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Aims

Methods
and results

Conclusion

Currently, little evidence exists on survival and quality of care in cancer patients presenting with acute heart failure (HF). The
aim of the study is to investigate the presentation and outcomes of hospital admission with acute HF in a national cohort of
patients with prior cancer.

This retrospective, population-based cohort study identified 221 953 patients admitted to a hospital in England for HF dur-
ing 2012-2018 (12 867 with a breast, prostate, colorectal, or lung cancer diagnosis in the previous 10 years). We examined
the impact of cancer on (i) HF presentation and in-hospital mortality, (i) place of care, (iii) HF medication prescribing, and (iv)
post-discharge survival, using propensity score weighting and model-based adjustment. Heart failure presentation was simi-
lar between cancer and non-cancer patients. A lower percentage of patients with prior cancer were cared for in a cardiology
ward [—2.4% age point difference (ppd) (95% ClI —3.3, —1.6)] or were prescribed angiotensin-converting enzyme inhibitors
or angiotensin receptor antagonists (ACEi/ARB) for heart failure with reduced ejection fraction [-2.1 ppd (—3.3, —0.9)] than
non-cancer patients. Survival after HF discharge was poor with median survival of 1.6 years in prior cancer and 2.6 years in
non-cancer patients. Mortality in prior cancer patients was driven primarily by non-cancer causes (68% of post-discharge
deaths).

Survival in prior cancer patients presenting with acute HF was poor, with a significant proportion due to non-cancer causes
of death. Despite this, cardiologists were less likely to manage cancer patients with HF. Cancer patients who develop HF
were less likely to be prescribed guideline-based HF medications compared with non-cancer patients. This was particularly
driven by patients with a poorer cancer prognosis.
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Graphical Abstract

te heart failure

Introduction

Survival in heart failure (HF) patients is often described as being akin to
the prognosis of some cancers. However, with recent improvements
in early detection and cancer treatment, patients with cancer are living
longer." As a result, optimal management of co-morbidities and car-
diovascular risk factors is becoming an increasingly important deter-
minant of outcomes.” Cancer survivors are at increased risk of
developing cardiovascular diseases including heart failure (HF) which
is associated with a poor prognosis.® The association between cancer
and HF is, in part, attributable to overlapping risk factors and patho-
physiological pathways.*® Additionally, cancer treatments can con-
tribute to cardiac dysfunction through chemotherapy-induced
cardiotoxicity and/or chest radiotherapy.”® A multidisciplinary
cardio-oncology approach is necessary to improve outcomes in can-
cer survivors with HF.'%"!

Guideline-based management of HF alleviates patients’ symptoms,
reduces hospital admissions, and improves outcomes.'” Effective
treatments include angiotensin-converting enzyme inhibitors or
angiotensin receptor antagonists (ACEi/ARB), beta-blockers, min-
eralocorticoid receptor antagonists (MRA), and, more recently,
the angiotensin receptor—neprilysin inhibitor and sodium—glucose
co-transporter 2 inhibitors." In cancer patients, ACEi and beta-
blockers have been shown to improve cardiac function in patients
with chemotherapy-induced cardiotoxicity.”'® These data are cur-
rently limited to anthracycline and anti-HER2-based treatments
with little data on other classes of cancer therapies such as those fre-
quently used to treat prostate, lung, and colon cancer. Although out-
come data for other HF medications in a cancer-specific population
are currently lacking, it is likely the benefits on HF outcomes are no
different to the general HF population. However, it is less clear
whether survival in cancer patients presenting with acute HF is pri-
marily driven by HF or cancer outcomes. There is also little existing
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evidence on whether cancer patients with HF receive the same care
as HF patients without cancer.

The objective of this study was to compare the presentation, treat-
ments, and outcomes between hospitalized HF patients with or with-
out a preceding diagnosis of one of the four most common cancers
in the UK (breast, prostate, colon/rectum, lung) using the Virtual
Cardio-Oncology Research Initiative (VICORI) research platform.’*
The VICORI data sets link English national cancer registry and cardio-
vascular audit data with hospital coding and death certification data.
This provides a unique opportunity to investigate the interplay between
cardiovascular diseases and cancer.

Methods

Ethical approval and consent to participate

This study was reviewed and approved by the VICORI Consortium
Project Review Panel. The VICORI research programme has received fa-
vourable ethical opinion from the North East—Newcastle and North
Tyneside 2 Research Ethics Committee (REC reference 18/NE/0123).
The study was performed in accordance with the Declaration of
Helsinki.

