-45 581 (7.0) 53 (2.1) 76 (3.8) 156 (8.7) 296
(15.2)
46-64 2524 (30.6) 478 (19.2) 508 607 (3.7) 931
(25.3) (47.7)
65 or above 5149 (62.4) 1962 1426 1038 723
(78.7) (71.0) (57.6) (37.1)
Male, N (%) 3755 (45.5) 1343 934 772 706
(53.9) (46.5) (42.9) (36.2)
Race, N (%)
White 7405 (89.7) 2299 1842 1604 1660
(92.2) (91.6) (89.1) (85.1)

Black / African 526 (6.4) 122 (4.9) 101 (5.0) 117(6.5) 186(9.5)
American

American Indian / 39 (0.5) 8(0.3) 3(0.2) 13 (0.7) 15 (0.8)
Alaskan native

Asian 154 (1.9) 41 (1.6) 34(1.7) 40(22) 39(2.0)

Multiple race 130 (1.6) 23 (0.9) 30(1.5)  27(1.5)  50(2.6)
Heterosexual, N (%) 7995 (96.9) 42 (1.7) 55 (2.7) 54 (3.0) 108 (5.5)

Type of cancer (not
mutually exclusive)

Breast, N (%) 1502 (18.2) 438 (17.6) 364 337 365
(18.1) (18.7) (18.7)
Prostate, N (%) 1094 (13.3) 442 (17.7) 287 210 155 (8.0)
(14.3) (11.7)
Lung, N (%) 274 (3.3) 78(3.1) 5929 61(34) 76(3.9)
Colorectal, N (%) 531 (6.4) 166 (6.7)  122(6.1) 107(5.9) 136 (7.0)
Skin (melanoma), N (%) 646 (7.8) 219(8.8) 164(8.2) 136(7.6) 127(6.5)
Other types, N (%) 2687 (32.6) 622 (25.0) 588 628 849
(29.3) (64.9) (43.5)
Unknown, N (%) 2097 (25.4) 718 (28.0) 553 448 378

(27.5) (24.9) (19.4)

Cardiovascular health domains

Hypertension, N (%) 4883 (59.2) 1530 1182 1065 1106
(61.4) (58.8) (59.1) (56.7)
Diabetes mellitus, N (%) 1955 (23.7) 502 (20.1) 474 447 532
(23.6) (24.8) (27.3)
Hypercholesterolemia, N 4411 (53.4) 1394 1099 944 974
(%) (55.9) (54.7) (52.4) (50.0)
Smoking, N (%) 4313 (52.3) 1236 1017 943 1117
(49.6) (50.6) (52.4) (27.3)
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Physical inactivity, N (%) 5204 (63.1) 1498 1188 1153 1365

(60.1) (59.1) (64.0) (70.0)

Inadequate sleep, N (%) 1239 (15.0) 236 (9.5) 252 278 473
(12.5) (15.4) (24.3)

Obesity, N (%) 2702 (32.7) 687 (27.6) 577 636 802

(28.7) (35.3) (41.1)
Excessive alcohol use, N 458 (5.6) 126 (7.9) 117 (9.0) 97 (8.9) 118
(%) (10.0)
SDOH, social determinants of health. Percentages are unweighted.

2.3.1. Association between social determinants of health and cardiovascular health

The highest (fourth) quartile of the SDOH score was independently associated with a higher
risk of having worse CVH (RR 1.30, 95% CI 1.25-1.35, p<0.001, Table 2.2). The relationship
between the SDOH score and CVH (Figure 2.2A) was grossly linear.

Table 2.2 Associations between the social determinants of health (SDOH) score and
Cardiovascular Health (CVH) score

Primary outcome (CVH score)!

Quartile 1 1 (reference)
SDOH Score Risk Ratio Quartile 2 1.04 (1.00-1.08) 0.085
(95% CI) P-value Quartile 3 1.13 (1.09-1.18) <0.001
Quartile 4 1.30 (1.25-1.35) <0.001

CVH, Cardiovascular Health. Adjusted risk ratios and the corresponding 95% confidence
intervals are displayed.

! Adjusted for sex, age, race, sexual orientation, and the presence of any known cardiac
condition.
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Figure 2.2 Summary of key results. (A) A five-knot restricted cubic spline shows a direct and
grossly linear relationship between the social determinants of health (SDOH) score and the
primary outcome (Cardiovascular Health; CVH). (B) Subgroup analyses for the primary
outcome show particularly strong SDOH-CVH associations in younger or female cancer
survivors. Adjusted risk ratios and confidence intervals (CI) from multivariable Poisson
regression are displayed.
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Except for the education domain, higher values in all other domains of the SDOH score were
independently associated with worse CVH (Table 2.3), with the strongest association observed
for food insecurity (RR 1.38, 95% CI 1.31-1.45, p<0.001). Meanwhile, independent
associations were noted between the highest quartile of the SDOH score and all components
of CVH (Figure 2.3), with the strongest association observed for inappropriate sleep duration
(OR 3.25,95% CI 2.60-4.07, p<0.001).
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Table 2.3 Associations between individual domains of the social determinants of health (SDOH)
score and cardiovascular health

Domain of the SDOH score Number of Primary outcome (CVH score)'
domains Adjusted risk ratio [95% CI]  p value
Economic stability 13
As a continuous variable 1.04 [1.03-1.04] <0.001
As quartiles
Q1 1 (reference)
Q2 1.03[0.99-1.07] 0.14
Q3 1.11 [1.06-1.15] <0.001
Q4 1.28 [1.23-1.33] <0.001
Neighbourhood, physical 5
environment, and social cohesion
As a continuous variable 1.06 [1.05-1.07] <0.001
As terciles®
T1 1 (reference)
T2 1.06 [1.03-1.10] 0.001
T3 1.20 [1.16-1.24] <0.001
Community and social context 1 1.29 [1.2-1.37] <0.001
Food 1 1.38 [1.31-1.45] <0.001
Education 7
As a continuous variable 0.9910.98-1.01] 0.48
<1 domain? 1 (reference)
>2 domains’ 0.99 [0.96-1.02] 0.39
Healthcare system 11
As a continuous variable 1.05[1.03-1.06] <0.001
No domain? 1 (reference)
Any domain? 1.07 [1.03-1.11] <0.001
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Figure 2.3 Associations for the components of cardiovascular health. This forest plot shows
significant associations between the social determinants of health (SDOH) score and all
components of the cardiovascular health score. Adjusted odds ratios and 95% confidence
intervals from multivariable logistic regression are displayed.

Component of cardiovascular health Odds ratio
and SDOH quartiles with 85% CI p-value
Hypertension i
Quartile 2 1.01[0.86, 1.19] 0.893 ——
Quartile 3 1.24 [1.05, 1.47] 0.014 | ——
Quartile 4 1.44[1.20,1.73] =0.001 : —
I
Diabetes mellitus I
CQuartile 2 1.36[1.13, 1.63] 0.001 | —
Quartile 3 1.60[1.32, 1.94] =<0.001 : —
Quartile 4 2,19 [1.80, 2.66] <0.001 | ——
I
Hypercholesterolemia :
CQuartile 2 1.08 [0.92, 1.26] 0.365 T
Cuartile 3 1.17 [0.99, 1.38]) 0.062 e
Quartile 4 1.24 [1.05,1.47] 0.014 :_._
I
Smoking |
CQuartile 2 116 [1.00, 1.35] 0.056 Fe
Quartile 3 1.35[1.15, 1.59] <0.007 [
Quartile 4 1.85[1.56, 2.19] <0.001 : —
I
Physical inactivity I
Cuartile 2 0.90 [0.77.1.08] 0.196 —0—:
Quartile 3 1.30 [1.09, 1.54] 0.003 |
Quartile 4 1.90 [1.58, 2.27] =<0.001 | ——
I
Inappropriate sleep duration :
Cuartile 2 1.36 [1.07.1.74) 0.013 | —*—
Quartile 3 1.72[1.36, 2.19] =<0D.001 | ——
Quartile 4 3.25[2.60,4.07] =<D.001 : ——
I
Obesity |
Quartile 2 0.97 [0.81.1.15] 0.723 ——
Quartile 3 1.29[1.08, 1.55] 0.005 | ——
Quartile 4 1.69[1.42, 2.03] =0.001 : ——
I
I
: ! . :
5 1 2 3 4

43



2.3.2. Subgroup analyses

After stratifying for age, sex, and race, the SDOH score remained independently associated
with CVH (Figure 2.2B and Supplementary Table 2.5). The associations were significantly
stronger in participants who were younger (age 18-45 vs. >65: pinteraction=0.026; age 46-64 vs.
>65: pinteraction=0.003). No statistically significant interaction between the SDOH score and race
was observed (pinteraction:0.0S 1)

Stratification for cancer sites showed largely consistent results, with significant associations
for CVH observed for all five specified cancer sites (Supplementary Table 2.5).

2.3.3. Sensitivity analyses

Results from sensitivity analyses were consistent with the main analyses (Supplementary
Table 2.6). Ordinal logistic regression demonstrated a robust and independent relationship
between the highest quartile of the SDOH score and higher CVH score (OR 2.57,95% CI 2.21-
2.98, p<0.001). Meanwhile, a similar association was observed for CVH among those without
any known cardiac condition (RR 1.34, 95% CI 1.27-1.40, p<0.001). Adding excessive alcohol
use to CVH as a component of cardiovascular health (RR 1.33, 95% CI 1.27-1.40, p<0.001)
also resulted in consistently strong associations with the SDOH score.

2.3.4. Exploratory analyses

Post-hoc exploratory analyses (Supplementary Table 2.7) found no significant association
between the SDOH score and self-reported history of having had blood pressure (OR for the
highest quartile of SDOH: 0.89, 95% CI 0.50-1.58, p=0.70), fasting blood glucose (OR for the
highest quartile of SDOH: 1.07, 95% CI 0.89-1.28, p=0.47), or blood cholesterol (OR for the
highest quartile of SDOH: 0.94, 95% CI 0.70-1.26, p=0.69) checked within the past year.

2.4. Discussion

Using nationally representative US data, we demonstrated a strong and robust relationship
between disadvantaged SDOH profile and suboptimal CVH among cancer survivors, which
was particularly prominent among women and younger participants (Figure 2.4 / Central
Ilustration). To our knowledge, this is the first study to investigate this association among
cancer survivors directly.

2.4.1. Comparison with Previous Literature

Unfavorable SDOH profiles have been associated with higher prevalence of CVD and cancer-
related mortality in the general population.(104,133,138,139) Previous studies demonstrated
that various domains of SDOH influence CVH in complex and variable ways. For example,
Makhlouf and colleagues found that neighborhood walkability and the green space availability
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were associated with better CVH in the US.(140) Similarly, in another cross-sectional survey,
food insecurity was associated with suboptimal CVH.(141) Housing insecurity has also been
identified to be associated with CVH in the general population.(142)

While all these SDOH domains are important, only specific facets of SDOH have been
investigated for their relationships with CVH in cancer survivors. For instance, Batra and
colleagues found that rural residence, low income, and low education were associated with
higher risks of developing CVD in cancer survivors.(108) These were confirmed by Berkman
and colleagues who found that an annual household income <USD50,000 was associated with
increased the odds of CVD in young adult cancer survivors,(110) and Appiah and colleagues
who showed that breast and gynecologic cancer survivors residing in rural areas had higher
risks of cardiovascular mortality.(109)

However, SDOH extend beyond these few specific factors, and as individual domains of SDOH
are likely associated with CVH in complex and intersectional ways, studying them in isolation
is inadequate. Instead, an aggregate SDOH risk score may better identify and improve care for
socially disadvantaged individuals.(143)Hence, we used a well-established and published
aggregate SDOH score, ensuring reliability, robustness, and objectivity. Similar issues may
exist for CVH quantification which is evolving. Therefore, we referenced the American Heart
Association's Life's Essential 8 model, an evidence-based framework created in 2022 to define
and quantify CVH.(132) Although the original model involved more detailed measurements
and included diet, the CVH score used in this study had been published previously and shown
to be a robust measurement of CVH.(133,135)The use of this CVH score thus ensured
robustness of our findings. This was further reinforced by sensitivity analyses, in one of which
excessive alcohol use was added to the CVH score in recognition of CVH as an evolving
concept.

Importantly, we found that the association between SDOH and CVH was particularly strong
among females or young individuals, congruent with previous research on associations
between social vulnerability and mortality due to comorbid cancer and CVD.(144) The worse
CVH associated with disadvantaged SDOH may have contributed to such observations for
mortality, further emphasizing the need to prioritize interventions that address social and
economic disadvantage in female and young cancer survivors.

2.4.2. Underlying Mechanisms

The association between SDOH and CVH is likely multifactorial. However, our exploratory
analyses suggested that differences in rates of cardiometabolic workup within the past year
were unlikely to be the driving factor behind this association. We speculate that the adverse
association between socioeconomic disadvantage and mental health may be one of the potential
mediators.(145,146) We previously showed that psychological distress is associated with worse
CVH in adult cancer survivors.(147) Others have also hypothesized that psychological factors
mediate associations between social/physical environments and CVD(148,149) which may be
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positive (e.g., social support improving health behaviors among racial/ethnic minority groups
by reducing depressive symptoms)(150,151) or negative (e.g., poorly built environments
increasing the risk of CVD via an increased likelihood of mental disorders causing chronic life
stress).(152,153) Nevertheless, other mediating mechanisms likely also exist. Further studies
are required to delineate the drivers of our observations.

2.4.3. Clinical and Policy Implications

Our findings have substantial clinical and public health implications, as they underscore the
pivotal roles of social, economic, and environmental conditions in determining the CVH of
cancer survivors, particularly younger individuals, and women. Our results demonstrated
substantial social disparity in CVH among cancer survivors, highlighting the need for
comprehensive interventions at various levels to minimize social disparity and ultimately
optimize cardiovascular outcomes in this population.

At the clinical level, clinicians must be educated about the strong links between SDOH and
CVH in cancer survivors so that those with poor SDOH profiles can be flagged and targeted
for specific interventions (Figure 2.4). This process may also benefit from better reporting of
patients' SDOH within electronic health records, facilitating SDOH profiling and risk
stratification, and enabling more in-depth research into this area.

At the healthcare system and policy level, investments in healthcare infrastructure may need to
be increased in socially vulnerable areas to ensure equitable access to quality healthcare. State
policies may also need to be recalibrated to enhance cancer survivors’ access to preventive
medicine services, such as ensuring continued follow-up care for those with disadvantaged
SDOH profiles. Given the interconnected nature of these factors and their cascading
downstream effects on health outcomes, national efforts are needed to reduce social disparities
in CVH among cancer survivors, likely within broader programs such as the Centers for
Medicare and Medicaid Services (CMS) initiative(154): focusing on addressing SDOH for
Medicare and Medicaid beneficiaries, the CMS initiative aims to support healthcare providers
in identifying and addressing SDOH factors by screening patients for SDOH risks, providing
referrals to community resources, and integrating SDOH interventions into care plans. It also
aims to standardize data collection and analysis related to SDOH, as well as collaborations with
community organizations and other stakeholders to address SDOH more broadly. Similar
programs are needed to target cancer survivors and optimize their CVH.
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Figure 2.4. Social determinants of health and cardiovascular health of cancer survivors. The Central
[lustration highlights the significant associations observed between various social determinants of
health (SDOH) factors and the cardiovascular health (CVH) of cancer survivors. It provides a visual
summary of the key findings, emphasizing the impact of SDOH on CVH outcomes. The figure
underscores the importance of considering SDOH factors in promoting cardiovascular well-being
among cancer survivors and highlights potential areas for targeted interventions and support.
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2.4.4. Strengths and Limitations

We utilized a nationally representative US database, ensuring the generalizability of our
findings within the US, with potential generalizability to other developed countries. In addition,
the robustness of our analyses was reinforced by multiple sensitivity analyses which
consistently yielded similar observations. Finally, the use of well-established and published
measurement tools of SDOH and CVH ensured objectivity and reliability.

However, our study is not devoid of limitations. First, as all NHIS data are self-reported, they
are subject to misreporting, under-reporting, and recall bias. Specifically, any history of cancer
diagnosis and all components of CVH were self-reported without cross-checking with
physicians or against medical records. However, participants who reported a history of cancer
were subsequently asked for the cancer type, thereby partly mitigating the risk of misreporting.

Second, as detailed dietary data are available in the NHIS, we were unable to include dietary
variables in our assessment of Life's Essential Eight. This was partially mitigated in our
sensitivity analyses, where excessive alcohol use was used as a surrogate for poor dietary habits
within the cardiovascular health component, with consistent results.

Third, the cross-sectional design of NHIS precludes any establishment of causality. While
existing evidence predominantly supports the role of SDOH as a predictor of CVH (with the
posited direction of the association being from unfavorable SDOH to worse CVH and not
otherwise),(155) it remains possible that worse CVH leads to more unfavorable SDOH via
increased medical expenditure, reduced exercise/socialization, or other mechanisms. Future
research should explore the potential and implications of reverse causation in the SDOH-CVH-
cancer context. Residual confounding was also possible.

Additionally, although we explored differences in the association between SDOH and CVH
between races/ethnicities, very few of the analyzed cancer survivors were non-White, which
was not unexpected as NHIS is representative of the US where the population is predominantly
White. The small sample sizes limited the statistical power of the interaction analysis and
barred further stratification of non-White cancer survivors into detailed races/ethnicities.
Therefore, with substantially different point estimates, minimally overlapping 95% Cls, and
borderline statistical significance, inter-racial differences in the said association could not be
definitively excluded. Overall, the demographics of the sampled individuals in NHIS meant
that our findings might not be directly generalizable to countries with substantially different
racial/ethnic compositions. Larger international studies are needed to corroborate our findings
across cancer survivors of different races/ethnicities.

Finally, we acknowledge that the subjects included in our analysis differed in certain aspects
from those who were excluded, which may impact generalizability and representativeness of
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our findings. Large prospective studies with minimal data missingness remain required to
verify our findings.

2.5. Conclusions

Among cancer survivors in the United States, an unfavorable SDOH profile was independently
associated with worse CVH, especially in young and female subjects. This highlights the need
for a comprehensive approach to healthcare for cancer survivors that considers the broader
socioeconomic and environmental factors associated with their CVH.
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3. Chapter 3: Association between psychological distress and cardiovascular health
amongst cancer survivors in the United States: findings from nationally
representative data

This chapter is based on the following publication: Chan JSK, Satti DI, Dee EC, Sharma G,
Virani SS, Liu T, Tse G. Association between psychological distress and cardiovascular health
amongst cancer survivors in the United States: findings from nationally representative data.

Eur J Prev Cardiol. 2023; 30(16): e74-e¢77. doi: 10.1093/eurjpc/zwad162

3.1. Introduction

Cancer is associated with increased long-term cardiovascular risks(4) and psychological
distress.(156) Whilst psychological distress has been linked to elevated cardiovascular
risks,(157) the strong correlation between cancer and cardiovascular diseases may modify the
cardiovascular effects of psychological distress. It is thus unclear if these associations hold true
for cancer survivors. Investigations in this area are needed as the number of cancer survivors
increases.(158) We therefore investigated the relationship between psychological distress and
cardiovascular health amongst cancer survivors.

3.2. Methods

3.2.1. Study design and source of data

This cross-sectional study used data from the National Health Interview Survey (NHIS), a
publicly available dataset collected via annual in-person interviews conducted by the National
Center for Health Statistics/Centers for Disease Control and Prevention. The NHIS utilizes
multistage probability sampling, stratification, clustering, and over-sampling to provide health
data representative of the non-institutionalized population of the United States. Harmonised
data were obtained from the Integrated Public Use Microdata Series (IPUMS).(159) As all the
data are deidentified and publicly available, this study was exempt from ethics approval.

3.2.2. Inclusion and exclusion criteria

Subjects aged >18 years old sampled between 2013-2017 were included. Patients with missing
data for the outcome or any of the independent variables were excluded, as were those with
non-melanotic skin cancer as the only cancer diagnosis, consistent with prior studies.(160)
Cancer survivorship was ascertained by responses to the question, “Have you ever been told
by a doctor or other health professional that you had cancer or a malignancy of any kind?”
(IPUMS NHIS variable cancerev).

3.2.3. Ascertainment of outcomes and exposure

Measurement of the outcome, cardiovascular health, was based on the American Heart
Association’s Life’s Essential Eight.(132) As the NHIS has no dietary data, the cardiovascular
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health score included seven one-point domains (hypertension [ascertained from the IPUMS
NHIS variable hypertenev], diabetes mellitus [ascertained from the IPUMS NHIS variables
diabeticev, insulin, and diapills], dyslipidaemia [ascertained from the [IPUMS NHIS variables
cholhighyr, cholhighev, and cholmednow], physical inactivity [defined as <75 hours/week of
vigorous exercise or <150 hours/week of moderate exercise; ascertained from the IPUMS
NHIS variables mod10dmin, mod10fwk, vifl 0dmin, and vig10fwk], inappropriate sleep duration
[defined as <6 or >10 hours of sleep per night; ascertained from the [IPUMS NHIS variable
hrsleep], smoking [ascertained from the IPUMS NHIS variable smokestatus?], and obesity
[defined as body-mass index >30 kg/m?; ascertained from the IPUMS NHIS variable bmicalc)),
with higher scores indicating poorer cardiovascular health. This score has been published
before.(133)

Psychological distress was measured by the six-item Kessler scale (K6), a validated screening
tool for psychological distress. It consists of six five-point (0-4) Likert questions about
emotional state, with possible total scores of 0-24.(161) K6 was binarized, with scores>13
representing severe psychological distress (SPD), consistent with previous studies.(161) K6
was ascertained from the IPUMS NHIS variables asad, anervous, arestless, ahopeless, aeffort,
and aworthless. All data were self-reported as per the NHIS’ nature.

3.2.4. Statistical analysis and covariate ascertainment

Survey-specific statistics with sampling weights (divided by the included number of years as
per the NHIS’ recommendations) and stratification for survey year were used to generate
nationally representative estimates. Multivariable Poisson regression adjusting for pre-
specified covariates (the presence of any known cardiac condition [ascertained from the
IPUMS NHIS variables cheartdiev, heartattev, heartconev, and angipecev], family income
[ascertained from the IPUMS NHIS variable poverty], education level [ascertained from the
IPUMS NHIS variable educ], race [ascertained from the IPUMS NHIS variable racenew], sex
[ascertained from the [PUMS NHIS variable sex], sexual orientation [ascertained from the
IPUMS NHIS variable sexorien], insurance coverage [ascertained from the IPUMS NHIS
variable hinotcov], and age [ascertained from the [PUMS NHIS variable age]) was used to
investigate the relationship between SPD and the cardiovascular health score, with risk ratios
(representing the comparative risk of having worse cardiovascular health) and 95% confidence
intervals as summary statistics. A three-knot restricted cubic spline with K6 as a continuous
variable was used to explore the linearity of this relationship, using Harrell’s recommended
knot positions.(136) Multivariable logistic regression adjusting for pre-specified covariates
was used to explore relationships between SPD and each component of the cardiovascular
health score amongst cancer survivors, with odds ratios and 95% confidence intervals as
summary statistics.

Pre-specified subgroup analyses were performed amongst cancer survivors, with stratifications
for known cardiac condition(s) (with vs without), age (18-45 years old vs 46-64 years old vs
>65 years old), sex (male vs female), race (white vs non-white), income (family income <200%
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vs >200% of the poverty threshold), and cancer site (breast, prostate, colon/rectum, skin
[melanotic], and lung).

Two post hoc exploratory analyses were done. First, the relationship between SPD and the
presence of known cardiovascular diseases was explored using multivariable logistic
regression with similar covariate adjustments as described above; odds ratios and 95%
confidence intervals were used as summary statistics. Second, as the pre-specified subgroup
analyses identified significant interactions for age groups and sex with K6, similar subgroup
analyses and testing for interactions were performed amongst participants without any reported
history of cancer.

Two-sided p<0.05 were considered statistically significant. All analyses were performed using
Stata v16.1 (StataCorp LLC, USA).

3.3. Results

Of the 164,557 subjects in 2013-2017 NHIS, 138,001 (representing a weighted population of
203,223,831) were analysed after applying all exclusion criteria, of whom 13,485 (9.8%;
representing a weighted population of 17,648,471) were cancer survivors; 13,354 had data for
the age of cancer diagnosis, of whom 2.7% were diagnosed by 14 years old, 30.8% between
14-45, 41.8% between 46-64, and 24.7% at >65 years old. The weighted mean cardiovascular
health score was 2.8+1.6 for cancer survivors and 2.0+1.4 for those without known cancer.
Their respective weighted prevalence of SPD were 3.8% [95% CI: 3.5%-4.3%] and 3.2%
[3.0%-3.3%].

SPD was independently associated with worse cardiovascular health both in cancer survivors
(adjusted RR 1.24 [1.19-1.29], p<0.001) and those without known cancer (adjusted RR 1.41
[1.39-1.44], p<0.001), but the former association was significantly weaker (pinteraction=0.001;
Figure 3.1A). The relationship between psychological distress and cardiovascular health was
grossly linear, regardless of cancer history (Figure 3.1A). Amongst cancer survivors, SPD was
independently associated with all components of the cardiovascular health score except obesity
(Figure 3.1B), with the strongest association observed for inappropriate sleep duration
(adjusted OR 3.70 [2.93-4.68], p<0.001). Exploratory analysis showed a strong relationship
between SPD and known cardiovascular disease amongst cancer survivors (odds ratio 2.95
[2.30-3.78], p<0.001).
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Figure 3.1 Graphical summary of results. (A) Restricted cubic spline showing the relationship
between the six-item Kessler score and cardiovascular health, stratified by whether the subjects
had known cancer. Risk ratio and 95% confidence intervals are shown, with risk ratio>1
representing an association with more cardiovascular risk factors (i.e. worse cardiovascular
health). (B) Forest plot showing the associations between severe psychological distress and
individual components of the cardiovascular health score amongst cancer survivors. Adjusted
odds ratios and 95% confidence intervals (Cls) are shown.
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Subgroup analyses demonstrated that amongst cancer survivors, the association between SPD
and cardiovascular health was significantly stronger in those who were younger (pinteraction<0.05;
Figure 3.2) or female (pinteraction=0.014), but did not differ significantly by family income
(pinteraction=0.992), race (pinteraction=0.147), or the presence of known cardiac conditions
(pinteraction=0.187). The association remained significant in those with cancer of the breast
(N=2445; adjusted RR 1.34 [1.21-1.49], p<0.001), prostate (N=1642; adjusted RR 1.23 [1.08-
1.38], p=0.001), colon/rectum (N=873; adjusted RR 1.20 [1.06-1.35], p=0.004), and skin
(melanotic; N=1024; adjusted RR 1.46 [1.20-1.77], p<0.001), but not that of the lung (N=430;
adjusted RR 1.08 [0.90-1.29], p=0.417). Exploratory subgroup analyses in participants without
known cancer showed similar interactions for age groups, but not for sex (Table 3.1).

Table 3.1 Results of the post hoc exploratory subgroup analyses amongst participants without
known cancer.

Subgroup Adjusted RR [95% CI] Pinteraction

18-45 1.48 [1.43, 1.54], p<0.001
Age, yearsold  46-64 1.33[1.29, 1.36], p<0.001 All pairwise pinteraction<0.001
>65 1.2411.20, 1.29], p<0.001
Male 1.4411.39, 1.49], p<0.001
Female 1.40[1.36, 1.43], p<0.001
CI, confidence interval. RR, risk ratio.

Sex 0.901
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Figure 3.2 Forest plot showing the results of pre-specified subgroup analyses amongst cancer survivors. Adjusted risk ratios and 95% confidence
intervals (Cls) are shown.
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3.4. Discussion

This is the first study investigating the association between psychological distress and
cardiovascular health amongst cancer survivors. The significant association between SPD and
cardiovascular health was consistent with findings in other populations.(157) The association
being weaker in cancer survivors was likely due to the adverse cardiovascular effects of cancer
and cancer therapies diminishing the relative influence of psychological distress. Importantly,
younger individuals were particularly vulnerable to this association, likely because ageing has
more dominant effects on cardiovascular health in older individuals. Female cancer survivors
were also more vulnerable to the captioned association, as observed elsewhere as well.(157)
The underlying mechanisms are less clear, probably including social factors such as
sexism,(157) and biological factors such as lower vaso-reactivity, greater stress-induced
reduction in endothelial function in females, and female-specific cardiovascular risk factors
(e.g. hormone-related).(162)

Clinically, our findings highlighted the importance of a holistic and multidisciplinary approach
to the care of cancer survivors, specifically being attentive to their psychological well-being
and involving mental health professionals in a timely manner, and especially for younger or
female patients. Our findings also provided insights for policymakers about patients who may
benefit the most from quality improvement programs. Using data from a national survey, our
findings were representative and widely applicable. Nonetheless, the self-reported nature
meant that recall bias and misclassification of variables were possible, and residual/unobserved
confounders could exist. Additionally, the cross-sectional nature of the NHIS prevented
establishment of causality. Reverse causality is also possible, as poorer cardiovascular health
may cause SPD.

3.5. Conclusion

SPD was associated with worse cardiovascular health amongst cancer survivors, especially
younger or female patients, although the association was weaker than that in non-cancer
subjects.
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4. Chapter 4: Associations between social determinants of health and cardiovascular and
cancer mortality in cancer survivors: a prospective cohort study

This chapter is based on the following publication: Chan JSK, Satti DI, Ching YLA, Lee Q,
Dee EC, Ng K, Chou OHI, Liu T, Tse G, Lai A. Associations between social determinants of

health and cardiovascular and cancer mortality in cancer survivors: a prospective cohort study.
Eur J Prev Cardiol. 2024. doi: 10.1093/eurjpc/zwae318 [Online ahead of print]

4.1. Introduction

Cardiovascular diseases and cancer are both common causes of death and disability worldwide
—in 2021, cardiovascular diseases were accountable for 19.4 million deaths and 428 million
disability-adjusted life years lost, while cancer was accountable for 9.9 million deaths and 253
million disability-adjusted life years lost.(163,164) Despite rising incidences of both
cardiovascular diseases and cancer, cancer mortality rates have been declining due to
advancing treatments and earlier detection, with an estimated 33% reduction in 2019 compared
to 1991.(3) Such combinations in epidemiological trends have led to an increasing number of
cancer survivors, who have been shown to have higher cardiovascular risks than individuals
without cancer.(8,126) Thus, cardiovascular diseases in cancer survivors have become a
growing and ever-more important clinical issue.

Amongst numerous factors that affect cardiovascular health, social determinants of health
(SDOH) have been increasingly recognized to substantially influence cardiovascular health in
both the general population and cancer survivors.(1,165) This was reinforced recently by a
nationwide cross-sectional study of cancer survivors which found strong associations between
SDOH and cardiovascular health.(166) However, evidence pertaining to the influence of such
associations on mortality was less clear. Previous studies have shown associations between
SDOH and cardiovascular/cancer mortality in the general population,(167,168) but these
associations have rarely been studied using representative, individual-level data amongst
cancer survivors — given their cancer history and elevated cardiovascular risk, relevant
associations observed in the general population may not be directly generalizable to them.
Additionally, few studies have explored SDOH comprehensively using composite metrics, with
many only focusing on selected areas of SDOH. Therefore, we explored associations between
SDOH and cause-specific mortality in cancer survivors using nationally representative data,
specifically focusing on cardiovascular mortality as the primary outcome of interest and with
SDOH quantified using a published composite score. Individuals without cancer were also
studied to explore whether these associations varied with cancer survivorship.

4.2. Methods

4.2.1. Study design and source of data

Data from the National Health Interview Survey (NHIS) were used for this prospective cohort
study. The NHIS, an annual health and sociodemographic survey of the United States’ non-
institutionalized population linked to the National Death Index (NDI), uses multistage
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probability sampling to generate nationally representative estimates. Details of NHIS and data
access have been described elsewhere.(159,166) All data underlying this study are publicly
available.(159) Therefore, this study is exempt from ethics review. This study and manuscript
were compliant with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement.

4.2.2. Inclusion and exclusion criteria

Participants in NHIS 2013-2017 with mortality follow-up data were included — only these
years/iterations contained variables necessary for quantifying SDOH. Those with missing
SDOH or covariate data were excluded.

4.2.3. Follow-up and outcomes

All subjects were followed up from questionnaire administration to the end of 2019 or death,
whichever occurred earlier, as detailed elsewhere.(169) The primary outcome was
cardiovascular mortality. The secondary outcomes were cancer mortality and all-cause
mortality. All outcomes were ascertained through the NDI wusing death -certificate
information.(169) There is thus no identifiable loss to follow-up.

4.2.4. Data collected and ascertainment

Cancer survivorship was self-reported(166). Per convention, only individuals with cancers
other than non-melanotic skin cancer were classified as cancer survivors.(166) SDOH was
quantified using a self-reported 38-point score which has been published previously, with
higher scores indicating worse deprivation.(166)

Covariates, including demographics (age, race, and sex) and comorbidities / risk factors
(hypertension, diabetes mellitus, hypercholesterolemia, active smoking, obesity, chronic
obstructive pulmonary disease or emphysema, stroke, weekly moderate/vigorous exercise
duration, weekly number of alcoholic drinks, and cardiac and liver conditions), were
ascertained from self-reported data as previously detailed.(166)

4.2.5. Statistical analysis

Survey-specific statistics with sampling weights (divided by 5 as five years’ sample subjects
were included, as per recommendations by the NHIS) were used via Stata’s svy set of
commands to produce nationally representative estimates. Due to the survey nature of the data,
continuous variables were summarized as means and 95% confidence intervals (Cls), while
categorical variable were summarized as proportions and 95% Cls. As individuals with missing
data were excluded, there were no missing data amongst the analysed individuals in this study.
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Due to right-skewing, the composite SDOH score was analysed as standardized continuous
variables after log-transformation (i.e. In[SDOH+1]; abbreviated as ‘SDOH’ hereafter). As
non-cardiovascular-non-cancer mortality (‘other-cause mortality’) constituted a competing
event for cardiovascular and cancer mortality, a cause-specific approach was adopted,
modelling associations between SDOH and risks of each outcome and other-cause mortality
using Cox regression. Schoefield residual-based tests showed no violation of the proportional
hazard assumption (Supplementary Table 4.1 and Supplementary Figures 4.1-4.6). Kaplan-
Meier cumulative incidence curves (i.e. 1-KM) were used to visualize the cumulative incidence
of each outcome and other-cause mortality, with grouping by quartiles of the SDOH score.
SDOH was quantitatively analysed as a continuous variable instead of quartiles because
pairwise comparisons of individual quartiles, which are necessarily much smaller in their
respective sample sizes with much fewer events than that in the overall cohort, against the
lowest quartile (conventionally used as the reference group) would have led to substantially
lower statistical power with additional degrees of freedom. These rendered quartile-based
analysis infeasible given the already-low event rates. To account for potential non-linearity in
associations, three-knot restricted cubic splines (with knots placed at the 10%, 50® and 90™
percentiles, as recommended by Harrell(136)) were fitted and plotted to visualize the
association between SDOH and the risk of each outcome across the observed range of SDOH.
Adjusted hazard ratios (aHRs) and 95% ClIs were used as summary statistics, representing
estimates per standard deviation-increase in the SDOH score.

As the main analysis, associations in cancer survivors and individuals without cancer were
modelled separately. Two multivariable models were pre-specified for each outcome based on
clinical knowledge: model 1 was adjusted for demographics, while model 2 was adjusted for
demographics, comorbidities, and risk factors. This allowed exploration of whether
associations between the SDOH score and the outcomes, if any, were explained by
comorbidities and risk factors, which had been shown to be associated with SDOH.(166)

As the main analysis found statistically significant associations between the SDOH score and
cardiovascular and cancer mortality in cancer survivors with full multivariable adjustments (i.e.
model 2 as above-described), a post hoc, exploratory analysis was performed to explore
potential associations between the composite score of each domain of the SDOH score (i.e.
economic stability [0-13 points], neighbourhood, physical environment, and social cohesion
[NPESC; 0-5 points], psychological distress [binary], food insecurity [binary], education [0-7
points], and healthcare system [0-11 points]; higher points / category indicated worse
deprivation in the respective domain) and the risk of cardiovascular and cancer mortality,
respectively, amongst cancer survivors. Similar to the above, multivariable Cox regressions
(model 2) were used. In view of the post hoc nature of this analysis, p-values were not reported,
and only the aHRs and 95% CIs were reported. For non-binary-score domains, the aHRs
represented estimates per point-increase in each domain’s score.

P-values were two-sided and, to avoid excessive reliance on p-values and potential issues with
multiple hypothesis testing, were only reported for the main analysis of the primary outcome,
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with p<0.05 considered statistically significant. All analyses were performed using Stata v16.1
(StataCorp LLC, College Station, Texas, USA).

4.3. Results

A total of 37,882 individuals were analysed (Figure 4.1), representing a population of
57,696,771 persons after applying sampling weights. These included 4179 cancer survivors
(representing a population of 5,762,493 persons after applying sampling weights) and 33,703
individuals without cancer (representing a population of 51,934,278 persons after applying
sampling weights). Their characteristics were summarized in Table 4.1.

Amongst cancer survivors, 9.9% [95% CI: 8.8%-11.0%] died over a mean follow-up of 4.6
years, with cardiovascular mortality occurring in 2.2%, cancer mortality occurring in 4.6%,
and other-cause mortality occurring in 3.0%. Amongst individuals without cancer, 2.4% died
over a mean follow-up of 4.8 years, with cardiovascular mortality occurring in 0.7%, cancer
mortality occurring in 0.5%, and other-cause mortality occurring in 1.1%.

Figure 4.1 Flow diagram of study participants. Weighted N refers to the population represented
by the respective sample cohort after applying sampling weights. NHIS, National Health
Interview Survey. SDOH, social determinants of health.

Participants in NHIS 2013-2017 with mortality follow-up data
N=247,645

Excluded:
Participants with missing SDOH data (N=176,227)
Participants with missing covariate data (N=33,536)

Analysed participants
N=37,882
Weighted N=57,696,771

T~

Cancer survivors Individuals without cancer
N=4179 N=33,703
Weighted N=5,762,493 Weighted N=51,934,278
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Table 4.1 Summary of the characteristics of analysed individuals. Continuous variables were summarized as means and 95% confidence intervals

ClIs). Categorical variables were summarized as proportions and 95% Cls.
( g prop

Individuals without cancer

Cancer survivors

Sample size 33,703 4179

Weighted sample size 51,934,278 5,762,493

Demographic and comorbid characteristics, mean [95% CI] or proportion (%) [95% CI (%)]

Age, years old
18-25 9.4 [8.8-9.9] 0.8 [0.4-1.3]
26-35 16.6[16.1-17.2] 2.9 [2.3-3.6]
36-45 17.4116.9-17.9] 6.2 [5.3-7.3]
46-55 20.5[19.9-21.1] 14.7 [13.2-16.3]
56-65 19.9119.3-20.5] 24.1[22.4-25.9]
66-75 11.5[11.1-12.0] 30.6 [28.8-32.3]
>76 4.7 [4.4-5.0] 20.8 [19.3-22.3]

Male 48.8 [48.1-49.5] 49.6 [47.6-51.6]

Race
White 85.4 [84.7-86.1] 92.2191.1-93.2]
Black / African American 9.2 [8.7-9.7] 5.7[4.9-6.7]
American Indian / Alaskan native 0.8 [0.7-1.0] 0.510.3-0.7]
Chinese 0.9 [0.7-1.0] 0.2 [0.1-0.7]
Filippino 1.1[0.9-1.3] 0.4 [0.3-0.8]
Asian Indian 0.9 [0.7-1.1] 0.1 [0.0-0.2]
Other Asians 1.3[1.1-1.5] 0.5 [0.3-0.8]
Other / multiple races 0.4 [0.4-0.5] 0.3 [0.2-0.6]

Hypertension 38.4[37.7-39.1] 53.9[51.8-56.0]

Diabetes mellitus

12.8 [12.3-13.2]

20.4[18.8-22.1]

Taking insulin or diabetic pills

9.7[9.4-10.1]

15.0 [13.7-16.5]

Hypercholesterolemia

36.1 [35.4-36.8]

51.6 [49.6-53.7]

Active smoking

42.4[41.6-43.2]

55.0 [52.9-57.1]

Obesity

32.9 [32.2-33.6]
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Individuals without cancer Cancer survivors

Cardiac condition 12.5[12.0-12.9] 25.8 [24.1-27.5]
Liver condition 2.2 [2.0-2.4] 4.4 [3.7-5.3]
Chronic obstructive pulmonary disease or emphysema 3.3 [3.0-3.5] 8.5[7.5-9.7]
Stroke 2.3 [2.1-2.5] 5.2 [4.4-6.2]
Weekly moderate/vigorous exercise duration, minutes 262 [256-268] 238 [220-256]
Weekly number of alcoholic drink(s) 4.7 [4.4-4.9] 4.8 [4.4-5.2]
Composite social determinants of health score 6.0 [5.9-6.1] 5.3[5.2-5.5]
Log-transformed composite social determinants of health 1.75[1.74-1.76] 1.62 [1.59-1.65]
score
Specific cancer sites / types
Breast N/A 20.6 [18.9-22.3] !
Prostate N/A 17.9 [16.5-19.5] 2
Lung and bronchus N/A 3.5[2.8-4.3]
Colorectal N/A 6.7 [5.7-7.8]
Skin (melanomatous) N/A 11.0[9.9-12.2]
Bladder N/A 3.7 [3.0-4.5]
Lymphoma N/A 3.1[2.5-3.9]
Uterus N/A 3.3[2.7-4.0] 3
Pancreas N/A 0.4 [0.3-0.8]
Leukaemia N/A 1.9[1.4-2.5]
Others N/A 32.4[30.5-34.3]

Domains of the composite social determinants of health score, mean domain score [95% CI] or proportion (%) [95% CI (%)]

Economic stability

Never / previously employed 3.0 [2.7-3.2] 1.6 [1.2-2.2]
No paid sick leave 37.1[36.4-37.9] 36.9 [34.9-38.9]
Low family income 18.1[17.5-18.8] 16.4[15.1-17.8]
Difficulty paying medical bills 12.9 [12.3-13.4] 11.910.7-13.3]
Unable to pay medical bills 6.2 [5.8-6.5] 5.3 [4.5-6.2]
Cost-related medication non-adherence 8.7[8.3-9.1] 8.9 [7.9-10.1]
Foregone / delayed medical care due to cost 9.2 [8.8-9.6] 7.4 [6.5-8.5]
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Individuals without cancer

Cancer survivors

Worried about money for retirement

47.5 [46.7-48.2]

37.9 [36.0-39.9]

Worried about medical costs of illness / accident

41.8 [41.0-42.6]

33.8 [32.0-35.7]

Worried about maintaining standard of living

37.4[36.7-38.1]

33.5 [31.7-35.4]

Worried about medical costs of normal healthcare

25.3 [24.6-26.0]

21.8 [20.1-23.5]

Worried about paying monthly bills

24.3[23.6-25.0]

21.8 [20.2-23.5]

Worried about paying rent / mortgage / housing
costs

18.6 [18.0-19.2]

15.9 [14.5-17.5]

Neighborhood, physical environment, and social cohesion

Housing was rental / from other arrangement

27.2[26.4-28.0]

16.7 [15.4-18.2]

People in neighborhood did not help each other

14.4[13.9-14.9]

11.7 [10.5-13.0]

There were not people that can be counted on in
neighborhood

14.6 [14.1-15.2]

10.9 [9.7-12.1]

People neighborhood could not be trusted

33.6 [32.8-34.3]

31.0 [29.3-32.8]

Neighborhood was not close-knit 12.9[12.3-13.4] 9.5[8.3-10.7]
Psychological distress 3.3 [3.0-3.6] 3.3[2.7-4.1]
Food insecurity 6.5 [6.1-6.8] 5.9 [5.0-6.8]
Education

Could not speak English language well / at all 1.7 [1.5-1.9] 1.3 [0.9-1.8]

Did not look up health information on internet in
the past 12 months

64.7 [63.9-65.4]

59.3 [57.3-61.3]

Did not fill a prescription on the internet in the past
12 months

16.4[15.8-17.0]

17.3 [15.8-18.9]

Did not schedule medical appointment on the
internet in the past 12 months

17.2[16.5-18.0]

15.3[13.8-16.9]

Did not communicate with healthcare provider by
email in the past 12 months

19.0 [18.3-19.8]

21.0 [19.4-22.7]

Did not use chat groups to learn about health topics
in the past 12 months

4.7 [4.4-5.0]

5.4[4.5-6.5]

Less than high school education

25.9[25.2-26.7]

27.5 [25.8-29.2]

Healthcare system
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Individuals without cancer

Cancer survivors

Uninsured 5.3[5.0-5.7] 2.5[1.9-3.1]

No usual source of care 6.2 [5.8-6.5] 2.9[2.4-3.7]

Trouble finding a doctor / healthcare provider 3.0 [2.8-3.3] 3.7 [3.0-4.6]

Not accepted by doctor’s office as new patient 2.8[2.6-3.1] 3.5[2.8-4.3]

Insurance not accepted by doctor’s office 3.8 [3.6-4.2] 4.3 [3.6-5.2]

Delayed medical care due to not being able to get 3.1 [2.8-3.4] 3.2 [2.6-3.9]
through on the phone

Delayed medical care due to not being able to get 7.9 [7.5-8.4] 8.5[7.4-9.7]
an appointment soon enough

Delayed medical care due to waiting too long at the 4.2 [3.9-4.5] 5.4 [4.6-6.4]
doctor’s office

Delayed medical care due to the doctor’s office not 3.7 [3.4-4.0] 3.0 [2.4-3.8]
being open when there was time to visit

Delayed medical care due to a lack of 1.5[1.3-1.6] 2.1[1.6-2.7]
transportation

Dissatisfied with the quality of care / no healthcare 6.6 [6.2-6.9] 5.1[4.3-6.1]

in the past year
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4.3.1. Associations between SDOH and mortality in cancer survivors

Amongst cancer survivors, worse SDOH was associated with higher cardiovascular (aHR 1.57
[1.21-2.04], p=0.001), cancer (aHR 1.26 [1.06-1.50]), and all-cause (aHR 1.25 [95% CI: 1.10-
1.42]) mortality when adjusted for demographics. On further adjustment for comorbidities and
risk factors, point estimates were attenuated, but the corresponding 95% Cls did not include 1
(1.31 [1.02-1.68]; 1.20 [1.01-1.42]; and aHR 1.16 [1.02-1.31], respectively; Figure 4.2 and
Figure 4.3). Restricted cubic splines showed largely linear relationships (Supplementary
Figures 4.7-4.9). No meaningful associations were found between SDOH and the competing
event, i.e. other-cause mortality.