Study design and databases

This is a retrospective, population-based cohort study using linked national
cancer registry and HF audit databases. The VICORI study was approved by
the UK Health Research Authority and the National Research Ethics Service
(18/NE/0123). This study was reviewed and approved by the VICORI
Consortium Project Review Panel and the National Disease Registration
Service (NDRS) Project Review Panel.

The National Heart Failure Audit (NHFA) collects information on adults
with an unscheduled (non-elective) admission to a hospital in England and
Wales who have a death or discharge with a diagnosis of HF in the primarg pos-
ition (ICD-10 code 111.0, 125.5, 142.0, 142.9, 150.0, 150.1, or I50.9).1 The
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National Disease Registration Service compiles a comprehensive,
quality-assured data set referred to as the National Cancer Registration
Dataset (NCRD); this is collated using a wide range of data sources to register
all tumours diagnosed for residents of England.® Until recently, pseudony-
mized cardiovascular audit and cancer registry data for a single patient could
not be linked. The VICORIis a research platform that links patient-level records
from the NHFA, with the NDRS, and the Office of National Statistics death
registration. Detailed information on the VICORI linkage process has been pre-
viously published." More details are given in the Supplementary Materil.

Study population

All adults (>18 years of age) with a first admission to the hospital for HF
recorded in the NHFA from 1 January 2012 to 31 March 2018 (most recent
NHFA data) were included; subsequent HF admissions were excluded. The
NHFA data collection is nationally mandated and from 2012 contains high-
quality data.'”” We did not consider any first admission with HF recorded
before 2012.

Cohorts

We defined our cancer cohort as linked patients from the NCRD,"® diag-
nosed within 10 years before the HF admission with the most common tu-
mour sites identified by ICD-10 coding: breast (C50 females only), prostate
(C61 males only), colorectal (C18—C20), and trachea, bronchus, and lung
cancer (C33—-C34). We analysed the cancer patients together and stratified
by tumour site, but data on the stage of cancer at the time of cancer diag-
nosis and cardiovascular risk factors were limited. The comparator popula-
tion consisted of HF patients without a diagnosis of malignant cancer (i.e.
not identified in the NCRD) in the 10 years prior to HF admission.
Comparator patients for breast cancer were restricted to females, for pros-
tate cancer were males, and for colorectal and lung cancer were all patients
without cancer.

Outcomes
Primary outcomes were (i) HF presentation (phenotype and in-hospital
mortality), (i) place of care (cardiology vs. non-cardiology vs. unknown
ward care), (iii) HF medication prescribing, and (iv) post-discharge survival.
Data completeness for left ventricular systolic dysfunction, as identified
through echocardiography or other gold standard tests, is good and was
used to identify heart failure with reduced ejection fraction (HFrEF).
Heart failure severity was determined using the New York Heart
Association (NYHA) Classification standard breathlessness score (1, least
severe; 4, most severe including symptoms at rest/increase with physical
activity)."®

For patients with HFrEF discharged alive from hospital, HF manage-
ment medications prescribed at discharge were obtained from the
NHFA and included ACEi/ARBs, beta-blockers, loop diuretics, MRAs,
and digoxin. Hospital discharge medications are only reported for pa-
tients with HFrEF because these medications are indicated for patients
with HFrEF. Finally, for patients that did not die in the hospital, the
date of death was obtained from the Office of National Statistics for
post-discharge survival analyses. Patients were censored at the end of
the study, 26 November 2018.

Statistical analyses

Stata/SE 15.1 was used for all analyses. Propensity weighting ensures that
the distribution of known confounders is the same across exposure
groups."? In this study, we reweighted the distribution of confounders in pa-
tients without cancer to that of patients with cancer to provide estimates of
the average effects in a cancer population.”® Potential confounding factors
were selected a priori from the NHFA and consisted of age at HF admission,
sex, ethnicity (categorized as White, Black, South Asian, other, unknown),
year of HF admission, and the following pre-existing diseases: ischaemic
heart disease, valve disease, diabetes, and chronic obstructive pulmonary
disease. For cancer patients, ethnicity was obtained from the NDRS if un-
available in the NHFA.

Propensity scores were calculated for the comparison of the overall can-
cer cohort to patients without cancer and separately for each cancer site in
comparison to patients without cancer. We used propensity score weight-
ing to estimate the percentage of patients with and without cancer that

experienced each outcome and the difference with 95% confidence inter-
val. Standardized differences in baseline characteristics at HF admission
were examined before and after propensity weighting for each exposure
comparison.