4.3.2. Associations between SDOH and mortality in individuals without cancer

Amongst individuals without cancer, worse SDOH was associated with higher cardiovascular
(aHR 1.28 [1.08-1.51], p=0.004) and all-cause (aHR 1.24 [1.14-1.35]) mortality only when
adjusted for demographics, but not when further adjusted for comorbidities and risk factors
(aHR 1.09 [0.93-1.28], p=0.281; and aHR 1.08 [0.99-1.18], respectively; Figure 4.4). No
meaningful associations between SDOH and cancer mortality were found regardless of the
multivariable model used (model 1: aHR 1.02 [0.87-1.19]; model 2: aHR 0.91 [0.78-1.06];
Figure 4.4). Restricted cubic splines showed largely linear relationships for cardiovascular and
cancer mortality (Supplementary Figures 4.10-4.11). Although the relationship for all-cause
mortality displayed a slight J-shape in individuals with lower composite SDOH score, the
relationship was linear in the rest of the analysed individuals (Supplementary Figure 4.12).
Worse SDOH was associated with the competing event (other-cause mortality) in both
multivariable models.

4.3.3. Post hoc analysis of the components of the SDOH score in cancer survivors

Post hoc, exploratory analysis was performed for cardiovascular, cancer, and all-cause
mortality in cancer survivors (Figure 4.5). Psychological distress was associated with higher
risks of all three outcomes. Meanwhile, worse economic stability and NPESC were both
associated with higher risks of cardiovascular and all-cause mortality, but not cancer mortality.
Furthermore, food insecurity was associated with higher risk of cardiovascular mortality, but
not cancer nor all-cause mortality. Neither education nor healthcare system were associated
with the risk of any of the three outcomes.
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Figure 4.2 Kaplan-Meier cumulative incidence curves of cardiovascular (A), cancer (B), all-cause (C), and
other-cause (D) mortality in cancer survivors. Associations between the log-transformed composite social
determinants of health score and each outcome were visualized in forest plots (E). All summary statistics
presented were adjusted hazard ratios (aHR) with 95% confidence intervals. Comorbidities and risk factors in
model 2 included hypertension, diabetes mellitus, dyslipidaemia, active smoking, weekly number of alcoholic
drinks, cardiac condition(s), chronic obstructive pulmonary disease or emphysema, liver disease, stroke,
obesity, and weekly exercise duration.
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Figure 4.3 Graphical abstract. Summary of the study aim, methods, and key results. All estimates shown were
adjusted hazard ratios (aHR; with 95% confidence intervals) for the associations between the log-transformed
composite social determinants of health score and the respective risks of cardiovascular, cancer, all-cause, and
other-cause mortality, adjusted for age, race, sex, comorbidities, and risk factors.

/ Cancer \

£ tinit

Social Determinants
@ of Health (SDOH)

[ Aim: To explore associations between SDOH and cause-specific mortality )
L in cancer survivors )
.
37,882 individuals from 2013-2017
National Health Interview Survey of the
United States of America
4179 /\ 33,703
cancer individuals
L survivors without cancer )
r ™
Cancer Individuals without
survivors cancer
&
Cardi I ?f’:‘?‘ ?'59
amn;:?;;l &r - *{?:QEH
E i 2y
Worse  aHR 1.20[1.01-1.42] .@ aHrR-091[0.78-1.06] Worse
3 W $ mmmmememaa-
SDOH % : gﬂ@}' SDOH
97, "
%.«53@?"
o, -
?Lt'
\ \ ),
A4
Associations independent of Associations NOT
demographics, comorbidities, independent of demographics,
and risk factors comorbidities, and risk factors
L F

67



Figure 4.4 Kaplan-Meier cumulative incidence curves of cardiovascular (A), cancer (B), all-cause (C), and
other-cause (D) mortality in individuals without cancer. Associations between the log-transformed composite
social determinants of health score and each outcome were visualized in forest plots (E). All summary statistics
presented were adjusted hazard ratios (aHR) with 95% confidence intervals. Comorbidities and risk factors in
model 2 included hypertension, diabetes mellitus, dyslipidaemia, active smoking, weekly number of alcoholic
drinks, cardiac condition(s), chronic obstructive pulmonary disease or emphysema, liver disease, stroke,
obesity, and weekly exercise duration.
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Figure 4.5 Forest plot summarizing the relationship between individual components of the composite social
determinants of health score and the risk of cardiovascular, cancer, and all-cause mortality amongst cancer
survivors. All summary statistics presented were adjusted hazard ratios (aHR) with 95% confidence intervals,
with adjustment for age, sex, race, hypertension, diabetes mellitus, dyslipidaemia, active smoking, weekly
number of alcoholic drinks, cardiac condition(s), chronic obstructive pulmonary disease or emphysema, liver
disease, stroke, obesity, and weekly exercise duration.
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4.4. Discussion

In this hypothesis-generating prospective cohort study using data representative of the non-
institutionalized US population, associations between worse SDOH and cardiovascular, cancer,
and all-cause mortality were observed amongst cancer survivors, which were independent of
demographics, comorbidities, and risk factors. Although similar associations were observed
amongst individuals without cancer for cardiovascular and all-cause mortality, they were not
independent of and thus potentially explained by comorbidities and risk factors. Further
exploratory analysis identified economic stability, NPESC, and psychological distress as
domains of SDOH which were independently prognostic, albeit to different extents.

4.4.1. Comparison with existing literature, implications, and actionable targets

This is one of the first studies specifically investigating associations between SDOH and
cardiovascular/cancer mortality in cancer survivors. Our findings suggested that in cancer
survivors, SDOH have strong influences on cardiovascular/cancer mortality which is beyond
what is explainable by comorbidities and risk factors. Contrastingly, in individuals without
cancer, much of the association between SDOH and cardiovascular mortality may be
‘explained away’ and may therefore be driven by comorbidities and risk factors. Overall, these
findings were congruent with the existing literature.(167,168) Particularly, the observations in
individuals without cancer were not surprising, given the consistent association between worse
SDOH and more comorbidities and risk factors which is likely bidirectional in nature,(166,170)
and the strong and well-established mechanistic links between comorbidities / risk factors and
cardiovascular conditions. Whilst these findings suggested that the relative importance of
SDOH in cancer survivors may have been greater than that in individuals without cancer, they
should not be seen as suggesting that SDOH are wholly unimportant for individuals without
cancer, given the hypothesis-generating nature of this study, and that SDOH is known to be
associated with cardiovascular morbidities — which are arguably not less important than
mortality, particularly from the patients’ perspective.

Our post hoc, exploratory analysis highlighted psychological distress as a particularly
important and prognostic domain of SDOH in cancer survivors, with independent associations
with all-cause, cardiovascular, and cancer mortality. Previous studies had found psychological
distress and suboptimal mental health to be associated with increased cardiovascular risk both
in the general population(171,172) and in patients with pre-existing cardiovascular
conditions(173,174). A previous study by our team also found associations between
psychological distress and cardiovascular health in cancer survivors(147). Although some of
these studies suggested that such associations were largely mediated by behavioural risk factors,
causal pathophysiological factors have been identified as well, such as autonomic activation,
elevated cortisol levels, and endothelial dysfunction.(175,176) Whilst the exact nature of such
association still requires further delineation, studies have shown that rapid psychological
distress screening can identify individuals at elevated cardiovascular risk, and that
psychological / mental health therapies are associated with significant reductions in
cardiovascular risk in both the general population and those with coronary artery disease or
heart failure.(177,178) Although relatively little is known about the cardiovascular implications
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of psychological distress in cancer survivors, findings from this study — which is one of the
first to report such associations in cancer survivors — highlight psychological distress as an
actionable target for cardiovascular outcome improvement in cancer survivors. Further
investigations confirming our observations and optimizing screening and management of
psychological distress in cancer survivors are warranted.

We also observed that psychological distress was associated with higher risk of cancer-
mortality in cancer survivors. This was consistent with the literature, with studies having
found consistent links between psychological distress and higher risks of cancer mortality in
patients with cancer.(179,180) Interestingly, a recent study has demonstrated that distressed
patients with non-small-cell lung cancer had significantly shorter median progression-free
survival compared with their non-distressed counterparts, with the association potentially
driven by elevated cortisol levels in the former.(181) This suggested that a biological link
may be at play, although the association is most likely multifactorial in nature, involving
other socioeconomic factors as well. Regardless, there is evidence that mental health
treatment is associated with reduced mortality in cancer survivors,(182) again highlighting
psychological distress as a potentially actionable target for improving cancer survivors’
outcomes.

In addition to psychological distress, worse economic stability and NPESC were both observed
to be associated with higher risks of all-cause and cardiovascular mortality in cancer survivors.
Previous studies of had shown similar associations with all-cause mortality,(183,184) but
exploration of cardiovascular mortality has been rare. Our findings extended these associations
to cardiovascular mortality and thus highlighted a window of opportunity for cardiovascular
outcome improvement. Interestingly, economic stability and NPESC were associated with
cardiovascular mortality, but not cancer mortality. Speculatively speaking, this may be because
in cancer survivors, the risk of cancer mortality is more dependent on cancer therapy and
cancer-specific healthcare, which are commonly prioritized over cardiovascular / cardio-
oncology care — as the oncological issue is often more obvious — and thus is less susceptible
than cardiovascular mortality to effects from social or financial vulnerability. This was partly
supported by our observation that food insecurity was also associated with cardiovascular
mortality but not cancer mortality — the effects of food insecurity are strongly mediated by
nutritional and anthropometric factors, which are well-established cardiovascular risk factors
but lack strong pathophysiological pathways affecting cancer. Overall, these findings suggested
that disparity in access to cardio-oncology services may be an important actionable target for
cardiovascular outcome improvement in cancer survivors.(185)

4.4.2. Gaps in evidence

Whilst our findings — which were hypothesis-generating in nature — highlighted several key
areas of focus, further studies remain required to confirm these findings, as well as exploring
the underlying drivers for better mechanistic understanding and identification of more specific
/ lower-level actionable targets.
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Meanwhile, whether the observed SDOH-mortality associations differ by race/ethnicity
warrants further research.(1,23) This was not possible in the current study due to the low rates
of cardiovascular and cancer mortality preventing subgroup analyses with meaningful
statistical power. Nevertheless, others had shown that socioeconomic deprivation may have
significantly different effects on cardiovascular and cancer outcomes depending on
race/ethnicity.(186) These effects and SDOH-race/ethnicity interactions may also vary
geographically due to differences in racial/ethnic distributions and other sociocultural factors.

Furthermore, the aforementioned potential importance of access to cardio-oncology services
may not only be related to socioeconomic barriers in access, but also physicians’ awareness of
cardio-oncology considerations in cancer survivors. Studies have demonstrated that, despite
drastic increases in the volume of cardio-oncology research and evidently increasing
cardiovascular burden amongst cancer survivors,(11,12,122) healthcare professionals’
knowledge of cardio-oncology and adherence with guideline-recommended practices have
remained poor.(187,188) Raising awareness of cardio-oncology amongst healthcare
professionals and aligning practice with guidelines may be important steps in improving
cardiovascular outcomes in cancer survivors.

In addition, further studies of the interactions between different domains of SDOH are
warranted. Various domains of SDOH are often interrelated. For instance, financial difficulties
have been associated with psychological distress.(160) This contributes to the difficulty of
quantifying SDOH in general. Whilst the current study made use of a well-published composite
SDOH score, the simple, additive nature of the score may not be optimal in capturing the health
implications of SDOH. Further studies refining tools for quantifying SDOH with consideration
of these complex interactions are warranted.

4.4.3. Limitations

Notwithstanding this study’s nationally representative nature, it was limited by NHIS’ self-
reported nature which predisposes to information and recall bias, and the lack of individual
data adjudication potentially predisposing to mortality data miscoding. Amongst cancer
survivors, there was also no information on the status of cancer (active, remitted, recurred,
second primary, etcetera) or the cancer therapy which have been or were being used, both of
which has significant impact on cardiovascular risks.(1) Despite having accounted for a large
number of potential confounders, the existence of residual confounding and unobserved
confounders cannot be ruled out, which is a limitation inherent to observational studies in
general. Also, a large proportion of individuals were excluded due to missing data, potentially
introducing selection bias which may have influenced the findings. Additionally, low event
rates precluded subgroup/exploratory analyses, and the observational nature precluded causal
inferences. Furthermore, although the composite SDOH score used in this study has been used
in other research studies, it was designed for the American population, and so our findings may
not be directly generalizable to populations in other countries/regions. Lastly, despite the
prognostic nature of this study, we could not use the Fine and Gray subdistribution model to
account for competing risks. This was solely due to software limitations, as neither Stata nor R
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had readily available packages for Fine-Gray competing risk regression that could account for
complex survey designs. We have therefore handled the competing risk scenario with a cause-
specific approach, with all competing events modelled and described separately. This approach
has been used by other teams in numerous prior studies, including researchers at the
authoritative National Center for Health Statistics of the United States.(189—191) Overall,
given these limitations, our findings are hypothesis-generating in nature, and further
confirmatory/mechanistic studies are necessary.

4.5. Conclusions

SDOH were independently associated with all-cause, cardiovascular and cancer mortality
amongst cancer survivors but not amongst individuals without cancer. Different domains of
SDOH may have different prognostic importance, with psychological distress, economic
stability, NPESC, and food insecurity possibly being particularly prognostic domains of SDOH.
Further studies are required to confirm these hypothesis-generating findings and explore
underlying mechanisms.
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5. Chapter S: Temporal trends in cardiovascular burden among patients with prostate
cancer receiving androgen deprivation therapy: a population-based cohort study

This chapter is based on the following publication: Chan JSK, Satti DI, Lee YHA, Hui JMH,
Dee EC, Ng K, Liu K, Tse G, Ng CF. Temporal trends in cardiovascular burden among patients

with prostate cancer receiving androgen deprivation therapy: a population-based cohort study.
BrJ Cancer. 2023; 128: 2253-2260. doi: 10.1038/s41416-023-02271-5

5.1. Introduction

With an estimated 1.4 million new cases and over 375,000 deaths, prostate cancer (PCa) was
the third most common cancer globally in 2020 (192). Androgen deprivation therapy (ADT),
which involves the use of pharmacological agents or surgery to suppress the levels of
testosterone, is one of the key components of PCa therapy (193,194). Though proven
efficacious for PCa treatment, research in recent decades, starting with the groundbreaking
work by Keating and colleagues (195), has demonstrated an increasingly established link
between ADT and adverse cardiovascular effects, including increased risks of cardiovascular
mortality, non-fatal cardiovascular diseases, myocardial infarction, and stroke (40). Given the
rising prevalence of PCa globally and cardiovascular diseases being the leading cause of non-
cancer death among PCa patients (196-198), ADT-related adverse cardiovascular effects have
become increasingly important.

Nonetheless, there is a paucity of studies characterizing the magnitude of cardiovascular burden
amongst patients with PCa receiving ADT, despite the large number of studies having
compared ADT to non-ADT treatments or between specific types of ADT (40). Furthermore,
it is unclear whether the cardiovascular burden of these patients has evolved over time. It would
have been reasonable to hypothesize that the significant progress made in our understanding of
ADT-related adverse cardiovascular effects has significantly influenced the cardiovascular
outcome of these patients. As such, this study aimed to describe the cardiovascular burden
amongst patients with PCa receiving ADT and explore the temporal trends in such burden over
the past decades.

5.2. Methods

This retrospective cohort study was performed in accordance with the Declaration of Helsinki
and the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guideline, and was approved by the Joint Chinese University of Hong Kong— New Territories
East Cluster Clinical Research Ethics Committee. The requirement for patient consent has been
waived due to the use of deidentified data. All underlying data is available on reasonable
request to the corresponding authors.
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5.2.1. Source of data

Data were obtained from the Clinical Data Analysis and Reporting System (CDARS), a
population-based, administrative electronic medical records database of all patients attending
public healthcare institutions in Hong Kong which serve an estimated 90% of the population
(199). Diagnoses were recorded by International Classification of Diseases, Ninth revision
(ICD-9) codes regardless of the time of data entry, as CDARS has not implemented ICD-10
codes to date. Mortality data were obtained from the linked Hong Kong Death Registry, a
governmental database containing the death record of all Hong Kong citizens, in which the
cause of death is recorded using ICD-9 or ICD-10 codes. CDARS and the Hong Kong Death
Registry have been used extensively in previous studies and shown to have good coding
accuracy (121,200-204).

5.2.2. Patient population

Patients aged 18 years old or above with PCa who received any ADT (medical castration or
bilateral orchidectomy (BO)) between 1% January 1993 and 31% March 2021 were analysed.

Patients with a prior history of myocardial infarction (MI), stroke, or heart failure (HF) were
excluded from all analyses of the primary outcome. These patients were excluded for two
reasons. Firstly, patients with prior occurrence of MI, stroke, or HF were likely to have further
recorded attendances to follow up on these conditions, and as all diagnoses were extracted
using ICD-9 codes, it would have been difficult to reliably distinguish follow-up attendances
from true, recurrent occurrences of events. Second, as patients with prior occurrence of MI,
stroke, or HF were likely to have had varying severity or multiple prior occurrences of these
events, both of which would have caused substantial increase in the heterogeneity of their
cardiovascular risks that were difficult to account for. Therefore, excluding these patients
avoided this heterogeneity and allowed a better reflection of the cardiovascular risks associated
with ADT.

5.2.3. Data collected

The following baseline variables were collected: age, type of ADT (medical castration or
bilateral orchiectomy; medical castration included usage of leuprorelin, triptorelin, goserelin,
or degarelix, as other gonadotropin-releasing hormone agonists and antagonists were not
available in Hong Kong during the study period), duration of castration, comorbidities
(hypertension, diabetes mellitus, dyslipidaemia, chronic kidney disease, chronic liver disease,
stroke, MI, ischaemic heart disease, HF, anaemia, atrial fibrillation, ventricular
tachyarrhythmia, chronic obstructive pulmonary disease, and known malignancy), use of
medications or prior procedures (radiotherapy, chemotherapy, radical prostatectomy,
angiotensinogen-converting enzyme inhibitor or angiotensin receptor blocker, beta-blocker,
dihydropyridine calcium channel blockers, non-dihydropyridine calcium channel blockers,
metformin, sulphonylurea, dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-1 receptor
agonist, insulin, antiplatelet, anticoagulant, corticosteroid, percutaneous coronary intervention,
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and coronary artery bypass graft), the number of cardiovascular medications being used at
baseline, and the number of diabetic medications being used at baseline. Patients were also
recorded for ever receiving radiotherapy, chemotherapy, radical prostatectomy, and any
androgen receptor signalling inhibitor (ARSI; prescriptions of first-generation ARSIs
(flutamide and bicalutamide) and second-generation ARSIs (abiraterone and enzalutamide)
were recorded separately; other ARSIs were not available in Hong Kong during the study
period). Additionally, the number of patients with available baseline records (within 3 years
prior to index date which is the date of ADT initiation) of serum total cholesterol level, high-
density lipoprotein cholesterol (HDL-C) level, and haemoglobin Alc (HbAlc) level were
recorded, and these variables were described for patients with available records. All
comorbidities were identified using ICD-9 codes, listed in Supplementary Table 5.1.

5.2.4. Follow-up and outcome

All patients were followed up from the date of ADT initiation until September 31%, 2021. The
primary outcome was major adverse cardiovascular event (MACE), which was defined as the
first occurrence of cardiovascular mortality, MI, stroke, or HF. The secondary outcome was all-
cause mortality. MI, stroke, and HF were identified by ICD-9 codes as listed in Supplementary
Table 5.1. The cause of death was identified by ICD-9 or ICD-10 codes as listed in
Supplementary Table 5.2.

5.2.5. Statistical analysis

Continuous variables were expressed as mean = standard deviation. The cohort was subdivided
into four groups by the year of ADT initiation, i.e. 1993-2000, 2001-2007, 2008-2014, and
2015-2021. All baseline characteristics were described for patients in each group. Continuous
variables were compared between groups using one-way analysis of variance (ANOVA), while
categorical variables were compared using Chi-square test. Between-group trends were tested
using the Wilcoxon-type test developed by Cuzick (205). Due to the nature of the database,
missing values could only exist for laboratory test results. The number of patients with missing
values were described, and only non-missing values were included in between-group
comparisons without any imputation performed.

Kaplan-Meier incidence curves were constructed to visualize the cumulative incidence of the
outcomes for each group. As the group of patients with the most recent ADT initiation (i.e. the
2015-2021 group) could be expected to have the shortest follow-up duration, several
approaches were deployed to compare the outcomes between groups. First, incidence rates of
the outcomes were calculated for each group with the follow-up duration of the groups
restricted to the longest follow-up duration of the 2015-2021 group. The incidence rates (IR)
were then compared against that of the group with the earliest ADT initiation (i.e. the 1993-
2000 group) using the Mantel-Haenszel method with calculation of the corresponding
incidence rate ratios (IRR), and the trends in incidence rates between groups were tested using
the log-linear trend test. These analyses on IR and IRR were also repeated without any
restriction on the follow-up duration. Second, survival analysis was conducted with the
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aforementioned restriction on follow-up duration. As no important violation of the proportional
hazards assumption was found by the Schoenfield’s residuals-based test and visual inspection
of the log-log plot and Kaplan-Meier plot, univariable Cox regression analysis was used to
compare the cumulative incidence of the outcomes between groups with the 1993-2000 group
as reference, and with hazard ratio (HR) and 95% confidence interval (CI) as summary statistics.
Third, the five-year risk of the outcomes were estimated for each group using life tables.

Two sensitivity analyses were performed. First, the restricted mean survival time (RMST) for
each group were calculated. Second, as some patients died without having MACE, non-
cardiovascular mortality was a competing event for MACE. Hence, univariable competing risk
regression was performed for MACE using the Fine and Gray sub-distribution model with non-
cardiovascular mortality as the competing events; sub-hazard ratio (SHR) and 95% CI were
used as summary statistics.

Lastly, to better understand the risk factors for the outcomes, all baseline variables except
laboratory test results were entered for backward stepwise Cox regression with p=0.10 as the

threshold for removal and p<0.05 as the threshold for entry. The year of ADT initiation was
also entered as a categorical variable to account for any temporal difference in the outcomes.
This also accounted for the temporal difference in follow-up duration; thus, no restriction was
placed on the follow-up duration in this analysis.

All p values were two-sided, with p<0.05 considered statistically significant. All statistical
analyses were performed on Stata v16.1 (StataCorp LLC, College Station, Texas, USA).

5.3. Results

In total, 13,537 patients were identified and analysed (mean age 75.5+8.5 years old). Baseline
characteristics of included patients were summarized in Table 5.1. There was a trend favouring
medical castration and against BO in more recent years (85.8% with medical castration and
24.4% with BO in 2015-2021 group vs 11.1% with medical castration and 91.2% with BO in
1993-2000 group; Chi-square p<0.001 and pwend<0.001 for both). Fewer of those receiving
ADT in more recent years had received radiotherapy (2.5% in 2015-2021 group vs 6.1% in
1993-2000 group, Chi-square p<0.001, ptrend<<0.001) or radical prostatectomy (19.4% in 2015-
2021 group vs 47.3% in 1993-2000 group, Chi-square p<0.001, pirend<0.001). Meanwhile, more
of those who received ADT in more recent years have ever received first-generation (44.4% in
2015-2021 group vs 8.4% in 1993-2000 group, Chi-square p<0.001, ptend<0.001) or second-
generation (19.8% in 2015-2021 group vs 0.3% in 1993-2000 group, Chi-square p<0.001,
prrend<0.001) ARSI, as well as chemotherapy (16.1% in 2015-2021 group vs 0.8% in 1993-2000
group, Chi-square p<0.001, ptrend<0.001). Amongst those who received medical castration, the
duration of medical castration was shorter in the most recent group (596+564 days in 2015-
2021 group vs 974+1409 days in 1993-2000 group, ANOVA p<0.001, ptend<0.001), although
this may have been due to the shorter follow-up duration inherent to this group.
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Table 5.1 Characteristics for all patients and stratified by the year of androgen deprivation therapy initiation.

P value between P for

All patients  1993-2000  2001-2007  2008-2014  2015-2021

groups trend
Number of patients, N 13,537 1134 3017 4641 4745 NA NA
Follow-up duration, years 4.7+4.3 5.7+£6.6 6.5£5.6 5.4£3.7 2.6+1.7 <0.001 <0.001
Age, years 75.5£8.5 74.9+£7.8 75.2+7.8 75.7+8.5 75.849.0 <0.001 <0.001
Medical castration, N (%) 8178 (60.4) 126 (11.1) 1213 (40.2) 2768 (59.6) 4071 (85.8) <0.001 <0.001
Bilateral orchidectomy, N (%) 6593 (48.7) 1034 (91.2) 2075 (68.8) 2326 (50.1) 1158 (24.4) <0.001 <0.001
Duration of ADT, days ! 891+905 842+1160 1066£1287 11161026  687+558 <0.001 <0.001
Hypertension, N (%) 3624 (26.8) 123 (10.9) 549 (18.2) 1293 (27.9) 1659 (35.0) <0.001 <0.001
Diabetes mellitus, N (%) 2886 (21.3) 87(7.7) 484 (16.0) 1014 (21.9) 1301 (27.4) <0.001 <0.001
Dyslipidaemia, N (%) 1270 (9.4)  9(0.8) 97 (3.2) 364 (7.8) 800 (16.9)  <0.001 <0.001
Chronic kidney disease, N (%) 452 (3.3) 18 (1.6) 70 (2.3) 177 (3.8) 187 (3.9) <0.001 <0.001
Chronic liver disease, N (%) 146 (1.1) 5(0.4) 14 (0.5) 56 (1.2) 71 (1.5) <0.001 <0.001
Stroke, N (%) 1216 (9.0) 42 (3.7) 221 (7.3) 424 (9.1) 529 (11.2)  <0.001 <0.001
Myocardial infarction, N (%) 427 (3.2) 9 (0.8) 73 (24) 156 (3.4) 189 (4.0) <0.001 <0.001
Ischaemic heart disease, N (%) 1407 (10.4) 76 (6.7) 260 (8.6) 507 (10.9) 564 (11.9)  <0.001 <0.001
Heart failure, N (%) 695 (5.1) 35@3.1) 116 (3.8) 278 (6.0) 266 (5.6) <0.001 <0.001
Anaemia, N (%) 966 (7.1) 34 (3.0) 112 (3.7) 418 (9.0) 402 (8.5) <0.001 <0.001
Atrial fibrillation, N (%) 610 (4.5) 24 (2.1) 90 (3.0) 212 (4.6) 284 (6.0) <0.001 <0.001
COPD, N (%) 804 (5.9) 53(4.7) 193 (6.4) 316 (6.8) 242 (5.1) 0.001 0.341
Known malignancy, N (%) 1003 (13.3) 130 (11.5) 403 (13.4) 701 (15.1) 569 (12.0)  <0.001 0.558
Prior PCI, N (%) 432 (3.2) 6 (0.5) 47 (1.6) 157 (3.4) 222 (4.7) <0.001 <0.001
Prior CABG, N (%) 55(0.4) 1(0.1) 10 (0.3) 17 (0.4) 27 (0.6) 0.088 0.015
Prior radiotherapy, N (%) 493 (3.6) 69 (6.1) 105 (3.5) 199 (4.3) 120 (2.5) <0.001 <0.001
Prior RP, N (%) 3735 (27.6) 536 (47.3) 1071 (35.5) 1206 (26.0) 922 (19.4)  <0.001 <0.001
Prior chemotherapy, N (%) 61 (0.5) 0(0) 3(0.1) 11 (0.2) 47 (1.0) <0.001 <0.001
Ever received radiotherapy, N (%) 3114 (23.0) 328 (28.9) 799 (26.5) 1294 (27.9) 693 (14.6)  <0.001 <0.001
Ever received RP, N (%) 4601 (34.0) 603 (53.2) 1286 (42.6) 1456 (31.4) 1256 (26.5) <0.001 <0.001
Ever received chemotherapy, N (%) 1311 (9.7)  9(0.8) 121 (4.0) 416 (9.0) 765 (16.1)  <0.001 <0.001
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P value between P for

All patients  1993-2000  2001-2007  2008-2014  2015-2021
groups trend
g/vo‘;r received first-generation ARSL N 439 31 51 95 (3.4) 663 (22.1)  1377(29.7) 2107 (44.4) <0.001 <0.001
I%Vg;))recewed second-generation ARSI, 1505 (11 7) 303 77 (2.6) 563 (12.1)  939(19.8)  <0.001 <0.001
E,/Vsr received chemotherapy or ARSL N 511 ¢ 37 ¢y 101 (3.9 724 (24.0)  1638(35.3) 2653 (55.9) <0.001 <0.001
Number of cardiovascular medications 1.5+1.7 0.2+0.6 1.0£1.3 1.7+1.6 2.0+1.8 <0.001 <0.001
Number of antidiabetic medications 0.30£0.73  0.05:0.28  0.21+0.57  0.32+0.74  0.40+£0.85  <0.001 <0.001
ACEV/ARB users, N (%) 3383 (25.0) 23 (2.0) 481(15.9) 1303 (28.1) 1576 (33.2) <0.001 <0.001
Beta-blocker users, N (%) 4130 (30.5) 42 (3.7) 696 (23.1)  1638(35.3) 1754 (37.0) <0.001 <0.001
Dihydropyridine CCB users, N (%) 5396 (39.9) 58 (5.1) 886 (29.4) 2058 (44.3) 2394 (50.5) <0.001 <0.001
Non-dihydropyridine CCB users, N (%) 575 (4.3) 11 (L.0) 134(4.4)  226(49) 201 (43)  <0.001 0.002
Metformin users, N (%) 1480 (10.9) 14 (1.2) 194 (6.4)  584(12.6) 688 (14.5  <0.001 <0.001
Sulphonylurea users, N (%) 1744 (12.9) 29 (2.6) 347 (11.5) 661 (14.2) 707 (14.9)  <0.001 <0.001
DPP4 inhibitor users, N (%) 150(1.1)  0(0) 0 (0) 29 (0.6) 121 (2.6)  <0.001 <0.001
GLP1 receptor agonist users, N (%) 2(0.0) 0(0) 0(0) 1 (0.0) 1 (0.0) 0.829 0.423
Insulin users, N (%) 722(5.3)  10(0.9) 90 (3.0) 222(48) 400 (8.4)  <0.001 <0.001
Antiplatelet users, N (%) 2962 (21.9) 43 (3.8) 531(17.6)  1112(24.0) 1276(27.9) <0.001 <0.001
Anticoagulant users, N (%) 458 3.4)  3(0.3) 58 (1.9) 148 (3.2)  249(5.3)  <0.001 <0.001
Corticosteroid users, N (%) 2342 (17.3) 29 (2.6) 510 (16.9) 933(20.1)  870(18.3)  <0.001 <0.001
With available total cholesterol, HDL-C,
and HbA e levels, N (%) 3940 (29.1) 5 (0.4) 265(8.8)  1220(26.3) 2450 (51.6) <0.001 <0.001
Total cholostero] | _AVallable, N (%) 6727 (49.7) 28 (2.5) 806 (26.7) 2458 (53.0) 3435(72.4) <0.001 <0.001
Level, mmol/L 441£1.01 5254220  4.79+0.95  4.56+1.01  4.21+0.96  <0.001 <0.001
HDL.C Available, N (%) 6478 (47.9) 15 (1.3) 626 (20.8)  2415(52.0) 3422 (72.1) <0.001 <0.001
Level, mmol/L 1274037 1.17#0.31  1.28+0.37  1.27+0.37  1.28+0.37  0.335 0.299
HbA L Available, N (%) 4295 (31.7) 22 (1.9) 403 (13.4)  1320(28.4) 2550 (53.7) <0.001 <0.001
Level, % 6.49£1.16  7.85t1.76 694146  6.64+1.18  6.33£1.06  <0.001 <0.001
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ACE]I, angiotensinogen-converting enzyme inhibitor. ARB, angiotensin receptor blocker. ARSI, androgen receptor signaling inhibitor. CABG,
coronary artery bypass graft. CCB, calcium channel blocker. COPD, chronic obstructive pulmonary disease. DPP4, dipeptidyl peptidase-4. GLP1,
glucagon-like peptide-1. HbAlc, haemoglobin Alc. HDL-C, high density lipoprotein cholesterol. NA, not applicable. RP, radical prostatectomy.

! Only including patients who received medical castration
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A total of 2059 (15.2%) had a prior diagnosis of MI, stroke, or HF, and were thus excluded
from all analyses of MACE, resulting in a sample size of 11,478 patients for the MACE
analyses. Over a mean follow-up duration of 4.7+4.3 years, 2727 patients (23.8%) had MACE,
and 9124 (67.4) died. Kaplan-Meier curves showing the cumulative incidence of MACE and
all-cause mortality without any restriction on follow-up durations were shown in
Supplementary Figure 5.1 and 5.2, respectively. As expected, patients with the most recent
ADT initiation had the shortest follow-up duration, with the longest observed follow-up
duration being 6.7 years.

5.3.1. Cardiovascular risk factors and medications

Overall, patients who were initiated on ADT more recently had more cardiovascular risk factors
(Table 5.1), with higher rates of prior hypertension, diabetes mellitus, stroke, myocardial
infarction, ischaemic heart, heart failure, chronic kidney disease, atrial fibrillation, and
dyslipidaemia. These patients were also slightly older. Correspondingly, more of those who
had ADT initiated more recently were using cardiovascular or antidiabetic medications at
baseline. Also, more of those who had ADT initiated more recently had received percutaneous
coronary intervention.

Additionally, more of those who had ADT initiated recently had been checked for levels of
total cholesterol, HDL-C, and HbA1c prior to initiating ADT. This was accompanied by lower
total cholesterol and HbA 1¢ amongst those with available test results whose ADT was initiated
recently, but without any significant differences in HDL-C levels. Overall, despite an
increasing proportion of patients having all three laboratory markers profiled prior to ADT
initiation, only 51.6% of the 2015-2021 group had all three markers profiled (vs 0.4% in 1993-
2000 group, Chi-square p<0.001, ptrend<0.001).

5.3.2. Major adverse cardiovascular event

With follow-up durations restricted to the longest observed follow-up duration of the 2015-
2021 group (6.7 years), patients initiated on ADT more recently had higher IR of MACE (IR
5.7[5.3, 6.2] events per 100 person-year in the 2015-2021 group vs 4.4 [95% CI 3.7, 5.1] events
per 100 person-year in the 1993-2000 group; IRR 1.32 [1.10, 1.58], p=0.003 for the 2015-2021
group compared to the 1993-2000 group; log-linear trend test p<0.001; Table 5.2). Similar
observations were made with IR and IRR calculated without any restriction on follow-up
durations (Supplementary Table 5.3).

A similar trend was observed in the Cox regression analysis (puend<0.001), where the patients
with ADT initiated in years 2015-2021 had an estimated 33% higher risk of MACE compared
to those with ADT initiation in years 1993-2000 (HR 1.33[1.11, 1.59], p=0.002; Figure 5.1A
and Table 5.3). Correspondingly, the estimated five-year risk of MACE was the highest in the
2015-2021 group (22.5% [20.9%, 24.2%]), followed by the 2008-2014 group (23.0% [21.6%,
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24.5%]), the 2001-2007 group (19.4% [17.7%, 21.1%], and lastly, with the lowest five-year
risk, the 1993-2000 group (17.0% [14.4%, 19.9%]).

Figure 5.1 Kaplan-Meier curves showing the cumulative incidence of (A) major adverse
cardiovascular event (MACE) and (B) all-cause mortality with the follow-up duration restricted
to the longest observed follow-up duration of the 2015-2021 group (6.7 years). ADT, androgen
deprivation therapy.
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Sensitivity analyses with RMST demonstrated similar results (RMST 5.59 [5.51, 5.68] years
for the 2015-2021 group vs 5.86 [5.73, 6.00] years for the 1993-2000 group; Supplementary
Table 5.4). Competing risk regression also found similar results, with the 2015-2021 group
having an estimated 43% higher cumulative incidence of MACE than the 1993-2000 group
(SHR 1.43[1.19, 1.71], p<0.001; Supplementary Table 5.5).

Backward stepwise Cox regression showed that increased age, diabetes mellitus, hypertension,
anaemia, known malignancy, anticoagulant use, and using more cardiovascular medications
were independently associated with higher risk of MACE, while statin use, and metformin use
were independently associated with lower risk of MACE (Supplementary Table 5.6).

5.3.3. All-cause mortality

With follow-up durations restricted to the longest observed follow-up duration of the 2015-
2021 group (6.7 years), patients initiated on ADT more recently had lower IR of all-cause
mortality (IR 15.9[15.2, 16.6] deaths per 100 person-year in the 2015-2021 group vs 20.3 [19.0,
21.8] deaths per 100 person-year in the 1993-2000 group; IRR 0.78 [0.72, 0.85], p<0.001; for
the 2015-2021 group compared to the 1993-2000 group; log-linear trend test p=0.003; Table
5.2). However, analysis without any restriction on follow-up duration showed no significant
difference between the 2015-2021 group and 1993-2000 group in the IR of all-cause mortality
(IRR 0.98 [0.91, 1.06], p=0.660; Supplementary Table 5.3), which was driven by a markedly
lower IR in the 1993-2000 group (IR 16.2 [15.2, 17.2] deaths per 100 person-year when
analyzed without any restriction on follow-up duration vs 20.3 [19.0, 21.8] deaths per 100
person-year when analyzed with restricted follow-up duration). Such difference likely resulted
from the mortality rate being higher in the initial years after ADT initiation before levelling off
in later years, as apparent from the Kaplan-Meier curve without any restriction on follow-up
duration (Supplementary Figure 5.2).

Cox regression with restricted follow-up duration showed that patients with ADT initiated more
recently had lower risk of mortality (pwrend<0.001), with the 2015-2021 group having an
estimated 24% lower risk of all-cause mortality than those in the 1993-2000 group (HR 0.69
[0.64, 0.74], p<0.001; Figure 5.1B and Table 5.3). The estimated five-year risk of all-cause
mortality was 64.5% [61.7%, 67.4%] for the 1993-2000 group, 53.0% [51.2%, 54.8%] for the
2001-2007 group, 50.8% [49.4%, 52.3%] for the 2008-2014 group, and 52.9% [51.3%, 54.6%]
for the 2015-2021 group.

Sensitivity analysis with RMST showed similar results as Cox regression (RMST 3.55 [3.40,
3.70] years for the 1993-2000 group vs 4.14 [4.06, 4.22] years for the 2015-2021 group;
Supplementary Table 5.4).
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Table 5.2 Incidence rates of both outcomes with the follow-up duration restricted to the longest observed follow-up duration of the 2015-2021

group (6.7 years), stratified by the year of androgen deprivation therapy initiation. Incidence rate ratios displayed were referenced against the
1993-2000 group.

Year of androgen deprivation therapy initiation Major adverse cardiovascular events All-cause mortality

Incidence rate ! Incidence rate ratio Incidence rate ! Incidence rate ratio
1993-2000 4.41[3.7,5.1] 1 (reference) 20.3[19.0,21.8] 1 (reference)
2001-2007 4.714.3,5.1 1.07 [0.89, 1.28], p=0.479 14.5[13.9,15.2] 0.71[0.66, 0.78], p<0.001

]
2008-2014 54[5.0,57] 1.23[1.04, 1.47], p=0.019 13.9[13.4, 14.5] 0.69 [0.63, 0.74], p<0.001
]

2015-2021 57[53,62]  1.32[1.10, 1.58], p=0.003 15.9[15.2, 16.6] 0.78 [0.72, 0.85], p<0.001
!'Per 100 person-year

Table 5.3 Hazard ratios and accompanying 95% confidence intervals from Cox regression analysis with the follow-up duration restricted to the
longest observed follow-up duration of the 2015-2021 group (6.7 years). Hazard ratios displayed were referenced against the 1993-2000 group.

Year of androgen deprivation therapy initiation Major adverse cardiovascular event All-cause mortality

1993-2000 1 (reference) 1 (reference)

2001-2007 1.07 [0.89, 1.28], p=0.493 0.72 [0.66, 0.78], p<0.001
2008-2014 1.23 [1.03, 1.46], p=0.021 0.69 [0.64, 0.74], p<0.001
2015-2021 1.33 [1.11, 1.59], p=0.002 0.76 [0.70, 0.83], p<0.001

ADT, androgen deprivation therapy.
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Backward stepwise Cox regression showed that increased age, diabetes mellitus, anaemia,
atrial fibrillation, chronic liver disease, chronic obstructive pulmonary disease, known
malignancy, prior chemotherapy, prior radiotherapy, insulin use, sulphonylurea use, and using
more cardiovascular medications were independently associated with higher risk of all-cause
mortality, while medical castration, statin use, prior radical prostatectomy, angiotensinogen-
converting enzyme inhibitor / angiotensin receptor blocker use, and metformin use were
independently associated with lower risk of all-cause mortality (Supplementary Table 5.7).
ADT initiation during or after 2001 was identified to be independently associated with lower
risk of all-cause mortality as well. There was a trend of chronic kidney disease being associated
with numerically higher risk of all-cause mortality which approached statistical significance
(p=0.056).

5.4. Discussion

This population-based study demonstrated that cardiovascular risk factors were increasingly
prevalent amongst Asian patients with PCa receiving ADT. This was accompanied by an
increasing risk of MACE, despite reducing risk of mortality and an increasing proportion of
patients with laboratory profiling relevant to cardiovascular risks.

This was one of the first studies that systematically quantified the temporal trends of
cardiovascular burden in patients with PCa receiving ADT. We observed an increase in the risk
of MACE but a decrease in the risk of mortality over time. The latter has been observed in

other studies and have been postulated to be due to better treatment of PCa (197); other factors

possibly at play may include changes in lifestyle and access to healthcare over the years.

Meanwhile, the former occurred despite better contemporary understanding and recognition of
the adverse cardiovascular effects of ADT (40), hence more patients being tested or monitored
for cardiovascular risks. While it is immediately apparent that the increasing prevalence of
cardiovascular risk factors over time may have contributed significantly to this observation, the

factors driving the increase in MACE incidence were likely multifactorial and intertwined. For
instance, the increasing use of ARSI and chemotherapy may have contributed to such increase

in the risk of MACE, as both classes of agents have been shown to carry significant

cardiovascular risks (206), with the newer generation of ARSI having been shown specifically
to carry significantly higher cardiovascular risks than conventional ADT (41,207). Nonetheless,
disentangling these factors, which may further include but are not limited to the patterns of
cardiometabolic screening, usage and duration of specific types of ADT, and the stage of
disease when PCa was detected or when ADT was initiated, was outside the scope of the current
study.

The increasing prevalence of cardiovascular risk may have been a direct result of the well-
characterized, general increase in the prevalence of cardiovascular diseases (196). Systemic
factors, such as patient selection for ADT, and patients’ knowledge and perception of ADT,
may have played a role also. Indeed, we showed that the preference for specific modalities of
ADT changed over time. This change maybe partly related to the change in local medical
reimbursement system, as well as an overwhelming preference for medical castration over BO
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in more recent years which was consistent with survey studies showing an estimated two-third
of clinicians not considering or offering BO to eligible patients with PCa (208,209). It was
possible that similar changes in the selection of patients for ADT have influenced the
cardiovascular outcomes. This was especially relevant since the use of ADT is heavily
dependent on patient preferences even within guidelines (194,210), with studies having shown
significant variations in practice (211,212). It may thus be reasonable to speculate that changes
in patient preferences outside the scope of this study may have contributed to the differences
in cardiovascular burden and outcomes, either directly or by influencing patient selection for
ADT.

Previous studies have shown that cardiovascular risk factors are prevalent amongst patients
with PCa. In a large, prospective Canadian cohort of 2492 patients with PCa, 22% had known
cardiovascular diseases (213). Similarly, in another smaller cohort of patients with PCa
undergoing ADT, a quarter had established cardiovascular diseases (214). We observed similar
results particularly in the most contemporary subgroup of patients, with 35.0% having
hypertension and 27.4% having diabetes mellitus at baseline, and over 11% having had stroke
or MI. In addition, we observed that only half of the patients in the most contemporary group
had had total cholesterol, HDL-C, and HbAlc profiled prior to ADT initiation, which was
despite substantial improvement in such proportions over time. This was echoed by a recent
study by Sun and colleagues, who found that only 68.1% of an American cohort of veterans
with PCa received comprehensive cardiovascular risk factor assessment (215).

5.4.1. Direct clinical relevance and further directions

Given the increasing risk of MACE observed in the current study, this study serves as a timely
reminder for clinicians to be vigilant in screening and managing cardiovascular burden
amongst patients with PCa undergoing ADT. The increasing risk of MACE in spite of
increasing metabolic screening prior to initiating ADT showed that it is insufficient to only
screen these patients, and that more efforts are required to adequately manage and reduce their
cardiometabolic risk, including referral of patients with multiple cardiovascular risk factors to
cardiology or cardio-oncology services before initiating ADT. Such multidisciplinary approach
has been recommended by the 2022 European Society of Cardiology cardio-oncology guideline
(13). This was not only relevant to urologists and oncologists, but also primary care physicians
and cardiologists who may also take care of patients with PCa receiving ADT. Furthermore,
the observed five-year risks of MACE and mortality reported in this study should allow
clinicians to better inform patients of the risks associated with ADT, thereby facilitating shared
decision-making regarding therapeutic options. It is important for clinicians to
comprehensively inform patients and involve them actively in such decision-making, as greater
involvements have been shown to be associated with lower risks of decision regret and higher
health-related quality of life (216). Additionally, the independent risk factors for MACE and
all-cause mortality hereby identified may improve identification of patients who are possibly
at higher risk of these events. Given the relatively old mean age and long duration of ADT in
this study, and as the duration of ADT may be proportionally associated with the risk of adverse
cardiovascular outcomes (60), the current results are the most relevant to elderly patients with
PCa who will be receiving long-term ADT, especially medical castration which was the
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predominant modality of ADT in the most contemporary group of patients in the current study.
Although the results may not be as relevant to young, otherwise healthy patients who are to be
initiated on short-term ADT, the findings remain a valid reminder for clinicians to be vigilant
of cardiovascular risks in patients with PCa undergoing ADT in general.

With this study demonstrating the significant and increasing cardiovascular burden amongst
patients with PCa undergoing ADT, there are several gaps in evidence that are more relevant
than ever. First, evidence pertinent to the optimal screening strategy for cardiovascular diseases
in these patients is scarce. While previous studies have used the Framingham risk score as a
surrogate of cardiovascular risk (213-215), its accuracy and validity for this specific patient
group has not been adequately explored. This was echoed by the 2022 European Society of
Cardiology cardio-oncology guideline (13) which pointed out the lack of cardiovascular risk
scores for patients receiving ADT. More macroscopically, it is unclear, and therefore remains
at clinicians’ discretion, which patients are in particular need for cardiovascular screening and
monitoring. To this end, prognostic studies, possibly with exploration of novel risk scores, are
sorely needed to allow better stratification of high-risk patients; our reported independent risk
factors for MACE and all-cause mortality may be a starting point which such studies may
reference.

Second, there has not been any investigation of strategies to mitigate the adverse cardiovascular
effects of ADT. Whilst Bhatia and colleagues have proposed a management algorithm for ADT-
related adverse cardiovascular effects, the algorithm was based on previous paradigm
established for patients with breast cancer, and direct evidence supporting the algorithm or any
specific management approach remains lacking (217,218). This was in stark contrast to many
other classes of antineoplastic medications that causes adverse cardiovascular effects, for
which evidence-based management algorithms have been established (219,220). Future studies
should therefore investigate approaches and therapeutics to mitigate the adverse cardiovascular
effects brought by ADT. Screening, risk stratification, and management of cardiovascular risk
factors have all been specified as key areas of focus for future research by an American Heart
Association scientific statement as well (221).

Last but not least, further studies are required to elucidate the factors driving the observed
worsening of cardiovascular outcome in patients with PCa undergoing ADT, which are likely
complex, intertwined, and multifactorial in nature. A better understanding of these factors is
necessary for stifling further worsening of cardiovascular outcomes in these patients.

5.4.2. Generalizability, strengths, and limitations

This study included a large cohort of patients from a population-based database, meaning that
the findings are representative of real-life practice locally, and likely generalizable to other
developed Asian cities. The consistent findings from multiple, different statistical approaches
also reinforced the validity of our findings. However, Hong Kong operates a heavily subsidized
public healthcare system, from which an estimated 90% of all Hong Kong citizens receive
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healthcare. Given that healthcare financing structures have significant impact on access to care
and the choice of therapeutics (222,223), the findings of this study may not be directly
generalizable to countries with different healthcare financing structures, such as those that are
predominantly privatized. Sociodemographic and cultural differences in the population may
also affect generalizability of our findings to other countries and regions.

This study had a few limitations. First, the retrospective, observational nature predisposed to
residual and unmeasured confounders which may influence findings. Whilst we acknowledge
that there were likely unmeasured factors that may have driven our findings, it was not within
the scope of this study to disentangle these underlying drivers — we invite the readers and
colleagues to further explore this topic indeed. Second, owing to the nature of the database
used, cancer staging and some cardiovascular risk factors that are prognostic in cardiovascular
diseases, such as blood pressure and smoking status, were not available, which may have been
important confounders, and which limited the interpretation of our findings. Specifically, there
have been reports showing earlier diagnosis of PCa in recent years (224), which may have
contributed to differences in the incidence and risk of both all-cause mortality and MACE —
this remains to be investigated in the future. Third, as the data was retrieved from a deidentified,
administrative database, it could not be individually adjudicated. Nonetheless, data entry was
performed by treating clinicians without the involvement of any of the authors, and none of the
authors had the right or authority to alter the data. Furthermore, previous studies have
demonstrated that data recorded in the database (CDARS) had good accuracy, particularly for
cardiovascular outcomes (225,226).

5.5. Conclusions

Over the past three decades, cardiovascular risk factors have become increasingly prevalent
amongst patients with PCa receiving ADT in Hong Kong. This was accompanied by an
increasing incidence of MACE but a decreasing incidence of all-cause mortality. Factors
underlying such observations remain to be elucidated.
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6. Chapter 6: Long-term cardiovascular burden in prostate cancer patients receiving
androgen deprivation therapy

This chapter is based on the following publication: Chan JSK, Lee YHA, Liu K, Hui JMH,
Dee EC, Ng K, Satti DI, Tang P, Tse G, Ng CF. Long-term cardiovascular burden in prostate

cancer patients receiving androgen deprivation therapy. Eur J Clin Invest. 2023; 53(4): €13932.
doi: 10.1111/eci.13932

6.1. Introduction

Androgen deprivation therapy (ADT), which pharmacologically or surgically suppresses
androgen activity, is a key treatment for prostate cancer (PCa).(210) However, it is associated
with increased cardiovascular risks, including elevated risks of cardiovascular mortality,
myocardial infarction, and stroke.(40,195) Nonetheless, prior studies have focused on the first
occurrence of adverse cardiovascular events,(60,195,227) and the burden of cardiovascular
hospitalizations in patients with PCa receiving ADT has remained unexplored. Similarly, the
long-term burden of cardiovascular mortality amongst ADT wusers have been
underexplored.(228,229) Given the adverse cardiovascular effects of ADT, it is important to
better understand the long-term burden of cardiovascular mortality and hospitalizations in these
patients. Henceforth, this study aimed to describe the long-term burden of cardiovascular
mortality and hospitalizations in patients with PCa receiving ADT.

6.2. Methods

6.2.1. Study design and source of data

This prospective cohort study was approved by The Joint Chinese University of Hong Kong—
New Territories East Cluster Clinical Research Ethics Committee (reference number 2022.051),
and was conducted according to the Declaration of Helsinki. Reporting of the study conforms
to broad EQUATOR guidelines.(230) Since only deidentified data were used, the need for
individual consent was waived. Data was acquired from the Clinical Data Analysis and
Reporting System (CDARS), a population-based database that prospectively records data of
patients attending public hospitals and clinics in Hong Kong. CDARS encodes diagnoses using
the International Classification of Diseases, Ninth revision (ICD-9) codes regardless of the time
of data input, as ICD-10 codes have not been implemented in CDARS to date. Mortality data
were acquired from the linked Hong Kong Death Registry, a governmental mortality registry
for Hong Kong citizens which records causes of death in ICD-9 or ICD-10 codes. Both
databases have been used extensively in research and demonstrated to have good coding
accuracy and data completeness.(121,231-233)

6.2.2. Eligibility criteria, follow-up, outcomes, and covariates

Patients with PCa who received ADT (medical castration or bilateral orchiectomy) between
1/1/1993 and 31/3/2021 were identified. There were no exclusion criteria. All patients were
followed up until 30/9/2021 or death, whichever occurred earlier. The causes of mortality
(cardiovascular mortality, PCa mortality, or mortality from other causes, defined using ICD
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codes in Supplementary Table 6.1) was recorded. The number and length of stay (LOS) of
hospitalizations during follow-up were recorded, with specific analysis of emergency
hospitalizations (i.e. hospitalizations via the accident and emergency department) and
cardiovascular hospitalizations (defined using ICD-9 codes in Supplementary Table 6.2). In
addition, the following data were collected for all patients: age, type of androgen deprivation
therapy, comorbidities (hypertension, diabetes mellitus, dyslipidaemia, chronic kidney disease,
chronic liver disease, stroke, myocardial infarction, ischaemic heart disease, heart failure,
anaemia, atrial fibrillation, ventricular tachyarrhythmia, chronic obstructive pulmonary disease,
and known malignancy), and use of medications or prior procedures (radiotherapy,
chemotherapy, radical prostatectomy, androgen receptor signalling inhibitor (ARSI; no patient
had baseline prescription of ARSI), angiotensin-converting enzyme inhibitor or angiotensin
receptor blocker, beta-blocker, dihydropyridine calcium channel blockers, non-
dihydropyridine calcium channel blockers, metformin, sulphonylurea, dipeptidyl peptidase-4
inhibitors, glucagon-like peptide-1 receptor agonist, insulin, antiplatelet, anticoagulant,
corticosteroid, percutaneous coronary intervention, and coronary artery bypass graft).

6.2.3. Statistical analysis

Continuous variables were described as medians with interquartile ranges. There is no missing
value due to the nature of the database. As the Kaplan-Meier method overestimates cumulative
incidence of events in the presence of competing risks, the Aalen-Johansen estimator was used
to visualize the cause-specific cumulative incidence of different types of mortality
(cardiovascular mortality, prostate cancer mortality, and mortality from other causes). The 5-
year cause-specific cumulative incidence of the outcomes were estimated with consideration
of competing risks. The overall incidence rate (IR) and annualized LOS of hospitalizations
were estimated using negative binomial regression with the follow-up duration as exposure. As
a large number of patients did not have emergency hospitalizations, cardiovascular
hospitalizations, or emergency cardiovascular hospitalizations, the IR, and annualized LOS of
these types of hospitalizations were estimated for those who had the respective type of
hospitalization using zero-inflated negative binomial regression with the follow-up duration as
exposure, and constant inflation.

An a priori subgroup analysis was performed to describe the outcomes in greater detail, in
which all analyses were stratified by the type of androgen deprivation therapy (medical
castration, bilateral orchiectomy, or both). Additionally, a post hoc exploratory subgroup
analyses was performed with stratification for ever-prescription of ARSI. All p-values were
two-sided, and p<0.01 was considered statistically significant. Statistical analyses were
performed on Stata v16.1 (StataCorp LLC, College Station, Texas, United States of America).

6.3. Results

In total, 13,537 patients were identified and analyzed (median age 75.9 years old [interquartile
range 70.0-81.5 years old]; Table 6.1); 6944 received medical castration, 5359 received
bilateral orchiectomy, and 1234 received both.
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Table 6.1 Characteristics of all included patients.

Number of patients, N 13,537
Follow-up duration, years 4.7+4.3
Age, years 75.548.5
Medical castration, N (%) 8178 (60.4)
Bilateral orchidectomy, N (%) 6593 (48.7)
Hypertension, N (%) 3624 (26.8)
Diabetes mellitus, N (%) 2886 (21.3)
Dyslipidaemia, N (%) 1270 (9.4)
All of hypertension, diabetes mellitus, and dyslipidaemia, N (%) 501 (3.7)
Chronic kidney disease, N (%) 452 (3.3)
Chronic liver disease, N (%) 146 (1.1)
Stroke, N (%) 1216 (9.0)
Myocardial infarction, N (%) 427 (3.2)
Ischaemic heart disease, N (%) 1407 (10.4)
Heart failure, N (%) 695 (5.1)
Anaemia, N (%) 966 (7.1)
Atrial fibrillation, N (%) 610 (4.5)
Chronic obstructive pulmonary disease, N (%) 804 (5.9)
Prior percutaneous coronary intervention, N (%) 432 (3.2)
Prior CABG, N (%) 55(0.4)
Prior radiotherapy, N (%) 493 (3.6)
Prior radical prostatectomy, N (%) 3735 (27.6)
Prior chemotherapy, N (%) 61 (0.5)
Ever received radiotherapy, N (%) 3114 (23.0)
Ever received radical prostatectomy, N (%) 4601 (34.0)
Ever received chemotherapy, N (%) 1311 (9.7)
Ever received ARSI, N (%) 4792 (35.4)
Ever received chemotherapy or ARSI, N (%) 5116 (37.8)
ACEI/ARB users, N (%) 3383 (25.0)
Beta-blocker users, N (%) 4130 (30.5)
Dihydropyridine CCB users, N (%) 5396 (39.9)
Non-dihydropyridine CCB users, N (%) 575 (4.3)
Metformin users, N (%) 1480 (10.9)
Sulphonylurea users, N (%) 1744 (12.9)
DPP4 inhibitor users, N (%) 150 (1.1)
GLP1 receptor agonist users, N (%) 2(0.0)
Insulin users, N (%) 722 (5.3)
Antiplatelet users, N (%) 2962 (21.9)
Anticoagulant users, N (%) 458 (3.4)
Corticosteroid users, N (%) 2342 (17.3)

ACEI, angiotensin-converting enzyme inhibitor. ARB, angiotensin receptor blocker. ARSI,
androgen receptor signaling inhibitor. CABG, coronary artery bypass graft. CCB, calcium

channel blocker. DPP4, dipeptidyl peptidase 4. GLP1, glucagon-like peptide-1.
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Over a median follow-up duration of 3.3 years [1.5-6.7 years], 9124 patients (67.4%) died
(Figure 6.1), of whom 671 had cardiovascular mortality (7.4% of patients who died; 5.0% of
all patients), 3926 had PCa mortality (43.0% of patients who died; 29.0% of all patients), and
4529 had mortality from other causes (49.6% of patients who died; 33.5% of all patients). The
five-year risk of cardiovascular mortality was 3.5% [3.2%, 3.9%], while that of PCa mortality
was 26.1% [25.3%, 26.9%], and that of mortality from other causes was 24.1% [23.3%, 24.8%].

Figure 6.1 Cause-specific cumulative incidence curve of mortality for all included patients.
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Subgroup analysis by the type of ADT found that 3.2-6.0% of patients had cardiovascular
mortality (Supplementary Tables 6.3-6.4 and Figure 6.2). Furthermore, in the exploratory
subgroup analysis, more of those who were never prescribed ARSI had cardiovascular
mortality than their counterparts who were prescribed ARSI at some point during follow-up,
with more of the former dying from PCa and less from other causes than the latter
(Supplementary Table 6.5 and Figure 6.3). The cause-specific five-year risks of mortality
showed similar trends (Supplementary Table 6.6).
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Figure 6.2 Cause-specific cumulative incidence curves of mortality for patients with each type of androgen deprivation therapy (A: medical
castration; B: bilateral orchiectomy; C: both medical castration and bilateral orchiectomy).
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Figure 6.3 Cause-specific cumulative incidence curves of mortality for patients who were never
(A) or ever (B) prescribed androgen receptor signalling inhibitor(s).
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Altogether, 139,085 episodes of hospitalizations were observed, with 6831 episodes (4.9%)
being cardiovascular hospitalizations, 57,632 (41.4%) being emergency hospitalizations, and
4553 (3.3%) being emergency cardiovascular hospitalizations. These corresponded to 763,963
days of hospitalization, with 50,912 days (6.7%) being cardiovascular hospitalizations,
372,477 (48.8%) being emergency hospitalizations, and 30,526 (4.0%) being emergency
cardiovascular hospitalizations. Of the 6831 episodes of cardiovascular hospitalizations, 1609
episodes (23.6%) were due to myocardial infarction or ischaemic heart disease, 1532 (22.4%)
were due to heart failure, 1002 (14.7%) were due to arrhythmias, 1175 (17.2%) were due to
stroke, and 1513 (22.1%) were due to other cardiovascular causes. Furthermore, of the 4553
episodes of emergency cardiovascular hospitalizations, 1225 episodes (26.9%) were due to
heart failure, 922 (20.3%) were due to myocardial infarction or ischaemic heart disease, 797
(17.5%) were due to stroke, 741 (16.3%) were due to arrhythmia, and 868 (19.1%) were due
to other cardiovascular causes. Table 6.2 summarizes the IR and annualized LOS of
hospitalizations for all included patients.

Table 6.2 Incidence rate (IR) and length of stay (LOS) of different types of hospitalizations.

Number of patients IR [95% CI], event LOS [95% CI], days
with event, N (%) per 100 person- per 100 person-years

years

Any hospitalization 13,118 (96.9) 353.5 [347.2, 2653.4 [2594.0,
359.8] 2714.2]

Cardiovascular 3055 (22.6) 13.3[12.7,13.9]1"  138.7[129.2, 148.9]
hospitalizations !
Emergency 11,463 (84.7) 138.4 [135.5, 1228.5 [1195.6,
hospitalizations 141.4]! 1232.4] !
Emergency 2562 (18.9) 8.7[8.2,9.1]" 83.8[77.7,90.4] !
cardiovascular
hospitalizations

CI, confidence interval.

! Estimated for those who had the respective type of hospitalization using zero-inflated negative
binomial regression.

The IR and annualized LOS of hospitalizations were largely comparable between the three
types of ADT (medical castration, bilateral orchiectomy, and both medical castration and
bilateral orchiectomy; Supplementary Table 6.7). When stratified by ever-prescription of
ARSI (Supplementary Table 6.8), patients who were never prescribed ARSI had higher IR
and annualized LOS across all subtypes of hospitalizations, except the annualized LOS of
emergency cardiovascular hospitalizations which was comparable between the two subgroups.

6.4. Discussion

In this study, we quantified the long-term burden of cardiovascular mortality and
hospitalizations in a representative, prospective, population-based cohort of Hong Kong
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patients with PCa receiving ADT. We observed a crude cardiovascular mortality rate of 5.0%,
comparable with a recent study of patients with metastatic PCa that reported a 6.9% crude
cardiovascular mortality rate.(229) We also observed that 4.9% of hospitalization episodes and
6.7% of the days of hospitalizations were attributable to cardiovascular causes, with an
estimated 13.3 episodes per 100 person-years. Governmental figures in 2019 reported 171,331
episodes of cardiovascular mortality and hospitalizations in Hong Kong,(234) which, given a
then-7.5-million population,(234) translated to 2.3 cardiovascular hospitalizations or deaths per
100 person-year. These higher observed rates were expected, as ADT, often but not always in
combination with other treatments such as radiotherapy, is indicated for patients with advanced
PCa who are older and often have significant pre-existing cardiovascular risks that are further
compounded by ADT use.(210) This was evident in our cohort, with over 20% of patients
having hypertension or diabetes, and over 10% having ischaemic heart disease which was
likely a dominant driver of cardiovascular mortality and hospitalizations. This was further
reinforced by the observation that myocardial infarction or ischaemic heart disease was the
leading cause of cardiovascular hospitalizations, which also suggested that myocardial
ischaemia may be a priority for treatment and monitoring in these patients. Additionally, we
observed that compared to those who never received ARSI, those who were prescribed ARSI
had lower cumulative incidence of cardiovascular mortality but higher PCa mortality — the
former likely reflected how clinicians’ awareness of the increase in cardiovascular risks
associated with ARSI(40) influenced prescribing practice, while the latter was likely due to
ARSI being indicated for more advanced diseases.(210)

Our findings highlighted the cardiovascular burden amongst patients with PCa receiving ADT.
Clinically, our results may facilitate discussions regarding treatment modalities in light of
cardiovascular risk. With only a small proportion of deaths being cardiovascular-related,
clinicians may be reassured that in many cases, oncologic benefits of ADT likely outweigh
cardiovascular risks. However, careful cardiac workup and follow-up would still be necessary
particularly for patients with known cardiovascular risk factors. Overall, it is important to note
that although cardiovascular risks are elevated, PCa remains a substantially more common
cause of mortality in these patients, and the risks of cardiotoxicity must be balanced against the
oncological benefits of ADT which, in turn, depends on numerous disease and patient factors
that must be assessed meticulously. The emerging concept of ‘permissive cardiotoxicity’,
which emphasizes a proactive and not reactive approach to cancer therapy-related
cardiotoxicity, may be useful in this instance to minimize interruptions of ADT whilst
simultaneously mitigating cardiovascular risks.(94) How this is to be implemented in reality,
however, remains to be investigated. Our findings may form the basis on which such studies
may be based, as may studies exploring other aspects of ADT-related cardiotoxicity that
warrant further investigation, including but not limited to the associations between the duration
of ADT and cardiovascular mortality and burden, and the relationship between metabolic
syndrome and ADT-related cardiotoxicity.

This is the first study quantifying the long-term burden of cardiovascular hospitalizations
amongst patients with PCa receiving ADT, for which the literature remains lacking. It is also
one of the first studies of mortality causes in these patients. Utilizing a prospective population-
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based database, our findings were representative of Hong Kong and likely generalizable to
other Asian regions. Nonetheless, cancer staging was not available, preventing more detailed
breakdown of observed events. Moreover, the data could not be individually adjudicated.
Nonetheless, all data were input by treating clinicians independent of the authors, and CDARS
has been shown to have good data completeness and coding accuracy.(232)

6.5. Conclusion

This population-based study quantified the long-term burden of cardiovascular mortality and
hospitalization amongst Hong Kong patients with PCa receiving ADT, with comparable event
rates between different types of ADT.
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7. Chapter 7: Long-term prognostic impact of cardiovascular comorbidities in patients
with prostate cancer receiving androgen deprivation therapy: a population-based
competing risk analysis

This chapter is based on the following publication: Chan JSK, Lee YHA, Hui JMH, Liu K,
Dee EC, Ng K, Liu T, Tse G, Ng CF. Long-term prognostic impact of cardiovascular
comorbidities in patients with prostate cancer receiving androgen deprivation therapy: a
population-based competing risk analysis. Int J Cancer. 2023; 153(4): 756-764. doi:
10.1002/ijc.34557

7.1. Introduction

Androgen deprivation therapy (ADT) involves pharmacological or surgical suppression of
androgen activity, and has long been a cornerstone of prostate cancer (PCa) treatment.(210)
Whilst the efficacy of ADT for treating PCa is undoubted, the past decade has seen studies
demonstrating an association between ADT and adverse cardiovascular outcomes. Ever since
the landmark study by Keating and colleagues,(195) ADT has been shown to be associated
with increased risks of myocardial infarction, arrhythmia, stroke, heart failure, and
cardiovascular mortality, with many also demonstrating other aspects of adverse
cardiometabolic outcomes.(40)

Given the rising prevalence of PCa and the important role played by ADT in PCa treatment,
increasing attention has been given to the adverse cardiovascular effects of ADT. In the 2022
European Society of Cardiology Guidelines on cardio-oncology, one of the first major societal
guidelines in cardio-oncology, a separate section was dedicated to the surveillance for ADT-
related cardiotoxicity.(13) The same guideline recommended the use of the Heart Failure
Association-International Cardio-Oncology Society (HFA-ICOS) risk assessment tool for
cardiovascular risk stratification of cardio-oncology patients, in which numerous
cardiovascular risk factors were designated categories that reflect their relative prognostic
significance for cardiotoxicity related to a specific class of anti-cancer medications.(13,71)
However, this important risk assessment tool did not include such designations for ADT. Indeed,
little is known about the relative impact of different cardiovascular risk factors on adverse
cardiovascular outcomes. Similarly, studies of relationships between different cardiovascular
risk factors in patients receiving ADT are lacking. These represent important gaps in the
understanding and stratification of cardiovascular risk and burden in these patients. Therefore,
we aimed to investigate the interrelationship between different major cardiovascular
comorbidities, and their impact on cardiovascular outcomes in patients with PCa receiving
ADT.

7.2. Materials and methods

This study was conducted in accordance with the Strengthening the Reporting of Observational
Studies in Epidemiology guideline.
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7.2.1. Source of data

Data were collected from the Clinical Data Analysis and Reporting System (CDARS), a
population-based administrative database that prospectively records basic demographics,
diagnoses, laboratory tests, and medical procedures of all patients attending public hospitals
and clinics in Hong Kong, which cover the entire Hong Kong and serve 90% of the
population.(199) Diagnoses are encoded by the International Classification of Diseases, Ninth
revision (ICD-9) codes regardless of the time of data input, as ICD-10 codes have not been
implemented in CDARS to date. Mortality data were collected from the linked Hong Kong
Death Registry, a governmental registry of all Hong Kong citizens’ death records. Both
databases have been used extensively in research, and have been shown to have good coding
accuracy and data completeness.(121,231,232,235-238)

7.2.2. Patient population

Adult (aged 18 years old or above) patients with PCa who received ADT between 1/1/1993-
31/3/2021 were identified. ADT included medical castration and bilateral orchiectomy (BO).
There were no exclusion criteria. This cohort has been published before.(120)

The following baseline characteristics were recorded: age, type of androgen deprivation
therapy, comorbidities (hypertension, diabetes mellitus, dyslipidaemia, chronic kidney disease,
chronic liver disease, stroke, myocardial infarction (MI), heart failure (HF), and arrhythmias
(atrial fibrillation, ventricular tachycardia, or ventricular fibrillation)), and use of medications
or prior procedures (radiotherapy, chemotherapy, radical prostatectomy, androgen receptor
signalling inhibitor (ARSI), dihydropyridine calcium channel blockers, metformin,
sulphonylurea, dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-1 receptor agonist,
insulin, antiplatelet, anticoagulant, and corticosteroid).

7.2.3. Follow-up and outcomes

All patients were followed up from the date of ADT initiation until 31/9/2021, death, or the
primary endpoint, whichever occurred earlier. The primary endpoint was a composite of
cardiovascular hospitalization and cardiovascular mortality. Cardiovascular hospitalizations
were identified by ICD-9 codes listed in Supplementary Table 1, while cardiovascular
mortality was identified by ICD-9 or ICD-10 codes listed in Supplementary Table 2.

7.2.4. Major cardiovascular comorbidities and their relative impact

We focused on prior history of HF, MI, stroke, and arrhythmia as the major cardiovascular
comorbidities of interest. These comorbidities were chosen amongst broader cardiometabolic
conditions, such as hypertension and diabetes mellitus, as (1) we had shown that these
accounted for >75% of cardiovascular hospitalizations in patients with PCa receiving
ADT,(120) (2) they are clinically more severe conditions that are likely to lead to substantially
worse morbidity, and (3) the inclusion of broader cardiometabolic comorbidities would have
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created too many combinations of comorbidities with limited sample sizes, preventing any
meaningful analysis. Patients were categorized into the following groups by the presence of
these major cardiovascular comorbidities for comparisons: none of HF/MI/stroke/arrhythmia,
HF only, MI only, stroke only, arrhythmia only, and at least two of HF/MI/stroke/arrhythmia.
To explore the effects of stroke subtypes, we carried out a post hoc analysis in which patients
with stroke only were split into those having had ischaemic stroke, haemorrhagic stroke, or
both ischaemic and haemorrhagic stroke.

As these comorbidities commonly overlap, we further explored the relative impact of each
major cardiovascular comorbidity in those with overlapping comorbidities (i.e. with >2 major
cardiovascular comorbidities). This was done by comparing patients with both a condition of
focus and any of the ‘non-focus’ conditions against patients with >2 of the ‘non-focus’
conditions. For instance, to explore the relative impact of HF, we compared patients with HF
and any of MI/stroke/arrhythmia against those with >2 of Ml/stroke/arrhythmia.

7.2.5. Statistical analyses

Continuous variables were expressed as medians with interquartile ranges (IQRs). There was
no missing value due to the nature of database and variables used. All variables used for
multivariable adjustments were determined based on clinical expertise. The number of major
cardiovascular comorbidities was compared between groups using multivariable Poisson
regression adjusting for all recorded baseline variables, with the ratio of cardiovascular
comorbidity counts and corresponding 95% confidence intervals (ClIs) as summary statistics.
Non-cardiovascular mortality constituted a competing event for the primary outcome. As
Kaplan-Meier curves over-estimate cumulative incidences in the presence of competing
events,(120,239) the cause-specific cumulative incidence of the primary endpoint was
estimated and visualized using the Aalen-Johansen estimator.(120,239) The 3-, 5-, and 10-year
cause-specific cumulative incidences were estimated for each group (none of
HF/MU/stroke/arrhythmia, HF only, MI only, stroke only, arrhythmia only, and at least two of
HF/MI/stroke/arrthythmia). The cumulative incidence of the primary endpoint was
quantitatively compared between groups using multivariable Fine-Gray competing risk
regression, with sub-hazard ratios (SHRs) and 95% ClIs as summary statistics and adjusting for
all collected baseline variables. All reported SHRs and corresponding Cls are adjusted
estimates.

As the exploratory analysis for the relative impact of each major cardiovascular comorbidity
focused on patients with >2 of these comorbidities, the corresponding Fine-Gray regressions
were additionally adjusted for the number of major cardiovascular comorbidities present to
account potential imbalances in the number of comorbidities between groups. Furthermore, in
view of the results from the exploratory analysis, a post hoc analysis was conducted to explore
the prognostic effects of the number of major cardiovascular comorbidities on the primary
endpoint among patients with >2 of these comorbidities. Because very few patients had all four
of these comorbidities, this post hoc analysis compared those with two of these comorbidities
against those with >3 of these comorbidities.
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Fine-Gray regression was separately performed in two pre-specified and one post hoc subgroup
analyses. First, to clarify any impact that heterogeneity in the type of ADT may have on the
observed effects, subgroup analysis was performed for each type of ADT (medical castration,
bilateral orchidectomy, and both; all patients received bilateral orchidectomy after medication
castration, mostly because, until recently, the local reimbursement system did not subsidize
medical castration, and bilateral orchidectomy was often performed as a cost-saving long-term
alternative to medical castration). On the other hand, as cancer staging and histology were not
available from the database used, we used ever-prescription of ARSI or chemotherapy as a
surrogate for metastatic disease, as these were only indicated in metastatic PCa.(193,240) The
second subgroup analysis thus stratified patients by whether they were ever prescribed ARSI
or chemotherapy, as a surrogate of whether they had metastatic disease. The third, post hoc
subgroup analysis explored the effects of metabolic dysfunction or hypertension on our
findings, with stratification for the presence of hypertension, diabetes mellitus, or
dyslipidaemia. Due to the small sample sizes for each risk category, interactions between
subgroups were not tested. Additionally, due to the relatively small number of patients with >2
major cardiovascular comorbidities, these subgroup analyses were not performed for the
exploratory analysis of the relative impact of each comorbidity in those with overlapping
comorbidities.

Two-sided p<0.05 were considered statistically significant. All analyses were performed on
Stata version 16.1 (StataCorp LLC, College Station, Texas, United States).

7.3. Results

Altogether, 13,537 patients were included (median age 75.9 [IQR 70.0-81.5] years old; Table
7.1). Most patients (11,102, 82.0%) had none of prior HF/MlI/stroke/arrhythmia, 357 (2.6%)
had prior HF only, 240 (1.8%) had MI only, 968 (7.2%) had prior stroke only, 319 (2.4%) had
arrhythmia only (602 (4.5%) had only atrial fibrillation, 22 (0.2%) had only ventricular
tachycardia or fibrillation, and eight (0.1%) had both atrial fibrillation and ventricular
tachycardia or fibrillation), and 494 (3.6%) had >2 of HF/MI/stroke/arrhythmia. Among
patients who had one to three of the four major cardiovascular comorbidities, patients who had
HF, MI, or arrhythmia had significantly more major cardiovascular comorbidities than those
who did not have each of these conditions (p<0.001 for all; Table 7.2), but not for those who
had stroke (p=0.303). The number of patients with each possible combination of major
cardiovascular comorbidities are shown in Supplementary Table 7.3.
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Table 7.1 Characteristics of included patients.

Number of patients, N 13,537
Age, years 75.5£8.5
Medical castration, N (%) 8178 (60.4)
Bilateral orchidectomy, N (%) 6593 (48.7)
Ischaemic stroke, N (%) 1052 (7.8%)
Haemorrhagic stroke, N (%) 241 (1.8%)
Myocardial infarction, N (%) 427 (3.2)
Heart failure, N (%) 695 (5.1)
Arrhythmia, N (%) 632 (4.7)
Hypertension, N (%) 3624 (26.8)
Diabetes mellitus, N (%) 2886 (21.3)
Dyslipidaemia, N (%) 1270 (9.4)
Chronic kidney disease, N (%) 452 (3.3)
Prior radiotherapy, N (%) 493 (3.6)
Prior radical prostatectomy, N (%) 3735 (27.6)
Prior chemotherapy, N (%) 61 (0.5)
Ever received chemotherapy or ARSI, N (%) 5116 (37.8)
Dihydropyridine CCB users, N (%) 5396 (39.9)
Metformin users, N (%) 1480 (10.9)
Sulphonylurea users, N (%) 1744 (12.9)
DPP4 inhibitor users, N (%) 150 (1.1)
GLP1 receptor agonist users, N (%) 2 (0.0)
Insulin users, N (%) 722 (5.3)
Antiplatelet users, N (%) 2962 (21.9)
Anticoagulant users, N (%) 458 (3.4)
Corticosteroid users, N (%) 2342 (17.3)

ARSI, androgen receptor signaling inhibitor. CCB, calcium channel blocker. DPP4, dipeptidyl
peptidase 4. GLP1, glucagon-like peptide-1.
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Table 7.2 Comparison of the number of major cardiovascular comorbidities among those who had one to three of such these conditions.

Number of major cardiovascular comorbidities, N (%)

Ratio of cardiovascular comorbidity p-value

Category 1 2 3 counts [95% confidence interval]

Without HF Geferance)  17007) __1a8&H 8005 1441134,156 <0001
%/;EEOBL/II'[IMI (reference) %46124(5(;41)3) ;g 841183 22 817?) 1.34[1.22, 1.47] <0.001
gﬁﬁosltlioslireoke (reference) 3?2 gggé; ;;Z 822 gg gz; 1.0410.97, 1.12] 0.303
gﬁﬁ(ﬁ‘:};ﬁﬁ;ﬁfmia (reference) i;zS( 5(51490)6) %Zg 877;‘) B 8)17? 1.391.27, 1.52] <0.001

HF, heart failure. MI, myocardial infarction.
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7.3.1. Impact of cardiovascular comorbidities

Over a median follow-up of 3.3 [1.5-6.7] years, 3225 (23.8%) met the primary endpoint, and
6662 (49.2%) died of non-cardiac causes without meeting the primary endpoint; 9113 (67.6%)
died in total. Of the 3225 patients who met the primary endpoint, one had cardiovascular
mortality, and 3224 had cardiovascular hospitalization (amongst whom 670 [4.9% of all
patients; 20.8% of those who had cardiovascular hospitalization] went on to have
cardiovascular mortality). Cumulative incidence of the primary endpoint is shown in Figure
7.1, and each group’s estimated 3-, 5-, and 10-year cumulative incidences of the primary
endpoint are summarized in Supplementary Table 7.4. Compared to patients who had none
of prior HF/MU/stroke/arrhythmia, patients with only prior HF (SHR 1.67 [95% confidence
interval: 1.37, 2.02], p<0.001), prior arrhythmia (SHR 1.63 [1.35, 1.98], p<0.001), or prior MI
(SHR 1.43 [1.14, 1.79], p=0.002) had significantly higher incidence of the primary endpoint,
but not those who only had prior stroke (SHR 1.06 [0.92, 1.23], p=0.391). Those who had >2
of HF/MU/stroke/arrhythmia had the highest incidence of the primary endpoint (SHR 1.94 [1.62,
2.33], p<0.001). In post hoc analysis, patients with stroke only did not have significantly
different incidence of the primary endpoint regardless of the type of stroke (ischaemic stroke:
SHR 1.07 [0.92, 1.24], p=0.408; haemorrhagic stroke: SHR 1.10 [0.77, 1.56], p=0.598; both
ischaemic and haemorrhagic stroke: SHR 0.93 [0.53, 1.63], p=0.808), compared to those
without any of major cardiovascular comorbidities.

Amongst the 1881 patients with only one of the major cardiovascular comorbidities, HF (SHR
1.51[1.21, 1.89], p<0.001), arrhythmia (SHR 1.39 [1.11, 1.73], p=0.004), and MI (SHR 1.31
[1.03, 1.66], p=0.026) were all associated with significantly higher incidences of the primary
endpoint compared to those with only stroke.

7.3.2. Subgroup analysis

Subgroup analysis by the type of ADT (Table 7.3) showed mostly consistent trends in patients
who received only medical castration (N=6944) or only bilateral orchidectomy (N=5116), with
those having >2 of HF/MI/stroke/arrhythmia having the highest incidence of the primary
endpoint, and with only HF, MI, and arrhythmia being associated with significantly higher
incidence of the primary endpoint when compared to those without any of
HF/Ml/stroke/arrhythmia. However, no significant association was observed in the 1234
patients who received both medical castration and bilateral orchidectomy.
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Figure 7.1 Cumulative incidence curves for the primary endpoint, stratified by different major
cardiovascular comorbidities. HF, heart failure. MI, myocardial infarction.
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Table 7.3 Results of subgroup analysis by the type of androgen deprivation therapy received. All values shown are adjusted sub-hazard ratios with

corresponding 95% confidence intervals.

Major cardiovascular comorbidities

Medical castration (N=

6944) " (N=5359)

Bilateral

orchidectomy Both medical castration and bilateral

orchidectomy (N=1234)

None of HF/MI/stroke/arrhythmia
HF only

MI only

Stroke only

Arrhythmia only

=2 of HF/Ml/stroke/arrhythmia

1 (reference)

1.65[1.25, 2.17], p<0.001
1.36 [1.01, 1.84], p=0.045
1.01 [0.83, 1.23], p=0.915
1.76 [1.36, 2.28], p<0.001
1.81[1.43,2.29], p<0.001

1 (reference)

1.77[1.31, 2.38], p<0.001
1.65[1.13, 2.42], p=0.009
1.20 [0.96, 1.51], p=0.109
1.67 [1.22, 2.30], p=0.002
2.38[1.75, 3.24], p<0.001

1 (reference)

1.15[0.56, 2.38], p=0.704
1.02 [0.39, 2.64], p=0.972
0.74 [0.44, 1.23], p=0.243
0.5210.22, 1.22], p=0.133
1.34 [0.61, 2.94], p=0.463

HF, heart failure. MI, myocardial infarction.
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On the other hand, while MI and arrhythmia remained to be associated with significantly higher
incidence of the primary endpoint regardless of whether patients had metastatic disease (i.e.
prescribed ARSI or chemotherapy; Supplementary Table 7.5), such association for HF was
significant in those who did not have metastatic disease (i.e. never prescribed ARSI or
chemotherapy), but only approached significance in those with metastatic disease (p=0.059).
Having >2 of HF/MlI/stroke/arrhythmia remained to be associated with the highest incidence
of primary endpoint regardless of whether patients had metastatic disease.

In the post hoc subgroup analysis by the presence of hypertension, diabetes mellitus, or
dyslipidaemia, findings in both subgroups were largely consistent with the main analysis
(Supplementary Table 7.6), although the association for patients with only MI amongst those
with hypertension, diabetes mellitus, or dyslipidaemia only approached statistical significance
(p=0.055).

7.3.3. Relative impact of each comorbidity in patients with overlapping comorbidities

The relative impact of each specified major cardiovascular comorbidity were explored among
the 494 patients with >2 of HF/MI/stroke/arrhythmia, with cumulative incidences of the
primary endpoint stratified by different combinations of cardiovascular comorbidities (Figure
7.2). HF, M1, stroke, and arrhythmia did not have significantly different impact on the incidence
of the primary endpoint (Table 7.4). Post hoc analysis suggested that compared to those with
two of HF/MU/stroke/arrhythmia, those who had >3 of these comorbidities had significantly
higher incidence of the primary endpoint (SHR 1.42 [1.02, 1.97], p=0.037).
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Figure 7.2 Cumulative incidence curves for the primary endpoint, stratified by different
combinations of major cardiovascular comorbidities. The relative impact of (A) heart failure
(HF), (B) myocardial infarction (MI), (C) stroke, and (D) arrhythmia was explored, which
showed that the impact of these comorbidities on the cumulative incidence of the primary
endpoint were not significantly different from each other.
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Table 7.4 Results from the exploratory analysis for the impact of each major cardiovascular comorbidity among those with =2 of heart failure
(HF) / myocardial infarction (MI) / stroke / arrhythmia. Sub-hazard ratios displayed were adjusted for all recorded baseline variables and the
number of major cardiovascular comorbidities present.

Comparator (comorbidity of interest highlighted) Reference group Sub-hazard ratio [95% CI] p-value
HF + any of MI/stroke/arrhythmia (N=338) >2 of Ml/stroke/arrhythmia (N=156) 1.15[0.86, 1.55] 0.343
MI + any of HF/stroke/arrhythmia (N=187) >2 of HF/stroke/arrhythmia (N=307) 0.99[0.73, 1.34] 0.934
Stroke + any of HF/MI/arrhythmia (N=248) >2 of HF/MI/arrhythmia (N=246) 0.91 [0.69, 1.19] 0.490
Arrhythmia + any of HF/Ml/stroke (N=313) >2 of HF/MU/stroke (N=181) 0.98 [0.70, 1.37] 0.924

CI, confidence interval.
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7.4. Discussion

This prospective, population-based study had three main findings. First, the presence of HF,
MI, and arrhythmia, but not stroke, were associated with more cardiovascular comorbidities.
Second, in those with only one of HF/MI/stroke/arrhythmia, HF, MI, and arrhythmias conferred
similarly elevated cardiovascular risks compared to those without any of these conditions, but
stroke was not associated with any significant increase in cardiovascular risks, regardless of
the type of stroke. Third, in those with >2 of HF/MI/stroke/arrhythmia, these conditions may
have similar impact on cardiovascular risks, and the overall number of comorbidities was likely
a significant prognosticator for cardiovascular events.

The first finding was within expectations. Most intuitively, HF, MI, and arrhythmia are all
cardiac disorders with many similarities in the underlying pathophysiological pathways, most
of which are directly cardiac in nature. In contrast, although atherosclerosis and
thromboembolism from underlying atrial fibrillation represent some pathophysiological
overlap between stroke and HF/MI/arrhythmia, brain pathologies and mechanisms leading to
bleeding diathesis are likely to contribute significantly to stroke, but not HF/MI/arrhythmia.
The extent of similarities between stroke and HF/MI/arrhythmia are thus not comparable to
that between HF, MI, and arrhythmia.

For our second finding, it was not surprising that patients with HF, MI, or arrhythmia only had
significantly higher incidence of the primary endpoint than those without any of the major
cardiovascular comorbidities. The cardiovascular effects of ADT are mediated by several
different mechanisms, including changes in body composition and circulating adipocytokines,
insulin resistance, disordered lipid metabolism, hypercoagulability, endothelial dysfunction,
and immune activation,(241) which are also pathophysiological pathways underlying HF, MI,
and arrhythmia. A prior history signifies probable disorders in these regards, thereby driving
the observed associations. These associations were mostly consistent regardless of the type of
ADT received, with the lack of associations in the subgroup who received both medical
castration and bilateral orchidectomy likely due to the small sample size. Interestingly, the
association for HF only approached significance in those who were ever prescribed ARSI /
chemotherapy. This may have been because many chemotherapeutic agents have direct
cardiotoxic effects unrelated to atherosclerosis and inflammation which underlie most cases of
HF at baseline(242) — the lack of overlap in pathophysiology of chemotherapy-related
cardiovascular events and prior HF could have diluted the association.

It is less clear why patients with stroke only did not have significantly different incidence of
the primary endpoint compared to those without any of the major cardiovascular comorbidities,
regardless of the type of stroke. A probable explanation may be that significant physical
disability and immobility are not uncommon in patients with major stroke, which are likely to
deter clinicians from initiating ADT in these patients. Therefore, the observed patients with
only stroke likely had relatively mild stroke, implying a less prominent association with
underlying atherosclerotic burden and inflammatory activity which thus did not confer any
significant increase in the risk of adverse cardiovascular outcomes. This was further supported
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by our finding that patients with a history of stroke did not have significantly different number
of major cardiovascular comorbidities than those without stroke (Table 7.2).

The third finding of this study showed that the overall number of comorbidities, instead of the
exact type of comorbidities, may be more important for cardiovascular prognostication. This is
clinically important. Although both the HFA-ICOS cardiovascular risk stratification tool and
the European Society of Cardiology Guidelines recommended using general cardiovascular
risk scores such as the SCORE2 or SCORE2-OP risk calculators for patients receiving
ADT,(13,71) these were developed for the general population, and thus do not include existing
cardiovascular comorbidities in the models, and were not validated in patients with cancer
undergoing cardiotoxic cancer therapies.(243,244) This lack of evidence was also reflected in
the above guideline recommendations which were only supported by expert consensus.
Although this may be a reasonable compromise given the absence of tools developed
specifically for cardiovascular risk stratification in patients receiving ADT,(13) the
epidemiology and natural history of PCa imply that a substantial portion of patients with PCa
undergoing ADT would be at relatively old age with pre-existing cardiovascular comorbidities,
who are the ones in the most need for specialized cardio-oncology referrals and follow-ups, but
who are unaccounted for by most, if not all general cardiovascular risk calculators. Our finding
thus complements these recommended cardiovascular risk stratification tools, allowing
clinicians to rapidly identify high-risk patients from an easy count of their cardiovascular
comorbidities. This should facilitate timely referral of high-risk patients to specialists and
optimize distribution of healthcare resources.

Moving forward, our findings should prompt and facilitate further research into the
cardiovascular risk stratification of patients with PCa undergoing ADT. Although our findings
may complement existing cardiovascular risk stratification tools as a rough, qualitative
guidance of the risks associated with the studied cardiovascular comorbidities, they were
certainly not meant for quantitatively estimating cardiovascular risks. Much work remains to
be done in this regard, and more comprehensive multivariable modelling with internal and
external validation is necessary for developing an accurate, representative, and actionable
cardiovascular risk score for the captioned patients. Our findings may inform these future
studies in terms of variable selection and modelling choices. In addition, we noted that despite
an increasing understanding of the adverse cardiovascular risks of ADT, very little has been
done to understand the baseline cardiovascular risk profile in patients receiving ADT. With this
study, we hoped to inspire more in-depth studies of the risk profile and interactions between
different cardiometabolic risk factors in these patients.

7.4.1. Strengths and limitations

Using data from a prospectively recorded population-based database, our study is
representative of the clinical practice in Hong Kong, a modern Asian metropolitan, and our
findings are likely generalizable to many other Asian cohorts. The population-based nature also
allowed a sizeable cohort, reinforcing the validity of our findings. Furthermore, we carefully
considered and modelled for the important issue of competing risks in this study. Competing
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risks is critically important in cardio-oncology studies, as many patients die of cancer or non-
cardiovascular causes before experiencing cardiovascular events. By recognizing this issue and
modelling for it using appropriate statistical models, we likely avoided significant biases in
estimates that likely would have occurred if other methods not accounting for competing risks
were used.

Nonetheless, this study is not without limitations. First, owing to the nature of the database
used, cancer staging and histology were not available. Nonetheless, ADT is unlikely to be used
for non-advanced disease.(193,240) Additionally, we attempted to mitigate this by using
prescription of ARSI or chemotherapy as a surrogate for metastatic disease(120,193,233,240)
and performing a subgroup analysis accordingly. The results appeared qualitatively similar for
most risk groups with all confidence intervals showing substantial overlaps, supporting that the
associations were likely to be independent of whether the PCa is metastatic or not.

Second, owing to the observational nature of this study, unmeasured and residual confounders
may be present. For instance, due to the nature of the database used, some important
cardiovascular risk factors, such as smoking, metabolic syndrome, and obesity, could not be
accounted for. We adjusted for the widest range of relevant risk factors available to us, which
should sufficiently account for a significant proportion of confounders. Nonetheless, further
studies with greater data granularity are required to verify our findings. Third, the database
used (CDARS) did not allow individual adjudication of data. However, CDARS has been
demonstrated to have good data completeness and accuracy,(232) and all data was input by
treating clinicians independent of the authors.