Flexible parametric survival models were used to examine post-hospital
discharge survival. All survival analyses excluded patients who died in the
hospital or in whom hospital discharge date was after the end of survival
follow-up. A restricted cubic spline was used to model the baseline log cu-
mulative hazard of mortality, with four degrees of freedom. Cancer status
was included as a binary variable with an interaction with follow-up time to
allow for non-proportional hazards.”' Crude survival plots were created for
cancer and non-cancer populations prior to any adjustment for confoun-
ders. For adjusted survival plots, age at admission, calendar year of admis-
sion, sex, ethnicity, and pre-existing diseases were included as covariates
in the survival model, with restricted cubic splines used for age and calendar
year of admission. Adjusted post-discharge survival curves were obtained
for each exposure comparison, standardizing to the covariate distribution
of cancer patients.

Analyses of post-discharge non-cancer—related mortality was investi-
gated by censoring deaths from any cancer, ICD-10 C00-C97, using under-
lying cause of death information obtained from the Office of National
Statistics (via the NDRS). For patients without cancer at the time of HF diag-
nosis, we searched for any future linkage with the NDRS and recorded
cause of death from the Office of National Statistics if available. For non-
cancer patients with no linkage to the NDRS, cause of death information
was not available, and we made an assumption that these patients did not
die of cancer. We obtained non-cancer net survival estimates, which de-
scribe survival free from non-cancer—related mortality in a population
where cancer deaths cannot apply.

We investigated effect modification by grouping cancer into four distinct
groups: lung cancer, non-lung cancers (breast, prostate, or colorectal) with
recent diagnosis (<1 year), non-lung cancers with diagnosis >1 and <3 years
before HF, and non-lung cancers with diagnosis >3 years before HF. For
each group, we estimated the difference in discharge medication prescrip-
tion and all-cause mortality compared with controls.

Patient and public involvement

A group of patient representatives provided the study team with informa-
tion on the experience of patients with cancer and heart disease and guided
the key questions for the VICORI programme. The lead patient represen-
tatives attended the study management group meetings, provided guidance
on study design and prioritization of research questions, and ensured study
information and findings are disseminated, available, and accessible to pa-
tients and the public.

Results

The HF cohort comprised 221 953 patients admitted to the hospital for
HF including 12867 (5.8%) patients with a prior cancer diagnosis (of
breast, prostate, colorectal, or lung cancer) and 209 086 without a cancer
diagnosis (Table 7). Mean age was 78.1 years (SD 12.6) and 53.7% of the
patients were male. Most patients were White (54.9%) or of unknown
ethnicity (39.1%). There was a high prevalence of pre-existing diseases
including ischaemic heart disease (38.8%), diabetes (29.9%), valve disease
(21.7%), and chronic obstructive pulmonary disease (16.2%). Approxi-
mately half of patients presented with HFrEF, and most of these hospita-
lized patients (72.8%) had NYHA Classification 3 or 4 (Table 7).

Differences in baseline characteristics between patients with and
without cancer were eliminated after propensity score weighting (all
standardized differences <0.005, Table 1), with propensity score distri-
butions exhibiting satisfactory overlap between HF patients with and
without cancer. Similarly, baseline differences between each tumour
site and the corresponding patients without cancer were eliminated
after propensity score weighting (all standardized differences <0.001,
Supplementary material online, Table S7).

Amongst cancer patients, there were 3216 (25.0%) breast, 5118
(39.8%) prostate, 3199 (24.9%) colorectal, and 1334 (10.4%) lung can-
cer patients. Nearly half (47.1%) were missing cancer stages with lung
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Continued

Table 1

Total

Baseline

Difference Standardized

After propensity weighting

Difference Standardized

Before propensity weighting

Cancer

Cancer

difference difference
No

No

Yes

Yes

-0.7 -0.016

53.2%
2.0%

52.5%
2.2%

-14 0.029

112696 (53.9%)
4301 (2.1%)

6750 (52.5%)
279 (2.2%)

119 446 (53.8%)
4580 (2.1%)

Yes

0.010

0.2

0.008

0.1

Unknown

NYHA Classification, n (%)

-0.012
-0.014
—0.002

0.022

-0.3
-0.5
-0.1

1.0
-0.2

6.2%

14.1%
41.0%
32.2%

5.9%

13.6%
40.9%
33.2%

0.015
0.020
0.003
0.027

-0.4
-0.7
1

13
-0.4

13141 (6.3%)
29944 (14.3%)
85208 (40.8%)
66770 (31.9%)

763 (5.9%)
1753 (13.6%)
5263 (40.9%)
4273 (33.2%)
815 (6.3%)

13904 (6.3%)
31697 (14.3%)
90471 (40.8%)
71043 (32.0%)
14838 (6.7%)

- N M %

—0.007

6.5%

6.3%

0.015

14023 (6.7%)

Unknown

HFrEF, failure with reduced ejection fraction; NYHA, New York Heart Association. Age is listed in years as mean (SD). All other information is number (%).