7.5. Conclusions

In patients with PCa receiving ADT, the sole presence of a history of HF, MI, and arrhythmia,
but not stroke, were associated with more major cardiovascular comorbidities. The sole
presence of HF, MI, or arrhythmia, but not stroke, may be associated with significantly elevated
cardiovascular risks. In those with >2 of prior HF/MI/stroke/arrhythmia, the number of
cardiovascular comorbidities may be prognostically more important than the type of
comorbidities present.
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8. Chapter 8: HbAlc variability and cardiovascular events in patients with prostate
cancer receiving androgen deprivation therapy

This chapter is based on the following publication: Chan JSK, Lee YHA, Liu K, Hui JMH,
Dee EC, Ng K, Satti DI, Liu T, Tse G, Ng CF. HbAlc variability and cardiovascular events in

patients with prostate cancer receiving androgen deprivation therapy. Eur Urol Open Sci. 2023;
47:3-11. doi: 10.1016/j.euros.2022.11.002

8.1. Introduction

Prostate cancer (PCa) was the third most common cancer globally in 2020, with 1.4 million
incident cases and accounting for over 375,000 deaths(192). Androgen deprivation therapy
(ADT) is one of key therapies for PCa, in which testosterone activity is suppressed
pharmacologically and/or surgically(193,194). ADT is recommended alone or in combination
with other therapeutic modalities for diseases of intermediate or higher risks(194,210). Despite
its established oncological efficacy, studies have shown associations between ADT and
increased risks of diabetes mellitus (DM), cardiovascular mortality, myocardial infarction (MI),
and stroke(40,195,245), and among diabetic patients, worsened diabetic control and higher risk
of diabetic complications(246-248). Currently, risk factors and prognosticators for adverse
cardiovascular events among patients with PCa receiving ADT remain actively investigated.

Studies of the glycaemic effects of ADT focused on glycaemic markers, such as HbAlc, as
point estimates at fixed timepoints(246—248). Emerging evidence suggested that visit-to-visit
HbAlc variability (VVHV) has incremental prognostic value atop point estimates which
neglect longitudinal variations in HbAlc levels. Higher VVHY, reflecting more fluctuating
HbAlc levels between hospital or clinic visits (i.e. less stable glycaemic control), has been
associated with increased risks of mortality and adverse cardiovascular events in patients with
and without DM(249-253). Nonetheless, the effect of ADT on VVHY, as well as the prognostic
value of VVHV in patients with PCa receiving ADT are unexplored. Given the adverse
cardiometabolic effects of ADT and the prognostic value of VVHYV, this study aimed to test the
hypothesis that ADT adversely affects VVHYV, and that VVHV is prognostic of cardiovascular
outcomes in patients with PCa receiving ADT.

8.2. Methods

This retrospective cohort study was approved by Joint Chinese University of Hong Kong— New
Territories East Cluster Clinical Research Ethics Committee, and was conducted according to
the Declaration of Helsinki and the Strengthening the Reporting of Observational Studies in
Epidemiology guideline. As only retrospective, deidentified data were used, the need for
individual consent was waived.
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8.2.1. Source of data

Data were acquired from the Clinical Data Analysis and Reporting System (CDARS), a
population-based administrative database recording basic demographics, diagnoses, laboratory
tests, medication prescriptions, and medical procedures of all patients attending public
hospitals and clinics in Hong Kong, which cover the entire Hong Kong and serve 90% of the
population(199). CDARS encodes diagnoses using the International Classification of Diseases,
Ninth revision (ICD-9) codes regardless of the time of data input, as ICD-10 codes have not
been implemented in CDARS to date. Mortality data were acquired from the linked Hong Kong
Death Registry, a governmental registry of mortality data for Hong Kong citizens. CDARS and
the linked Hong Kong Death Registry have been used extensively in research, and have been
demonstrated to have good coding accuracy and data completeness(60,121,231,232,235,238).

&.2.2. Patient population

Adult (aged 18 years old or above) patients with PCa who received ADT between 1/1/1993-
31/3/2021 were retrospectively identified and included. ADT included medical castration
(leuprorelin, triptorelin, goserelin, or degarelix; other gonadotropin-releasing hormone
agonists and antagonists were not available in Hong Kong during the study period) and bilateral
orchiectomy (BO). Patients with less than three HbA 1c measurements available within three
years after ADT initiation, less than six months’ ADT, missing baseline HbAlc level (within
three years prior to ADT initiation), known heart failure (HF), MI, or stroke, and those with the
primary outcome occurring within three years were excluded. The following baseline
covariates were recorded: age, type of androgen deprivation therapy (ADT), duration of ADT,
comorbid conditions defined using ICD-9 codes listed in Supplementary Table 8.1
(hypertension, diabetes mellitus (DM), dyslipidaemia, ischaemic heart disease, chronic kidney
disease, atrial fibrillation, known malignancy), prior radiotherapy, prior radical prostatectomy,
use of medications (angiotensin-converting enzyme inhibitors or angiotensin receptor blockers,
androgen receptor signaling inhibitors, beta-blockers, metformin, sulphonylureas, insulins,
dihydropyridine calcium channel blockers, antiplatelets, anticoagulants, chemotherapeutic
agents, and steroids), and baseline HbAlc level.

8.2.3. Follow-up and outcomes

All patients were followed up from the date of ADT initiation until 31/9/2021. The primary
outcome was major adverse cardiovascular events (MACE) that occurred after at least three
years after initiation of ADT, a composite of HF, MI, stroke, and cardiovascular mortality. HF,
MI, and stroke were identified by ICD-9 codes listed in Supplementary Table 8.1, while
cardiovascular mortality was identified by ICD-9 or ICD-10 codes listed in Supplementary
Table 8.2.
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8.2.4. Statistical analyses

VVHYV was calculated using all HbA 1c measurements within three years after ADT initiation.
For patients with at least three HbA 1¢ measurements available within three years before ADT
initiation, mean HbAlc and VVHV prior to ADT initiation were also calculated; no imputations

were performed for patients with less than three HbA1c measurements within three years prior
standard deviation

to ADT initiation. VVHV was measured by the coefficient of variation (CV; ),

mean

N-1
~1|HbAlck41—HbALC .
Zicz | N"T k', where N is the number of HbAlc

measurements available, and k ranges from 1 to N-1)(254,255). For patients who had at least
three HbAlc measurements available within three years prior to ADT initiation, per-unit

change in VVHV was defined as [Post — ADT VVHV]— [Pre — ADT VVHV] , and
POSt—ADT VVHVI=[Pre—ADT VVHV] . 4 (0o
[Pre—ADT VVHV] 0

and average real variability (ARV;

percentage change was defined as [

Continuous variables were expressed as medians with interquartile ranges (IQRs). For patients
who had at least three HbA 1c test results available in the three years prior to ADT initiation,
the CV, and ARV of HbA I¢ before and after ADT initiation were compared using the Wilcoxon
signed rank test.

As the test for proportional hazards assumption based on Schoenfield’s residuals showed no
significant violation of the proportional hazards assumption, Cox proportional hazards models
were used to evaluate the prognostic value of VVHYV after ADT initiation, and the per-unit and
percentage changes in VVHV. Exposure to medical and surgical castration were separately
modelled as time-varying variables. Univariable Cox regression was performed for baseline
variables to identify significant confounders (Supplementary Table 8.3; defined as p<0.10 on
univariable Cox regression). These identified confounders were subsequently used for
multivariable adjustment in multivariable Cox models with VVHV and changes in VVHV as
continuous variables. Measures of VVHV were standardized, such that the results represent
estimates per standard deviation (SD) increase in VVHYV measures. Patients were then divided
into quartiles by VVHYV, and multivariable Cox models were fitted again with the first quartile
as reference. Kaplan-Meier incidence curves were used to visualize the cumulative incidence
of MACE over the study duration, and hazard ratios with 95% confidence intervals (Cls) were
used as summary statistics. Furthermore, the HR across the observed spectrum of VVHYV as
compared to the observed mean of VVHV was modelled and visualized using fractional
polynomial curves.

Three a priori subgroup analyses were performed for both changes in VVHV and the
prognostic value of VVHV. To better understand if the prognostic value of VVHV differ
between diabetic and non-diabetic patients, a subgroup analysis was performed with
stratification by known diagnosis of diabetes mellitus. Similarly, a subgroup analysis was
performed with stratification by the use of any antidiabetic medication, with testing for
interaction. Another subgroup analysis was performed for the type of ADT (medical castration,
BO, or both) to understand in greater detail the prognostic power of VVHYV in different types
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of ADT. Per-unit and percentage changes in the markers of VVHV were compared between
subgroups using Mann-Whitney test or Kruskal-Wallis test as appropriate, while interaction
terms were used in multivariable Cox regression to compare the prognostic value of the
markers of VVHV between subgroups.

Three sensitivity analyses were performed. As non-cardiovascular mortality prohibits the
observation of any potential major adverse cardiovascular event (MACE) in those who had not
experienced MACE, non-cardiovascular mortality constitutes a competing event for MACE.
Therefore, an a priori sensitivity analysis was performed using multivariable competing risk
regression under the Fine and Gray sub-distribution model, with non-cardiovascular mortality
as the competing event and the same adjusting variables as in the fully adjusted Cox model,
sub-hazard ratios with 95% ClIs were used as summary statistics.

Additionally, as the cumulative incidence curves crossed each other, a post hoc sensitivity
analysis was performed where differences in restricted mean survival time were used to
compare between groups. This approach does not rely on the proportional hazards
assumption(256).

Finally, to reduce heterogeneity in the duration of ADT, a second post hoc sensitivity analysis
was performed where only patients with at least 18 months of androgen deprivation therapy
were analyzed. This was also done in an effort to mitigate the herein lack of staging and disease
risk profile data, as androgen deprivation therapy of one year or longer is unlikely to be used
in patients with low-risk prostate cancer(193,240).

All p-values were two-sided, with p<0.05 considered statistically significant. All analyses were
performed on Stata v16.1 (StataCorpLLC, College Station, Texas, USA).

8.3. Results

Altogether, 13,537 patients were identified, of whom 2198 had at least three HbAlc results
available within three years after ADT initiation. After applying the exclusion criteria, 1065
patients were included (Figure 8.1; median age 74.4 years old [IQR 68.3-79.5 years old]), of
whom 850 (79.8%) had DM. Characteristics of included patients are summarized in Table 8.1.
Within the three years after ADT initiation, the patients had a median of 5 [4-6] available
HbA1c measurements. The median CV of HbAlc was 0.081 [0.046-0.135], and the median
ARV was 0.57% [0.31%-1.03%]. The 25" percentile, median, and 75" percentile values were
also used for defining the cut-off values for categorizing the VVHV markers into quartiles.
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Figure 8.1 Study flowchart. ADT, androgen deprivation therapy.

Patients aged 18 years old or above with prostate cancer who
received ADT during the study period
N=13,537

Patients excluded for:
Less than three HbA1c results availablein the three years after
ADT initiation (N=11,339)

Patients aged 18 years old or above with prostate cancer who
received ADT during the study period and has at least three
HbAlc results availablein the three years after ADT initiation
N=2198

Patients excluded for:
ADT duration <6 months (N=174)
Prior diagnosis of heart failure (N=148)
Prior diagnosis of myocardialinfarction (N=78)
Prior diagnosis of stroke (N=206)
Missing baseline HbA1c level (N=359)
Primary outcome occurring within three years (N=168)

Patients analyzed
N=1065

Table 8.1 Baseline characteristics of included patients.

Total number of patients, N 1065

Age, years [IQR] 74.4 [68.3-79.5]
Medical castration, N (%) 762 (71.6)
Bilateral orchiectomy, N (%) 430 (40.4)
ADT duration, years [IQR] 3.4[2.3-5.7]
Hypertension, N (%) 401 (37.7)
Diabetes mellitus, N (%) 850 (79.8)
Dyslipidaemia, N (%) 166 (15.6)

Ischaemic heart disease, N (%) 155 (14.6)
Chronic kidney disease, N (%) 41 (3.9)

Atrial fibrillation, N (%) 37 (3.5)
Known malignancy, N (%) 103 (9.7)
Prior radiotherapy, N (%) 41 (3.9)
Prior radical prostatectomy, N (%) 269 (25.3)
ACEI/ARB use, N (%) 599 (56.2)
Beta-blocker use, N (%) 476 (44.7)
Metformin use, N (%) 627 (58.9)
Sulphonylurea use, N (%) 565 (53.1)
Insulin use, N (%) 183 (17.2)
Dihydropyridine CCB use, N (%) 623 (58.5)
Antiplatelet use, N (%) 298 (28.0)
Anticoagulant use, N (%) 36 (3.4)
Chemotherapy use, N (%) 6 (0.6)
Steroid use, N (%) 164 (15.4)
HbAlc, % [IQR] 6.7 [6.1-7.4]

ACE]I, angiotensin-converting enzyme inhibitor. ADT, androgen deprivation therapy. ARB,
angiotensin receptor blocker. CCB, calcium channel blocker. IQR, interquartile range.
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&.3.1. Change in VVHYV after ADT initiation

Seven-hundred-and-nine patients (66.6%) had at least three HbA 1c measurements within the
three years prior to ADT initiation, with a median of 5 [3-7] measurements in the three years
prior to ADT initiation, and 5 [4-7] measurements in the three years after ADT initiation.

VVHYV increased significantly after ADT initiation, as measured by both CV (0.059 [0.036-
0.103] pre-ADT vs 0.089 [0.054, 0.139] post-ADT, p<0.001) and ARV (0.44% [0.26%-0.77%]
pre-ADT vs 0.63% [0.39%-1.08%] post-ADT, p<0.001). The median per-unit change in CV
was 0.023 [-0.013-0.071], and the median percentage change was 43.0% [-17.3%-147.5%].
The median per-unit change in ARV was 0.17% [-0.09%-0.50%], and the median percentage
change was 43.1% [-18.0%-138.1%]. In total, 473 (66.2%) and 474 (66.9%) had increased CV
and ARV of HbA 1¢ after initiating ADT, respectively.

Subgroup analysis by prior diagnosis of DM (Supplementary Table 8.4), prior use of
antidiabetic medication(s) (Supplementary Table 8.5), and type of ADT (Supplementary
Table 8.6) found that there were generally no differences between subgroups in the change in
VVHYV after ADT initiation, except for the percentage change in CV of HbAlc which was
significantly smaller in those who used antidiabetic medication(s) as compared to those who
did not use such medication(s) at baseline (p=0.025). There was also a numerical trend for a
smaller percentage change in the ARV of HbAIc in those who used antidiabetic medication(s)
which approached, but did not reach, statistical significance (p=0.072).

8.3.2. Prognostic value of VVHV

Over a median follow-up of 4.3 years [2.8-6.7 years], 159 patients (14.9%) had MACE. Higher
VVHYV was associated with higher risk of MACE, as measured by both CV (adjusted hazard
ratio (aHR; per SD) 1.21 [95% confidence interval 1.02, 1.43], p=0.029; Table 8.2 and Figure
8.2A) and ARV (aHR (per SD) 1.25 [1.06, 1.48], p=0.008; Table 8.2 and Figure 8.3A); one
SD of CV corresponded to 0.082, and one SD of ARV corresponded to 0.72%. When analyzed
as quartiles, patients in the highest quartile of both the CV (aHR 1.69 [1.03, 2.77], p=0.037,
Table 8.2 and Figure 8.2B) and ARV (aHR 1.90 [1.14, 3.16], p=0.014; Table 8.2 and Figure
8.3B) of HbAlc had significantly higher risk of MACE than the lowest quartile. However,
among patients who had at least three HbAlc results within the three years prior to ADT
initiation, neither per-unit changes nor percentage changes in VVHV were significantly
associated with the risk of MACE (Supplementary Table 8.7).
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Table 8.2 Results of Cox regression examining the associations between visit-to-visit HbAlc variability and the risk of major adverse

cardiovascular events.

Variability measure

Variability as continuous variable
(per SD increase)

Variability as quartiles

Univariable Multivariable! Q1

0.081 [0.046-0.135]

0.030[0.020-0.039]

123 [1.06, 121 [1.02,

1.44], p=0.008  1.43], p=0.029 1 (reference)

1.42], p=0.532

Q3! Q4'
0.104  [0.092- 0.186  [0.157-
0.116] 0.239]
1.29 [0.80, 1.69 [1.03, 2.77],

2.08], p=0.306  p=0.037

0.57 [0.31-1.03]

0.20 [0.15-0.27]

0.43 [0.38-0.50]

0.75[0.65-0.85] 1.50 [1.20-2.05]

Median [IQR]
Ccv

HR [95% CI]

Median [IQR], %
ARV HR [95% CI]

1.31 [1.12, 1.25 [1.06,

1.53],p=0.001 1.48],p=0.008 | (reference)

2.08], p=0.383

131 [0.80, 1.90 [1.14, 3.16],
2.17], p=0.283  p=0.014

ARV, average real variability. CI, confidence interval. CV, coefficient of variation. HR, hazard ratio. SD, standard deviation.

! Adjusted for age, medical castration, bilateral orchiectomy, ADT duration, hypertension, atrial fibrillation, and baseline HbA lc.
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Figure 8.2 (A) Fractional polynomial plot showing the association between the coefficient of
variation (CV) of HbAlc and the risk of major adverse cardiovascular events (MACE) across
the observed range of HbA1c CV; and (B) Kaplan-Meier curves curves showing the cumulative
incidence of MACE in patients in each quartile of the CV of HbAlc. ADT, androgen
deprivation therapy.
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Figure 8.3 (A) Fractional polynomial plot showing the association between the average real
variability (ARV) of HbAlc and the risk of major adverse cardiovascular events (MACE)
across the observed range of HbAlc ARV; and (B) Kaplan-Meier curves showing the
cumulative incidence of MACE in patients in each quartile of the ARV of HbAlc. ADT,
androgen deprivation therapy.
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&.3.3. Subgroup analysis of the prognostic value of VVHV

In the subgroup analysis by prior diagnosis of DM (Supplementary Table 8.8), higher VVHY,
as measured by CV (aHR (per SD) 1.25 [1.03, 1.52], p=0.024) and ARV (aHR (per SD) 1.27
[1.06, 1.52], p=0.009), was associated with a higher risk of MACE in patients with prior
diagnosis of DM (N=850), but not in those without (N=215). There was no significant
interaction between neither CV (pinteraction=0.396) nor ARV (pinteraction=0.603) of HbAlc and
prior diagnosis of DM in terms of the risk of MACE.

Similarly, in the subgroup analysis by prior use of any antidiabetic medication(s)
(Supplementary Table 8.9), higher VVHV, as measured by CV (aHR (per SD) 1.23 [1.01,
1.50], p=0.041) and ARV (aHR (per SD) 1.24 [1.04, 1.49], p=0.020), was associated with a
higher risk of MACE in patients with prior use of any antidiabetic medication(s) (N=788), but
not in those without (N=277). There was no significant interaction between neither CV
(pinteraction=0.583) nor ARV (pinteraction=0.972) of HbAlc and prior use of any antidiabetic
medication(s) in terms of the risk of MACE.

Subgroup analysis by the type of ADT found similar results (Supplementary Table 8.10), with
higher VVHYV, as measured by CV (aHR (per SD) 1.32 [1.05, 1.67], p=0.017) and ARV (aHR
(per SD) 1.31 [1.04, 1.65], p=0.024), being associated with a higher risk of MACE in patients
who only underwent medical castration (N=635), but not in those who only underwent BO
(N=303), nor those who underwent both medical castration and BO (N=127), as summarized
in Supplementary Table 8.10. No significant interactions were found between the type of
ADT and VVHYV in terms of the risk of MACE.

8.3.4. Sensitivity analysis of the prognostic value of VVHV

In total, 367 patients (34.5%) died without having MACE. Sensitivity analysis using
multivariable Fine and Gray competing risk regression found that higher ARV of HbAlc was
associated with a higher cumulative incidence of MACE (adjusted sub-hazard ratio (per SD)
1.15[1.01, 1.32], p=0.037). However, CV of HbAlc was not significantly associated with the
cumulative incidence of MACE (adjusted sub-hazard ratio (per SD) 1.11 [0.96, 1.29], p=0.142).

The post hoc sensitivity analysis using restricted mean survival time (Supplementary Table
8.11) showed consistent results, where patients in the highest quartile of both CV and ARV
having significantly shorter restricted mean survival time compared to those in the lowest
quartile. The second post hoc sensitivity, which analyzed only patients with at least one year
of ADT (N=1030), also showed consistently that increases in both CV (aHR (per SD) 1.21
[1.02, 1.44], p=0.026) and ARV (aHR (per SD) 1.26 [1.07, 1.49], p=0.006) of HbAlc were
associated with increased risk of MACE.
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8.4. Discussion

In this study, we showed that ADT may increase VVHYV, and that higher VVHYV, but not
changes in VVHYV, was associated with a higher risk of MACE among patients with PCa
receiving ADT. To the best of the authors’ knowledge, this is the first study that explored the
effects of ADT on VVHYV, as well as the prognostic value of VVHYV in the context of ADT.

We found that VVHV increased after ADT, consistent with prior findings of ADT being
associated with poor glycaemic control(195,245-248). Previous studies about glycaemic
control in patients receiving ADT focused on timepoint-specific HbAlc or fasting glucose
levels, which captures only a snapshot of a patient’s glycaemic metabolism and ignores
temporal variations in glycaemic indices. VVHV adds a longitudinal element to the assessment
of glycaemic control, with higher VVHV indicating lower glycaemic stability. Numerous
measures of VVHYV exist(250,252,257). Here, we chose CV and ARV as measures of VVHV.
CV is one of the most common measures of VVHYV, as its definition (SD divided by mean)
inherently considers the effects of mean HbAlc on VVHV. Meanwhile, ARV focuses on
differences between consecutive measurements and has been found to be superior to SD in
terms of prognostic significance(255). Originally devised for blood pressure measurements,
ARV has been adopted for VVHV(250), as well as visit-to-visit fasting glucose
variability(258,259). We showed that both CV and ARV of HbAlc increased after ADT
initiation, providing robust evidence that ADT adversely affects glycaemic stability.

Our finding that higher VVHV was prognostic of MACE agrees with prior studies of VVHV
in other populations(249-253). Notably, our results indicated that a threshold effect may exist
in the relationship between VVHYV and the risk of MACE, as only the highest quartile, but not
the 2" or 3™ quartiles, was associated with increased risk of MACE compared to the lowest
quartile. Clinically, this may necessitate determination of an upper limit of normal VVHYV,
rather than aiming to minimize VVHYV; further, larger studies are required. Additionally, our
subgroup analysis found no significant interaction between VVHYV and prior diagnosis of DM,
use of antidiabetic medications, or the type of ADT, suggesting that VVHV is prognostic
regardless of these factors. Although associations were insignificant in several subgroups, the
statistical insignificance was probably due to the small sample sizes. Nevertheless, competing
risk regression found significant association only between HbA1c ARV and the risk of MACE.
Kim and colleagues have made similar observations in patients with type 2 DM, possibly
indicating that ARV is a more robust measure of VVHV and prognosticator(250).

&.4.1. Clinical relevance and future directions

Clinically, our findings reinforced the potential utility of VVHV as a tool for cardiovascular
risk stratification. Little has been done in terms of cardiovascular risk stratification for patients
with PCa receiving ADT. VVHV may be a simple marker that can be explored for such
purposes. More generally, our findings should raise clinicians’ awareness of the importance of
VVHY, and prevent fluctuations in HbAlc from being dismissed as random or measurement
errors.
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Nonetheless, much work remains before VVHV may be adopted for clinical use. Having
observed a possible threshold effect, normal values of VVHYV need to be established for patients
with PCa receiving ADT. Additionally, drivers of VVHV remain unclear: whilst medication
adherence may be an intuitive driver, studies have demonstrated associations between VVHYV,
inflammation, and oxidative stress(260,261). Given the intimate relationships between
inflammation and both cancer and cardiovascular diseases(262,263), the association between
VVHYV and the risk of MACE may vary depending on a patient’s inflammatory state. Lastly,
whilst it is enticing to suggest VVHV to be a treatment target of glycaemic control, it remains
unclear how interventions, both pharmacological and non-pharmacological, influence VVHV.
Findings from our subgroup analysis suggested that usage of antidiabetic medication(s) may
be associated with smaller changes in VVHV as compared to non-usage. However, it remained
unclear whether such association was independent of confounders, and such findings should
be viewed as hypothesis-generating only. These areas require further investigation before
VVHYV may be utilized clinically.

8.4.2. Strengths and limitations

Utilizing data from a population-based database, this study included as many patients as
pragmatically possible from Hong Kong, increasing the representativeness of our findings.
Additionally, we demonstrated robust associations between VVHV and the risk of MACE in
multiple subgroup and sensitivity analyses, reinforcing the wvalidity of our findings.
Nonetheless, this study has some limitations. First, many patients had less than three HbAlc
levels recorded within the three years after ADT initiation, with only 1065 of 13,537 patients
(7.9%) who fulfilled the inclusion criteria analyzed, limiting the generalizability of our findings,
and necessitating larger studies to validate our findings. Furthermore, this study selected
patients with high cardiometabolic risks, as they were more likely to receive frequent HbAlc
testing than those with low metabolic risks. Therefore, it is unclear whether VVHV would be
as prognostic in patients with lower metabolic risks. Similarly, our selection criteria for patients
with at least six months of ADT limited generalizability of our findings to patients receiving
shorter durations of ADT. Future studies should therefore further explore the effects that shorter
courses of ADT may have on VVHY, as well as the prognostic value of VVHYV in these patients.
Nonetheless, our findings were consistent with prior findings, including those in the general
population(257), meaning VVHYV is likely prognostic in patients with lower metabolic risks as
well.

Additionally, the observational nature of this study predisposed to residual and unmeasured
confounders. Specifically, some studies have suggested that gonadotropin-releasing hormone
agonists and antagonists may differ in the risk of MACE(264), although this has remained
highly controversial following the publication of the PRONOUNCE trial, the first randomized
controlled trial specifically designed to compare the cardiovascular safety of gonadotropin-
releasing hormone agonists and antagonists, which found no significant difference in the risk
of MACE between these agents(95). Moreover, cancer staging, histology, disease risk profile,
and individual indications for specific treatment regimens were not available. Nevertheless, we
have considered many important cardiovascular risk factors for multivariable adjustment.
Lastly, due to the deidentified nature of the database used (CDARS), the data could not be
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individually adjudicated, and miscoding of diagnoses and outcomes was possible. Nonetheless,
all data input were performed by the patients’ treating clinicians who were independent of the
authors, and none of the authors had the rights to alter recorded data. Previous studies of
CDARS have also demonstrated good data completeness and coding accuracy(232).

8.5. Conclusions

In patients with PCa receiving ADT, VVHYV increased after ADT initiation. Higher VVHV was
associated with increased risk of MACE, independent of prior diagnosis of DM, use of
antidiabetic medication(s), and the type of ADT. Further studies are required to validate our
findings, and to further explore VVHYV as a potential tool for cardiovascular risk stratification
in patients with PCa receiving ADT.
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9. Chapter 9: Long-term cardiovascular risks of gonadotropin-releasing hormone
agonists and antagonists: a population-based cohort study

This chapter is based on the following publication: Chan JSK*, Lee YHA", Hui JMH, Liu K,
Dee EC, Ng K, Tang P, Tse G, Ng CF. Long-term cardiovascular risks of gonadotropin-

releasing hormone agonists and antagonists: a population-based cohort study. Clin Oncol. 2023;
35(6): E376-E383. doi: 10.1016/j.clon.2023.03.014 * co-first authors

9.1. Introduction

Androgen deprivation therapy, which may be pharmacological or surgical (bilateral
orchiectomy) castration, is the cornerstone of advanced prostate cancer (PCa) treatment. In
particular, pharmacological androgen deprivation therapy commonly consist of the use of
gonadotropin-releasing hormone (GnRH) agonists or antagonists; whilst both of these drug
classes include more than one agent, they are considered equivalent within their respective
classes from the oncological perspective (240). Whilst studies have suggested the GnRH
antagonists may be superior to agonists in terms of oncological outcomes or survival (265,266),
both agents remain in use and are recommended by international guidelines (194).

Due to its modulation of sex hormones which have substantial downstream cardiovascular
effects, androgen deprivation therapy has been shown to be associated with increased
cardiovascular risks in general (40). Specifically, studies have suggested that two major types
of pharmacological androgen deprivation therapy, namely GnRH agonists and antagonists, may
display different cardiovascular safety profiles (40). Although the recent PRONOUNCE
randomized controlled trial (RCT) attempted to compare the cardiovascular risks associated
with these agents, its insufficient power prevented definitive conclusions to be drawn (95).
Furthermore, both cardiovascular epidemiology and outcome of PCa are known to have
significant inter-ethnic variations, with Asians having higher burden of atherosclerotic
cardiovascular diseases than those of other ethnicities but, amongst patients with hormone-
sensitive metastatic PCa, better overall survival than those of other ethnicities (267-269). The
relative cardiotoxicity of androgen-depriving agents observed in non-Asian cohorts therefore
may not be directly applicable to Asians. Thus, we aimed to compare the long-term
cardiovascular safety of GnRH agonists and antagonists in Asian patients with PCa.

9.2. Materials and methods

This prospective cohort study was in line with the Declaration of Helsinki and the
Strengthening the Reporting of Observational Studies in Epidemiology guideline. This study
has been approved by The Joint Chinese University of Hong Kong — New Territories East
Cluster Clinical Research Ethics Committee. Requirement for consent was waived due to the
use of anonymised data.
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9.2.1. Data source

All data were retrieved from the Clinical Data Analysis and Reporting System (CDARS), a
population-based electronic health records database prospectively recording data of all patients
attending public healthcare institutions in Hong Kong which serve an estimated 90% of Hong
Kong’s population (199). Diagnoses were coded by the International Classification of Diseases,
Ninth revision (ICD-9) codes regardless of the time of data entry, as ICD-10 codes have not
been implemented in CDARS to date. Mortality data were obtained from the linked Hong Kong
Death Registry, a governmental registry that holds all Hong Kong citizen’s death records.
Causes of mortality were recorded using either ICD-9 or ICD-10. All the codes used for
comorbid conditions or outcomes and causes of death were summarized in Supplementary
Tables 9.1 and 9.2, respectively. CDARS has been used in previous studies and shown to have
good coding accuracy (60,121,201,232,270).

9.2.2. Patients

Adult patients (>18 years old) with PCa receiving either GnRH agonists (leuprorelin, triptorelin,
or goserelin) or antagonist (degarelix; relugolix is not available in Hong Kong to date) in Hong
Kong between January 2013 and March 2021 were included. Patients with less than six months’
prescriptions of GnRH agonists or antagonists, switching between both classes, missing
baseline (pre-treatment) prostate-specific antigen level, or prior stroke or myocardial infarction
(MI) were excluded. Six months was chosen as the minimum duration of GnRH agonist or
antagonist use to increase confidence that any observed differences in cardiovascular risk were
attributable to the GnRH agonist or antagonist instead of pre-morbid conditions, and to reduce
heterogeneity in disease aggressiveness of the cohort as four to six months of androgen
deprivation therapy is recommended for intermediate-risk PCa only (194).

9.2.3. Follow-up and outcomes

A new-user design was used, with the index date defined as the first-ever date of GnRH agonist
or antagonist prescription. All patients were followed up until 31% September 2021.

The primary outcome was major adverse cardiovascular events (MACE) as defined in the
PRONOUNCE trial (MACEproNoUNCE), that is the first occurrence of all-cause mortality,
stroke, or M1.(95) The secondary outcome (MACEcvm) was a modified MACE that evaluated
cardiovascular mortality (CVM) instead of all-cause mortality.

9.2.4. Statistical analyses

Continuous variables were expressed as medians and interquartile ranges (IQRs). Inverse
probability of treatment weighting was used to balance covariates between groups. The
propensity scores were constructed using a generalized boosted model with a maximum of
10,000 regression trees and an iteration stopping point that minimized the absolute standardized
mean difference of the mean effect size. The covariates selected for inverse probability
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treatment weighting were age, comorbid conditions (hypertension, diabetes mellitus,
hyperlipidaemia, ischaemic heart disease, heart failure, chronic obstructive pulmonary disease,
atrial fibrillation, chronic kidney disease, and known metastatic malignancy), GnRH agonist or
antagonist use duration, bilateral orchiectomy, use of other medications (angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers, beta-blockers, statins,
dihydropyridine calcium channel blockers, and androgen receptor signalling inhibitors), and
baseline prostate-specific antigen level. Standardized mean difference reflected covariate
balance, with values less than 0.25 considered acceptable.

The proportional hazards assumption was found to be violated using Schoenfield residuals. As
the baseline status of hypertension had a weighted standardized mean difference of 0.231, log-
rank tests stratified for the baseline status of hypertension was used to compare the cumulative
incidence of the outcomes between groups. The cumulative incidence of MACEproNOUNCE Was
visualized using the Kaplan-Meier method. However, as non-cardiovascular death would
prohibit the occurrence of MACEcvm in those who have not had the event, non-cardiovascular
death constitutes a competing event for MACEcvm. Of note, the Kaplan-Meier method is
known to over-estimate cumulative incidences in the presence of competing events (239).
Therefore, the cumulative incidence of MACEcvm was estimated and visualized using the
Aalen-Johansen estimator (239,271). A restricted cubic spline with three knots placed at
Harrell’s recommended percentiles of survival time was used to visualize the estimated time-
varying hazard ratio with 95% confidence interval for both outcomes during the study period
(136,272).

An a priori exploratory analysis was performed for both outcomes in addition to the main
analysis above, restricting follow-up to a maximum of one year which was the duration of
follow-up in the PRONOUNCE trial in order to maximize the findings’ comparability with the
PRONOUNCE trial (95). Additionally, to understand the impact of prior cardiovascular risk
factors on observed effects, an a priori subgroup analysis was performed by the presence of
cardiovascular risk factors at baseline, which were defined as any diagnosis of hypertension,
diabetes mellitus, dyslipidaemia, atrial fibrillation, heart failure, or ischaemic heart disease.
Log-rank test with stratification for baseline hypertension diagnosis was only performed for
the subgroup of patients with known cardiovascular risk factors, as those who had none of these
risk factors could not have had hypertension by definition. Finally, an a priori sensitivity
analysis was performed, including only patients who did not undergo bilateral orchiectomy due
to the well-established differences in cardiovascular risks associated with bilateral orchiectomy
(40).

All p values were two-sided, with p<0.05 considered significant. All analyses were performed
using Stata v16.1 (StataCorp LLC, USA).
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9.3. Results

In total, 5007 patients were identified for inclusion. After applying the exclusion criteria
(Figure 9.1), 2479 patients (162 GnRH antagonist users and 2317 agonist users; median age
75.0 years old, IQR 68.0-81.6 years old) were analysed. Inverse probability treatment
weighting achieved acceptable balance for all covariates (standardized mean difference <0.25;
Table 9.1). In total, 1161 patients (46.8%) had known cardiovascular risk factor(s), of whom
92 (7.9%) were GnRH antagonist users; 70 of the 1318 patients (5.3%) without known
cardiovascular risk factors were GnRH antagonist users.

Figure 9.1 Study flowchart. ADT, androgen deprivation therapy. GnRH, gonadotropin-
releasing hormone. PSA, prostate-specific antigen.

Patients eligible for inclusion
N=5007

Patients excluded for:
<6 months of ADT (N=1426)
Switching between GnRH agonist and antagonist (N=634)
Prior stroke (N=320)
Prior myocardial infarction (N=98)
Missing baseline PSA level (N=50)

Patients analyzed
N=2479
GnRH antagonist users: 162
GnRH agonist users: 2317
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Table 9.1 Unweighted baseline characteristics between gonadotropin-releasing hormone (GnRH) antagonist and agonist users.

GnRH antagonist GnRH agonist users Unweighted SMD SMD with [IPTW
users (N=162) (N=2317)

Duration of ADT prescription, days 420 [272-660] 882 [528-1235] 0.713 0.146
6 months to 2 years, N (%) 130 (80.3) 946 (40.8) 0.880 0.147
>2 years, N (%) 32 (19.8) 1371 (59.2) ' )

Age, years 76.8 [69.5-82.6] 74.9 [67.9-81.6] 0.115 0.157

Bilateral orchidectomy, N (%) 27 (16.7) 98 (4.2) 0.568 0.138

Hypertension, N (%) 67 (41.4) 680 (29.3) 0.262 0.231

Diabetes mellitus, N (%) 40 (24.7) 561 (24.2) 0.011 0.037

Hyperlipidaemia, N (%) 24 (14.8) 256 (11.0) 0.119 0.023

Ischaemic heart disease, N (%) 24 (14.8) 189 (8.2) 0.238 0.181

Heart failure, N (%) 7(4.3) 74 (3.2) 0.063 0.067

Chronic obstructive pulmonary disease, N (%) 8(4.9 105 (4.5) 0.019 0.019

Atrial fibrillation, N (%) 12 (7.4) 95 (4.1) 0.163 0.196

Chronic kidney disease, N (%) 8 (4.9) 66 (2.8) 0.123 0.028

Any known malignancy, N (%) 20(12.4) 231 (10.0) 0.079 0.054

Ever underwent radiotherapy, N (%) 24 (14.8) 412 (17.8) 0.078 0.119

Ever underwent radical prostatectomy, N (%) 32 (19.8) 575 (24.8) 0.118 0.014

Anti-diabetic medication(s), N (%) 34 (21.0) 497 (21.5) 0.011 0.025

ACEI/ARB, N (%) 53 (32.7) 664 (28.7) 0.089 0.105

Beta-blocker, N (%) 64 (39.5) 763 (32.9) 0.139 0.133

Statin, N (%) 68 (42.0) 797 (34.4) 0.158 0.005

Dihydropyridine calcium channel blocker, N (%) 81 (50.0) 1023 (44.2) 0.118 0.048

Ever received chemotherapy, N (%) 34 (21.0) 373 (16.1) 0.132 0.073

Ever received ARSI, N (%) 83 (51.2) 1328 (57.3) 0.123 0.025

Baseline prostate-specific antigen, ng/mL 397 [109-1339] 40 [11-166] 0.798 0.126

ACE], angiotensin-converting enzyme inhibitor. ARB, angiotensin receptor blocker. ADT, androgen deprivation therapy. ARSI, androgen receptor
signalling inhibitor. IPTW, inverse probability of treatment weighting. SMD, standardized mean difference.
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Over a median follow-up duration of 3.0 years (IQR 1.7-5.0 years; 1.4 years (0.9-2.6 years) for
antagonist users, and 3.1 years (1.8-5.2 years) for agonist users), 1115 patients (45.0%) had
MACEprronounce and 344 (13.9%) had MACEcvwm, of which 178 (7.2%) and 67 (2.7%) had
MACErronounce and MACEcvw in the first year, respectively; 771 patients (31.1%) had died
before MACEcvm occurred. Specifically, 571 (43.3%) and 164 (12.4%) of the 1318 patients
without known cardiovascular risk factors had MA CEpronounce and MACEcvm, respectively,
whilst 544 (46.9%) and 180 (15.5%) of the 1161 patients with known cardiovascular risk
factor(s) had MACEpronounce and MACEcvw, respectively. The overall observed incidence
rate of MACEpronouNcE Was 13.3 [95% confidence interval: 12.6, 14.1] events per 100 person-
years, and that of MACEcvm was 4.1 [3.7, 4.6] events per 100 person-years. Table 9.2
summarizes the events that contributed to MACEpronounce and MACEcvm.

Table 9.2 Events contributing to the primary and secondary outcomes. Mortality, myocardial
infarction, and stroke were mutually exclusive, while all-cause mortality and cardio-vascular
mortality were not mutually exclusive as they contributed to different outcomes.

GnRH antagonist users GnRH agonist  users

(N=162) (N=2317)
All-cause mortality, N (%) 86 (53.1) 824 (35.6)
Cardiovascular mortality, N (%) 3 (1.9) 48 (2.1)
Myocardial infarction, N (%) 9(5.6) 50 (2.2)
Stroke, N (%) 11 (6.8) 135 (5.8)

Gonadotropin-releasing hormone, GnRH.

Overall, GnRH agonist users had significantly lower risks of MACEpronouNcE (both
unstratified and stratified log-rank tests p<0.001; Figure 9.2A) and MACEcvm (unstratified
log-rank test p=0.016, stratified log-rank test p=0.027; Figure 9.2C). Restricted cubic splines
showed that the hazard ratio for MACEprronouNce was clearly significant throughout the study
period (Figure 9.2B), but less so for MACEcvm (Figure 9.2D).
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Figure 9.2 On the left, cumulative incidence curves visualize the cumulative incidence of major
adverse cardiovascular events (MACE) as defined by the PRONOUNCE trial (A), and MACE
defined as cardiovascular mortality (CVM), myocardial infarction, and stroke (C) amongst
gonadotropin-releasing hormone (GnRH) agonist and antagonist users. On the right, restricted
cubic splines visualize the variation of hazard ratio throughout the study period for MACE as
defined by the PRONOUNCE trial (B) and MACE defined as CVM, myocardial infarction,
and stroke (D); hazard ratios were referenced against GnRH antagonist users, and the dash lines
indicate the 95% confidence intervals.
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However, exploratory analysis restricting the follow-up duration to a maximum of one year
found no significant difference between GnRH agonist and antagonist users in terms of the
risks of both MACEproNouNcE (unstratified log-rank test p=0.233, stratified p=0.308) and
MACEcvwm (unstratified log-rank test p=0.300, stratified p=0.357).

Subgroup analysis by the presence of cardiovascular risk factors at baseline showed that in
those without known cardiovascular risk factors, GnRH antagonist users had significantly
higher risk of MACEpronounck (log-rank test p<0.001; Figure 9.3A) and MACEcvwm (log-rank
test p=0.008; Figure 9.3B), while no significant difference was observed in the risks of both
MACEprronounce (unstratified log-rank test p=0.532, stratified p=0.624; Figure 9.3C) and
MACEcvm (unstratified log-rank test p=0.587, stratified p=0.650; Figure 9.3D) in those with
known cardiovascular risk factors.
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Figure 9.3 Cumulative incidence curves visualizing the cumulative freedom from major
adverse cardiovascular events (MACE) as defined by the PRONOUNCE trial (A, C) and
MACE defined as cardiovascular mortality (CVM), myocardial infarction, and stroke (B, D)
in those without cardiovascular risk factors at baseline (A, B), and in those with cardiovascular
risk factor(s) at baseline (C, D). GnRH, gonadotropin-releasing hormone.
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Sensitivity analysis showed that amongst patients who did not undergo bilateral orchiectomy
(N=2354), GnRH agonist users remained to have significantly lower risks of MACEprONOUNCE
(both unstratified and stratified log-rank tests p<0.001) and MACEcvm (unstratified log-rank
test p=0.022, stratified log-rank test p=0.031).

9.4. Discussion

In this population-based prospective cohort study, we found that GnRH agonists may be
associated with lower long-term, but not short-term, cardiovascular risks than antagonists,
specifically among patients without known cardiovascular risk factors at baseline.

Existing evidence comparing the cardiovascular safety of GnRH agonists and antagonists is
inconclusive (96). In an international observational study, GnRH antagonist users with known
cardiovascular risk factors had higher risks of MI and arrythmia compared to GnRH agonist
users (97). Nonetheless, a meta-analysis of RCTs suggested that GnRH antagonists were
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associated with lower risks of cardiovascular events, though it was noted that the trials

generally had short durations of follow-up, and that cardiovascular events were not reported as

pre-specified outcomes (264). Indeed, a post-hoc analysis of six RCTs by Albertsen and

colleagues, one of the earliest work in this area, only analysed cardiovascular events up to one

year after initiation of GnRH agonists or antagonists, with none of the RCTs powered or

designed for detecting differences in cardiovascular events (273). Similarly, the

aforementioned PRONOUNCE trial, the first RCT intended to compare the cardiovascular

safety of these agents, only followed up patients for one year.(95) These were in contrast to the

generally longer follow-up duration in observational studies, which may have influenced the

observed effects.(96) Our results suggested that short-term risks may not be directly

extrapolatable to longer terms, with the observation that GnRH antagonists may be associated

with higher cardiovascular risk over longer terms, but not within the first year. Having observed

comparable first-year events rates (4.8% in the PRONOUNCE trial and 7.2% in this study) and

no significant differences between GnRH agonists and antagonists within the first year, our

findings agree with and build on the results of the PRONOUNCE trial. Furthermore, we noted

that, likely for maximizing power, the PRONOUNCE trial defined MACE as a composite of
all-cause mortality, MI, and stroke (i.e. MACEprronouNce in this study), instead of the

conventional definition of cardiovascular mortality, M1, and stroke (i.e. MACEcvwm in this study)
which was recommended by both the Food and Drug administration of the United States of
America and the European Medicines Agency (274,275). This discrepancy led to our

exploration of MACEcvm in this study, the results of which further supported that GnRH

antagonists may carry significantly higher long-term cardiovascular risks than GnRH agonists.

Overall, further studies should consider specific exploration of short- and long-term outcomes,

as well as standardized definitions of cardiovascular events.

In addition, we observed that differences in the risk of MACE were only observed amongst
those without any known cardiovascular risk factor at baseline. George and colleagues have
also observed that baseline cardiovascular risk factors may be an effect modifier, observing
that the relative effect on the risk of arrhythmia was higher in those without known
cardiovascular risk factors, though the relative effect on the overall risk of any cardiovascular
disease was only significant in those with known cardiovascular risk factor(s) (97). Whilst the
reasons underlying such differences in effects were unclear, a possible reason could be that
GnRH agonists or antagonists and cardiovascular risk factors do not interact in an additive nor
synergistic manner, such that in patients with known cardiovascular risk factor(s),
cardiovascular risk factors were the predominant drivers of cardiovascular events, masking the
effects by GnRH agonists or antagonists; contrastingly, among those without such risk factors,
the effects by GnRH agonists or antagonists were not masked, resulting in statistically
significant differences. Nonetheless, the above reasoning is speculative, and these findings
from subgroup analyses should be viewed cautiously as hypothesis-generating only. Further
studies exploring the impact of cardiovascular risk factors on GnRH agonist and antagonist-
related cardiotoxicity are required.

Nonetheless, observational studies, as is this study, are prone to biases and confounders which
may significantly skew the results. Unfortunately, no RCT to date has been adequately powered
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to compare the cardiovascular safety of these agents, including the recent HERO trial which
suggested that relugolix, a GnRH antagonist, may be associated with a >50% reduction in
cardiovascular events when compared to leuprolide, a GnRH agonist (276). The
aforementioned PRONOUNCE trial, the first RCT designed to compare the cardiovascular
safety of these agents, was eventually underpowered due to recruitment issues and low event
rates (95). A recent analysis by Tiwari and colleagues demonstrated that with the event rates
observed in PRONOUNCE, an estimated 2170 patients, over twice the planned sample size
and four times the eventual sample size of PRONOUNCE, would be required to achieve a 80%
power for a hazard ratio of 0.49 with a two-sided alpha of 0.05 (96). Such sample sizes are
unlikely to be logistically and financially feasible. Tiwari and colleagues further argued that
the results of PRONOUNCE and their post-hoc analysis showed that any difference between
GnRH agonists and antagonists would be small and not clinically meaningful (96). However,
as aforementioned, the one-year risks examined in PRONOUNCE may not be extrapolatable
to longer terms. Therefore, we believe that continued efforts of investigating the cardiovascular
safety of these agents remain warranted, and prospective registries with clear documentation
of baseline cardiovascular risks and long follow-up may be the most pragmatic way in which
one may attempt to bridge this gap in evidence.