Propensity score includes the variables: age at HF admission, sex, ethnicity year of HF admission, ischaemic heart disease, valve disease, diabetes, and chronic obstructive pulmonary disease.

cancer patients having a higher proportion of advanced disease than
other tumour sites (see Supplementary material online, Table S2).
The cancer stage distribution varied greatly between the different can-
cer sites.

Heart failure presentation and in-hospital

outcomes

There were minimal differences in HF phenotype and severity (NYHA
Classification), between patients with and without prior cancer, except
in lung cancer patients where a lower percentage presented with HFrEF
compared with patients without cancer [—4.3% age point difference
(ppd) (95% Cl —7.0, —1.6) after adjustment] (Table 2). A lower percent-
age of cancer patients were cared for in a cardiology ward compared
with patients without cancer [—-2.4 ppd (95% Cl —3.3, —1.6) after ad-
justment; Table 2]. This was most pronounced in lung cancer patients
where only 33.7% received care in a cardiology ward compared with
43.7% of patients without cancer [-10.1 ppd (95% CI —12.6, —7.5)
after adjustment]. In-hospital mortality was 5.9% in cancer patients
compared with 5.0% in patients without cancer [0.7 ppd (95% CI 0.3,
1.1) after adjustment]. The difference was highest between patients
with lung cancer (7.0%) vs. without [4.6%, 2.4 ppd (95% CI 1.0, 3.8)
after adjustment] (Table 2).

Discharge medications

Of the 114 001 HF patients who had HFrEF and were discharged alive,
64.1% of the cancer patients received ACEiI/ARB on hospital discharge
compared with 66.2% of patients without cancer [-2.1 ppd (95% CI
—3.3, —0.9) after adjustment; Table 2, Supplementary material online,
Figure S1], driven primarily by lower prescribing in the lung cancer
population [62.5%; —5.9 ppd (95% CI —9.7, —2.1) after adjustment].
The percentage of patients with and without cancer that were pre-
scribed other HF management medications was comparable (<2 ppd
after adjustment) except for lung cancer patients where fewer patients
received MRA [-7.6 ppd (95% Cl —11.2, —3.9) after propensity score
adjustment], beta-blockers [—4.7 ppd (95% CI —8.4, —1-1)], and loop
diuretics [-4.3 ppd (95% Cl —7.4, —1.1)] compared with patients with-
out lung cancer. Amongst HF patients with non-lung cancer, there was
no clear effect of time since cancer diagnosis on the likelihood of being
prescribed HF discharge medication (see Supplementary material
online, Figure $2).

Post-discharge survival

Survival post-acute HF discharge was estimated in 211 224 patients dis-
charged alive with available follow-up. There were 117533 post-
discharge deaths during a mean follow-up time of 2.0 years (SD 1.7,
range 0.0-6.9). Overall survival after an acute heart failure admission
was low, regardless of prior cancer status. Median post-discharge sur-
vival was 2.5 years (95% Cl 2.4, 2.5), 1.6 years (95% CI 1.5, 1.6) for pa-
tients with cancer, and 2.6 years (95% Cl 2.6, 2.6) for patients without
cancer (Figure 1A). This difference was attenuated but remained after
adjusting for baseline characteristics (Figure 1B). A significantly in-
creased rate of death for cancer patients was present in the first few
years after hospital discharge and remained elevated in lung cancer pa-
tients up to 5 years after discharge (Figure 2). Despite this, most of the
7569 post-discharge deaths in cancer patients had non-cancer—related
underlying causes with 3261 (41%) from diseases of the circulatory sys-
tem and a further 920 (12%) from respiratory diseases. This compared
with 2568 (32%) deaths with malignant neoplasm as the underlying
cause (Table 3). Patients with and without cancer had similar non-
cancer—related net survival, which was extremely poor for both groups
of patients (Figures 1C and 1D).