9.4.1. Strengths and limitations

With a mean follow-up duration of 3.5 years, our study is, to the best of our knowledge, the
first to compare the long-term cardiovascular safety of GnRH agonists and antagonists in Asian
patients with PCa. Making use of population-based data, our findings are likely representative
and widely generalizable, at least within Asia.

Nonetheless, this study was limited by its observational nature which predisposes to
confounding and biases, including bias by indication. Specifically, Albertsen and colleagues
published their analysis, which favoured GnRH antagonists in terms of cardiovascular
outcomes, in 2014 (273). As we included patients prescribed GnRH agonists or antagonists
between 2013 and 2021, clinicians may have been influenced and were inclined to prescribe
GnRH antagonists for those at higher cardiovascular risks, driving a worse cardiovascular
outcome. Nevertheless, this has been mitigated as much as possible by including multiple key
prognostic factors in the inverse probability treatment weighting. This study’s inclusion and
exclusion criteria, which excluded patients with <6 months of ADT use or those who had no
available baseline prostate-specific antigen level, may also predispose to selection bias,
selecting for patients who did not have mortality nor any event that prevented continued use of
ADT, and those who had less comprehensive workup prior to ADT initiation which may reflect
quality of care. Having only included patients in Hong Kong, it is also possible that the
prescription patterns of GnRH agonists and antagonists were influenced by the predominantly
public and heavily subsidized nature of the local healthcare system, which may introduce
further selection bias and limit applicability of our findings to regions with other types of
healthcare systems or health-financing structures.
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Additionally, our study is limited by the lack of details with regard to prostate cancer risk group,
staging, and disease severity, which are taken into consideration when planning the type and
extent of ADT given to a patient. Metastatic PCa may also increase cardiovascular risks via
multiple mechanisms, including the requirement for other systemic, cardiotoxic PCa treatments
such as androgen receptor signalling inhibitors (40). However, is important to note that our
study assesses the duration and type of ADT and the subsequent association with cardiovascular
toxicity, rather than the association between the primary prostate cancer and cardiovascular
outcomes. This limitation was also partially mitigated by only including patients who used
GnRH agonist or antagonist for more than six months, whose indication for androgen
deprivation therapy was most likely high-risk PCa according to guideline (194). The use of
other systemic PCa treatments, such as chemotherapy and androgen receptor signalling
inhibitors, were also balanced between treatment groups by inverse probability treatment
weighting. Furthermore, we excluded patients with prior MI or stroke, which may reduce the
generalizability of our findings. Additionally, the data could not be individually adjudicated;
nonetheless, CDARS captures data entered by treating clinicians, independent of the authors.
Previous studies have also demonstrated that CDARS has good coding accuracy (232). Lastly,
as a metropolitan, Hong Kong’s population is not 100% Asian. As a result, some patients
included in this study may be non-Asians. Nonetheless, the 2021 Hong Kong census found that
91.6% of the population were Chinese, and an additional 6.6% were non-Chinese Asians (277).
It is thus likely that the overwhelming majority of the patients included in this study were
Asians, and our conclusion remains valid.

9.5. Conclusion

In conclusion, GnRH antagonists may be associated with worse long-term, but not short-term,
cardiovascular safety than GnRH agonists amongst Asian patients with PCa, particularly
amongst those without cardiovascular risk factors at baseline. Further studies exploring the
long-term cardiovascular safety of these agents, as well as investigations of the impact of
cardiovascular risk factors on the effects of these agents, are warranted.
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10. Chapter 10: Cardiovascular outcomes and hospitalizations in Asian patients receiving
immune checkpoint inhibitors: a population-based study

This chapter is based on the following publication: Chan JSK, Lakhani I, Lee TTL, Chou OHI,
Lee YHA, Cheung YM, Yeung HW, Tang P, Ng K, Dee EC, Liu T, Wong WT, Tse G, Leung
FP. Cardiovascular outcomes and hospitalizations in Asian patients receiving immune
checkpoint inhibitors: a population-based study. Curr Probl Cardiol. 2023; 48(1): 101380. doi:
10.1016/j.cpcardiol.2022.101380

10.1. Introduction

Whilst immune checkpoint inhibitors (ICI) have become an established treatment option for a
number of malignancies,(278) such as those of lung, head and neck, skin, and other organs,
recent years have seen an increasing understanding of ICI-related adverse effects, such as
hepatotoxicity, colitis, and cardiotoxicity.(279-281) ICI is associated with increased risks of
myocarditis, heart failure (HF), and myocardial infarction (MI), most of which are
mechanistically inflammatory: cardio-immune crosstalk disruptions and T-cell and
macrophage mediated response to cardiac antigens, which may be direct results of immune
checkpoint inhibition, lead to autoantibody-independent processes including inflammatory cell
infiltration and myocardial fibrosis, alongside other processes such as IgG deposition and loss
of PD-L1-dependent cardioprotection.(282,283)

Despite many reports demonstrating ICI-related cardiotoxicity, studies focusing on the effect
of ICI on cardiovascular hospitalization have been scarce. Additionally, despite some studies
having explored ICI-related adverse events in Asian cohorts,(284) a representative
quantification of the cardiovascular risks amongst Asian patients treated with ICI remains
lacking. Therefore, we aimed to quantify the burden of cardiovascular hospitalizations and the
risk of adverse cardiovascular events amongst Asian users of ICI.

10.2. Methods

This retrospective cohort study was approved by the Joint Chinese University of Hong Kong—
New Territories East Cluster Clinical Research Ethics Committee and was conducted in
accordance with the Declaration of Helsinki and the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guideline. Requirement for individual
patient consent was waived as deidentified data was used. All underlying data are available
upon reasonable request to the corresponding authors.

10.2.1. Source of data

Data were extracted from the Clinical Data Analysis and Reporting System (CDARS), a
population-based, administrative electronic medical records system in Hong Kong. CDARS
records all diagnostic, procedural and prescription records of patients attending public
healthcare institutions in Hong Kong, which serve an estimated 90% of the population.(199)

137



Diagnoses were encoded by International Classification of Diseases, Ninth Revision (ICD-9)
codes (Supplementary Table 10.1) regardless of the time of data entry, as ICD-10 has not been
implemented in CDARS to date. Mortality data and death causes were obtained from the linked
Hong Kong Death Registry, a governmental registry of all Hong Kong citizens’ death records;
causes of death were encoded by ICD-9 or ICD-10 codes (Supplementary Table 10.2). Both
CDARS and the Hong Kong Death Registry have been used extensively in prior studies and
shown to have good coding accuracy and data completeness.(60,200,231,235,238)

10.2.2. Patients, follow-up, and outcome

All patients receiving any ICI in Hong Kong between 1% January 2013 and 31* December 2021
were identified. ICI included PD-1 inhibitors (pembrolizumab or nivolumab), PD-L1 inhibitors
(atezolizumab, avelumab, or durvalumab), and CTLA4 inhibitor (ipilimumab); no other ICI
were available in Hong Kong during the study period. There were no exclusion criteria for
estimating cardiovascular hospitalizations. Patients with prior myocardial infarction (MI),
stroke, or HF were excluded when analysing the primary outcome, which was major adverse
cardiovascular event (MACE), defined as the first occurrence of MI, stroke, HF, or
cardiovascular mortality. All patients were followed up until 31 December 2021.

10.2.3. Data collected

The total number of hospitalization episodes with their respective length of stay (LOS) during
the follow-up period were recorded for each patient. Specifically, the total number of
cardiovascular hospitalizations, as determined by ICD-9 diagnostic (Supplementary Table
10.1) and procedural (Supplementary Table 10.3) codes, was recorded. Overnight
hospitalizations were recorded. Additionally, baseline variables were also recorded, which
included: age, sex, type of cancer, comorbid conditions (hypertension (defined by both ICD-9
codes and the use of antihypertensive(s)), ischaemic heart disease, MI, HF, atrial fibrillation,
diabetes mellitus (defined by both ICD-9 codes and the use of antidiabetic medication(s)),
dyslipidaemia (defined by both ICD-9 codes and the use of anti-lipid medication(s)), chronic
kidney disease, chronic obstructive pulmonary disease, chronic liver disease, stroke, and
peripheral arterial disease), and the use of other medications (angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, metformin, sulfonylurea, insulin, dipeptidyl
peptidase-4 inhibitors, beta-blockers, statins, dihydropyridine calcium channel blockers, and
chemotherapeutic agents).

10.2.4. Statistical analysis

Continuous variables were expressed as median with interquartile range (IQR). The IR of
MACE was estimated. Kaplan-Meier curves were used to visualize the cumulative incidence
of MACE over the study period. The six-month, one-year, 1.5-year, and two-year risks of
MACE were estimated using life tables. Similar to above, the IR of MACE within the first year
of follow-up were also calculated specifically, and a sensitivity analysis was performed in
which the IR of MACE was estimated only for patients with at least one year of follow-up.
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Incidence rate (IR) of hospitalizations and annualized length of stay (LOS) were estimated with
respective confidence intervals (CI) using negative binomial regression with follow-up
duration as the exposure variable. As many patients did not have overnight or cardiovascular
hospitalizations, the corresponding IR were estimated for patients who had such events using
zero-inflated negative binomial regression with constant inflation. Hospitalization-related costs
were estimated by multiplying the estimated LOS with the latest per-day cost of in-patient
hospital stay (HKD5100, corresponding to €637.5 with a conversion factor of 0.125 at the time
of writing) published by the Hong Kong Hospital Authority in 2020.(285) To account for
potential changes in IR over time, the IR of hospitalizations within the first year of follow-up
were calculated specifically. For similar reasons, a sensitivity analysis was performed with
analyses restricted to patients with at least one year of follow-up.

Two-sided p<0.05 were considered statistically significant. All statistical analyses were
performed on Stata v 16.1 (StataCorp LLC, College Station, Texas, United States of America).

10.3. Results

In total, 4324 patients were identified and included in the analysis (2905 (67.2%) males;
median age 63.5 years old, IQR 55.4-70.7 years old). Most patients received a PD-1 inhibitor
(3527 patients, 81.6%), and 59.4% (2567 patients) had chemotherapy use at baseline. Half had
lung cancer (2179 patients, 50.4%). Hypertension was documented in 1993 patients (46.1%),
dyslipidaemia in 1227 (28.4%), and diabetes mellitus in 793 (18.3%); 153 patients had prior
diagnosis of stroke, MI, or HF, and were therefore excluded from all MACE analyses. The
baseline characteristics of the study cohort were summarized in Table 10.1.

10.3.1. Major adverse cardiovascular event

Amongst the 4171 patients included in the MACE analysis, MACE occurred in 116 patients
(2.8%) over a median follow-up duration of 1.0 year (IQR 0.4-2.3 years), of which 18 (18.1%
of those with MACE; 0.4% of all patients) had cardiovascular mortality, 34 (29.3% of those
with MACE; 0.8% of all patients) had M1, 15 (12.9% of those with MACE; 0.4% of all patients)
had HF, and 55 (47.4% of those with MACE; 1.3% of all patients) had stroke; more than one
component of MACE occurred concomitantly in 9 patients (7.8% of those with MACE; 0.2%
of all patients). Patients who had MACE had higher rates of cardiovascular risk factors,
including hypertension, diabetes mellitus, dyslipidaemia, and ischaemic heart disease, and used
more cardiovascular and antidiabetic medications (Supplementary Table 10.4).

Among the 116 patients who had MACE, 90 (77.6%) had MACE within the first year, with a
median time-to-event of 0.5 year (IQR 0.2-0.9 year). This early clustering of events was also
demonstrated by the Kaplan-Meier curve (Figure 10.1). The six-month risk of MACE was
estimated to be 1.7% [95% CI: 1.4%, 2.2%], the one-year risk 2.8% [2.3%, 3.5%], the 1.5-year
risk 3.2% [2.6%, 4.0%], and the two-year risk 4.3% [3.6%, 5.3%]. Concordantly, the IR of
MACE within the first year was 2.9 [2.3, 3.5] events per 100 patient-years, with a lower overall
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IR of 1.7 [1.4, 2.0] events per 100 patient-years throughout the study period. Sensitivity
analysis of patients with at least one year of follow-up (N=2048) also yielded a lower IR of
MACE, which was estimated to be 0.9 [0.7, 1.2] events per 100 person-years.
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Table 10.1 Baseline characteristics of included patients.

All patients Patients with cardiovascular Patients without cardiovascular
hospitalization(s) hospitalization(s)

Number of patients, N 4324 188 4136
Type of immune checkpoint inhibitor
Anti-PD-1 user, N (%) 3527 (81.6) 160 (85.1) 3367 (81.4)
Anti-PD-L1 user, N (%) 873 (20.2) 35 (18.6) 838 (20.3)
Anti-CTLA4 user, N (%) 322 (7.5) 16 (8.5) 306 (7.4)
Type of cancer
Lung cancer, N (%) 2005 (46.4) 103 (54.8) 1902 (46.0)
Head and neck cancer, N (%) 154 (3.6) 3(1.6) 151 (3.7)
Nasopharyngeal cancer, N (%) 76 (1.8) 1 (0.5) 75 (1.8)
Breast cancer, N (%) 138 (3.2) ! 6(3.2) 132 (3.2)
Colorectal cancer, N (%) 102 (2.4) 52.7) 97 (2.4)
Liver cancer, N (%) 540 (12.5) 22 (11.7) 518 (12.5)
Stomach cancer, N (%) 97 (2.2) 2 (1.1) 95 (2.3)
Melanoma, N (%) 109 (2.5) 1(0.5) 108 (2.6)
Renal cell carcinoma, N (%) 182 (4.2) 13 (6.9) 169 (4.1)
Esophageal cancer, N (%) 46 (1.1) 0(0) 46 (1.1)
Cervical cancer, N (%) 26 (0.6) 1 (0.5) 25 (0.6)
Lymphoma, N (%) 181 (4.2) 7(3.7) 174 (4.2)
Leukaemia, N (%) 43 (1.0) 0(0) 43 (1.0)
Plasma cell dyscrasia, N (%) 8(0.2) 0(0) 8(0.2)
Demographics
Male, N (%) 2905 (67.2) 127 (67.6) 2778 (67.2)
Age, years 63.5[55.4-70.7] 67.7 [58.7-75.9] 63.4 [55.2-70.5]
Comorbid conditions
Hypertension, N (%) 1993 (46.1) 109 (58.0) 1884 (45.6)
Ischaemic heart disease, N (%) 201 (4.7) 28 (14.9) 173 (4.2)
Myocardial infarction, N (%) 46 (1.1) 6(3.2) 40 (1.0)
Heart failure, N (%) 52 (1.2) 10 (5.3) 42 (1.0)
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Atrial fibrillation, N (%) 97 (2.2) 12 (6.4) 85(2.1)

Diabetes mellitus, N (%) 793 (18.3) 40 (21.3) 753 (18.2)
Dyslipidaemia, N (%) 1227 (28.4) 78 (41.5) 1149 (27.8)
Chronic kidney disease, N (%) 39(0.9) 2(1.1) 37 (0.9)
Stroke, N (%) 76 (1.8) 6(3.2) 70 (1.7)
Peripheral arterial disease, N (%) 7(0.2) 0(0) 7(0.2)

Use of other medications

ACEI/ARB user, N (%) 984 (22.8) 64 (34.0) 920 (22.2)
Metformin user, N (%) 594 (13.7) 34 (18.1) 560 (13.5)
Sulfonylurea user, N (%) 380 (8.8) 19 (10.1) 361 (8.7)
Insulin user, N (%) 370 (8.6) 14 (7.5) 356 (8.6)
DPP4 inhibitor user, N (%) 185 (4.3) 12 (6.4) 173 (4.2)
Beta-blocker user, N (%) 974 (22.5) 65 (34.6) 909 (22.0)
Statin user, N (%) 1144 (26.5) 76 (40.4) 1068 (25.8)
Dihydropyridine CCB user, N (%) 1576 (36.5) 85 (45.2) 1491 (36.1)
Chemotherapy user, N (%) 2567 (59.4) 99 (52.7) 2468 (59.7)

19.7% of female patients

ACEI, angiotensin-converting enzyme inhibitor. ARB, angiotensin receptor blocker. CCB, calcium channel blocker. CTLA4, cytotoxic T-
lymphocyte associated protein 4. DPP4, dipeptidyl peptidase 4. PD-1, programmed cell death protein 1. PD-L1, programmed cell death ligand 1.
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Figure 10.1 Kaplan-Meier curve showing the cumulative incidence of major adverse
cardiovascular event (MACE). ICI, immune checkpoint inhibitor.
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10.3.2. Hospitalization and costs

Over a median follow-up duration of 1.0 year (IQR 0.4-2.3 years), 50,578 hospitalization
episodes were observed with 123,544 days of hospitalization. Of these, 8752 (17.3%) episodes
were overnight hospitalizations, accounting for 81,718 days of hospitalization (66.1% of all
hospitalized days). The observed hospitalizations incurred a total cost of €78,759,300, with an
annualized per-patient cost of €31,176 [€30,116, €32,274] per patient-year; overnight
hospitalizations incurred a total cost of €52,095,225 (66.1% of total hospitalization cost), with
an annualized per-patient cost of €36,313 [€34,557, €38,158] per patient-year for those who
had overnight hospitalizations.

In total, 188 patients (4.4%) had cardiovascular hospitalization(s), with 254 episodes (0.5% of
all episodes) and 1555 days (1.3% of all hospitalized days) of cardiovascular hospitalization;
177 of these episodes (69.7% of cardiovascular hospitalization episodes and 2.0% of all
overnight episodes) were overnight hospitalizations, accounting for 1478 days of
hospitalization (95.0% of all the days of cardiovascular hospitalization and 1.8% of all the days
of overnight hospitalization). Those who had cardiovascular hospitalizations generally had
more cardiovascular risk factors, such as hypertension, diabetes mellitus, and dyslipidaemia,
and used more cardiovascular or antidiabetic medications; a higher proportion of these patients
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had lung cancer than those who did not have any cardiovascular hospitalization (Table 10.1).
For those who had cardiovascular hospitalizations, the IR of cardiovascular hospitalization was
estimated to be 5.6 [4.6, 6.9] episodes per 100 person-years, with an annualized LOS of 52.9
[39.8, 70.3] days per 100 person-years (Table 10.2). Overall, the observed cardiovascular
hospitalizations incurred a total cost of €991,313 (1.3% of total hospitalization cost), with an
annualized per-patient cost of €1614 [€92, €28,257] per patient-year for those with
cardiovascular hospitalizations; overnight cardiovascular hospitalizations incurred a total cost
of €942,225 (1.2% of total hospitalization cost), with an annualized per-patient cost of €9195
[€6700, €12,620] per person-year for those with overnight cardiovascular hospitalizations.

During the first year of follow-up, higher rates of cardiovascular admissions were observed for
those who had cardiovascular hospitalizations, with an estimated 27.7 [0.8, 923.0] episodes per
100 person-years and 253.1 [14.4, 4432.5] days of hospitalization per 100 person-years; similar
trends were observed for overnight cardiovascular hospitalizations (Table 10.3). Similar to the
overall analysis, cardiovascular hospitalizations accounted for 0.5% of all hospitalization
episodes (199 of 39,623 episodes) and 1.3% of all days of hospitalization (1152 0f 99,795 days)
during the first year of follow-up; overnight cardiovascular hospitalizations accounted for 69.7%
of all cardiovascular hospitalization episodes (140 of 199 episodes), 1.9% of all overnight
hospitalization episodes (140 of 67364 episodes), 94.9% of all days of cardiovascular
hospitalization (1093 of 1152 days), and 1.6% of all days of overnight hospitalization (1093 of
67,364 days) during the first year of follow-up.

Sensitivity analysis of only patients with at least one year of follow-up included 2116 patients.
In agreement with the early clustering of attendances as aforementioned, lower IR of
hospitalization and annualized LOS were observed for all types of hospitalizations
(Supplementary Table 10.5) than the main analyses above. Notwithstanding this, the IR of
cardiovascular hospitalizations remained lower than the overall IR of all hospitalizations.
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Table 10.2 Incidence rates of hospitalization throughout the study period.

Proportion of patients Incidence rate [95% CI], episodes per Annualized LOS [95% CI], days per

with event (N, %) 100 person-years 100 person-years
All admissions 4143 (95.8) 1166.6 [1132.0, 1202.3] 4557.0 [4381.9,4739.0]
All overnight admissions ! 2931 (67.8) 309.6 [292.9, 327.3] 4608.2 [4338.6, 4894.6]
Cardiovascular admissions 188 (4.4) 5.6 [4.6, 6.9] 52.9[39.8, 70.3]
Overnight cardiovascular admissions ! 142 (3.3) 4.0[3.1, 5.0] 742.1[430.3, 1279.7]

! Estimates calculated for patients with event using zero-inflated negative binomial regression

CI, confidence interval. LOS, length of stay.

Table 10.3 Incidence rates of hospitalization within the first year of follow-up.

Proportion of patients Incidence rate [95% CI], episodes per Annualized LOS [95% CI], days per

with event (N, %) 100 person-years 100 person-years
All admissions 4142 (95.8) 1388.6 [1358.3, 1419.6] 4890.4 [4724.1, 5062.6]
All overnight admissions ! 2693 (62.3) 341.0 [312.0, 372.6] 5696.2 [5420.7, 5985.6]
Cardiovascular admissions ! 149 (3.5) 27.7 [0.8, 923.0] 253.1[14.4, 4432.5]
Overnight cardiovascular admissions ! 112 (2.6) 5.0[4.0, 6.3] 1442.4 [1051.0, 1979.6]

! Estimates calculated for patients with event using zero-inflated negative binomial regression

CI, confidence interval. LOS, length of stay.
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10.4. Discussion

Using data from a population-based database in Hong Kong, we described the burden of
cardiovascular outcomes, hospitalization, and costs amongst Asian users of ICI. The IR of
MACE was low, and cardiovascular hospitalizations and costs contributed to only a small
proportion of all hospitalizations and related costs. Importantly, the IR of MACE and
cardiovascular hospitalization were both higher during the first year of follow-up, and the most
occurrences of MACE were within the first year of follow-up.

Our findings suggested that ICI-related cardiotoxicity is uncommon among Asian users of ICI.
Cardiovascular hospitalizations accounted for only 0.5% of all hospitalization episodes,
contrasting published governmental figures in 2019, when hospitalizations and deaths from
cardiovascular causes accounted for 7.6% of such events.(234) This was in agreement with the
general consensus that ICI-related cardiotoxicity is uncommon: a recent meta-analysis of 51
trials found an incidence of 3.1%-5.8% amongst patients using ICI.(286) Meanwhile, another
meta-analysis of 63 trials found even lower incidence for MI (0.74 per 100 patients), HF (0.87
per 100 patients), and stroke (0.88 per 100 patients),(287) comparable to the rates we observed.
In addition, previous studies observed that most ICI-related cardiotoxic events occurred shortly
after initiation of ICI, (288,289) which was echoed by our finding that 77.6% of MACE
occurred within the first year after initiating ICI. These findings should aid clinicians during
their discussion of therapeutic options with patients eligible for ICI, allowing clinicians to
better inform patients of the risks involved and thereby facilitate shared decision-making.
Furthermore, the finding that the majority of MACE among patients treated with ICI occur
within the first year of ICI initiation underscores the importance of close cardiology follow-up
as well as clinician- and patient-level education regarding symptoms that would be suggested
of MACE. Indeed, these findings highlight the importance of synergy between oncology and
cardiology care providers.

The low frequency of ICI-related cardiotoxicity does not undermine its clinical importance.
Studies have observed mortality rates between 27%-53% amongst patients with ICI-related
cardiotoxicity, making it one of the deadliest ICI-related side effects.(288—291) This has fueled
ample research of ICI-related cardiotoxicity, with some exploring therapeutic options which,
given the inflammatory nature of the condition, have mostly revolved around glucocorticoids
and immunosuppressants, in addition to cessation of ICI.(57,289,292,293)

The rarity of ICI-related cardiotoxicity, however, did mean that it is methodologically and
statistically difficult to identify its risk factors — knowing the risk factors is crucial for
effectively managing ICI users as it allows better stratification of patients at high risk of ICI-
related cardiotoxicity, to whom resources may be better allocated for closer monitoring and
better optimization of cardiovascular conditions. A case series by Mahmood and colleagues
suggested that pre-existing cardiovascular conditions may predispose to ICI-related
cardiotoxicity,(294) while a pharmacovigilance study observed that most patients who had ICI-
related cardiotoxicity did not have pre-existing cardiovascular conditions.(290) Jain and
colleagues attempted to identify risk factors for adverse cardiovascular outcomes in ICI
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users,(295) with the type of ICI used, specific types of cancer, and other autoimmunity-related
conditions such as thyroiditis, instead of pre-existing cardiovascular conditions, being
associated with adverse cardiovascular outcomes.(295) These results nonetheless remain to be
validated in other cohorts, underscoring the need to evaluate data from diverse and global
patient populations. Brumberger and colleagues also attempted to elucidate the risk factors
using multivariable logistic regression, and identified female gender, African American race,
and smoking as risk factors for ICI-related cardiotoxicity.(291) Nonetheless, they considered a
small number of cardiovascular risk factors, which limited the relevance of the results. Our
findings appeared to support the observation by Mahmood and colleagues, with those who had
MACE having more cardiovascular risk factors and used more cardiovascular and antidiabetic
medications at baseline. Nonetheless, the low event rate precluded any clinically meaningful
multivariable regression analysis. Overall, the risk factors for ICl-related cardiotoxicity
remains a critical gap in the literature that urgently requires further investigations. In the
broader sense, other tools of risk stratification, which may include risk scores or novel
biomarkers,(296) warrant further exploration and investigation as well.

To the best of our knowledge, this was one of the first studies to specifically quantify the risk
of cardiovascular outcomes and the IR and cost of hospitalization amongst Asian ICI users.
With the emerging evidence of racial and ethnic disparity in ICl-related adverse
events,(297,298) race / ethnicity-specific quantification of the risk of ICI-related cardiotoxicity
and cardiovascular hospitalization is much needed. Although Li and colleagues previously
described the incidence of ICI-related adverse events in Chinese patients, cardiovascular events
were not reported specifically, and the sample size (1063 patients) limited the generalizability
of their findings.(284) Having used data from a large, representative, population-based
database in Hong Kong, our cohort essentially included all patients that were treated with ICI
in Hong Kong. Our findings thus closely reflected real-world practice and may be more
generalizable to other regions in Asia. Further studies from other regions of Asia are required
to validate our findings, and comparison against findings from other regions may allow better
understanding of the determinants underlying the racial and ethnic disparities in ICI-related
cardiotoxicity.

10.4.1. Limitations

This study has several limitations. First, cancer staging was not available, which limited the
interpretation and applicability of our findings. Nonetheless, ICI are generally used for
advanced disease, and given that this study set out to describe the overall epidemiology of
MACE and hospitalizations amongst users of ICI, our findings remain valid and clinically
relevant. Second, all diagnoses and outcomes were defined using ICD codes and could not be
individually adjudicated. Nonetheless, all data were input by the treating clinicians independent
of the authors, and none of the authors had the authority to influence data input. CDARS have
also been shown to have good coding accuracy and data completeness.(232)
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10.5. Conclusion

Amongst Asian users of ICI, MACE was uncommon, and a small proportion of hospitalizations
and related costs was attributable to cardiovascular causes. Most of the MACE and
cardiovascular hospitalizations occurred during the first year after initiating ICI. Further studies
on risk stratification and race / ethnicity-specific investigation of ICI-related cardiotoxicity are
warranted.
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11. Chapter 11: Association between immune checkpoint inhibitors and myocardial
infarction in Asians: a population-based self-controlled case series

This chapter is based on the following publication: Chan JSK, Tang P, Lee TTL, Chou OHI,
Lee YHA, Li G, Leung FP, Wong WT, Liu T, Tse G. Association between immune checkpoint

inhibitors and myocardial infarction in Asians: a population-based self-controlled case series.
Cancer Med. 2023; 12(8): 9541-9546. doi: 10.1002/cam4.5729

11.1. Introduction

Immune checkpoint inhibitors (ICIs) have become a common treatment for many types of
cancer. A previous study suggested that ICIs may be associated with atherosclerosis and
myocardial infarction (MI)(42). However, unlike ICI-related myocarditis which was relatively
well-characterized(299), evidence for ICI-related MI had remained scarce, especially in Asians.
With evidence demonstrating racial disparities in the presence and severity of coronary
atherosclerosis(300), as well as the incidence and outcome ICI-related adverse events(297),
associations between ICIs and MI in Asians warrant further investigations. This study thus
explored such associations in Asians.

11.2. Methods
11.2.1. Source of data

This study was approved by The Joint Chinese University of Hong Kong — New Territories
East Cluster Clinical Research Ethics Committee and adhered with the Declaration of Helsinki.
Patient consent was waived as deidentified data were used. Data were extracted from the
Clinical Data Analysis and Reporting System, a prospective, population-based database of
patients attending public healthcare facilities in Hong Kong with linked mortality data. This
system has been wused in research with demonstrable data accuracy and
completeness(121,201,232). All underlying data is available on reasonable request to the
corresponding author.

11.2.2. Study design

This is a self-controlled case series (SCCS). SCCS is a type of case-only study in which only
patients experiencing an outcome of interest are analyzed. It was chosen because, in an
observational setting, it is difficult to identify appropriate control groups to be compared
against patients receiving ICIs without incurring significant bias by indication, which arises
when clinical differences between exposure groups drive both the exposure and the outcome.
Bias by indication is notoriously difficult to address, and statistical adjustments are often
inadequate(301). In SCCS, rather than using between-individual analyses as in cohort studies,
within-individual comparisons of the incidence rate of events before and after exposure are
performed. As each patient is compared with his/herself, all measured and unmeasured time-
invariant confounders are controlled for(301). The paired nature of the analysis used in SCCS
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also helps maintaining statistical power, thus allowing SCCS to be used reliably for relatively
rare outcomes(302).

11.2.3. Eligibility criteria and definitions of outcomes and study sub-periods

Patients with cancer receiving any ICI (programmed cell death protein-1 inhibitors [PD1i], PD
ligand-1 inhibitors [PDLI1i], or cytotoxic T-lymphocyte associated protein-4 inhibitors
[CTLAA4i]) in Hong Kong between 1/1/2014-31/12/2020 were identified. Those without MI
(identified using International Classification of Diseases, Ninth revision [ICD-9] codes [410-
411.0 and 412]) within 1/1/2013-31/12/2021 were only analysed for the crude cohort-level
incidence rates (IRs), but not the SCCS analysis. The baseline period was defined as the year
before the first ICI prescription. The exposure periods included contiguous ICI prescriptions
(i.e. inter-prescription gaps <60 days) and the ensuing 90 days, beyond which cardiac immune-
related adverse events were rare(303). Post-exposure periods encompassed periods not
described above, until death or end of follow-up (31/12/2021), whichever earlier. MI episodes
over contiguous days were treated as singular events. Cardiovascular mortality within 30 days
post-event were deemed MI-related(304). ICD codes used to identify cancer, cardiovascular
mortality, and cardiovascular risk factors have been described elsewhere(121). The study
design is summarized in Figure 11.1A.
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Figure 11.1 (A) Diagram illustrating the study design. Each analysed sub-period of exposure is
coded in a different colour (red/orange/yellow). The second contiguous period of immune
checkpoint inhibitor (ICI) prescriptions was shorter than 180 days, hence the truncation of the
90-180 days sub-period of exposure (orange). (B) Incidence rate ratios for each sub-period of
exposure and the post-exposure period, compared to baseline.
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11.2.4. Statistical analysis

Crude cohort-level IRs (IRs) pre- and post-ICI initiation were calculated amongst all identified
ICT users. SCCS analyses were performed on the final cohort using fixed-effects conditional
Poisson regression, with durations of the above sub-periods as the exposure variable. Summary
statistics were IR ratios (IRRs) and 95% confidence intervals.

To account for the small but potentially important possibility of delayed cardiac events, an a
priori sensitivity analysis was performed with the exposure period extended to 180 days after
the last prescription within a contiguous prescription period. Additionally, as mortality
associated with MI may skew estimates, another a priori sensitivity analysis was performed
with exclusion of patients who had MI-related mortality.
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Furthermore, to minimize heterogeneity in the ICI used, a post-hoc analysis was performed,
restricting the analysis to those who only received PD1i. Due to small sample sizes, this
analysis could not be performed for PDL1i nor CTLA4i.

Two-sided p<0.05 were considered significant. All analyses were performed on Stata v16.1
(StataCorp LLC, USA).

11.3. Results

Altogether, 3684 ICI users were identified (median follow-up 442 [interquartile range 145-989]
days; median exposure 164 [91-315] days), of whom 24 had MI during the study period (20
PD1i users, one PDLI1 user, and three PD1i+CTLAA4i users; median follow-up 436 [156-888]
days; median exposure 175.5 [115-412] days). Lung cancer occurred in nine, liver cancer in
four, renal cancer in three, and other cancers in eight patients. Baseline demographic and
cardiovascular risk factors are summarized in Table 11.1. Eight had MI during baseline (one
PD1i user, three PD1i+CTLA41 users, and one PDL11 user), 12 during exposure (11 PD11i users,
and one PD1i+CTLAA4i user), and four during post-exposure (all PD11 users). Three had MI-
related death: two during exposure and one during post-exposure. Crude cohort-level MI IRs
during the baseline, exposure, and post-exposure periods were 2.2, 4.8, and 1.0 per 1000-
person-years, respectively.

Table 11.1 Summary of baseline demographics and cardiovascular risk factors of the included
patients.

Age, years 70 [60-77] T
Male sex, N (%) 17 (70.8)
Hypertension, N (%) 16 (66.7)
Diabetes mellitus, N (%) 9(37.5)
Hyperlipidaemia, N (%) 16 (66.7)
Ischaemic heart disease, N (%) 11 (45.8)
Heart failure, N (%) 6 (25.0)
Chronic kidney disease, N (%) 1(4.2)
Atrial fibrillation, N (%) 2 (8.3)
Stroke, N (%) 3 (12.5)

1 Median and interquartile range

Compared to baseline, the incidence of MI was significantly higher in the first 90 days of
exposure (IRR 3.59 [95% confidence interval 1.31-9.83], p=0.013; Figure 11.1B), but not days
91-180 (IRR 2.74 [0.70-10.76], p=0.148) or days >181 (IRR 1.53 [0.32-7.24], p=0.591) of
exposure, nor the post-exposure period (IRR 1.07 [0.26-4.45], p=0.923).

152



Consistently, in the sensitivity analysis with extended exposure period, the incidence of MI was
significantly higher within the first 90 days of exposure (IRR 3.53 [1.29-9.67], p=0.014), but
not days 91-180 (IRR 2.01 [0.52-7.75], p=0.309) or days >181 (IRR 1.13 [0.25-5.01], p=0.884)
of exposure, nor the post-exposure period (IRR 1.94 [0.39-9.60], p=0.418). The sensitivity
analysis excluding the three patients who had MI-related mortality also showed similar results,
with a significantly higher MI incidence within the first 90 days of exposure (IRR 3.00 [1.05-
8.59], p=0.041), but not days 91-180 (IRR 1.61 [0.33-7.75], p=0.556) or days >181 (IRR 0.83
[0.15-5.01], p=0.838) of exposure, nor the post-exposure period (IRR 0.89 [0.22-3.59],
p=0.868).

In the post-hoc analysis of the 20 patients who only received PD1i, similar results were
observed, with the incidence of MI being significantly higher within the first 90 days of
exposure (IRR 5.21 [1.60, 17.06], p=0.006), but not days 91-180 (IRR 3.60 [0.86, 15.08],
p=0.079) or days >181 (IRR 1.39 [0.33, 5.82], p=0.651) of exposure, nor the post-exposure
period (IRR 0.87 [0.23, 3.24], p=0.837).

11.4. Discussion

This was the first SCCS exploring associations between ICIs and MI in Asians. The incidence
of MI increased significantly within 90 days of ICI initiation but did not persist beyond this
time period. Mechanistically, the early spike in MI incidence observed in this study agreed with
previous animal studies in which short-term ICI administration induced atherosclerotic plaque
inflammation and progression(305). Specifically, accelerated atherosclerosis, vasculitis, and
focal myocarditis mediated by ICI-induced immune activation and inflammation have been
proposed as likely mechanisms underlying ICI-related M1, although other contributors such as
sociodemographic factors and comorbidities may be at play too(306). In the present cohort,
cardiovascular risk factors were common which may have amplified the effects of ICI-induced
acceleration in atherosclerotic progression. Furthermore, we confirmed and extended previous
clinical findings reporting increased MI incidence after ICI use(42), with the low IR of MI also
comparable with prior observations(42,121,303). In particular, while previous clinical studies
focused on the first event and neglected recurrent events(42), we provided novel evidence for
the timing of spikes in the incidence of MI, echoing previous findings that most ICI-related
cardiovascular events occur early(303). Importantly, the post-exposure MI incidence was not
significantly different from baseline. This bridges an important gap in the literature, as previous
investigations had not reported temporal variations in the risk of MI after ICI, and, as chronic
immune-related adverse events become an increasing concern, it was unclear how long the
cardiovascular risks associated with ICI use would persist(307).

Using population-based data, our findings were representative and likely generalizable to other
Asian/Chinese cohorts. Clinically, these findings highlighted the importance of cardiac
monitoring within the first 90 days of ICI use, which, according to the 2022 European Society
of Cardiology guidelines, should be multidisciplinary(13). The post-exposure normalization of
MI incidence may reassure clinicians and patients over potential concerns for sustained
increases in MI incidence, facilitating shared decision-making. Moving forward, these novel
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data on the timing of MI incidence spiking should prompt further, larger investigations of the
timing of cardiovascular risks to allow more granular recommendations for the scheduling of
cardiac monitoring and follow-up, as the current recommendations in this regard have
inadequate levels of evidence (mostly level C only, i.e. from “consensus of opinion of the
experts and/or small studies, retrospective studies, registries”)(13). Furthermore, as it has been
suggested that different classes of ICI may be associated with different cardiovascular
risks(281), further studies should delineate class-/agent-specific associations with MI, as we
did with patients who received only PD1i. Predictors and prognosticators of ICI-related MI
also warrant further investigations, as well as relevant treatments and prophylactic
cardioprotective strategies — in particular, statins have been explored for the latter and have
shown promising results, slowing atherosclerotic progression in ICI users and thus having the
potential to prevent ICI-related MI(306,308).

Nonetheless, this study was not devoid of limitations. It was limited by potential time-varying
confounders, event-dependence of risks, and the presence of event-related censoring. We
attempted to mitigate event-related censoring using a sensitivity analysis which excluded
patients who had MI-related mortality. This yielded consistent results, reinforcing our findings’
validity. Also, data for MI subtypes were not available, and outcome adjudication was not
possible due to the nature of the database. Nonetheless, this database has been demonstrated to
have good data accuracy and completeness(232), and the small number of events observed was
unlikely to have allowed further meaningful analysis of different MI subtypes. Overall, further
studies are required to confirm our findings, as well as evaluating the generalizability of our
findings to different populations.

11.5. Conclusion

ICIs associated with increased MI incidence in Asian Chinese patients during the first 90 days
of use, but not later.
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12. Chapter 12: Temporal trends in guideline-recommended cardiometabolic testing
completeness before initiating immune checkpoint inhibitors: a cohort study

This chapter is based on the following publication: Chan JSK, Chou OHI, Lee TTL, Lee YHA,
Chan RNC, Dee EC, Ng K, Liu T, Tse G. Temporal trends in guideline-recommended

cardiometabolic testing completeness before initiating immune checkpoint inhibitors: a cohort
study. J Intern Med. 2024; 295(3): 375-378. doi: 10.1111/joim.13754

12.1. Introduction

Immune checkpoint inhibitors (ICIs) are increasingly utilized, but are associated with
cardiotoxicity(43,121,306). The cardiovascular needs of ICI users was addressed by the
European Society of Cardiology’s (ESC) 2022 Cardio-Oncology Guidelines(13), with
cardiometabolic testing recommended before initiating ICIs (“pre-ICI”), including glycaemic
(HbAlc or fasting glucose), lipid, renal and natriuretic peptide testing, electrocardiogram, and
echocardiography(13). However, current practices of pre-ICI cardiometabolic testing are
undescribed, and ensuring testing completeness may improve cardiovascular outcomes(309).
We thus examined trends in pre-ICI cardiometabolic testing completeness and explored
whether such trends influenced cardiovascular outcomes.

12.2. Methods

This study was approved by an institutional review board and conducted in accordance with
the Declaration of Helsinki. As deidentified data were used, individual consent requirement
was waived.

12.2.1. Source of data

Data were obtained from the Clinical Data Analysis and Reporting System (CDARS), a
population-based electronic medical records database in Hong Kong that prospectively records
diagnostic, procedural, and prescription data of patients attending public hospitals/clinics in
Hong Kong which serve an estimated 90% of the population(199). Details of CDARS have
been covered elsewhere(310). Diagnoses were encoded by International Classification of
Diseases, Ninth Revision (ICD-9) codes (Supplementary Table 12.1), as ICD-10 has not been
implemented in CDARS to date. Mortality data were obtained from the linked Hong Kong
Death Registry, which is a governmental registry linked to legal records and which contains
the death records of all Hong Kong citizens. Mortality causes were encoded by ICD-9/10 codes
(Supplementary Table 12.2). Both databases have been used extensively for research in both
cardiovascular and non-cardiovascular fields(60,200,201,225,226,270). Previous studies have
validated CDARS’ diagnostic coding for a range of cardiovascular conditions such as
myocardial infarction, stroke, heart failure, and atrial fibrillation, demonstrating that the coded
diagnoses had good positive predictive values (85.4%, 91.1%, 76.0%, and 95%,
respectively)(225,311,312), with another study demonstrating near-perfect (>99% accuracy)
records of demographics and drug prescriptions(313). Meanwhile, the encoded mortality
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causes have been used in official governmental publications, in addition to numerous peer-
reviewed publications(314).

12.2.2. Patient population

This cohort study included all patients with cancer who were initiated on immune checkpoint
inhibitor(s) between 1 Jan 2013 and 31 Dec 2021, without any exclusion criteria.

12.2.3. Exposures, key measures/outcomes, and follow-up

Patients were grouped by the year of ICI initiation (2013-2017, 2018-2019, and 2020-2021)
which constituted the exposure in this study. ICIs included programmed cell death protein 1
(PD-1) inhibitors, programmed cell death-ligand 1 (PD-L1) inhibitors, and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) inhibitors. As per the European Society of
Cardiology’s cardio-oncology guideline, cardiometabolic workup prior to initiation of cancer
therapy (including ICI) should include glycaemic workup (HbAlc and/or fasting glucose),
electrocardiogram, transthoracic echocardiography, and testing for cardiac troponin, natriuretic
peptides, and renal function / estimated glomerular filtration rate (eGFR)(13). However,
natriuretic peptide testing is not available in public hospitals/clinics in Hong Kong, and data
for electrocardiogram and echocardiography were unavailable. Therefore, the occurrence and
timing of any glycaemic workup, and testing for total cholesterol, HDL-C, cardiac troponin,
and eGFR (including creatinine-only testing) within five years before ICI initiation were
recorded. As cardiac troponin testing may have been performed for patients with clinical
suspicion of myocardial ischaemia instead of being part of cardiometabolic workup,
measurements within seven days of any diagnosis/hospitalization for myocardial infarction
were excluded. Completeness of cardiometabolic workup at 90/180 days was quantified by the
total number of the above tests performed within 90 and 180 days before ICI initiation,
respectively. The proportion of patients with each component of cardiometabolic workup was
also reported, which is an adaptation of secondary domain 2.1 in the recommended quality
indicators for the prevention and management of cancer therapy-related cardiovascular toxicity
in cancer treatment” as published by the European Society of Cardiology(309).

All patients were followed up from ICI initiation for up to two years, until 31/12/2021, or until
death, whichever occurred earlier. Follow-up was limited to two years as patients initiated on
ICI in 2020-2021 could only have up to two years’ follow-up. Any occurrence and timing of
major adverse cardiovascular event (MACE; the first hospitalization/diagnosis of non-fatal
myocardial infarction, non-fatal stroke, heart failure, or cardiovascular mortality) and non-
cardiovascular mortality during follow-up were recorded. All outcomes were ascertained using
ICD codes (Supplementary Tables 12.1 and 12.2). Owing to the nature of the data source,
there was no loss to follow-up.
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12.2.4. Other variables collected

The following variables were collected at baseline (ICI initiation): age, sex, race, type of cancer,
cardiovascular comorbidities (hypertension, heart failure, myocardial infarction, stroke,
ischaemic heart disease, atrial fibrillation, ventricular arrhythmia or cardiac arrest, valvular
heart disease, chronic obstructive pulmonary disease, and peripheral arterial disease), diabetes
mellitus, dyslipidaemia, chronic kidney disease, and prescription of non-ICI medications
(angiotensin-converting enzyme inhibitors / angiotensin receptor blockers, metformin,
sulfonylureas, insulins, dipeptidyl peptidase-4 inhibitors, beta-blockers, statins,
dihydropyridine calcium channel blockers, and chemotherapeutic agents). All prescription
records were automatically recorded as part of the electronic medical records within CDARS.
All diagnoses were ascertained using ICD-9 codes as listed in Supplementary Table 12.1;
ICD-10 codes were not used as they have not been implemented in CDARS to date. Data on
the diagnosis of diabetes mellitus was additionally supplemented by the prescription of any
antidiabetic medication and HbAlc measurements taken prior to ICI initiation, with any
HbAlc >6.5% being considered to be diagnostic(315). Data on the diagnosis of dyslipidaemia
was additionally supplemented by the prescription of any lipid-lowering medication. Data on
the diagnosis of hypertension was additionally supplemented by the prescription of any
antihypertensive medication. Owing to the nature of the variables collected and our data
sources, there were no missing values for any of the variables.

12.2.5. Statistical analysis

As the main analysis, completeness of cardiometabolic workup at 90/180 days were compared
between groups (i.e. patients initiated on ICI in different years) using Poisson regression, with
risk ratios (signifying the comparative ‘risk’ of having more complete cardiometabolic workup)
as summary statistics. Both univariable and multivariable regressions were performed, with the
latter adjusting for all above-listed covariates (in subsection Other variables collected);
covariates were selected a priori based on clinical and epidemiological knowledge. Five a
priori subgroup analyses were performed for this main analysis, with stratification for sex, age
groups (<60 years, 60-70 years, and >70 years), the presence of any major cardiovascular
condition (ischaemic heart disease, myocardial infarction, stroke, peripheral arterial disease,
heart failure, ventricular arrhythmia or cardiac arrest, valvular heart disease, and atrial
fibrillation), the presence of hypertension, the presence of diabetes mellitus, and the presence
of dyslipidaemia.

In a secondary analysis, multivariable binary logistic regression adjusting for all above-listed
covariates was used to further compare the odds of having undergone each component of
cardiometabolic workup within 90/180 days before ICI initiation between groups, with odds
ratios as summary statistics. The respective proportions of patients who underwent each
component of cardiometabolic workup were calculated with logit-transformed 95% confidence
intervals. Trends in these proportions over time were tested using a non-parametric test
developed by Cuzick(205).
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To explore whether any differences in the completeness of cardiometabolic workup translated
to differences in cardiovascular outcomes, Fine-Gray competing risk regressions were used in
an exploratory analysis to compare the cumulative incidence of MACE between groups, with
non-cardiovascular mortality as the competing event, and with sub-hazard ratios as summary
statistics. This analysis was performed at both one-year and two-year follow-up for more
granular analyses. Both univariable and multivariable regressions were performed, with the
latter adjusting for all above-listed covariates. Moreover, in an effort to explore whether
differences in the completeness of cardiometabolic workup over the years influenced
cardiovascular outcomes, further adjustments were performed for the number of workup
components tested within 180 days before ICI initiation (as a surrogate of cardiometabolic
workup completeness). If such influence was present, the between-year sub-hazard ratios
should be substantially modified by adjustments for cardiometabolic workup completeness.
The cumulative incidence of MACE was visualized using the Aalen-Johansen estimator, which
was chosen over the Kaplan-Meier estimator as the latter gives biased estimates in the presence
of competing risks(120,239). Lastly, an a priori sensitivity analysis was performed in which
the Pepe and Mori test, which does not assume proportional hazards, was used to compare the
cumulative incidence of MACE between patients who were initiated on ICI in different years.

All p-values were two-sided, with p<0.05 considered statistically significant. Continuous
variables were described as medians with interquartile ranges, whilst categorical variables were
described as counts with percentages. All analyses were performed using Stata/IC version 16.1
(StataCorp LLC, College Station, Texas, United States of America).

12.3. Results

Altogether, 4324 patients were analyzed (baseline characteristics in Table 12.1). Patients
initiated on ICI more recently had more complete cardiometabolic testing within both 90 (2020-
2021 vs 2013-2017: adjusted risk ratio [aRR] 1.10[95% confidence interval: 1.03-1.18],
p=0.005) and 180 (aRR 1.09[1.03-1.16], p=0.005) days pre-ICI (Table 12.2). Subgrouping
mostly produced directionally consistent estimates with overlapping confidence intervals
(Tables 12.3-12.4).
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Table 12.1 Baseline characteristics of included patients.

All patients 2013-2017 2018-2019 2020-2021

Number of patients, N 4324 937 1551 1836
Median follow-up duration, years [interquartile range] 0.9 [0.4-2.0] 2.0 [2.0-2.0] 1.1[0.3-2.0] 0.7 [0.3-1.2]
Type(s) of immune checkpoint inhibitor
Anti-PD-1 only, N (%) 3329 (77.0) 855 (91.3) 1181 (76.1) 1293 (70.4)
Anti-PD-L1 only, N (%) 819 (18.9) 41 (4.4) 294 (19.0) 484 (26.4)
Anti-CTLA4 only, N (%) 6 (0.1) 3(0.3) 3(0.2) 0(0)
Anti-PD-1 and anti-CTLA4 only, N (%) 170 (3.9) 38 (4.1) 73 (4.7) 59 (3.2)
Type of cancer (numbers include potential overlaps)
Lung cancer, N (%) 2005 (46.4) 330 (35.2) 728 (46.9) 947 (51.6)
Head and neck cancer, N (%) 210 (4.9) 48 (5.1) 84 (5.4) 78 (4.3)

Nasopharyngeal cancer, N (%) 76 (1.8) 17 (1.8) 30 (1.9) 29 (1.6)
Breast cancer, N (%) 138 (3.2) 45 (4.8) 43 (2.8) 50 (2.7)
Colorectal cancer, N (%) 102 (2.4) 29 (3.1) 34 (2.2) 39 (2.1)
Liver cancer, N (%) 540 (12.5) 136 (14.5) 214 (13.8) 190 (10.4)
Stomach cancer, N (%) 97 (2.2) 25 (2.7) 36 (2.3) 36 (2.0)
Melanoma, N (%) 109 (2.5) 22 (2.4) 44 (2.8) 43 (2.3)
Renal cell carcinoma, N (%) 182 (4.2) 39 (4.2) 72 (4.6) 71 (3.9)
Esophageal cancer, N (%) 46 (1.1) 8 (0.9) 15 (1.0) 23 (1.3)
Cervical cancer, N (%) 26 (0.6) 3(0.3) 6 (0.4) 17 (0.9)
Lymphoma, N (%) 181 (4.2) 63 (6.7) 59 (3.8) 59 (3.2)
Leukaemia, N (%) 43 (1.0) 26 (2.8) 10 (0.6) 7(0.4)
Plasma cell dyscrasia, N (%) 8(0.2) 6 (0.6) 2(0.1) 0(0)
Other malignancies, N (%) 805 (18.6) 190 (20.3) 271 (17.5) 344 (18.7)
Demographics
Male, N (%) 2905 (67.2) 596 (63.6) 1056 (68.1) 1253 (68.3)
Age, years (median [interquartile range]) 63.5[55.4-70.7] 60.9 [50.6-68.4] 63.1[54.9-70.7] 64.9[58.2-71.6]
Race, N (%)

East Asian 4101 (94.8) 862 (92.0) 1471 (94.8) 1768 (96.3)

Caucasian 27 (0.6) 4(0.4) 14 (0.9) 9(0.5)



All patients 2013-2017 2018-2019 2020-2021
South Asian 15 (0.4) 5(0.5) 3(0.2) 7(0.4)
Others / unknown 181 (4.2) 66 (7.0) 63 (4.1) 52 (2.8)
Comorbid conditions
Hypertension, N (%) 1993 (46.1) 399 (42.6) 700 (45.1) 894 (48.7)
Ischaemic heart disease, N (%) 201 (4.7) 24 (2.6) 61 (3.9) 116 (6.3)
Myocardial infarction, N (%) 46 (1.1) 6 (0.6) 11 (0.7) 29 (1.6)
Heart failure, N (%) 52 (1.2) 8(0.9) 16 (1.0) 28 (1.5)
Atrial fibrillation, N (%) 97 (2.2) 15 (1.6) 32 (2.1) 50 (2.7)
Ventricular arrhythmia or cardiac arrest, N (%) 9(0.2) 0(0) 4(0.3) 5(0.3)
Valvular heart disease, N (%) 20 (0.5) 1(0.1) 12 (0.8) 7(0.4)
Diabetes mellitus, N (%) 949 (22.0) 168 (17.9) 339 (21.9) 442 (24.1)
Dyslipidaemia, N (%) 1227 (28.4) 202 (21.6) 437 (28.2) 588 (32.0)
Chronic kidney disease, N (%) 39 (0.9) 10 (1.1) 11 (0.7) 18 (1.0)
Chronic obstructive pulmonary disease, N (%) 116 (2.7) 10 (1.1) 36 (2.3) 70 (3.8)
Stroke, N (%) 76 (1.8) 15 (1.6) 24 (1.6) 37 (2.0)
Peripheral arterial disease, N (%) 7(0.2) 1(0.1) 3(0.2) 3(0.2)
Prescription of non-immune checkpoint inhibitor medications
ACEI/ARB, N (%) 984 (22.8) 175 (18.7) 349 (22.5) 460 (25.1)
Metformin, N (%) 594 (13.7) 101 (10.8) 209 (13.5) 284 (15.5)
Sulfonylurea, N (%) 380 (8.8) 68 (7.3) 135 (8.7) 177 (9.6)
Insulin, N (%) 370 (8.6) 62 (6.6) 114 (7.4) 194 (10.6)
DPP4 inhibitor, N (%) 185 (4.3) 31(3.3) 64 (4.1) 90 (4.9)
Beta-blocker, N (%) 974 (22.5) 188 (20.1) 338 (21.8) 448 (24.4)
Statin, N (%) 1144 (26.5) 192 (20.5) 417 (26.9) 535(29.1)
Dihydropyridine CCB, N (%) 1576 (36.5) 311 (33.2) 555 (35.8) 710 (38.7)
Other anti-cancer therapeutic agents, N (%) 2567 (59.4) 590 (63.0) 902 (58.2) 1075 (58.6)
HER-2 receptor antagonist 36 (0.8) 16 (1.7) 12 (0.8) 8(0.4)
Anthracyclines 280 (6.5) 105 (11.2) 88 (5.7) 87 (4.7)
5-Fluorouracil 168 (3.9) 52 (5.6) 58 (3.7) 58 (3.2)
Platinum compounds 2377 (55.0) 540 (57.6) 846 (54.6) 991 (54.0)
Taxanes 777 (18.0) 185 (19.7) 259 (16.7) 333 (18.1)
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All patients 2013-2017 2018-2019 2020-2021

Antifolates 1135 (26.3) 238 (25.4) 423 (27.3) 474 (25.8)
ACEI, angiotensin-converting enzyme inhibitor. ARB, angiotensin receptor blocker. CCB, calcium channel blocker. CTLA4, cytotoxic T-
lymphocyte associated protein 4. DPP4, dipeptidyl peptidase 4. PD-1, programmed cell death protein 1. PD-L1, programmed cell death ligand 1.

Table 12.2 Comparison of the completeness of cardiometabolic tests and the odds of having undergone each component of the cardiometabolic
tests of interest within 90 or 180 days before immune checkpoint inhibitor (ICI) initiation throughout the study period.

Year of ICI initiation

Workup /measure  Timepoint  Summary statistic - = 1375015 N=937)  2018-2019 (N=1551) 2020-2021 (N=1836)
oo oy USSR sk I o 17 12
done 180 days Ungd]usted RR 1 (reference) 1.14 [1.08, 1.22], ij.OOl 1.20[1.13, 1.27], ij.OOl
Adjusted RR 1 (reference) 1.08 [1.01, 1.15], p=0.017 1.09 [1.03, 1.16], p=0.005
e T agweon e 10O ez el oo
o nqron i L0 TLTegel poo
HDL-C 180 dys  AdinsiedOR [ EEEEE a1 (17, 178] o0ob4 133 [123, 195], peb.001
N W e et

CI, confidence interval. eGFR, estimated glomerular filtration rate. HDL-C, high density lipoprotein cholesterol. OR, odds ratio. RR, risk ratio.
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Table 12.3 Results from subgroup analysis for having more complete cardiometabolic tests within 90 days before immune checkpoint inhibitor
(ICI) initiation. Adjusted risk ratios and 95% confidence intervals are displayed.

Year of ICI initiation

Subgroup 2013-2017 (N=937) 2018-2019 (N=1551) 2020-2021 (N=1836)

Sex Male (N=2905) 1 (reference) 1.08 [0.99, 1.17], p=0.069 1.12 [1.04, 1.22], p=0.005
Female (N=1419) 1 (reference) 1.02 [0.91, 1.15], p=0.741 1.04 [0.92, 1.17], p=0.528
<60 (N=1620) 1 (reference) 1.03[0.93, 1.15], p=0.535 1.11 [0.99, 1.24], p=0.066

Age (years) 60-70 (N=1524) 1 (reference) 1.07 [0.95, 1.20], p=0.255 1.13[1.01, 1.26], p=0.037

>70 (N=1180)

1 (reference)

1.07 [0.93, 1.23], p=0.328

1.05 [0.92, 1.20], p=0.506

Major cardiovascular condition(s)

Present (N=246)
Absent (N=4078)

1 (reference)
1 (reference)

1.10 [0.82, 1.47], p=0.522
1.06 [0.99, 1.13], p=0.120

1.01 [0.76, 1.35], p=0.933
1.11 [1.03, 1.18], p=0.004

Hypertension

Present (N=1993)
Absent (N=2331)

1 (reference)
1 (reference)

1.06 [0.96, 1.17], p=0.250
1.07[0.97, 1.17], p=0.183

1.10 [1.00, 1.21], p=0.044
1.11 [1.01, 1.22], p=0.035

Diabetes mellitus

Present (N=949)
Absent (N=3375)

1 (reference)
1 (reference)

1.14[0.99, 1.31], p=0.065
1.04 [0.96, 1.12], p=0.355

1.15 [1.01, 1.32], p=0.038
1.09 [1.00, 1.17], p=0.038

Dyslipidaemia

Present (N=1227)
Absent (N=3097)

1 (reference)
1 (reference)

1.05 [0.92, 1.19], p=0.465
1.05[0.97, 1.14], p=0.210

1.05 [0.93, 1.18], p=0.461
1.12 [1.03, 1.21], p=0.007
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Table 12.4 Results from subgroup analysis for having more complete cardiometabolic tests within 180 days before immune checkpoint inhibitor
(ICI) initiation. Adjusted risk ratios and 95% confidence intervals are displayed.

Year of ICI initiation

Subgroup 2013-2017 (N=937) 2018-2019 (N=1551) 2020-2021 (N=1836)

Sex Male (N=2905) 1 (reference) 110 [1.02, 1.19], p=0.012 1.10[1.02, 1.18], p=0.018
Female (N=1419) 1 (reference) 1.03 [0.92, 1.15], p=0.589 1.09 [0.98, 1.21], p=0.123
<60 (N=1620) 1 (reference) 1.04 [0.94, 1.15], p=0.497 1.09 [0.98, 1.21], p=0.104

Age (years) 60-70 (N=1524) 1 (reference) 1.08 [0.97, 1.20], p=0.150 1.10[1.00, 1.22], p=0.060

>70 (N=1180)

1 (reference)

1.14 [1.01, 1.29], p=0.037

1.10 [0.98, 1.25], p=0.114

Major cardiovascular condition(s)

Present (N=246)
Absent (N=4078)

1 (reference)
1 (reference)

1.15 [0.89, 1.49], p=0.287
1.08 [1.01, 1.15], p=0.025

0.97 [0.75, 1.25], p=0.789
1.11 [1.04, 1.18], p=0.002

Hypertension

Present (N=1993)
Absent (N=2331)

1 (reference)
1 (reference)

1.09 [1.00, 1.19], p=0.052
1.08 [0.99, 1.18], p=0.088

1.11 [1.02, 1.21], p=0.020
1.10 [1.01, 1.20], p=0.038

Diabetes mellitus

Present (N=949)
Absent (N=3375)

1 (reference)
1 (reference)

1.10 [0.97, 1.24], p=0.127
1.07[0.99, 1.15], p=0.077

1.05 [0.94, 1.19], p=0.384
1.11 [1.03, 1.20], p=0.004

Dyslipidaemia

Present (N=1227)
Absent (N=3097)

1 (reference)
1 (reference)

1.06 [0.95, 1.18], p=0.296
1.08 [1.00, 1.16], p=0.051

1.02 [0.92, 1.14], p=0.662
1.14[1.05, 1.23], p=0.001
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All tests’ completeness improved, except cardiac troponin which decreased slightly, and
estimated glomerular filtration rate which remained high (Figure 12.1, Table 12.5).
Multivariable logistic regression confirmed such findings (Table 12.2). Nonetheless, testing
completeness remained poor overall (Figure 12.1, Table 12.5). Supplementary Figures 12.1-
12.2 showed the number of tests within 90/180 days pre-ICI. Supplementary Figures 12.3-
12.7 showed the time between the most recent pre-ICI tests and ICI initiation.

Figure 12.1 Respective proportions of patients who underwent the cardiometabolic tests of
interest within (A) 90 and (B) 180 days before initiating immune checkpoint inhibitor(s) (ICIs)
throughout the study period. Bars indicate 95% confidence intervals. eGFR, estimated
glomerular filtration rate. HDL-C, high density lipoprotein cholesterol.
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Table 12.5 Respective proportions (in percentage) of patients who underwent the cardiometabolic tests of interest within 180 and 90 days before
initiating immune checkpoint inhibitor(s) (ICIs) throughout the study period. Numbers in brackets are 95% confidence intervals.

Year of ICI initiation

Test Timepoint 2013-2017 (N=937)  2018-2019 (N=1551) 2020-2021 (N=1836) >
Glycacmic 180 days 30.6 [27.8, 33.7] 38.6 [36.2, 41.0] 43.9 [41.6, 46.2] <0.001
90 days 22.8 [20.3, 25.6] 27.9[25.7, 30.1] 34.4[32.2, 36.6] <0.001
Total cholesteral 180 days 16.9 [14.6, 19.4] 25.1[23.0, 27.4] 28.4 [26.4, 30.5] <0.001
90 days 10.2 [8.5, 12.4] 15.2[13.5, 17.1] 18.0 [16.4, 19.9] <0.001
HDL.C 180 days 16.2 [14.0, 18.7] 24.1[22.0, 26.3] 27.7[25.7, 29.8] <0.001
90 days 9.8 [8.1, 11.9] 14.4[12.7, 16.2] 17.3[15.7, 19.1] <0.001
Tropona 180 days 6.9 5.5, 8.8] 7.6 [6.4,9.0] 45[3.6,5.5] 0.002
90 days 4.5[3.3,6.0] 5.7 [4.7,7.0] 3.2[2.4,4.1] 0.025
GFR 180 days 99.9[99.2, 100.0]  99.6 [99.1, 99.8] 99.9 [99.6, 100.0]  0.707
90 days 99.8 [99.2, 99.9] 99.5 [99.0, 99.7] 99.8 [99.4, 99.9] 0.753

eGFR, estimated glomerular filtration rate. HDL-C, high density lipoprotein cholesterol.
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Over a 0.9-year median follow-up [interquartile range: 0.4-2 years], 130 patients (3.0%) had
MACE; 2185 had non-cardiovascular mortality (50.5%). Unadjusted Fine-Gray regression
found no significant differences in MACE cumulative incidence between years of ICI initiation
(Figure 12.2, Table 12.6). Although adjusted analysis found those initiated on ICI more
recently having lower two-year MACE cumulative incidence (possibly due to shorter follow-
up in these patients), no significant one-year differences were observed. Additional adjustment
for 180-day testing completeness did not meaningfully modify these associations (Table 12.6).
Sensitivity analysis produced similar results as unadjusted regression (Table 12.7).

Figure 12.2 Aalen-Johansen cumulative incidence curve of major adverse cardiovascular
events with up to two years of follow-up, stratified by the year of immune checkpoint inhibitor
initiation.
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Table 12.6 Results of Fine-Gray competing risk regression exploring differences in the one- and two-year cumulative incidences of major adverse
cardiovascular events across different years of immune checkpoint inhibitor (ICI) initiation. Subhazard ratios (SHRs) and the corresponding 95%
confidence intervals are displayed.

Year of ICI initiation

2013-2017 2018-2019 2020-2021
Unadjusted 1 (reference) 1.09 [0.66, 1.79], p=0.744  0.81 [0.49, 1.35], p=0.423
Adjusted 1 (reference) 1.00[0.59, 1.67], p=0.989  0.69 [0.40, 1.20], p=0.185
I-year Further adjusted for the number of cardiometabolic tests _ .
performed within 180 days before ICI initiation! I (reference)  0.99 [0.59, 1.66], p=0.970  0.69 [0.40, 1.19], p=0.182
Unadjusted 1 (reference) 1.23[0.80, 1.89], p=0.352  0.73[0.45, 1.16], p=0.181
2-year Adjusted 1 (reference) 1.03[0.66, 1.61], p=0.892  0.58 [0.35, 0.96], p=0.036

Further adjusted for the number of cardiometabolic tests _ _
performed within 180 days before ICI initiation” 1 (reference) 1.02 [0.65, 1.59], p=0.938  0.58 [0.35, 0.96], p=0.034

I'SHR for the number of cardiometabolic tests performed within 180 days before ICI initiation: 1.04 [0.88, 1.22], p=0.663
2SHR for the number of cardiometabolic tests performed within 180 days before ICI initiation: 1.07 [0.93, 1.23], p=0.355

Table 12.7 Results of the Pepe and Mori tests comparing the cumulative incidence of one- and two-year cumulative incidences of major adverse
cardiovascular events between patients initiated on immune checkpoint inhibitors (ICIs) in different years.

Year of ICI initiation 2018-2019 2020-2021

2013-2017 I-year: p=0.741 l-year: p=0.653
2-year: p=0.851 2-year: p=0.529

2018-2019 I-year: p=0.958

2-year: p=0.542
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12.4. Discussion

This was one of the first studies examining cardiometabolic testing completeness in patients
with cancer receiving ICIs. Improving testing completeness likely reflected increasing
awareness of the cardiometabolic impacts of ICI and other cancer therapies, with similar
observations for other therapies(122). Nonetheless, most tests were still only performed for
selected patients, and the degree of improvements were likely insufficient to influence
outcomes. Cardiometabolic testing completeness remains a potential opportunity for bettering
cardiovascular outcomes in these patients, possibly with dedicated cardio-oncology
services(316).

Using population-based data, our findings were representative and generalizable to many Asian
metropolitans. Whilst data for some cardiometabolic testing components were unavailable,
most were included, and echocardiography was only recommended for patients at high
cardiovascular risks(13). Some cardiovascular variables/risk factors were unavailable, e.g.
blood pressure, but numerous covariates were considered and should cover most confounders.
Furthermore, individual outcome adjudication was impossible, and misdiagnosis/miscoding of
ICI-related cardiovascular sequelae was possible. Lastly, Hong Kong’s healthcare system is
heavily subsidized. Our findings may have limited applicability to countries/regions with
different medical financing systems(317).

12.5. Conclusion

Although cardiometabolic testing completeness in patients with cancer being initiated on ICI
was improving, completeness remained poor. Such improvements probably did not
meaningfully influence cardiovascular outcomes.
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13. Chapter 13: Critical analysis and discussion

Chapters 2-12 of this thesis explored different cancer factors, patient factors, and social factors
and their associations with cardiovascular health and/or outcomes in cancer survivors / patients
with cancer using various methodologies.

13.1. Social factors: social determinants of health

Chapters 2-4 focused on social factors. Chapter 2 demonstrated, in a cross-sectional study, that
worse SDOH was independently associated with worse cardiovascular health amongst
prevalent American cancer survivors,(318) whilst chapter 4 extended this association to
cardiovascular mortality in a prospective cohort study.(319) Chapter 3 explored psychological
distress as a cardiovascular health determinant in greater detail, further showing that
psychological distress was independently associated with all of the components of
cardiovascular health except obesity.(147) Both chapters 2 and 3 found the associations to be
significantly stronger in younger and female cancer survivors. The former finding was possibly
because ageing had a much stronger impact on cardiovascular health in older individuals. The
latter was possibly due to a combination of social factors (e.g. sexism(157)) and biological
factors (e.g. lower vascular reactivity, effects of sex hormones, and more adverse effects of
stress on endothelial function in females).(162) Although further mechanistic studies are
needed to confirm these postulations, the subgroup analysis results identified young, female
cancer survivors as the ones who may require and, by extension, benefit the most from social /
psychological support, which would justify policies and social interventions specifically
targeting these cancer survivors.

Both chapters 2 and 4 found economic stability, food insecurity, neighborhood, physical
environment and social cohesion (NPESC), and psychological distress to be domains of SDOH
which were particularly associated with worse cardiovascular health or higher risk of
cardiovascular mortality. These were consistent with previous reports of similar associations in
both non-cancer cohorts(106,157,320-323) and cancer survivors,(108—110,324-326) and were
mechanistically plausible. Cancer can cause economic instability by increasing medical
expenses and reducing one’s physical ability to work. In turn, economic instability adversely
impacts cardiovascular health and outcomes in multiple ways, including but not limited to
preventing access to preventive cardiovascular care and cardio-oncology services,
psychological distress, food insecurity, poorer living conditions, and having less time for
exercising.(123) Food insecurity is likely a result of economic instability, and impacts
cardiovascular health and outcomes by means of nutritional imbalances or deficiencies and
increased intake of unhealthy food. NPESC, which concerns the natural, built, and social
environment of one’s neighbourhood, is often related to one’s economic status and impacts
health by affecting lifestyle risk factors (such as levels of physical activity, drinking, and
smoking) and psychosocial stress.(327) More recent studies have also pointed to pollution
levels, especially air pollution levels, as a mediator of the health effects of NPESC. A cohort
study using data of over 5.5 million individuals from the United States’ Surveillance,
Epidemiology, and End Results Program found that every 10 ug/m? increase in the county-
level long-term average fine particulate matter (PM2s) exposure was associated with a 32%
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increase (95% confidence interval: 26%-39%) in the risk of cardiovascular mortality.(324)
Such association is supported by previous studies showing that air pollution exposure increases
systemic inflammation and oxidative stress, which are associated with the development of both
cancer and cardiovascular diseases.(112)

Chapter 3 further explored the association between psychological distress and cardiovascular
health in cancer survivors, with significant associations for all components of cardiovascular
health except obesity. Psychological distress was specifically chosen amongst all the domains
of SDOH as it appeared to be less discussed and explored. The observed associations had
plausible underlying mechanisms both socially and biologically. Cancer may cause
psychological distress due to the daunting and often life-changing nature of a cancer diagnosis,
increased financial burden from cancer therapies and reduced ability to work, reduced quality
of life due to cancer and/or cancer therapies, and, after remission, the fear for relapse. Some
cancer therapies, such as chemotherapy, are also known to directly cause neurological changes
in the brain which can lead to increased negative emotions.(328) On the other hand,
psychological distress adversely impacts cardiovascular health by means of adverse
associations with behavioural risk factors, as well as biological changes such as autonomic
activation, increased cortisol secretion, and endothelial dysfunction.(175,176) Although the
cross-sectional nature of the studies in chapters 2 and 3 predisposed to the possibility of reverse
causation, results from chapter 4 strongly suggested that this did not drive the associations
found in chapters 2 and 3, and that their directionality were likely correctly postulated.
Interestingly, the association between psychological distress and cardiovascular health was
weaker in cancer survivors than in the general population (i.e. participants in the National
Health Interview Survey who did not have any history of cancer). This difference was possibly
due to there being other factors that have greater impact on cardiovascular health in cancer
survivors, such as cancer therapies and cancer diagnosis per se. Again, further studies are
needed to confirm this postulation.

It is important to note that chapters 2-4 have a number of limitations. First, as aforementioned,
chapters 2 and 3 were both cross-sectional studies, meaning that it was impossible to discern
the directionality of associations, and that reverse causation was possible. This was partially
mitigated by chapter 4 which consistently showed independent associations between SDOH
and the risk of cardiovascular mortality in a longitudinal / cohort study, although differences in
outcomes meant that the reverse causation cannot be ruled out in chapters 2 and 3. Second, all
three chapters relied on data from NHIS which were self-reported, with the exception for
mortality data (used in chapter 4 only) which were linked to the official National Death Index.
Further disease-specific data, such as cancer staging and cancer therapies, were also
unavailable. Unfortunately, due to the anonymous nature of NHIS data, it has not been possible
for the NHIS diagnostic data to be validated against medical records, nor was it possible to
extract linked diagnostic or prescription data, even though NHIS has been used extensively in
cardiovascular and oncology research. These were the main reasons that findings from chapters
2-4 cannot be considered definitive. Third, in chapter 4, competing risks due to non-cancer and
non-cardiovascular mortality could not be account for using Fine-Gray sub-distribution
regression. This was purely due to software limitations, as there is no readily available
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implementation of such analyses with survey-specific statistics in Stata and R. To this end,
chapter 4 handled competing risks using the cause-specific hazards approach, which is the only
choice available and has been used by other teams, including members of the National Center
for Health Statistics of the United States.(189-191) Further developments in medical statistics
and integration of relevant models into readily available statistical packages are needed before
this issue can be overcome. Fourth, a large number of participants were excluded due to missing
data in chapters 2-4. Nonetheless, missingness was largely due to random sampling of subsets
for different questions in the NHIS, which meant that this was unlikely to substantially impact
the representativeness of the findings. Fifth, all three chapters used the prevalent case design,
1.e. including participants with prevalent cancer or history of cancer. As cancer and its
treatments are likely to affect SDOH, changes in SDOH since the time of initial cancer
diagnosis could not be ascertained and may bias the findings. Future studies using new case
design, i.e. including patients and recording SDOH data at the point of cancer diagnosis, are
required. Lastly, the observational nature of these studies precluded inference of causality, and
the possibility of residual and unobserved confounding cannot be excluded.

13.1.1. Social factors: gaps, challenges, and future directions

Moving forward, there remain many gaps in the SDOH literature that need to be bridged. First,
there is no standard definition of SDOH. The definition of SDOH used in chapters 2 and 4 was
based on research done by the Kaiser Family Foundation,(134) which has also been used by
others in previous works.(133,135) This differed slightly from the definition given by Healthy
People 2030(102) — although both are relatively similar to the older Dahlgren-Whitehead
model(329) and rather different from the framework set in 2008 by the World Health
Organization, a multi-tiered system which is far more complex and less workable than the
former definitions from an epidemiological research point of view.(330) This lack of
standardized definition makes it difficult for researchers to build on one another’s works, as
well as increasing the difficulty for clinicians and non-expert readers to understand and act on
these research findings. However, arriving at a standard definition of SDOH is not easy, if not
impossible. As a socially based measure, SDOH inevitably varies between geographical
regions and cultures, and is likely to change over time. For instance, whilst availability of health
insurance may be an important SDOH in countries without universal healthcare such as the
United States, it is unlikely to be as important in countries or regions with universal healthcare
such as Hong Kong. Regarding temporal changes in SDOH definition, a case in point would
be the relevance of access to internet booking of doctor appointments — this would not have
been nearly as relevant 30 years ago as it is now. Additionally, even within the same region and
culture, the importances of individual domains of social factors are most likely different
between people, and it may be difficult to arrive at a representative and widely accepted
definition that includes all domains of importance. Notwithstanding these challenges, future
multinational research exploring the subjective and objective importance of different social
factors in different regions will be helpful in bettering understanding of SDOH overall. Both
qualitative and quantitative studies would be valuable in such efforts. Qualitative studies,
which often involve structured interviews of subjects with open questions, can help identify
factors that people from different cultural and sociodemographic backgrounds consider to be
important in terms of quality of life, psychological well-being, and beyond. Meanwhile,
quantitative studies, such as the ones included in this thesis, involve quantitative descriptions
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and analysis of associations and effects, and are important in demonstrating the
representativeness of proposed SDOH components (e.g. by means of large-scale surveys), as
well as the effects of proposed SDOH components on key outcomes as validation (e.g. by
means of large prospective cohort studies). Ultimately, it will likely require efforts from major,
reputable, international organizations such as the World Health Organization to devise and set
out universal definitions, possibly with separate factors with global and specific regional
importance.

Second, which is related to the first point above, it is unclear how SDOH should be quantified.
Whilst a large part of this is certainly due to the aforementioned problem with definitions, it
remains a significant problem even within the context of specific sets of definitions. In most
prior health-related research, domains of SDOH have been studied separately.(104—110)
Although the concept of using a composite score to quantify SDOH in a single metric can be
found in earlier work such as one by Rdbl ef al in 2013,(331) Figueroa et al first coined the
term “polysocial risk score” in 2020,(143) with He et a/ and Javed et al subsequently publishing
two of the first studies deriving outcome-specific (type 2 diabetes mellitus and atherosclerotic
cardiovascular disease, respectively) polysocial risk scores in 2021.(138,332) This sort of
composite score is potentially more attractive to clinicians as it condenses a person’s SDOH
into a single number, which can then be actioned upon depending on the predicted risk of an
outcome — an algorithmic approach that is commonplace, or even standard, in many branches
of medicine. Although these scores were statistical derived and validated with rigorous
weighting for each SDOH domain, they were specific for their respective outcome and differed
from each other significantly due to differences in outcomes, data source, SDOH definition,
study design, and statistical models used. Meanwhile, chapters 2 and 4 also attempted to
capture SDOH using a single, composite score, with each domain of SDOH comprising
different numbers of one-point questions, which were then summed to derive the composite
SDOH score. This was the most straightforward way of deriving a composite SDOH score.
Although it neglected interactions between different domains of SDOH and the different
importance of each SDOH domain, with the number of questions in each domain being directly
proportional to the domain’s influence on the composite score, it was arguably the only option
available for the given scenario. Given that weightings and interactions are necessarily
outcome- and context-dependent, models developed in prior studies for different outcomes in
completely different populations cannot be used in chapters 2 and 4. Probably for similar
reasons, the simple additive approach used in chapters 2 and 4 has also been used by other
teams for similar purposes in different disease areas.(135,168,333—335) Whilst it was
theoretically possible to statistically derive a polysocial risk score with weighted variables and
interaction terms, the above already illustrates that such disease- and outcome-dependent
approach is inviable, especially if such risk scores were to be proposed for widespread clinical
usage, since it will be impossible to derive a separate model for each outcome of interest for
each disease in each demographic / population of substantial significance. There is thus a need
for future efforts to explore means to construct polysocial risk scores that are more widely
applicable to different people with different diseases and from different regions — this certainly
goes hand in hand with resolving the aforementioned issue with definitions. As such, the
aforementioned approach of using qualitative studies to identify factors of specific importance
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to certain subsets of individuals may be valuable in ensuring the construct validity of a
polysocial risk score.

Third, there is a global lack of SDOH data for research usage. This is a particularly serious
problem outside of North America and Oceania — as of March 2023, The Global Determinants
of Health Dataset Aggregator identified 26 datasets with SDOH from North America, 15 from
Oceania, 12 from Africa and Asia each, nine from Europe, and six from South America.(336)
It is important to note that of these datasets, only one of the six datasets from Southa America
(17%) had health outcomes available, contrasting North America and Oceania, for which 13 of
26 (50%) and 13 of 15 (87%) had such outcomes available, respectively. This imbalance in
data availability possibility stemmed from a later recognition of SDOH in research in some
regions, and more importantly, a lack of available funding and research infrastructure in certain
regions. Such imbalance makes it difficult to understand the impact of SDOH thoroughly
outside of North America and Oceania, and this underrepresentation of other regions may skew
perception of the impact and actionability of different domains of SDOH. Future prospective
studies with longitudinal follow-up for health outcomes in regions outside of North America
and Oceania will be critically important. Collection of relevant variables and explorations have
also been planned in my future studies with local institutions in Hong Kong concerning
urological cancers and potentially other areas of interest in cardiology and cardio-oncology.
Ideally, future SDOH-focused registries should be set up with recording of both SDOH data
and medical data — both diagnostic and therapeutic data, as well as linkage to governmental
death registries for death records and causes of death (as is the case for the Hong Kong data
source used in chapters 5-11). The availability of such datasets will most likely boost research
in SDOH, as well as allowing external validation of polysocial risk scores to ensure their
content validity — something which has been extremely difficult due to the lack of viable
datasets. Whilst a population-based registry of such sort may be difficult, utilizing complex
survey designs may overcome this problem and generate a nationally or regionally
representative dataset with reasonable amounts of resources. Examples of such surveys already
exist in the NHIS, the data source for chapters 2-4 — in fact, a combination or linked dataset of
the NHIS and the National Health and Nutrition Examination Survey, both of which are already
linked to the national death index and multiple administrative healthcare databases, would be
rather similar to what was suggested above. Unfortunately, this is not possible as of the time of
writing, and efforts to build such registries remain to be undertaken.

13.2. Cancer factors and patient factors

Chapters 5-11 explored the cardiovascular burden of patients receiving specific cancer
therapies, or cancer or patient factors which may be determinants of these patients’
cardiovascular health or outcomes. These chapters made use of population-based electronic
medical records data from Hong Kong and focused on patients with prostate cancer undergoing
androgen deprivation therapy (ADT; chapters 5-9) or patients with cancer receiving immune
checkpoint inhibitors (ICIs; chapter 10-12), both of whom are known to have significantly
elevated cardiovascular risks due to the respective medications.
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13.2.1. Androgen deprivation therapy

ADT is a cornerstone of prostate cancer treatment with proven oncological efficacy, and has
been recommended by international societal guidelines.(194,240) The cardiovascular effects
of ADT were primarily exerted through disruptions of the hypothalamic-pituitary-gonadal axis,
with the loss of male sex hormones — which have protective effects on cardiovascular and
metabolic functions — resulting in increased risks of diabetes, dyslipidaemia, and adverse
cardiovascular events.(40,195) Whilst these cardiovascular events were mostly thought to be
atherosclerotic in nature, with most studies therefore focusing on myocardial infarction and
ischaemic stroke, emerging evidence has increasingly established that ADT increases the risk
of heart failure as well.(337) Although this may be mediated by the atherosclerotic effects of
ADT, it may also be a consequence of insulin resistance, which is both an established
consequence of ADT(338,339) and a proven pathophysiological cause of heart failure.(340,341)
Although many comparative studies have been performed to delineate the cardiovascular
effects of ADT, very few have quantified the burden of cardiovascular events in patients
receiving these medications, especially over long follow-up periods in non-Caucasian cohorts.
This was the purpose of chapters 5 and 6, quantifying the cardiovascular burden in terms of the
cumulative incidence of major adverse cardiovascular events (MACE), total and emergency
cause-specific hospitalizations, and cause-specific mortality.(120,122) In addition to
numerically estimating these burden, these studies also observed a relatively constant incidence
rate of MACE and cardiovascular mortality, contrasting cancer mortality which plateaued
around after 15 years. These suggested that the elevation in cardiovascular risk — though not
demonstrable by chapters 5 and 6, this has been shown by prior studies — persists after the
initiation of ADT, although this needs verification by large comparative studies with long-term
follow-up. Clinically, these results may be useful for urologists and oncologists for discussing
the pros and cons of ADT and other treatment options with patients with prostate cancer. This
is possibly limited by the lack of control groups in these two chapters. However, given the well-
established clinical indications of ADT, it would have been very difficult to identify appropriate
and clinically meaningful patients as controls without incurring any bias by indication. It could
be argued that alternative reporting metrics, such as standardized mortality rates, could have
made interpretation easier. However, given that a diagnosis of cancer per se is associated with
increased cardiovascular risks, and that patients with prostate cancer tend to be of substantially
older age than the general population, standardization using age distributions in the general
population would not have been particularly helpful. Meanwhile, the results supported the
practice recommended by the European Society of Cardiology’s (ESC) 2022 cardio-oncology
guidelines, i.e. recommending indefinite annual cardiovascular risk assessment in patients
receiving potentially cardiotoxic medications.(13)

As conceded by the said guidelines, however, long-term cardiovascular monitoring still
requires further research, as the effectiveness of such practice remains to be proven. Whilst
randomised controlled trials may be difficult to conduct due to ethical issues and the long
follow-up required, it would be helpful to compare large prospective cohorts of patients with
prostate cancer receiving ADT and long-term cardiovascular monitoring against historical data
or similar patients elsewhere without long-term cardiovascular monitoring. This would not
only allow examination of whether cases are detected and interventions given earlier, but also
whether unnecessary follow-up investigations and treatments occurred due to false-positive
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results, thereby allowing decision analyses and cost-effective analyses — both of which would
inform whether these monitoring recommendations are justified. Nonetheless, for these studies
to be effective in shaping practice and guidelines, concerted efforts by researchers worldwide
in tackling this question using consensually defined measures and outcomes will facilitate
systematic analysis of findings. This may require consensus documents or recommendation
statements from internationally reputable professional societies of the relevant disciplines,
potentially a collaboration of cardiovascular, oncological, and urological societies.

Chapters 7-9 explored patient or cancer factors that were associated with the risk of adverse
cardiovascular events. Chapter 7 explored the associations between major cardiovascular
comorbidities — which are patient factors — and the risk of adverse cardiovascular events.(342)
This study was conducted in view of the lack of evidence pertaining to the prognosticators of
cardiovascular events in patients with prostate cancer receiving ADT. The results showed, first,
that the presence of any cardiovascular comorbidity was associated with the presence of other
comorbidities, and, second and more crucially, the number of cardiovascular comorbidities
present may be prognostically more important than the type of comorbidities present. Whilst
these findings are not meant for guiding clinical practice directly, and so no evaluation /
validation of model performance was performed, they provide important food for thought in
future studies of cardiovascular risk stratification tool in these patients — an area in which
research is sorely needed, as the currently recommended scores (e.g. SCORE2) have not been
validated in patients receiving cancer therapies.(13) Many common cardiovascular risk
stratification tools, such as PREVENT and SCORE?2, consider a number of cardiovascular risk
factors to compute an estimate of cardiovascular risk by means of sophisticated equations based
on survival models.(244,343) This is also true for a number of risk scores more specific to
cardiovascular medicine, such as the EuroSCORE II, the GARFIELD-AF score, and the SEX-
SHOCK score.(344-346) These scores cannot be calculated manually, which arguably makes
these scores less accessible and user-friendly in daily clinical practice, contrasting simpler
integer-based scores such as HAS-BLED, qSOFA, and CHA:DS:-VASc which have remained
widely used by physicians globally for their brevity and recommended by societal guidelines
for their thorough validation.(347-349) The findings of chapter 7 suggested the possibility of
considering the number of cardiovascular comorbidities as a candidate predictor in future risk
stratification tools, in order to simplify the resultant model and facilitating clinical use. More
broadly speaking, these findings hopefully raise clinicians’ awareness of the influence of
cardiovascular comorbidities on adverse cardiovascular events, potentially encouraging further
research in this area.

However, large prospective cohorts will be required for the derivation of any risk stratification
tool —regardless of the tool targeting specific subsets of patients with cancer or cancer survivors
in general — with external validation in other cohorts. Contemporary cardiovascular risk scores
such as SCORE2 may be referenced for their rigorous statistical methods. Particularly, the
approach used by SCORE?2 to handle the different baseline risk level of different geographical
regions, i.e. by incorporating a “regional risk level” variable which changes the baseline risk
of the estimation equation,(350) may be a viable solution to the issue of heterogeneity in cancer
therapy-related cardiotoxicity between different classes of cancer therapies. In addition, recent
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times have seen an increasing use of machine learning techniques in cardio-oncology.(351)
With their ability to find obscure patterns in large amounts of data and handle high-level
interactions, machine learning techniques may improve the performance of cardiovascular risk
scores in patients with cancer. That said, the selection of predictor variables still requires
clinical and biological plausibility, meaning that a purely data-driven approach to risk score
derivation may not be ideal. Machine learning also commonly produces “black box™ models,
meaning that the constituent equations and coefficients are not explicitly known, which
severely hampers efforts to externally validate such models. Additionally, as discussed above,
sophisticated equations may not be as pragmatic to clinicians, which further suggests that
models derived purely from machine learning may be realistically suboptimal. Overall, any
cardiovascular risk stratification tool for patients with cancer will need to balance model
performance, generalizability, and operational simplicity and approachability for it to be
clinically useful.

Chapter 8 explored visit-to-visit variability in glycated haemoglobin (HbAlc; VVHV), which
1s a patient factor, as a potential marker of cardiovascular risk in ADT users.(352) Most studies
had only studied point measurements of glycaemic control; VVHV might offer another means
of evaluating glycaemic control with consideration of longitudinal changes, which is of interest
in these patients due to the known metabolic effects of ADT.(195) The study showed an
increase in VVHV after ADT initiation, with higher post-initiation VVHV being associated
with higher risks of MACE. The subgroup findings — which showed that baseline use of
antidiabetic medications reduced changes in VVHV — may suggest that it is a treatable target.
This is consistent with a post hoc analysis of the EMPA-REG OUTCOME trial, which found
that empagliflozin significantly reduced VVHV.(353) However, the same study found that the
cardiovascular benefits of empagliflozin in these patients were not mediated by reductions in
VVHY, meaning that VVHV may be a marker of glycaemic control but not a treatment target
per se.(353) Also importantly, the mechanisms and determinants of VVHV have remained
unclear despite studies in numerous other conditions.(249-253) These uncertainties warrant
further mechanistic and clinical studies.

Aside from highlighting the relevance of serial glycaemic monitoring using HbAlc — as
recommended by the ESC(13) — the findings may suggest that serial measurement of other
cardiometabolic markers should be explored as prognosticators too, e.g. troponin and lipids,
the latter of which has been studied extensively in other conditions and shown to be associated
with the risk of multiple adverse cardiovascular outcomes.(354-356) That said, there remains
no standard measure of variability, with the coefficient of variation, standard deviation, and
average real variability having been used in different studies.(249-253,352,354-356) A
prognostically powerful, computationally simple, and interpretatively intuitive measure of
variability will be ideal for clinical use, but it remains to be identified and validated. Meanwhile,
as mentioned above, empagliflozin, a sodium-glucose cotransporter 2 inhibitor (SGLT21i), has
been shown to reduce VVHV.(353) The same class of medications have been shown to be
associated with reductions in the risk of cardiovascular events in patients with prostate cancer
and diabetes mellitus.(357,358) Whilst SGLT2i is not routinely recommended for patients with
prostate cancer at the moment, this may suggest VVHV as a marker of response to

176



cardioprotective or cardiometabolic treatments, especially in patients with diabetes mellitus, or
as a marker of residual cardiovascular risk despite such treatments. If true, this may allow more
personalized and effective titration of cardiometabolic medications. That said, the above
hypothesis needs to be proven using high quality data, preferably from prospective cohorts to
ensure freedom from bias by indication and information bias.

Chapter 9 compared the cardiovascular risks associated with gonadotropin-releasing hormone
(GnRH) agonists and antagonists, which is an example of cancer factors that influence
cardiovascular outcomes.(359) GnRH agonists were postulated to be associated with higher
cardiovascular risks mainly due to initial increases in androgen levels, as well as activation of
GnRH receptors on CD3-positive T cells in atherosclerotic plaques which heightens
inflammation and hence the risk of plaque progression or rupture and cardiovascular
events.(360,361) Initial clinical evidence from oncological trials supported this, but the first
trial designed specifically to investigate this issue, the PRONOUNCE trial, was underpowered
after it was terminated due to slow enrolment and lower-than-expected event rates, with the
published analyses showing no significant differences in MACE between degarelix (a GnRH
antagonist) and leuprolide (a GnRH agonist).(95) The study observed no significant differences
between degarelix and GnRH agonists in the short-term — which was consistent with
PRONOUNCE(95) — but significantly higher cardiovascular risks with GnRH agonists in the
long-term. Specifically, these differences were observed in those with known cardiovascular
risk factors, but not in those without. Previous observational studies had also observed higher
cardiovascular risks in GnRH agonist users,(362) contrasting a meta-analysis of oncological
trial data which has found the opposite.(363) This was usually attributed to bias by indication,
i.e. GnRH antagonists being preferentially given to those with higher cardiovascular risk in
real-world practice. Although this remains a strong possibility here, it was largely mitigated by
the use of inverse probability treatment weighting which balanced numerous baseline
characteristics between the treatment arms (degarelix and GnRH agonists), including many
cardiovascular comorbidities and risk factors.

Chapter 9 also highlighted the need to study the long-term effects of these medications. It was
noteworthy that previous trials, including PRONOUNCE, were mostly limited to one year of
follow-up, meaning that the long-term cardiovascular effects of these medications remain
largely unexplored in trials.(363) Although an increase in long-term cardiovascular risk despite
contrasting short-term observational data and neutral short-term trial results may appear
somewhat unintuitive, one must bear in mind that our current understanding of the
pathophysiological basis of the cardiovascular effects of GnRH agonists and antagonists is
patchy at best. Aside from GnRH agonists and antagonists, other agents used for
pharmacological ADT — which are often lumped together in the cardio-oncology, oncology and
urology literature — have also been observed to have different cardiovascular effects, even those
within the same class (e.g. enzalutamide and abiraterone, both androgen receptor signalling
inhibitors(56)). Overall, this points to the need for more granular understanding of the
cardiovascular effects of individual agents within each class of cardiotoxic cancer therapy.
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13.2.2. Immune checkpoint inhibitors

The adverse cardiovascular effects of ICIs result from immune activations and heightened
inflammatory processes.(364) The most lethal and thus most studied event is myocarditis, but
emerging evidence suggests that ICIs accelerate atherosclerosis and thus potentially increase
longer-term cardiovascular risks, with likely mechanisms including T cell activation and
inhibition of atherosclerotic downregulators such as PD-1, PD-L1 and CTLA4 which are direct
targets of ICIs.(365-367) Similar to chapter 5, chapter 10 quantified the burden of MACE in
patients with cancer receiving ICIs,(121) observing that over three-fourths of MACE occurred
within one year of initiating ICIs, with the cumulative incidence curve tapering at
approximately the two-year mark. Similarly, the cardiovascular hospitalization rate was also
highest within the first year. These finding highlighted that, despite the above postulation of
longer-term cardiovascular effects, there only appeared to be a short-term spike in
cardiovascular burden. Chapter 11 further extended this investigation of the temporality of
cardiovascular effects, focusing on myocardial infarction(51) — whilst Drobni e al had shown
that ICI use increases the risk of MI, that study gave little information about the timing of MI
and whether the effects were acute or chronic in nature.(42) Making use of a self-controlled
case series design to overcome the issue that is the lack of a control group, Chapter 11 found
the risk of MI to be significantly increased only in the 90 days after initiation, but not later,
with the point estimate of incidence rate ratio declining to almost 1.0 in the post-exposure
period. Although the study was limited by a small sample size, the point estimates and
confidence intervals strongly suggested that a clinically meaningful increase in the risk of MI
was unlikely at least after ICI exposure. Overall, the findings from chapters 10 and 11 provided
insights into when patients are at the most risk of cardiovascular events and, thus, are in the
greatest need for relevant monitoring.

The 2022 ESC guidelines recommended cardiovascular monitoring after ICI initiation by
means of electrocardiogram and troponin levels every cycle for the first four cycles, and then
the same with routine cardiometabolic assessment every three cycles thereafter.(13) Whilst our
results largely supported this schedule, this schedule of cardiovascular monitoring remains to
be validated for efficacy and cost-effectiveness. These modalities of cardiovascular monitoring
are also unlikely to be effective for other events such as heart failure and pericarditis. Although
it may be argued that these conditions are largely diagnosed based on clinical history, patients
receiving ICI often suffer from multiple comorbid conditions with longstanding physical
illnesses, such that new symptoms of these cardiovascular conditions may go unnoticed or
dismissed easily by both the patient and treating physician. This means that cardiovascular
monitoring for these conditions may be helpful, but this requires further work on the
temporality of these conditions, as well as studies of the best modalities for monitoring these
conditions cost-effectively.

Meanwhile, the logical follow-up questions to our finding that ICI increases the risk of M1, and
more broadly to the well-known observation of ICI-related myocarditis, is how to identify
patients at high risk of these acute adverse cardiovascular events, and how to prevent these
events. Some studies have already tried to explore risk factors of ICI-related myocarditis, but
efforts thus far have largely been hampered by the rarity of these events. Thus far, combination
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ICI therapy appears to be the only risk factor consistently demonstrated to be associated with
particularly high risks of myocarditis,(286,368) a findings which others have extended to
cardiovascular adverse events in general.(295) Indeed, studying cardiovascular adverse events
as a composite outcome can increase statistical power and provide a broader view of the
cardiovascular risks associated with ICI use, but disaggregating these events may have its
merits in allowing characterization of conditions with different underlying pathophysiology
and, in the case of myocarditis, substantially different outcomes. Realistically, the former is
well-suited for retrospective analysis of electronic medical records data, as was done in chapter
10, where the lower data granularity is of relatively low importance. To study risk factors for
disaggregated outcomes such as myocarditis, large prospective cohorts with detailed clinical,
biochemical and even histopathological / postmortem examinations are needed, which, given
the rarity of such events, will require international registries. Meanwhile, prevention of these
events will likely require understanding their risk factors, as well as the pathophysiological
nature of these events. Whilst ICI-related myocarditis is known to be immune-mediated, it is
less clear-cut for MI occurring in patients receiving ICI. Whilst immune-mediated accelerated
atherosclerotic progression has been a strong contender for being a mediator of MI in these
patients,(42,369) others have suggested vasculitis and coronary artery vasospasm as possible
causes of MI in these patients.(370-372) These would imply different agents as potentially
protective against MI in these patients. For instance, plaque-stabilizing agents such as statins
may be effective if accelerated atherosclerosis is indeed the predominant pathophysiological
pathway, while dihydropyridine calcium channel blockers may be effective if vasospasm plays
a key role. Nonetheless, the low incidence rates of these events imply that routine prescription
of any cardioprotective agent may not be beneficial or cost-effective, which again emphasizes
the need to identify patients at high risk of these events. Although the 2022 ESC guidelines
recommended the HFA-ICOS risk stratification tool, the relevant supporting evidence levels
were relatively low, representing a persistent need for further studies.(13,71) As
aforementioned, international registries may enable derivation and validation of better risk
stratification tools for patients receiving ICI, which have the potential to be the stepping stone
for further studies — trials even — of cardioprotective agents for these patients.

13.2.3. Limitations of chapters 5-11 and broader relevance

Chapters 5-11 shared the same source of data and thus shared a number of major limitations.
First, there was no data on cancer staging and histology, which may have biased findings
especially in comparative studies such as chapter 9. Second, data for some important
cardiovascular risk factors, such as smoking status and body-mass index were not available. To
minimize this limitation, an extensive list of cardiometabolic comorbidities and medications
were included as covariates in adjusted analyses to remove confounding effects as much as
possible. Third, it was not possible to adjudicate the recorded diagnoses and outcomes, and
coding error was possible. Nonetheless, the data source had been used extensively in prior
studies,(373) with some studies having validated specific diagnostic codes and outcomes,
including cardiovascular ones.(225,236,311) All data were also extracted from electronic
medical records automatically recorded from input by the patients’ treating clinical teams, with
access restrictions and anonymization rendering it impossible for users of the data source to
alter the data individually. Fourth, for non-descriptive studies (chapters 7-9 and 11), the
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observational nature precluded the inference of causality, and residual or unobserved
confounding remains a potential issue.

Aside from the treatment-specific implications mentioned above, chapters 5-11 highlighted
angles in which future studies can tackle gaps in the cardio-oncology literature. For instance,
thorough descriptive studies are valuable in bettering understanding of the natural history and
health burden of patients at risk of cardio-oncology issues. Though not specifically explored in
this thesis, descriptive studies will be especially valuable for patients with cancer who have
cardiovascular comorbidities, as they are commonly excluded from oncological trials.(374)
Such studies have the potential of bettering understanding of the temporal progression of
comorbidities and frailty in these patients, which are complex and may inform further studies
of interventions and strategies aimed at slowing such progression. Besides, the exploration of
VVHYV in chapter 8 highlighted the potential utility of more novel cardiometabolic metrics —
derived from measurements readily available from routine follow-up — in cardiovascular risk
stratification of patients with cancer. However, there is often a lack of thorough understanding
of the determinants of these novel cardiometabolic metrices, as well as the mediating pathways
of their associations with outcomes. These need to be clarified before these metrices can be
interpreted meaningfully with physiological implications and thus used clinically. A good
example is visit-to-visit lipid variability (VVLV), which is conceptually similar to VVHV but
concerns lipids instead of HbA 1c. Despite extensive studies demonstrating strong associations
between VVLV and adverse cardiovascular outcomes,(356,375-378) amongst other outcomes
such as cancer,(379) VVLV has not seen any meaningful clinical use, largely due to
uncertainties over its physiological meaning and implications, as well as whether it is a
treatable target. To this end, I recently led a study using prospective data from the United States’
Multi-Ethnic Study of Atherosclerosis and demonstrated that the aforementioned prognostic
associations observed for VVLV may not be explained entirely by the atherogenic properties
of lipids, and may be related to inflammation.(380) Whilst the results were by no means
conclusive and only provided limited mechanistic insights into the implications of VVLYV, I
believe this was a step in the right direction. Further studies similarly aimed at understanding
the mechanistic underpinnings of VVHV and other novel cardiometabolic metrices in both
cancer survivors and other populations are warranted.

Meanwhile, the comparison between GnRH agonists and antagonists in chapter 9 highlighted
the need to better understand intra-class differences in adverse event profiles, which has been
suggested to be applicable to ICIs,(281) tyrosine kinase inhibitors,(381) and
anthracyclines(382) as well. These medications are often lumped together in cardio-oncology
studies with the presumption of a homogeneous class effect. Larger registries are likely
required to overcome this issue though, as often there is insufficient sample sizes when splitting
a cohort by the specific agents used, as was the case in chapters 10-11. Furthermore, chapter
11 illustrated the potential of novel study designs in cardio-oncology research, as they often
offer unique advantages over more traditional / conventional designs (e.g. cohort studies, case-
control studies). For instance, self-controlled case series, as used in chapter 11, only require
patients who developed the outcome of interest, increasing efficiency and reducing the time,
effort and resources required for building a large cohort. The self-controlled nature also meant
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that time-invariant confounders were inherently eliminated.(383) Such design is useful in cases
where a clinically meaningful and fair control group is difficult to identify, or where bias by
indications is difficult to overcome in a cohort design — a common scenario in cardio-oncology
research.

13.3. Holistic research in cardio-oncology

Although this critical analysis and discussion has addressed social factors and cancer and
patient factors separately, there is no doubt that these factors are intertwined, influencing each
other and impacting cardiovascular health and outcomes in complex manners. As a field, it will
be important for studies in cardio-oncology to address all these factors comprehensively and
systematically. For instance, beyond conducting association studies to identify risk factors and
determinants of cardiovascular health and outcomes, future studies should move on to
investigating whether these risk factors are true treatment targets, meaning that they are
modifiable, and that modifications translate into benefits in terms of health measures or clinical
outcomes. This will initially require large prospective cohort studies with sufficiently granular
data, before eventually involving well-designed RCTs that are inclusive and representative of
the relevant clinical populations — inclusivity and representation have been identified as key
problems in cardio-oncology RCTs in the US.(374) Regardless of study design though, there
remains a need for prospective cardio-oncology studies outside of the US,(12) especially ones
with longer follow-up periods — the recently initiated Global Cardio Oncology Registry is a
good first step in this direction.(384)

Meanwhile, study outcomes should be specified carefully, especially in RCTs and with greater
consideration given to clinical relevance. Some of the most prominent cardio-oncology trials,
such as the PREVENT and STOP-CA trials,(82,83) used imaging measurements (left
ventricular ejection fraction in both of these trials) as the primary outcome. Whilst this ensured
statistical power, the detected differences in left ventricular ejection fraction (<10% absolute
differences) were of questionable clinical significance, and although a low left ventricular
ejection fraction is well-established as a predictor of poorer cardiovascular outcomes, it differs
significantly in clinical meaning from more established outcomes such as MACE. On the other
hand, symptomatic or quality of life measures are clinically important and warrant studying
formally as an outcome in cardio-oncology RCTs. These may include “softer” cardiovascular
outcomes, such as cardiovascular hospitalizations, which significantly impact patients’ quality
of life, and were explored in chapters 6, 7, and 10. However, combining patient-reported
metrics with conventional, “hard” events is methodologically challenging, as symptomatic or
quality of life measures are typically repeated measures, while MACE and other similar “hard”
events are typically time-to-event outcomes. Whilst at least one model has been developed to
combine repeated measures and time-to-event outcomes, it assumes that the repeated measures
and time-to-event components are equivalent in importance, which is almost never the case in
medicine.(385) A potential solution to this issue is the use of the win ratio, a relatively novel
analytic technique formally published by Pocock ef al in 2012 based on the Finkelstein-
Schoenfield test, which allows hierarchization of composite endpoints and accommodates
different types of outcomes (such as the scenario of repeated measures and time-to-event
outcomes above) in the same composite endpoint.(386) The win ratio allows estimation of the
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likelihood of the treatment arm “winning”, i.e. doing better overall, than the comparator arm,
which is a clinically intuitive interpretation. This analytic approach has been adopted by a
number of landmark cardiovascular trials, such as ATTR-ACT,(387) ATTRibute-CM,(388)
EMPULSE,(389) and TRILUMINATE,(390) and the seminal paper by Pocock et al described
applications in the observational context as well.(386) Although there are potential issues with
refinements being made continually,(391,392) the win ratio approach remains to have immense
potential in the cardio-oncology sphere.

Nonetheless, methodological challenges aside, studies on functional, mental and social well-
being will benefit from collaborations with allied health professionals, as these areas are out of
the scope of expertise of many clinician-scientists in the field of cardio-oncology. Similarly, it
will be important to increase patient involvements in cardio-oncology research — this not only
empowers patients, but it also allows patients to draw from their lived experience to guide the
development of patient-reported outcomes (such as the aforementioned symptomatic and
quality-of-life measures). Studies have shown that despite logistical tradeoffs, increased patient
engagement was helpful in ensuring the relevance of study outcomes, improving study
enrollment and retention, and facilitating dissemination of research findings to the wider patient
population,(393-396) with the potential of ultimately increasing the likelihood of making real-
life impacts. Overall, patient engagement in cardiovascular studies remains in working progress,
and such efforts are certainly warranted in the cardio-oncology sphere.

13.4. Translating research into practice

As important as it is to push the field and make progress in research, it is crucial to translate
research into practice. This was part of the aim of chapter 5, where temporal trends in MACE
and mortality were examined in patients with prostate cancer receiving ADT,(122) as well as
chapter 12, which built on the same theme to examine the temporal trends in the completeness
of guideline-recommended cardiometabolic testing prior to ICI initiation in addition to trends
in MACE.(188) Concerningly, chapter 5 revealed that although the all-cause mortality rate has
been declining, the risk of MACE has increased with time even in competing risk analysis
where non-cardiovascular mortality was accounted for as a competing event. Importantly, those
who were initiated on ADT more recently had more cardiovascular risk factors or comorbidities.
This suggested that the increase in the risk of MACE was unlikely to have been explainable by
the improved survival; instead, it was possibly due to a slow shift in the cardiovascular risk
profile of patients receiving ADT. Meanwhile, chapter 12 observed that even though the
completeness of pre-ICI cardiometabolic testing improved over time, overall completeness of
such testing remained poor, and the improvement in completeness did not meaningfully impact
the risk of MACE.

Despite the limitations inherent to the source of data (as previously discussed, such as the
possibly of miscoding), both chapters highlighted that there remains much to be done to
improve cardiovascular health and outcomes in these specific patients with cancer, despite the
evident advancements in cardio-oncology in recent years. In the grand scheme of medicine,
research is only the first step towards improving health and outcomes, and translating research
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into practice requires policymakers to allocate sufficient resources, clinicians (including allied
health professionals) to be educated and to implement and advocate for evidence-based practice,
administrators to facilitate these changes in practice wherever needed, and patients to be
educated and supported physically, mentally, and socioeconomically. Many hurdles need to be
overcome to be able to provide holistic and equitable multidisciplinary care to patients with
cancer. Moving forward, similar studies will be important for monitoring progress and
identifying gaps and opportunities that ought to be addressed. To facilitate reporting and
harmonize research findings to improve their comparability and generalizability, the ESC has
published a list of quality indicators for the prevention and management of cancer therapy-
related cardiovascular toxicity in cancer treatment,(309) while the International Cardio-
Oncology Society and the American College of Cardiology have recently called for further
work in this area.(397) Future studies should make use of these quality indicators where
possible. Of course, aside from monitoring progress, as chapter 12 did, it is equally, if not more
important to study ways of implementing guideline-recommended and evidence-based cardio-
oncology practice in the real world. Cardio-oncology is one of the fastest-growing fields in
cardiovascular medicine,(12) and frequent changes in practice according to the latest guidelines
and evidence can be difficult and can sometimes interrupt pre-exiting work flows.
Implementation research exploring the barriers for clinicians to follow the latest guidelines and
evidence in day-to-day practice and optimizing ways to roll out updated clinical workflows
will be important for translating research into practice.
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14. Appendices
14.1.

Appendices for Chapter 2

14.1.1. Supplementary tables for Chapter 2

Supplementary Table 14.1 Components of the social determinants of health score

Shorter  version  of

survey items

Longer version of survey items

Survey Responses

Analytic recode

ECONOMIC STABILITY

Employment

Sick Leave

Family Income

Any Difficulty Paying
Medical Bills

What was your employment status as
of last week?

Paid sick leave at current job or most
current job

Ratio of family income to poverty
threshold

In the past 12 months did you/anyone
in the family have problems paying or
were unable to pay any medical bills?
Include bills for doctors, dentists,
hospitals, therapists, medication,

Working for pay at a job or business; With a job
or business but not at work; Looking for work;
Working, but not for pay, at a family-owned job
or business; Not working at a job or business
and not looking for work

Yes; No

Yes; No
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0 = "Employed or
Retired"; 1 = "Never or
Previously Employed"

0 — I'Yes"; 1 — "NOH

0 ="Middle/High-income"
(= 200% of poverty
threshold); 1 = "Low-
income" (< 200% of
poverty threshold)

0= HNOH; 1 ="Yes"




Unable to Pay Medical
Bills

Cost-related medication non-adherence (positive if any of the following 3 questions' answer was Yes):

. Skipped medication
doses to save money

... Took less medicine to
save money

Delayed filling
prescription to save
money

Delayed/Foregone Care due to Cost (positive if any of the following 2 questions' answer was Yes):

Delayed Care due to
Cost

equipment, nursing home or home
care.

If previous question = Yes: Do
you/Does anyone in your family
currently have any medical bills that
you are unable to pay at all?

During the past 12 months, were any
of the following true for you?

...You skipped medication doses to
save money

During the past 12 months, were any
of the following true for you?

...you took less medicine to save
money

During the past 12 months, were any
of the following true for you?

...You delayed filling a prescription to
save money

During the past 12 months, has
medical care been delayed for because

Yes; No

Yes; No

Yes; No

Yes; No

Yes; No
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0= "NO"; 1 ="Yes"

0= "NO”; 1 ="Yes"

0= HNOH; 1 ="Yes"

0= HNOH; 1 ="Yes"

0= HNOH; 1 ="Yes"




Foregone Care due to
Cost

of worry about the cost? (Do not
include dental care)

During the past 12 months, was there
any time when needed medical care,
but did not get it because couldn't
afford it?

Yes; No

High Financial Distress Composite Score (aggregate score from the following 6 questions);

Worried about ...

... Money for retirement

Medical costs of
illness/accident

... Maintaining standard
of living

How worried are you right now about
not having enough money for
retirement?

How worried are you right now about
not being able to pay medical costs of
a serious illness or accident?

How worried are you right now about
not being able to maintain the
standard of living you enjoy?

Very worried; Moderately worried; Not too

worried; Not worried at all

Very worried; Moderately worried; Not too

worried; Not worried at all

Very worried; Moderately worried; Not too

worried; Not worried at all
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0= "NO"; 1 ="Yes"

From the aggregate sum of
the following 6 items,
divided into quartiles:

0 = quartiles 1-3; 1 =

quartile 4

0 = "Not too worried/Not
worried at all"; 1 =
"Mod/Very worried"

0 = "Not too worried/Not
worried at all"; 1 =
"Mod/Very worried"

0 = "Not too worried/Not
worried at all"; 1 =
"Mod/Very worried"




How worried are you right now about

healti\l/f:z(riécal costs  of not being able to pay medical costs for xzzievg-ogid\;vol\r/lr?e?zley worried; Not oo | ¢ - '_'NOt too worried/Not
normal healthcare? ’ worried at all"; 1 =
"Mod/Very worried"
How worried are you right now about s . '
... Paying monthly bills | not having enough to pay your normal Very' w'orrled, Mgderately worried; Not 100 | ¢ = "Not too worried/Not
monthly bills? worried; Not worried at all worried at all; 1 =
"Mod/Very worried"
Paying | How worried are you right now about s e ‘
rent/mortgage/housing | not being able to pay your rent, erzievgégid\:voﬁ?;ezt;lly worried; Not too | g = '.'NOt too worried/Not
costs mortgage, or other housing costs? ’ worried at all"; 1 =
"Mod/Very worried"
NEIGHBOURHOOD, PHYSICAL ENVIRONMENT AND SOCIAL CONTEXT
Is this house/apartment owned or 0 = "Own or being

House Tenure

Neighborhood Quality
(Help)

being bought, rented, or occupied by
some other arrangement by [you/or
someone in your family]?

How much do you agree or disagree
with the following statements about
your neighborhood? Would you say...
People in this neighborhood help each
other out.

Owned or being bought; Rented; Other

arrangement

Definitely agree; Somewhat agree; Somewhat
disagree; Definitely disagree
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bought"; 1 = "Rent/Other
arrangement"

0 = "Agree
(Somewhat/Definitely)"; 1
= "Disagree

(Somewhat/Definitely)"




Neighborhood Quality
(Trust)

Neighborhood Quality
(Close Knit)

Neighborhood Quality
(Accountability)

How much do you agree or disagree
with the following statements about
your neighborhood? Would you say...
People in this neighborhood can be
trusted.

How much do you agree or disagree
with the following statements about
your neighborhood? Would you say...
This is a close-knit neighborhood.

How much do you agree or disagree
with the following statements about
your neighborhood? Would you say...
There are people I can count on in this
neighborhood.

Definitely agree; Somewhat agree; Somewhat
disagree; Definitely disagree

Definitely agree; Somewhat agree; Somewhat
disagree; Definitely disagree

Definitely agree; Somewhat agree; Somewhat
disagree; Definitely disagree

0 = "Agree
(Somewhat/Definitely)"; 1
= "Disagree

(Somewhat/Definitely)"

0 = "Agree
(Somewhat/Definitely)"; 1
= "Disagree

(Somewhat/Definitely)"

0 = "Agree
(Somewhat/Definitely)"; 1
= "Disagree

(Somewhat/Definitely)"

COMMUNITY AND SOCIAL CONTEXT

Kessler K6 Scale for High Psychological Distress (derived from the following 6 questions):
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From the aggregate sum of
the following 6 items: 0 =
"No psychological
distress" (sum < 12); 1 =
"Psychological  distress"
(sum>13)




.. Feeling sad

.. Nervous

.. Restless/fidgety

.. Restless/fidgety

During the past 30 days, how often did
you feel ...so sad that nothing could
cheer you up?

During the past 30 days, how often did
you feel ... nervous?

During the past 30 days, how often did
you feel ... restless or fidgety?

During the past 30 days, how often did
you feel ... restless or fidgety?

All of the time; Most of the time; Some of the
time; A little of the time; None of the time

All of the time; Most of the time; Some of the
time; A little of the time; None of the time

All of the time; Most of the time; Some of the
time; A little of the time; None of the time

All of the time; Most of the time; Some of the
time; A little of the time; None of the time
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0 ="None of the time"; 1

= "A little of the time"; 2

= "Some of the time"; 3
"Most of the time"; 4
"All of the time"

0 = "None of the time"; 1

="A little of the time"; 2

= "Some of the time"; 3
"Most of the time"; 4 =
"All of the time"

0 = "None of the time"; 1
="A little of the time"; 2

= "Some of the time"; 3 =
"Most of the time"; 4 =
"All of the time"

0 ="None of the time"; 1
= "A little of the time"; 2

= "Some of the time"; 3 =
"Most of the time"; 4 =
"All of the time"




... Hopeless

. Everything was an
effort

During the past 30 days, how often did
you feel ... hopeless?

During the past 30 days, how often did
you feel ... that everything was an
effort?

During the past 30 days, how often did

All of the time; Most of the time; Some of the
time; A little of the time; None of the time

All of the time; Most of the time; Some of the
time; A little of the time; None of the time

All of the time; Most of the time; Some of the

0 = "None of the time"; 1
="A little of the time"; 2

= "Some of the time"; 3 =
"Most of the time"; 4 =
"All of the time"

0 = "None of the time"; 1
="A little of the time"; 2

= "Some of the time"; 3 =
"Most of the time"; 4 =
"All of the time"

0 ="None of the time"; 1

= "A little of the time"; 2

-+ Worthless you feel ... worthless? time; A little of the time; None of the time = "Some of the time"; 3 =
"Most of the time"; 4 =
"All of the time"

FOOD

Food Insecurity (based on US Dept. of Agriculture Standardized Questionnaire)
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From the aggregate sum of
the following 10 items:
0 = "Food Secure" (sum <
2); 1 = "Food Insecure"
(sum > 3)




... Worried food would
run out before got
money to buy more

. Food did not last
before had money to get
more

... Could not afford to
eat balanced meals

... Cut size or skipped
meals  because  not
enough money

... If above question =
Yes: How many days in
past month?

[fill 2: I/We] worried whether [fill 3:
my/our] food would run out before
[fill 4: I/we] got money to buy more.
Was that often true, sometimes true, or
never true for [fill 1: you/your family]
in the last 30 days?

The food that [fill 1: I/we] bought just
didn't last, and [fill 1: I/we] didn't
have money to get more. Was that
often true, sometimes true, or never
true for [fill 2: you/your family] in the
last 30 days?

[fill 1: I/We] couldn't afford to eat
balanced meals. Was that often true,
sometimes true, or never true for [fill
2: you/your family] in the last 30
days?

In the last 30 days, did [fill 1: you/you
or other adults in your family] ever cut
the size of your meals or skip meals

because there wasn't enough money
for food?

In the last 30 days, how many days did
this happen?

Often true; Sometimes true; Never true

Often true; Sometimes true; Never true

Often true; Sometimes true; Never true

Yes; No

01-30 days (continuous response)
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0 = "Never true"; 1 =
"Sometimes true/Often
true"

0 = "Never true"; 1 =
"Sometimes true/Often
true"

0 = "Never true"; 1 =
"Sometimes true/Often
true"

0= "NO”; 1 ="Yes"

0=if <3 days; 1 =if>3
days




Eat less than felt
should because not
enough money

... Hungry but did not
eat because not enough
money

... Lose weight because
not enough money for
food

... Not eat for a whole
day because not enough
money for food

... If above question =
Yes: How many days in
past month?

In the last 30 days, did you ever eat
less than you felt you should because
there wasn't enough money for food?

In the last 30 days, were you ever
hungry but didn't eat because there
wasn't enough money for food?

In the last 30 days, did you lose
weight because there wasn't enough
money for food?

In the last 30 days, did [fill 1: you/you
or other adults in your family] ever
not eat for a whole day because there
wasn't enough money for food?

In the last 30 days, how many days did
this happen?

Yes; No

Yes; No

Yes; No

Yes; No

01-30 days (continuous response)

0= HNOH; 1 ="Yes"

0= "NO"; 1 ="Yes"

0= HNOH; 1 ="Yes"

0= HNOH; 1 ="Yes"

0=if<3 days; 1 =if>3
days

EDUCATION
. ) 0 = "Well/Very Well"; 1 =
9 . . . ’
English Language How well do you speak English? Very well; Well; Not well; Not at all "Not well/Not at all"
Never attended/kindergarten only; 1st grade;
‘ 2nd grade; 3rd grade; 4th grade; 5th grade; 6th
' . What is the HIGHEST ?evel of school grade; 7th grade; 8th grade; 9th grade; 10th | o — v> Some college"; 1 =
Education Attainment completed or the highest degree grade; 11th grade; 12th grade; GED or | ne High School"
received? equivalent; High school graduate; Some
college, no degree; Associate degree:

occupational, technical, or vocational program;

192




Health Information
Technology use: Looked
up health info on
internet

Health Information
Technology use: Filled a
prescription online

Health Information
Technology use:
Scheduled a healthcare
appointment online

Health Information
Technology use:
Communicated with
healthcare provider
online

Health Information

Technology use: Used

DURING THE PAST 12 MONTHS,
have you ever used computers for any
of the following ...Look up health
information on the Internet

DURING THE PAST 12 MONTHS,
have you ever used computers for any
of the following ...Fill a prescription

DURING THE PAST 12 MONTHS,
have you ever used computers for any
of the following ...Schedule an
appointment with a health care
provider

DURING THE PAST 12 MONTHS,
have you ever used computers for any
of the following ...Communicate with
a health care provider by email

DURING THE PAST 12 MONTHS,
have you ever used computers for any

Associate  degree:  academic  program,;
Bachelor's degree; Master's degree;
Professional school degree; Doctoral degree

Yes; No

Yes; No

Yes; No

Yes; No

Yes; No

0= "NO"; 1 ="Yes"

0= "NO”; 1 ="Yes"

0= HNOH; 1 ="Yes"

0= "NO”; 1 ="Yes"

0= HNOH; 1 ="Yes"
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internet chat rooms to
learn about health topics

of the following ...Use online chat
groups to learn about health topics

HEALTHCARE SYSTEM

Insurance Status

Usual Source of Care

Trouble  finding a
doctor/provider,  past
12m

MD's office not accept
you as new patient, past
12m

MD's office not accept
your insurance, past
12m

Delayed Medical Care:
Couldn't get through on
phone

Multiple questions

Is there a place that you USUALLY go
to when you are sick or need advice
about your health?

DURING THE PAST 12 MONTHS,
did you have any trouble finding a
general doctor or provider who would
see you?

DURING THE PAST 12 MONTHS,
were you told by a doctor’s office or
clinic that they would not accept you
as a new patient?

DURING THE PAST 12 MONTHS,
were you told by a doctor’s office or
clinic that they did not accept your
health care coverage?

There are many reasons people delay
getting medical care. Have you
delayed getting care for any of the
following reasons in the PAST 12

Uninsured; Private; Medicaid; Medicare; Other

Yes; There is no place; There is more than one

place

Yes; No

Yes; No

Yes; No

Yes; No
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0 = "Uninsured"; 1 =
"Insured"

0 ="Usual source of care";
1 = "No usual source of
care"

0= "NO”; 1 ="Yes"

0= HNOH; 1 ="Yes"

0= "NO”; 1 ="Yes"

0= "NO”; 1 ="Yes"




Delayed Medical Care:
Couldn't get appt soon
enough

Delayed Medical Care:
Wait too long at MD's
office

Delayed Medical Care:
Not open when you
could go

Delayed Medical Care:
No transportation

MONTHS? ..... You couldn't get
through on the telephone

There are many reasons people delay
getting medical care. Have you
delayed getting care for any of the
following reasons in the PAST 12
MONTHS? ..... You couldn't get an
appointment soon enough

There are many reasons people delay
getting medical care. Have you
delayed getting care for any of the
following reasons in the PAST 12
MONTHS? ..... Once you get there,
you have to wait too long to see the
doctor

There are many reasons people delay
getting medical care. Have you
delayed getting care for any of the
following reasons in the PAST 12
MONTHS? ..... The clinic/doctor's
office wasn't open when you could get
there

There are many reasons people delay
getting medical care. Have you
delayed getting care for any of the
following reasons in the PAST 12

Yes; No

Yes; No

Yes; No

Yes; No
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0= "NO"; 1 ="Yes"

0= "NO"; 1 ="Yes"

0= "NO”; 1 ="Yes"

0= HNOH; 1 ="Yes"




Quality of
(Satisfaction)

Care

MONTHS? ... You didn't have
transportation

In general, how satisfied are you with
the healthcare you received in the past
12 months?

Very satisfied; Somewhat satisfied; Somewhat
dissatisfied; Very dissatisfied; You haven't had
health care in the past 12 months

0 = "Somewhat/Very
Satisfied"; 1 =
"Somewhat/Very
Dissatisfied or No
healthcare in past year"
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Supplementary Table 14.2 Unweighted proportion of the included subjects having each

component and sub-item of the social determinants of health (SDOH) score.

Components and sub-items of the SDOH score N (%)
Economic stability
Never / previously employed 95(1.2)
No paid sick leave 3116 (37.8)
Low family income 2050 (24.8)
Difficulty paying medical bills 973 (11.8)
Unable to pay medical bills 462 (5.6)
Cost-related medication non-adherence 672 (8.1)
Foregone / delayed medical care due to cost 680 (8.2)
Worried about money for retirement 2932 (35.5)
Worried about medical costs of illness / accident 2691 (32.6)
Worried about maintaining standard of living 2556 (31.0)
Worried about medical costs of normal healthcare 1732 (21.0)
Worried about paying monthly bills 1714 (20.8)
Worried about paying rent / mortgage / housing costs 1213 (14.7)
Neighborhood, physical environment, and social cohesion
Housing was rental / from other arrangement 1683 (20.4)
People in neighborhood did not help each other 1155 (14.0)
There were not people that can be counted on in neighborhood 988 (12.0)
People neighborhood could not be trusted 904 (11.0)
Neighborhood was not close-knit 2656 (32.2)
Community and social context
Psychological distress 383 (4.6)
Food
Food insecurity 570 (6.9)
Education
Could not speak English language well / at all 127 (1.5)
Did not look up health information on internet in the past 12 months 4157 (50.4)
Did not fill a prescription on the internet in the past 12 months 1104 (13.4)
Did not schedule medical appointment on the internet in the past 12 months 861 (10.4)
Did not communicate with healthcare provider by email in the past 12 months 1315 (15.9)
Did not use chat groups to learn about health topics in the past 12 months 327 (4.0)
Less than high school education 2859 (34.6)
Healthcare system
Uninsured 168 (2.0)
No usual source of care 191 (2.3)
Trouble finding a doctor / healthcare provider 263 (3.2)
Not accepted by doctor’s office as new patient 249 (3.0)
Insurance not accepted by doctor’s office 301 (3.7)
Delayed medical care due to not being able to get through on the phone 242 (2.9)
Delayed medical care due to not being able to get an appointment soon enough 638 (7.7)
Delayed medical care due to waiting too long at the doctor’s office 412 (5.0)
Delayed medical care due to the doctor’s office not being open when there was 219 (2.7)
time to visit
Delayed medical care due to a lack of transportation 185 (2.2)
Dissatisfied with the quality of care / no healthcare in the past year 415 (5.0)
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Supplementary Table 14.3 Demographics and components of cardiovascular health in included
and excluded subjects. All percentages were unweighted. The non-missing percentages used
the sample size of the population without missing data as the denominator, while the missing
percentages used the sample size of all excluded subjects as the denominator.

Included Excluded
Sample size 8254 8332
Weighted sample size 10,887,989 10,651,338
Demographics
Age in years, N (%)
18-45 581 (7.0) 923 (11.1)
46-64 2524 (30.6) 2771 (33.3)
65 or above 5149 (62.4) 4638 (55.4)
Male, N (%) 3755 (45.5) 3124 (37.5)
Race, N (%)
White 7405 (89.7) 7217 (86.8)
Black / African American 526 (6.4) 709 (8.5)
American Indian / Alaskan native 39 (0.5) 60 (0.7)
Asian 154 (1.9) 185 (2.2)
Multiple race 130 (1.6) 142 (1.7)
Missing 0(0) 19 (0.2)
Sexual orientation, N (%)
Heterosexual 7995 (96.9) 7644 (97.0)
Missing 0 (0) 452 (5.4)
Type of cancer
Breast, N (%) 1502 (18.2) 1613 (19.4)
Prostate, N (%) 1094 (13.3) 885 (10.6)
Lung, N (%) 274 (3.3) 288 (3.5)
Colorectal, N (%) 531 (6.4) 558 (6.7)
Skin (melanoma), N (%) 646 (7.8) 581 (7.0)
Other types, N (%) 2687 (32.6) 3097 (37.2)
Unknown, N (%) 2097 (25.4) 1841 (22.1)
Cardiovascular risk factors
Hypertension, N (%) 4883 (59.2) 4391 (52.8)
Missing 0(0) 19 (0.2)
Diabetes mellitus, N (%) 1955 (23.7) 1680 (20.2)
Missing 0(0) 7 (0.1)
Hypercholesterolemia, N (%) 4411 (53.4) 2873 (34.7)
Missing 0(0) 63 (0.8)
Smoking, N (%) 4313 (52.3) 4163 (50.5)
Missing 0(0) 92 (1.1)
Physical inactivity, N (%) 5204 (63.1) 4745 (66.7)
Missing 0(0) 1218 (14.6)
Inadequate sleep, N (%) 1239 (15.0) 1480 (19.0)
Missing 0(0) 534 (6.4)
Obesity, N (%) 2702 (32.7) 2811 (33.7)
Missing 0(0) 0 (0)
Excessive alcohol use, N (%) 458 (8.9) 427 (9.4)
Missing 3091 (37.5) 3775 (45.3)
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Supplementary Table 14.4 Proportions of the included and excluded subjects having each component and sub-item of the social determinants of
health (SDOH) score. All percentages were unweighted. The non-missing percentages used the sample size of the population without missing data
as the denominator, while the missing percentages used the sample size of all excluded subjects as the denominator.

Components and sub-items of the SDOH score Included, N Excluded, N (%)
(%) Present Missing
Sample size 8254 8332
Economic stability
Never / previously employed 95 (1.2) 169 (2.0) 5(0.1)
No paid sick leave 3116 (37.8) 3212 (36.9) 787 (9.5)
Low family income 2050 (24.8) 2655 (36.9) 1127 (13.5)
Difficulty paying medical bills 973 (11.8) 1345 (16.2) 23 (0.3)
Unable to pay medical bills 462 (5.6) 716 (8.6) 32(0.4)
Cost-related medication non-adherence 672 (8.1) 700 (11.3) 2156 (25.9)
Foregone / delayed medical care due to cost 680 (8.2) 991 (11.9) 0 (0)
Worried about money for retirement 2932 (35.5) 3273 (41.4) 432(5.2)
Worried about medical costs of illness / accident 2691 (32.6) 3010 (38.1) 427 (5.1)
Worried about maintaining standard of living 2556 (31.0) 2977 (37.7) 431(5.2)
Worried about medical costs of normal healthcare 1732 (21.0) 2128 (26.9) 422 (5.1)
Worried about paying monthly bills 1714 (20.8) 2240 (28.3) 420 (5.0)
Worried about paying rent / mortgage / housing costs 1213 (14.7) 1690 (21.4) 425(5.1)
Neighborhood, physical environment, and social cohesion
Housing was rental / from other arrangement 1683 (20.4) 2453 (29.5) 27(0.3)
People in neighborhood did not help each other 1155 (14.0) 1307 (17.3) 785(9.4)
There were not people that can be counted on in neighborhood 988 (12.0) 1237 (16.2) 712 (8.6)
People neighborhood could not be trusted 904 (11.0) 1148 (15.4) 869 (10.4)
Neighborhood was not close-knit 2656 (32.2) 2681 (35.3) 732 (8.8)
Community and social context
Psychological distress 383 (4.6) 433 (5.6) 561 (6.7)
Food
Food insecurity 570 (6.9) 575 (8.1) 1227 (14.7)
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Education

Could not speak English language well / at all 127 (1.5) 232 (3.4) 1457 (17.5)
Did not look up health information on internet in the past 12 months 4157 (50.4) 3268 (40.4) 251 (3.0)
Did not fill a prescription on the internet in the past 12 months 1104 (13.4) 589 (7.3) 245 (2.9)
Did not schedule medical appointment on the internet in the past 12 months 861 (10.4) 507 (6.3) 248 (3.0)
Did not communicate with healthcare provider by email in the past 12 months 1315 (15.9) 749 (9.3) 245 (2.9)
Did not use chat groups to learn about health topics in the past 12 months 327 (4.0) 234 (2.9) 246 (3.0)
Less than high school education 2859 (34.6) 3537 (42.7) 57(0.7)
Healthcare system

Uninsured 168 (2.0) 420 (5.1) 21 (0.3)
No usual source of care 191 (2.3) 447 (5.5) 136 (1.6)
Trouble finding a doctor / healthcare provider 263 (3.2) 281 (3.4) 147 (1.8)
Not accepted by doctor’s office as new patient 249 (3.0) 259 (3.2) 153 (1.8)
Insurance not accepted by doctor’s office 301 (3.7) 361 (4.4) 159 (1.9)
Delayed medical care due to not being able to get through on the phone 242 (2.9) 226 (2.8) 159 (1.9)
Delayed medical care due to not being able to get an appointment soon enough 638 (7.7) 560 (6.9) 164 (2.0)
Delayed medical care due to waiting too long at the doctor’s office 412 (5.0) 389 (4.8) 167 (2.0)
Delayed medical care due to the doctor’s office not being open when there was time to visit 219 (2.7) 257 (3.2) 165 (2.0)
Delayed medical care due to a lack of transportation 185(2.2) 293 (3.6) 164 (2.0)
Dissatisfied with the quality of care / no healthcare in the past year 415 (5.0) 784 (9.8) 365 (4.4)
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Supplementary Table 14.5 Subgroup analyses for the primary outcome (Cardiovascular Health score). Adjusted risk ratios are displayed with 95%

confidence intervals.

N (weighted SDOH score

population)

Quartile 1

Quartile 2

Quartile 3

Quartile 4

Pinteraction

Age
18-45 581 (901913.4) 1 (reference) 0.76 [0.55-1.04], 1.39 [1.04-1.86], 1.57 [1.22-2.03], Age 18-45 vs 46-64:
p=0.087 p=0.028 p<0.001 0.69
46-64 2524 (3,798,639) 1 (reference) 1.06 [0.95-1.17], 1.14 [1.04-1.25], 1.37 [1.26-1.49], Age 46-64 vs >65:
p=0.30 p=0.006 p<0.001 0.003
>65 5149 (6,187,436) 1 (reference) 1.04 [1.00-1.08], 1.12 [1.07-1.17], 1.19 [1.14-1.25], Age >65 vs 18-45:
p=0.070 p<0.001 p<0.001 0.026
Sex
Male 3755 (5,245,061) I (reference) 1.03 [0.98-1.09], 1.09 [1.04-1.15], 1.22 [1.15-1.29],
p=0.21 p=0.001 p<0.001 0.001
Female 4499 (5,642,928) I (reference) 1.04 [0.98-1.11], 1.18 [1.12-1.25], 1.38 [1.31-1.46],
p=0.18 p<0.001 p<0.001
Race
White 7405 (9,870,601) 1 (reference) 1.04 [1.00-1.08], 1.15 [1.10-1.20], 1.32 [1.27-1.38],
p=0.075 p<0.001 p<0.001 0.051
Non-White 849 (1,017,388) 1 (reference) 097 [0.87-1.09], 1.02 [0.93-1.13], 1.17 [1.05-1.29],
p=0.65 p=0.64 p=0.004
Cancer site
Breast 1502 (1,856,066) 1 (reference) 1.04 [0.94-1.15], 1.15 [1.05-1.27], 1.39 [1.26-1.52],
p=0.48 p=0.002 p<0.001
Prostate 1094 (1,467,371) I (reference) 1.10 [1.01-1.20], 1.11 [1.01-1.22], 1.13 [1.02-1.25],
p=0.022 p=0.026 p=0.018
Lung 274 (333,667.2) I (reference) 1.04 [0.87-1.26], 1.23 [1.07-1.41], 1.32 [1.14-1.54],
p=0.497 p=0.005 p<0.001
Colorectal 531 (651,411.2) I (reference) 0.94 [0.81-1.10], 1.12 [0.98-1.29], 1.21 [1.07-1.38],
p=0.43 p=0.10 p=0.003
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Skin 646 (881,493.4) 1 (reference) 1.03 [0.90-1.18], 1.15 [1.02-1.30], 1.33 [1.18-1.51],
(Melanoma) p=0.66 p=0.026 p<0.001

Supplementary Table 14.6 Results of sensitivity analyses.

Outcome N (weighted SDOH score
population) Quartile 1 Quartile 2 Quartile 3 Quartile 4
Using ordinal regression instead (OR [95% CI])
Primary outcome (CVH) 8254 (10,887,989) 1 1.11 [0.97-1.28], 1.54 [1.34-1.77], 2.57 [2.21-2.98],
(reference) p=0.13 p<0.001 p<0.001
Restricting to those without any known cardiac condition (RR [95% CI])
Primary outcome (CVH) 6011 (8,117,645) 1 1.06 [1.01-1.11], 1.17 [1.12-1.23], 1.34 [1.27-1.40],
(reference) p=0.028 p<0.001 p<0.001
Outcome defined as CVH+ excessive alcohol use (RR [95% CI])
Alternative outcome (CVH + 5163 (7,074,146) 1 1.02 [0.97-1.07], 1.12 [1.06-1.18], 1.33 [1.27-1.40],
excessive alcohol use) (reference) p=0.48 p<0.001 p<0.001

CI, confidence interval. CVH, Cardiovascular Health. OR, odds ratio. RR, risk ratio. SDOH, social determinants of health.

Supplementary Table 14.7 Results of the exploratory analyses exploring associations between the social determinants of health (SDOH) score and
self-reported history of cardiometabolic workup within the past year. Adjusted odds ratios are displayed with 95% confidence intervals.

. . SDOH score
Workup N (weighted population) Quartile 1 Quartile 2 Quartile 3 Quartile 4
Blood pressure 8250 (10,883,467) 1 (reference) 0.57 [0.32-1.03], p=0.063 1.34[0.69-2.57], p=0.38 0.89 [0.50-1.58], p=0.70
Fasting glucose 8141 (10,755,332) 1 (reference) 0.91[0.77-1.08], p=0.29  0.98 [0.82-1.17], p=0.80 1.07 [0.89-1.28], p=0.47
Cholesterol 8182 (10,789,312) 1 (reference) 0.84 [0.62-1.14], p=0.26  0.91 [0.68-1.21], p=0.50 0.94 [0.70-1.26], p=0.69
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14.1.2. Supplementary figures for Chapter 2

Supplementary Figure 14.1 Weighted distribution of the social determinants of health score.
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Supplementary Figure 14.2 Weighted distribution of the primary outcome (CVH score).
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14.2. Appendices for Chapter 3

14.2.1. Supplementary table for Chapter 3

Supplementary Table 14.8 Results of the post hoc exploratory subgroup analyses amongst
participants without known cancer.

Subgroup Adjusted RR [95% CI] Pinteraction
18-45 1.48 [1.43, 1.54], p<0.001

Age, years old 46-64 1.33]1.29, 1.36], p<0.001 All pairwise pinteraction<<0.001
>65 1.24[1.20, 1.29], p<0.001
Male 1.44 [1.39, 1.49], p<0.001

Sex Female 140 [1.36, 1.43], p<0.001 __ 220!

CI, confidence interval. RR, risk ratio.
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14.3. Appendices for Chapter 4

14.3.1. Supplementary table for Chapter 4

Supplementary Table 14.9 Results of the Schoenfield residuals-based test of the proportional
hazard assumption for each outcome amongst cancer survivors.

Cancer survivors Individuals without cancer

p y¥>  p-value | p v p-value
Cardiovascular mortality | 0.123 2.70 0.100 |-0.037 1.56 0.211
Cancer mortality 0.002 0.00 0.979 |0.011 0.03 0.853
All-cause mortality 0.032 0.78 0.378 |-0.005 0.06 0.805

14.3.2. Supplementary figures for Chapter 4

Supplementary Figure 14.3 Schoenfield residual-time plot for cardiovascular mortality
amongst cancer survivors.
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Supplementary Figure 14.4 Schoenfield residual-time plot for cancer mortality amongst cancer
SUrvivors.
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Supplementary Figure 14.5 Schoenfield residual-time plot for all-cause mortality amongst
cancer survivors.
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Supplementary Figure 14.6 Schoenfield residual-time plot for cardiovascular mortality
amongst individuals without cancer.
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Supplementary Figure 14.7 Schoenfield residual-time plot for cancer mortality amongst
individuals without cancer.
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Supplementary Figure 14.8 Schoenfield residual-time plot for all-cause mortality amongst
individuals without cancer.

Schoenfield residual plot for all-cause mortality
in individuals without cancer
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Supplementary Figure 14.9 Restricted cubic spline visualizing the relationship between the
composite social determinants of health score and the risk of cardiovascular mortality amongst
cancer survivors.
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Supplementary Figure 14.10 Restricted cubic spline visualizing the relationship between the
composite social determinants of health score and the risk of cancer mortality amongst cancer
Survivors.

Adjusted hazard ratio for cancer mortality
amongst cancer survivors

10 15
|

Adjusted hazard ratio
5
|

T T
0 6 12 18 24 30 36
Composite social determinants of health score

Supplementary Figure 14.11 Restricted cubic spline visualizing the relationship between the
composite social determinants of health score and the risk of all-cause mortality amongst
cancer survivors.
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Supplementary Figure 14.12 Restricted cubic spline visualizing the relationship between the
composite social determinants of health score and the risk of cardiovascular mortality amongst
individuals without cancer.
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Supplementary Figure 14.13 Restricted cubic spline visualizing the relationship between the
composite social determinants of health score and the risk of cancer mortality amongst
individuals without cancer.
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Supplementary Figure 14.14 Restricted cubic spline visualizing the relationship between the
composite social determinants of health score and the risk of all-cause mortality amongst
individuals without cancer.
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14.4. Appendices for Chapter 5

14.4.1. Supplementary tables for Chapter 5

Supplementary Table 14.10 International Classification of Diseases, Ninth Revision (ICD-9) codes used to identify outcomes and co-morbidities.
All hereby listed codes include the corresponding sub-codes.

Prostate cancer 185

Heart failure 428

Myocardial infarction 410

Diabetes mellitus 250

Hypertension 401 402 403 404 405 4372
Atrial fibrillation 427.31

Stroke 430 431 432 433 434 435

Chronic obstructive pulmonary disease 490 491 492  496.0

Ischaemic heart disease 410 411 412 413 414

Chronic kidney disease 582 585 586

Chronic liver disease 456.0 456.1 456.20456.21 571  572.2 572.3 5724 5725 572.6 572.7 572.8

Anaemia 280 281 282 283 284.0 284.1 284.8 284.9 285

Dyslipidaemia 272.0 272.1 2722 2723 2724

Malignancy 140 141 142 143 144 145 146 147 148 149 150 151 152 153

154 155 156 157 158 159 160 161 162 163 164 165 170
71 172 173 174 175 179 179 180 181 182 183 184 185
186 187 188 189 190 191 192 193 194 195 196 197 198
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199 200 201 202 203 204 205 206 207 208 209.0 209.1 209.2
209.3
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Supplementary Table 14.11 International Classification of Diseases, Ninth Revision (ICD-9) and Tenth Revision (ICD-10) codes used to identify
the cause of death. All hereby listed codes include the corresponding sub-codes.

Type of mortality ICD codes
Cardiovascular mortality ICD-9: 390-438
ICD-10: 100-179

Supplementary Table 14.12 Incidence rates of both outcomes without any restriction on the follow-up duration, stratified by the year of androgen
deprivation therapy initiation. Incidence rate ratios displayed were referenced against the 1993-2000 group.

Year of androgen deprivation therapy initiation Major adverse cardiovascular events ! All-cause mortality >

Incidence rate ° Incidence rate ratio Incidence rate °  Incidence rate ratio
1993-2000 4.1[3.6, 4.6] 1 (reference) 16.215.2,17.2] 1 (reference)
2001-2007 5.0[4.7,5.4 1.231.06, 1.43], p=0.006 13.6[13.1,14.1] 0.84[0.78, 0.91], p<0.001

]
2008-2014 5.5[5.2,5.9] 1.36 [1.18, 1.57], p<0.001 13.8[13.3,14.3] 0.85[0.80, 0.92], p<0.001
2015-2021 57053,62]  1.41[1.21,1.65], p<0.001 15.9[15.2,16.6] 0.98 [0.91, 1.06], p=0.660
! Log-linear test for trend p<0.001

2 Log-linear test for trend p=0.168

3 Per 100 person-year

Supplementary Table 14.13 Restricted mean survival time (in years) for both outcomes, stratified by the year of androgen deprivation therapy
initiation. Follow-up duration was restricted to the longest follow-up duration observed in the 2015-2021 group.

Year of androgen deprivation therapy initiation Major adverse cardiovascular event All-cause mortality

1993-2000 5.86 [5.73, 6.00] 3.55 [3.40, 3.70]
2001-2007 5.82 [5.74, 5.89] 423 [4.14, 4.32]
2008-2014 5.64 [5.58, 5.71] 436 [4.29, 4.43]
2015-2021 5.59 [5.51, 5.68] 4.14[4.06, 4.22]
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Supplementary Table 14.14 Competing risk regression for major adverse cardiovascular event using the Fine and Gray sub-distribution model,
with non-cardiovascular mortality as the competing event.

Year of androgen deprivation therapy initiation Sub-hazard ratio [95% confidence interval] P value

1993-2000 1 (reference) Not applicable
2001-2007 1.30[1.09, 1.56] 0.004
2008-2014 1.58 [1.33, 1.88] <0.001
2015-2021 1.43[1.19, 1.71] <0.001

Supplementary Table 14.15 Results of backward stepwise Cox regression identifying the independent risk factors of major adverse cardiovascular
event.

Hazard ratio [95% confidence interval] P value

Age (per year) 1.05[1.04, 1.05] <0.001
Diabetes mellitus 1.41[1.24,1.61] <0.001
Hypertension 1.18 [1.07, 1.30] 0.001

Anaemia 1.36 [1.16, 1.60] <0.001
Known malignancy 1.46 [1.29, 1.64] <0.001
Statin use 0.82 [0.72, 0.94] 0.003

Anticoagulant use 1.55[1.24, 1.93] <0.001
Metformin use 0.7410.63, 0.87] <0.001
Number of cardiovascular medication (per drug item) 1.17[1.12, 1.21] <0.001
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Supplementary Table 14.16 Results of backward stepwise Cox regression identifying the independent risk factors of all-cause mortality.

Hazard ratio [95% confidence interval] P value

Age (per year) 1.04 [1.03, 1.04] <0.001
Medical castration 0.83 [0.79, 0.87] <0.001
Prior chemotherapy 1.73 [1.20, 2.50] 0.003
Year of androgen deprivation therapy initiation

2001-2007 0.81[0.75, 0.88] <0.001
2008-2014 0.75[0.70, 0.81] <0.001
2015-2021 0.86 [0.78, 0.93] 0.001
Diabetes mellitus 1.24[1.14, 1.36] <0.001
Insulin use 1.17[1.06, 1.30] 0.003
Chronic kidney disease 1.12[1.00, 1.25] 0.056
Anaemia 1.63 [1.51, 1.76] <0.001
Atrial fibrillation 1.17[1.06, 1.29] 0.003
Chronic liver disease 1.49[1.22, 1.82] <0.001
Chronic obstructive pulmonary disease 1.35[1.24, 1.45] <0.001
Prior radiotherapy 1.17[1.06, 1.31] 0.003
Statin use 0.91 [0.85, 0.98] 0.015
Known malignancy 2.04[1.93,2.17] <0.001
Prior radical prostatectomy 0.92 [0.88, 0.97] 0.001
ACEI/ARB use 0.93 [0.87, 0.99] 0.023
Metformin use 0.60 [0.54, 0.66] <0.001
Sulphonylurea use 1.13[1.03, 1.24] 0.013
Number of cardiovascular medication (per drug item) 1.06 [1.03, 1.08] <0.001

ACEI, angiotensinogen-converting enzyme inhibitor. ARB, angiotensin receptor blocker.
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14.4.2. Supplementary figures for Chapter 5

Supplementary Figure 14.15 Kaplan-Meier curve showing the cumulative incidence of major adverse cardiovascular event (MACE) without any
restriction on the follow-up duration. ADT, androgen deprivation therapy.
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Supplementary Figure 14.16 Kaplan-Meier curve showing the cumulative incidence of all-cause mortality without any restriction on the follow-
up duration. ADT, androgen deprivation therapy.
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14.5. Appendices for Chapter 6

14.5.1. Supplementary tables for Chapter 6

Supplementary Table 14.17 International Classification of Diseases, Ninth Revision (ICD-9) codes used for identifying outcomes and co-
morbidities. All codes include the corresponding sub-codes.

Prostate cancer 185

Heart failure 428

Myocardial infarction 410

Diabetes mellitus 250

Hypertension 401 402 403 404 405 4372
Atrial fibrillation 427.31

Stroke 430 431 432 433 434 435

Chronic obstructive pulmonary disease 490 491 492  496.0

Ischaemic heart disease 410 411 412 413 414

Chronic kidney disease 582 585 586

Chronic liver disease 456.0 456.1 456.20456.21 571  572.2 572.3 5724 5725 572.6 572.7 572.8
Anaemia 280 281 282 283 284.0 284.1 284.8 284.9 285

Dyslipidaemia 272.0 272.1 2722 2723 2724

Arrhythmia 427
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Supplementary Table 14.18 International Classification of Diseases, Ninth Revision (ICD-9) and Tenth Revision (ICD-10) codes used for
identifying the cause of death. All codes include the corresponding sub-codes.

Cardiovascular mortality ICD-9: 390-438
ICD-10: 100-179

Prostate cancer mortality ICD-9: 185
ICD-10: C61

Supplementary Table 14.19 Number of patients with each type of mortality stratified by the type of androgen deprivation therapy.

Medical  castration Bilateral  orchiectomy Both medical castration and bilateral

(N=6944) (N=5359) orchiectomy (N=1234)
Cardiovascular Overall, N (%) 311 (4.5) 320 (6.0) 40 (3.2)
mortality During the first year, N (%) 52 (0.7) 52 (1.0) 7(0.6)
Prostate cancer Overall, N (%) 1476 (21.3) 2026 (37.8) 422 (34.2)
mortality During the first year, N (%) 437 (6.3) 492 (9.2) 61 (4.9)
Mortality from Overall, N (%) 2092 (30.1) 2076 (38.7) 361 (29.3)
other causes During the first year, N (%) 451 (6.5) 279 (5.2) 37.(3.0)

Supplementary Table 14.20 Five-year risk (in percentages) of different types of mortality stratified by the type of androgen deprivation therapy.
Numbers in brackets are 95% confidence intervals.

Medical castration (N=6944) Bilateral orchiectomy (N=5359)  Both medical castration and
bilateral orchiectomy (N=1234)
Cardiovascular mortality 3.5[3.1,4.0] 3.8[3.3,4.4] 2.2[1.5,3.2]
Prostate cancer mortality 20.8 [19.7, 21.8] 31.7[30.4, 32.9] 27.6 [25.1, 30.3]
Mortality from other causes 24.5[23.4, 25.6] 24.3[23.2,25.5] 19.8 [17.5, 22.2]
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Supplementary Table 14.21 Number of patients with each type of mortality stratified by ever-prescription of androgen receptor signalling
inhibitor(s) (ARSI).

Never prescribed ARSI (N=8745) Ever prescribed ARSI (N=4792)

Cardiovascular Overall, N (%) 520 (6.0) 151 (3.2)
mortality During the first year, N (%) 98 (1.1) 12 (0.3)
Prostate cancer Overall, N (%) 2367 (27.1) 1559 (32.5)
mortality During the first year, N (%) 819 (9.4) 170 (3.6)
Mortality from Overall, N (%) 3320 (38.0) 1209 (25.2)
other causes During the first year, N (%) 660 (7.6) 104 (2.2)

Supplementary Table 14.22 Five-year risk (in percentages) of different types of mortality stratified by ever-prescription of androgen receptor
signalling inhibitor(s) (ARSI). Numbers in brackets are 95% confidence intervals.

Never prescribed ARSI (N=8745) Ever prescribed ARSI (N=4792)

Cardiovascular mortality 4.1[3.7,4.5] 2.5[2.0, 3.0]
Prostate cancer mortality 25.0[24.1, 25.9] 28.8[27.4, 30.2]
Mortality from other causes 26.4 [25.4, 27.4] 19.5[18.3, 20.8]
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Supplementary Table 14.23 Incidence rate (IR) and length of stay (LOS) of different types of hospitalizations stratified by the type of androgen
deprivation therapy.

Number of patients with 1R [95% CI], event per 100 LOS [95% CI], days per 100

event, N (%)

person-years

person-years

Total number of patients

6944

NA

NA

Medical Any ‘hospitalizations. . 6623 (95.4) 362.0 [352.7,371.5] 2440.7 [2360.6, 2523.5]
castration Cardiovascular hospitalizations 1518 (21.9) 13.8[12.9,14.8] ! 132.9[120.3, 146.7] !
Emergency hospitalizations 5509 (79.3) 127.7[123.7,131.8] ! 1119.1 [1069.9, 1170.6] !
Emergency cardiovascular hospitalizations 1255 (18.1) 8.9[8.3,9.5]! 80.1[72.0,89.2]"
Total number of patients 5359 NA NA
Any hospitalizations 5261 (98.2) 336.8 [327.6, 346.3] 3036.4 [2934.9, 3141.5]
BO Cardiovascular hospitalizations 1277 (23.8) 13.6[12.6, 14.6] ! 161.0 [144.0, 180.0] !
Emergency hospitalizations 4848 (90.5) 153.6 [148.8, 158.6] ! 1384.5[1334.5, 1436.4] !
Emergency cardiovascular hospitalizations 1103 (20.6) 9.2[8.5,9.9]! 96.2 [85.6, 108.1] !
Both Total num.ber. of patients 1234 NA NA
medical Any ‘hospltahzatlons' _ 1234 (100) 376.1 [356.9, 396.3] 2208.5 [2067.3, 2359.5]
castration Cardiovascular hospltal}zatlons 260 (21.1) 9.3[7.9,10.8]! 146.3 [76.5,280.1] !
and BO Emergency hospitalizations 1106 (89.6) 131.8[123.4, 140.7] ! 1065.7 [981.2, 1157.4] !
Emergency cardiovascular hospitalizations 204 (16.5) 5.5[4.7,6.5]! 114.8 [51.3, 256.5] !

BO, bilateral orchiectomy. CI, confidence interval. NA, not applicable.

! Estimated for those who had the respective type of hospitalization using zero-inflated negative binomial regression.
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Supplementary Table 14.24 Incidence rate (IR) and length of stay (LOS) of different types of hospitalizations stratified by ever-prescription of
androgen receptor signalling inhibitor(s) (ARSI).

Number of patients with IR [95% CI], event per 100 LOS [95% CI], days per 100

event, N (%) person-years person-years
Total number of patients 8745 NA NA
Never Any hospitalizations 8459 (96.7) 350.3 [342.3, 358.5] 3074.4 [2986.7, 3164.8]
prescribed Cardiovascular hospitalizations 2180 (24.9) 15.6 [14.7,16.5] ! 174.5[160.4, 189.8] !
ARSI Emergency hospitalizations 7492 (85.7) 152.8 [148.7,157.0] ! 1416.0 [1368.7, 1464.9] !
Emergency cardiovascular hospitalizations 1851 (21.2) 10.3[9.7,10.9] ! 107.9 [98.6, 118.0] !
Total number of patients 4792 NA NA
Ever Any hospitalizations 4659 (97.2) 359.7 [349.8, 370.0] 1919.8 [1854.3, 1987.5]
prescribed Cardiovascular hospitalizations 875 (18.3) 9.3[8.6,10.2]! 78.0 [29.6, 205.5] !
ARSI Emergency hospitalizations 3971 (82.9) 115.9[112.1, 119.8] ! 917.5[879.2,957.5]!
Emergency cardiovascular hospitalizations 711 (14.8) 59([5.4,6.5]" 110.5[75.9, 160.8] !

CI, confidence interval. NA, not applicable.

! Estimated for those who had the respective type of hospitalization using zero-inflated negative binomial regression.
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14.6. Appendices for Chapter 7

14.6.1. Supplementary tables for Chapter 7

Supplementary Table 14.25 International Classification of Diseases, Ninth Revision (ICD-9) codes used for identifying outcomes and co-
morbidities. All codes include the corresponding sub-codes.

Prostate cancer 185

Heart failure 428

Myocardial infarction 410

Diabetes mellitus 250

Hypertension 401 402 403 404 405 4372
Atrial fibrillation 427.31

Ventricular tachycardia or fibrillation 427.1 42741

Ischaemic stroke 433.01 433.11 433.21 433.31 433.81 433.91 434.01 434.11 434.91 435
Haemorrhagic stroke 430 431 432

Chronic kidney disease 582 585 586

Dyslipidaemia 272.0 272.1 2722 2723 2724

Supplementary Table 14.26 International Classification of Diseases, Ninth Revision (ICD-9) and Tenth Revision (ICD-10) codes used for
identifying the cause of death. All codes include the corresponding sub-codes.

Cardiovascular mortality ICD-9: 390-438
ICD-10: 100-179
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Supplementary Table 14.27 Number of patients with each combination and number of major cardiovascular comorbidities.

Major cardiovascular comorbidities Number of patients, N (%) Number of major cardiovascular comorbidities Number of patients, N (%)

None 11,159 (82.4) 0 11,159 (82.4)
HF only 357 (2.6)

MI only 240 (1.8)

Stroke only 968 (7.2) ! 1884 (13.9)
Arrhythmia only 319 (2.4)

HF and MI only 73 (0.5)

HF and stroke only 66 (0.5)

HF and arrhythmia only 116 (0.9)

MI and stroke only 30 (0.2) 2 403 (3.0)
MI and arrhythmia only 27(0.2)

Stroke and arrhythmia only 91 (0.7)

HF, M1, and stroke only 12 (0.1)

HF, MI, and arrhythmia only 30(0.2)

HF, stroke, and arrhythmia only 34 (0.3) 3 84 (0.6)

MI, stroke, and arrhythmia only 8 (0.1)
HF, M1, stroke, and arrhythmia 7(0.1) 4 7 (0.1)
HF, heart failure. MI, myocardial infarction

Supplementary Table 14.28 Estimated 3-, 5-, and 10-year cumulative incidences of the primary endpoint for the included patients with
corresponding 95% confidence intervals, stratified by the number and type of major cardiovascular comorbidity / comorbidities.
Major cardiovascular comorbidities  3-year cumulative incidence, %  5-year cumulative incidence, %  10-year cumulative incidence, %
None of HF/MI/stroke/arrhythmia ~ 11.1[10.5, 11.7] 15.8 [15.1, 16.5] 23.5[22.6,24.4]

HF only 32.5[27.6, 37.4] 37.0[31.8, 42.1] 42.4[36.9, 47.7]
MI only 30.2 [22.7, 34.5] 34.3 [28.0, 40.7] 42.8 [35.8, 49.6]
Stroke only 20.7[18.2, 23.4] 26.9 [24.0, 29.9] 34.7[31.3, 38.1]
Arrhythmia only 31.0 [25.8, 36.3] 38.8 [33.1, 44.3] 46.3 [40.1, 52.2]

=2 of HF/MI/stroke/arrhythmia

42.2 [37.7, 46.6]

48.4[43.8, 52.9]

51.3 [46.5, 55.9]

HF, heart failure. MI, myocardial infarction.



Supplementary Table 14.29 Results of subgroup analysis by whether chemotherapy or androgen receptor signaling inhibitors (ARSI) were ever
prescribed, as a surrogate for metastatic disease. All values shown are adjusted sub-hazard ratios with corresponding 95% confidence interval.

Major cardiovascular comorbidities Never prescribed ARSI / chemotherapy (N=8421) Ever prescribed ARSI / chemotherapy (N=5116)

None of HF/MI/stroke/arrhythmia
HF only

1 (reference)
1.64 [1.32, 2.05], p<0.001

1 (reference)
1.510.98, 2.32], p=0.059

MI only 1.36 [1.02, 1.81], p=0.039 1.54 [1.06, 2.56], p=0.025
Stroke only 0.98 [0.83, 1.17], p=0.851 =0.158
Arrhythmia only 1.55 [1.23, 1.96], p<0.001 1.87 [1.31, 2.66], p<0.001

ILp
Ip
1.20[0.93, 1.53], p
Ip
ILp

=2 of HF/MI/stroke/arrhythmia 1.90 [1.53, 2.35], p<0.001
HF, heart failure. M1, myocardial infarction.

1.95[1.38, 2.78], p<0.001

Supplementary Table 14.30 Results of subgroup analysis by the presence of hypertension, diabetes mellitus, or dyslipidaemia. All values shown
are adjusted sub-hazard ratios with corresponding 95% confidence intervals.

Major cardiovascular comorbidities With hypertension / diabetes mellitus / Without hypertension / diabetes mellitus /

dyslipidaemia (N=5297)

dyslipidaemia (N=8240)

None of HF/MI/stroke/arrhythmia
HF only

MI only

Stroke only

Arrhythmia only

=2 of HF/Ml/stroke/arrhythmia

1 (reference)

1.55[1.24, 1.93], p<0.001
1.30[0.99, 1.70], p=0.055
1.05[0.89, 1.24], p=0.568
1.65[1.30, 2.10], p<0.001
1.96 [1.60, 2.40], p<0.001

1 (reference)

2.03 [1.41, 2.93], p<0.001
1.70 [1.13, 2.56], p=0.011
1.16 [0.90, 1.50], p=0.255
1.55[1.12, 2.13], p=0.008
2.26 [1.55, 3.28], p<0.001

HF, heart failure. MI, myocardial infarction.
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14.7. Appendices for Chapter 8

14.7.1. Supplementary tables for Chapter 8

Supplementary Table 14.31 International Classification of Diseases, Ninth Revision (ICD-9) codes used to identify outcomes and co-morbidities.
All hereby listed codes include the corresponding sub-codes.

Prostate cancer 185

Heart failure 428

Myocardial infarction 410

Diabetes mellitus 250

Hypertension 401 402 403 404 405 4372

Atrial fibrillation 427.31

Stroke 430 431 432 433 434 435

Chronic obstructive pulmonary disease 490 491 492 496.0

Ischaemic heart disease 410 411 412 413 414

Chronic kidney disease 582 585 586

Chronic liver disease 456.0 456.1 456.20456.21 571 5722 5723 572.4 572.5 572.6 572.7 572.8

Anaemia 280 281 282 283 284.0 284.1 284.8 2849 285

Dyslipidaemia 272.0 272.1 2722 2723 2724

Malignancy 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154
155 156 157 158 159 160 161 162 163 164 165 170 171 172
173 174 175 179 179 180 181 182 183 184 185 186 187 188
189 190 191 192 193 194 195 196 197 198 199 200 201 202
203 204 205 206 207 208 209.0 209.1 209.2 209.3

Supplementary Table 14.32 International Classification of Diseases, Ninth Revision (ICD-9) and Tenth Revision (ICD-10) codes used to identify
the cause of death. All hereby listed codes include the corresponding sub-codes.

Type of mortality ICD codes

Cardiovascular mortality ICD-9: 390-438

ICD-10: 100-179
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Supplementary Table 14.33 Results of univariable Cox regression.

Hazard ratio [95%

confidence p value

interval]

Age (years) 1.05[1.02, 1.07] <0.001*
Medical castration 0.62 [0.46, 0.85] 0.003*
Bilateral orchiectomy 1.4911.09, 2.04] 0.014*
ADT duration (years) 0.94 [0.90, 0.98] 0.002*
Hypertension 1.34 [0.98, 1.84] 0.070*
Diabetes mellitus 1.35[0.83, 2.18] 0.224
Dyslipidaemia 1.07 [0.65, 1.75] 0.801
Ischaemic heart disease 1.03 [0.66, 1.61] 0.887
Chronic kidney disease 1.18 [0.48, 2.88] 0.713
Atrial fibrillation 2.36[1.10, 5.06] 0.027*
Known malignancy 1.1510.65, 2.03] 0.627
Prior radiotherapy 1.10[0.78, 1.56] 0.574
Prior radical prostatectomy 1.04[0.49, 2.21] 0.927
ACEI/ARB use 0.90 [0.66, 1.23] 0.515
Beta-blocker use 1.23[0.90, 1.69] 0.185
Metformin use 1.16 [0.83, 1.63] 0.373
Sulphonylurea use 1.02 [0.74, 1.41] 0.893
Insulin use 1.2410.81, 1.90] 0.327
Dihydropyridine CCB use 1.12[0.82, 1.53] 0.485
Antiplatelet use 1.16 [0.83, 1.64] 0.380
Anticoagulant use 0.29 [0.04, 2.09] 0.221
Chemo use 3.14[0.44, 22.57] 0.255
Steroid use 0.89 [0.57, 1.40] 0.625
Ever used ARSI 0.78 [0.56, 1.08] 0.132
Baseline HbAlc 1.13[1.01, 1.27] 0.031*
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Supplementary Table 14.34 Comparison of changes in visit-to-visit HbAlc variability between patients with and without diabetes mellitus.
Medians and interquartile ranges are shown.

With diabetes mellitus (N=655) Without diabetes mellitus (N=54) p value

Per-unit change in CV 0.024 [-0.015-0.073] 0.014 [0.002-0.030] 0.521
Percentage change in CV, % 41.0 [-19.0-146.9] 53.4[51.2-153.4] 0.355
Per-unit change in ARV, % 0.183 [-0.100-0.526] 0.099 [-0.030-0.255] 0.201
Percentage change in ARV, % 40.0 -180.2-137.0] 58.7 [-22.2-156.4] 0.528

ARYV, average real variability. CV, coefficient of variation.

Supplementary Table 14.35 Comparison of changes in visit-to-visit HbAlc variability between patients with and without use of antidiabetic
medication(s). Medians and interquartile ranges are shown.

With use of antidiabetic Without use of any antidiabetic p value

medication(s) (N=610) medication(s) (N=99)
Per-unit change in CV 0.024 [-0.017-0.073] 0.020 [0.001-0.053] 0.659
Percentage change in CV, % 38.8 [-20.7-137.2] 55.7 [38.1-197.9] 0.025
Per-unit change in ARV, % 0.181 [-0.111-0.520] 0.117 [-0.015-0.335] 0.838
Percentage change in ARV, % 38.5[-19.1-129.9] 61.5 [-8.3-184.5] 0.072

ARV, average real variability. CV, coefficient of variation.

Supplementary Table 14.36 Comparison of changes in visit-to-visit HbA1c variability between types of androgen deprivation therapy. Medians
and interquartile ranges are shown.

Medical castration Bilateral orchiectomy Both medical castration and p value
only (N=217) only (N=189) bilateral orchiectomy (N=88)
Per-unit change in CV 0.023 [-0.009-0.068]  0.023 [-0.028-0.076] 0.020 [-0.011-0.069] 0.907
Percentage change in CV, % 48.0 [-12.4-139.5] 38.5[-33.2-149.6] 28.9 [-17.4-154.3] 0.606
Per-unit change in ARV, % 0.175[-0.060-0.493]  0.175[-0.159-0.514] 0.119 [-0.140-0.500] 0.799
Percentage change in ARV, %  48.9 [-12.6-133.3] 25.7 [-25.0-136.7] 42.6 [-24.0-147.9] 0.346

ARYV, average real variability. CV, coefficient of variation.
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Supplementary Table 14.37 Cox regression results for changes in visit-to-visit HbAlc variability.

Univariable hazard ratio [95% Multivariable hazard ratio [95%

confidence interval] confidence interval] !
Per-unit change in CV 5.85[0.44, 78.62], p=0.182 6.29 [0.45, 87.20], p=0.170
Percentage change in CV (per 10%) 1.000.99, 1.01], p=0.796 1.00[0.99, 1.01], p=0.694
Per-unit change in ARV 1.26 [0.92, 1.71], p=0.146 1.23[0.91, 1.67], p=0.181
Percentage change in ARV (per 10%)  1.00[1.00, 1.01], p=0.635 1.00 [1.00, 1.01], p=0.513

ARYV, average real variability. CV, coefficient of variation.
! Adjusted for age, medical castration, bilateral orchiectomy, ADT duration, hypertension, atrial fibrillation, and baseline HbAlc.

Supplementary Table 14.38 Results of subgroup analysis by prior diagnosis of diabetes mellitus. Hazard ratios and the corresponding 95%

confidence intervals are shown, with adjustment for age, medical castration, bilateral orchiectomy, ADT duration, hypertension, atrial fibrillation,
and baseline HbAlc.

With diabetes mellitus (N=850) Without diabetes mellitus (N=215) Pinteraction
CV of HbAlc (per SD) 1.25[1.03, 1.52], p=0.024 1.25[0.81, 1.94], p=0.318 0.396
ARV of HbAlc (per SD) 1.27 [1.06, 1.52], p=0.009 1.33[0.73, 2.41], p=0.353 0.603
ARV, average real variability. CV, coefficient of variation.

Supplementary Table 14.39 Results of subgroup analysis by baseline use of antidiabetic medication(s). Hazard ratios and the corresponding 95%

confidence intervals are shown, with adjustment for age, medical castration, bilateral orchiectomy, ADT duration, hypertension, atrial fibrillation,
and baseline HbAlc.

With  use of antidiabetic Without use of any antidiabetic pinteraction

medication(s) (N=788) medication(s) (N=277)
CV of HbAlc (per SD) 1.23 [1.01, 1.50], p=0.041 1.26 [0.88, 1.81], p=0.207 0.583
ARV of HbAlc (per SD) 1.24 [1.04, 1.49], p=0.020 1.45[0.92,2.29], p=0.113 0.972

ARV, average real variability. CV, coefficient of variation.
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Supplementary Table 14.40 Results of subgroup analysis by the type of androgen deprivation therapy. Hazard ratios and the corresponding 95%
confidence intervals are shown, with adjustment for age, bilateral orchiectomy (for patients who had both medical castration and bilateral
orchiectomy), ADT duration, hypertension, atrial fibrillation, and baseline HbAlc.

Medical castration only Bilateral orchiectomy only Both medical castration and bilateral orchiectomy
(N=635) (N=303) (N=127)
CV of HbAlc (per SD) 1.32[1.05, 1.67], p=0.017 _ 1.09 [0.80, 1.49], p=0.585 ' 1.23 [0.80, 1.89], p=0.338 *
ARV of HbAlc (per SD) 1.31[1.04, 1.65], p=0.024  1.22[0.93, 1.60], p=0.152%  1.32[0.73, 2.39], p=0.352 *
ARYV, average real variability. CV, coefficient of variation.
! pinteraction=0.351 with medical castration subgroup as reference
? Pinteraction=0.623 with medical castration subgroup as reference
3 Pinteraction=0.401 with medical castration subgroup as reference
# Pinteraction=0.497 with medical castration subgroup as reference

Supplementary Table 14.41 Results of the post hoc sensitivity analysis using differences in restricted mean survival time to compare patients in
each quartile of the coefficient of variation (CV) and average real variability (ARV) of HbAlc. Restricted mean survival time (in years) and the
corresponding 95% confidence intervals are shown.

Quartile 1 Quartile 2 Quartile 3 Quartile 4
CVofHbAlc  10.81[9.94, 11.67] (reference) 11.03[10.36, 11.70], p=0.690 10.23 [9.56, 10.91], p=0.307 9.39 [8.43, 10.35], p=0.031
ARV of HbAlc 10.00 [9.47, 10.52] (reference) 9.58[9.06, 10.10], p=0.271 9.6319.14,10.12], p=0.317  8.54[7.90, 9.18], p=0.001
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14.8. Appendices for Chapter 9

14.8.1. Supplementary tables for Chapter 9

Supplementary Table 14.42 International Classification of Diseases, Ninth Revision (ICD-9)
codes used to identify outcomes and co-morbidities. All hereby listed codes include the

corresponding sub-codes.

Prostate cancer 185

Heart failure 428

Myocardial infarction 410

Diabetes mellitus 250

Hypertension 401 402 403 404 405 4372

Atrial fibrillation 427.31

Stroke 430 431 432 433 434 435

Chronic obstructive 490 491 492  496.0

pulmonary disease

Ischaemic heart disease 410 411 412 413 414

Chronic kidney disease =~ 582 585 586

Hyperlipidaemia 272.0 272.1 2722 2723 272.4

Malignancy 140 141 142 143 144 145 146 147 148
149 150 151 152 153 154 155 156
157 158 159 160 161 162 163 164
165 170 171 172 173 174 175 179
179 180 181 182 183 184 185 186
187 188 189 190 191 192 193 194
195 196 197 198 199 200 201 202
203 204 205 206 207 208 209.0 209.1
209.2 209.3

Supplementary Table 14.43 International Classification of Diseases, Ninth Revision (ICD-9)
and Tenth Revision (ICD-10) codes used to identify the cause of death. All hereby listed codes
include the corresponding sub-codes.

Type of mortality

ICD codes

Cardiovascular mortality

ICD-9: 390-438

ICD-10: 100-179
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14.9. Appendices for Chapter 10

14.9.1. Supplementary tables for Chapter 10

Supplementary Table 14.44 International Classification of Diseases, Ninth revision (ICD-9)
diagnostic codes used for identifying diagnoses. All codes listed included the corresponding
subcodes.

Condition

ICD-9 diagnostic codes

Lung cancer
Head and neck cancer

Nasopharyngeal cancer

Breast cancer
Colorectal cancer
Liver cancer
Stomach cancer
Melanoma

Renal cell carcinoma
Esophageal cancer
Cervical cancer
Lymphoma
Leukaemia

Plasma cell dyscrasia
Myocardial infarction
Heart failure

Stroke

Hypertension

Ischaemic heart disease

Atrial fibrillation
Diabetes mellitus
Dyslipidaemia

Chronic kidney disease
vascular 440.2, 440.4

Peripheral
disease

162.3-162.9
140-149.9

147-147.9

174-174.9

153-154.1

155.0, 155.2

151-151.9

172-172.9

189

150-150.9

180-180.9

200-202.2, 202.7-202.8
202.4, 204-208

203-203.12

410-411.0, 412

428, 402.01, 402.11, 402.91
430, 431-432, 433.01, 433.11, 433.21, 433.31, 433.81, 433.91,
434.01,434.11, 434.91, 435
401-405, 437.2

410-414

427.31

250

272.0-272.4

585

Supplementary Table 14.45 International Classification of Diseases, Ninth revision (ICD-9)
and Tenth revision (ICD-10) codes used for identifying causes of death. All codes listed
included the corresponding subcodes.

Cause of death

Codes

Cardiovascular

ICD-9: 390-438
ICD-10: 100-179
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Supplementary Table 14.46 International Classification of Diseases, Ninth revision (ICD-9)
procedural codes used for identifying cardiovascular hospitalizations. All codes listed included

the corresponding subcodes.

Type of procedures

ICD-9 procedural codes

Cardiovascular

17.5-17.56, 35-39.99, 88.4-88.45, 88.47-88.48, 88.5-88.59,

88.62-88.63, 88.72, 89.4-89.59, 89.62-89.64, 89.67-89.69, 99.6-
99.69, 97.44

Supplementary Table 14.47 Baseline characteristics of patients included in the analysis of
major adverse cardiovascular event (MACE).

Patients with MACE Patients without MACE
Number of patients, N 116 4055
Type of immune checkpoint inhibitor
Anti-PD-1 user, N (%) 101 (87.1) 3293 (81.2)
Anti-PD-L1 user, N (%) 21 (18.1) 830 (20.5)
Anti-CTLA4 user, N (%) 10 (8.6) 304 (7.5)
Type of cancer
Lung cancer, N (%) 50 (43.1) 1880 (46.4)
Head and neck cancer, N (%) 4(3.5) 145 (3.6)
Nasopharyngeal cancer, N (%) 0(0) 73 (1.8)
Breast cancer, N (%) 2 (L.7) 136 (3.4)
Colorectal cancer, N (%) 1 (0.9) 97 (2.4)
Liver cancer, N (%) 18 (15.5) 499 (12.3)
Stomach cancer, N (%) 0(0) 95 (2.3)
Melanoma, N (%) 3 (2.6) 104 (2.6)
Renal cell carcinoma, N (%) 7 (6.0) 165 (4.1)
Esophageal cancer, N (%) 0(0) 46 (1.1)
Cervical cancer, N (%) 1(0.9) 25 (0.6)
Lymphoma, N (%) 8(6.9) 167 (4.1)
Leukaemia, N (%) 1(0.9) 39 (1.0)
Plasma cell dyscrasia, N (%) 0(0) 8(0.2)
Demographics
Male, N (%) 85 (73.3) 2704 (66.7)
Age, years 63.2 [55.1-70.3] 67.5 [58.8-74.6]
Comorbid conditions
Hypertension, N (%) 67 (57.8) 1819 (44.9)
Ischaemic heart disease, N (%) 8 (6.9) 129 (3.2)
Atrial fibrillation, N (%) 0(0) 76 (1.9)
Diabetes mellitus, N (%) 26 (22.4) 708 (17.5)
Dyslipidaemia, N (%) 46 (39.7) 1066 (26.3)
Chronic kidney disease, N (%) 2(1.7) 27 (0.7)
Peripheral arterial disease, N (%) 0(0) 7(0.2)
Use of other medications
ACEI/ARB user, N (%) 34 (29.3) 843 (20.8)
Metformin user, N (%) 21 (18.1) 528 (13.0)
Sulfonylurea user, N (%) 15 (12.9) 336 (8.3)
Insulin user, N (%) 12 (10.3) 318 (7.8)
DPP4 inhibitor user, N (%) 6(5.2) 157 (3.9)
Beta-blocker user, N (%) 34 (29.3) 835 (20.6)
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Statin user, N (%) 46 (39.7) 985 (24.3)
Dihydropyridine CCB user, N (%) 50 (43.1) 1436 (35.4)
Chemotherapy user, N (%) 62 (53.5) 2434 (60.0)

ACEI, angiotensin-converting enzyme inhibitor. ARB, angiotensin receptor blocker. CCB,
calcium channel blocker. CTLA4, cytotoxic T-lymphocyte associated protein 4. DPP4,

dipeptidyl peptidase 4. PD-1, programmed cell death protein 1. PD-L1, programmed cell death
ligand 1.
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Supplementary Table 14.48 Results of sensitivity analysis which included only patients with at least one year of follow-up (N=2116).

Proportion of patients Incidence rate [95% CI], episodes per Annualized LOS [95% CI], days per

with event (N, %) 100 person-years 100 person-years
All admissions 2048 (96.8) 794.3 [761.0, 829.1] 1554.2 [1486.3, 1625.2]
All overnight admissions ! 1375 (65.0) 91.0 [85.4, 96.9] 1112.1 [1025.6, 1205.9]
Cardiovascular admissions ' 110 (5.2) 3.2[2.5,4.0] 23.1[16.1, 33.2]
Overnight cardiovascular admissions ! 79 (3.7) 2.710.0, 196747.1] 414.2 [266.4, 644.1]

! Estimates calculated for patients with event using zero-inflated negative binomial regression

CI, confidence interval. LOS, length of stay.
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14.10. Appendices for Chapter 12

14.10.1. Supplementary tables for Chapter 12

Supplementary Table 14.49 International Classification of Diseases, Ninth revision (ICD-9) diagnostic codes used for identifying diagnoses. All
codes listed included the corresponding subcodes.

Condition ICD-9 diagnostic codes
Lung cancer 162.3-162.9

Head and neck cancer 140-149.9
Nasopharyngeal cancer 147-147.9

Breast cancer 174-174.9

Colorectal cancer 153-154.1

Liver cancer 155.0, 155.2

Stomach cancer 151-151.9

Melanoma 172-172.9

Renal cell carcinoma 189

Esophageal cancer 150-150.9

Cervical cancer 180-180.9

Lymphoma 200-202.2, 202.7-202.8
Leukaemia 202.4,204-208

Plasma cell dyscrasia 203-203.12
Myocardial infarction 410-411.0,412

Heart failure 428, 402.01, 402.11, 402.91
Stroke 430,431-432,433.01,433.11,433.21, 433.31,433.81, 433.91, 434.01, 434.11, 434 .91, 435
Hypertension 401-405, 437.2
Ischaemic heart disease 410-414

Atrial fibrillation 42731

Ventricular arrhythmia or cardiac arrest 427.1,427.4,427.5
Valvular heart disease 394-397, 424

Diabetes mellitus 250

Dyslipidaemia 272.0-272.4

Chronic obstructive pulmonary disease 491-492, 496
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Chronic kidney disease 585
Peripheral arterial disease 440.2, 440.4

Supplementary Table 14.50 International Classification of Diseases, Ninth revision (ICD-9) and Tenth revision (ICD-10) codes used for identifying
causes of death. All codes listed included the corresponding subcodes.

Cause of death Codes
Cardiovascular ICD-9: 390-438
ICD-10: 100-179
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14.10.2. Supplementary figures for Chapter 12

Supplementary Figure 14.17 Histogram showing the number of components of the cardiometabolic workups of interest performed for the analyzed
patients within 90 days before immune checkpoint inhibitor (ICI) initiation, stratified by the year of ICI initiation.
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Supplementary Figure 14.18 Histogram showing the number of components of the cardiometabolic workups of interest performed for the analyzed
patients within 180 days before immune checkpoint inhibitor (ICI) initiation, stratified by the year of ICI initiation.
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Supplementary Figure 14.19 Histogram showing the time between the most recent pre-immune checkpoint inhibitor (ICI) glycaemic testing and
ICI initiation amongst those who ever had such testing within five years before ICI initiation (N=2891).
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Supplementary Figure 14.20 Histogram showing the time between the most recent pre-immune checkpoint inhibitor (ICI) total cholesterol testing
and ICI initiation amongst those who ever had such testing within five years before ICI initiation (N=2339).
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Supplementary Figure 14.21 Histogram showing the time between the most recent pre-immune checkpoint inhibitor (ICI) high density lipoprotein
cholesterol (HDL-C) testing and ICI initiation amongst those who ever had such testing within five years before ICI initiation (N=2305).
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Supplementary Figure 14.22 Histogram showing the time between the most recent pre-immune checkpoint inhibitor (ICI) troponin testing and ICI
initiation amongst those who ever had such testing within five years before ICI initiation (N=759).
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Supplementary Figure 14.23 Histogram showing the time between the most recent pre-immune checkpoint inhibitor (ICI) testing for estimated
glomerular filtration rate and ICI initiation amongst those who ever had such testing within five years before ICI initiation (N=4318).
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Glossary

ACE]I, angiotensin-converting enzyme inhibitors.
ADT, androgen deprivation therapy.

aHR, adjusted hazard ratio.

aRR, adjusted risk ratio.

ANOVA, analysis of variance.

ARB, angiotensin receptor blockers.

ARSI, androgen receptor signalling inhibitors.

ARYV, average real variability.

BO, bilateral orchidectomy.

CABG, coronary artery bypass gratft.

CCB, calcium channel blocker.

CDARS, Clinical Data Analysis and Reporting System.
CI, confidence interval.

CMS, Centers for Medicare and Medicaid Services.
COPD, chronic obstructive pulmonary disease.
CTLAA4, cytotoxic T-lymphocyte associated protein 4.
CV, coefficient of variation.

CVD, cardiovascular disease.

CVH, Cardiovascular health.

CVM, cardiovascular mortality.

DM, diabetes mellitus.

DPP4, dipeptidyl peptidase-4.

eGFR, estimated glomerular filtration rate.

ESC, European Society of Cardiology.

GLP1, glucagon-like peptide-1.

GnRH, gonadotropin-releasing hormone.

HbA Ic, haemoglobin Alc.

HDL-C, high-density lipoprotein cholesterol.

HF, heart failure.

HFA-ICOS, Heart Failure Association — International Cardio-Oncology Society.
HR, hazard ratio.

ICD-9, International Classification of Diseases, Ninth Revision.
ICD-10, International Classification of Diseases, Tenth Revision.
ICI, immune checkpoint inhibitor.

IPTW, inverse probability of treatment weighting.
IPUMS, Integrated Public Use Microdata Series.
IQR, interquartile range.

IR, incidence rate.

IRR, incidence rate ratio.

LOS, length of stay.

LVEF, left ventricular ejection fraction.

MACE, major adverse cardiovascular events.

MI, myocardial infarction.

NA, not applicable / available.

NDI, National Death Index.
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NHIS, National Health Interview Survey.
NPESC, neighbourhood, physical environment, and social cohesion.
OR, odds ratio.

PCa, prostate cancer.

PD-1, programmed cell death protein 1.

PD-L1, programmed cell death ligand 1.

PSA, prostate-specific antigen.

RCT, randomized controlled trial.

RMST, restricted mean survival time.

RP, radical prostatectomy.

SCCS, self-controlled case series.

SD, standard deviation.

SDOH, social determinants of health.

SGLT2i, sodium glucose cotransporter 2 inhibitor.
SHR, sub-hazard ratio.

SMD, standardized mean difference.

RR, risk ratio.

SPD, severe psychological distress.

STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.
US, United States.

VEGTF, vascular endothelial growth factor.
VVHY, visit-to-visit HbAlc variability.

VVLYV, visit-to-visit lipid variability.
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