Lung cancer patients had the worst median survival post-acute HF
discharge. Median survival was 2.0 years (95% Cl 1.9, 2.1) for women
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Figure 1 All-cause survival, post-hospital discharge, for heart failure by cancer diagnosis. Survival rates after hospital discharge for heart failure by
cancer diagnosis with differing levels of adjustment. (A) Crude and (B) adjusted non-cancer—related net survival; (C) crude and (D) adjusted non-cancer
related. Adjusted for age at admission, year of admission, sex, ethnicity (White, Black, South Asian, other, unknown), New York Heart Association class,
and the following pre-existing diseases: valve disease, ischaemic heart disease, diabetes, and chronic obstructive pulmonary disease. n = 211 224 patients

discharged alive and with available post-discharge follow-up.

with breast cancer, 1.6 years (95% CI 1.5, 1.7) for men with prostate
cancer, 1.5 years (95% Cl 1.4, 1.6) for patients with colorectal cancer,
0.8 years (95% CI 0.7, 0.9) for patients with lung cancer, and 2.6 years
(95% Cl 2.6, 2.6) for patients without cancer (2.4 years for women and
2.7 years for men) (Figure 3). After adjustment for confounders, survival
differences remained between prior cancer and non-cancer patients,
though to a lesser degree in comparisons with non-lung (breast, pros-
tate, and colorectal) cancer cohorts. Amongst non-lung cancer patients
admitted with acute HF, prognosis was slightly poorer in patients with a
recent cancer diagnosis, whilst for patients diagnosed more than 3 years
ago, prognosis was similar to patients without cancer (see
Supplementary material online, Figure S3).

Discussion

We identified a large, diverse, nationally representative cohort of 12
867 cancer survivors and 209 086 patients without cancer admitted
to the hospital with HF. In this cohort, we found, firstly, survival follow-
ing hospital discharge for HF was very poor for prior cancer patients
with only 23% remaining alive at 5 years. Secondly, whilst survivors of
prior cancer had worse survival following HF compared with patients

without previous cancer, mortality in cancer patients with HF was dri-
ven primarily by non-cancer causes. As a result, and particularly in non-
lung cancer patients, differences in adjusted survival between cancer
and non-cancer patients following HF discharge were relatively small.
Thirdly, fewer survivors of prior cancer admitted to the hospital with
HF were managed by cardiology specialists compared with similar pa-
tients without cancer, and finally, survivors of prior cancer presenting
with HFrEF were less likely to receive guideline-based therapies,12 par-
ticularly ACEi/ARB, compared with similar patients without cancer.
This disparity was most evident for lung cancer survivors.
Cardiovascular co-morbidities in cancer patients may arise as a direct
consequence of complications of cancer or cancer treatment, shared can-
cer—cardiovascular risk factors, or simply as coincidental diseases.** As
cancer treatment and outcomes improve, optimal management of cardio-
vascular co-morbidities is increasingly important in further improving sur-
vival.?? This study supports this new cardio-oncological paradigm. It is
perhaps not surprising that the combination of previous cancer and an ad-
mission to the hospital with acute heart failure in this study carried a par-
ticularly dire prognosis.* However, importantly, from the adjusted survival
analysis presented, it appears that mortality in the cancer population is dri-
ven primarily by non-cancer causes of death. The partial exception is lung
cancer patients and to a lesser extent those with a recent cancer diagnosis
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Figure 2 Hazard ratios for post-discharge mortality compared with no previous cancer. Marginal hazard ratios for post-discharge mortality com-
paring cancer to no previous cancer. (A) Marginal hazard ratio of mortality in all cancer patients relative to patients without cancer. (B) Marginal hazard
ratio of mortality in breast cancer relative to women without cancer, prostate cancer relative to men without cancer, both colorectal and lung cancer
are relative to patients without cancer. Adjusted for age at admission, year of admission, sex, ethnicity (White, Black, South Asian, other, unknown),
New York Heart Association class, and the following pre-existing diseases: valve disease, ischaemic heart disease, diabetes, and chronic obstructive
pulmonary disease. Lung cancer includes trachea, bronchus, and lung cancers. n =211 224 patient discharged alive and with available post-discharge

follow-up.
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Table 3 Distribution of underlying causes of death after hospital discharge for HF in patients with prior cancer

ICD-10 Description n (%)

A A00-B99 Certain infectious and parasitic diseases 68 (0.9)

B 5(0.1)

C C00-C97 Malignant neoplasms 2568 (32.3)

D D00-D48 Other neoplasms 37 (0.5)
D50-D89 Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism 8 (0.1)

E E00-E89 Endocrine, nutritional, and metabolic diseases 128 (1.6)

F FO1-F99 Mental, behavioural, and neurodevelopmental disorders 206 (2.6)

G G00-G99 Diseases of the nervous system 90 (1.1)

H H00-H59 Diseases of the eye and adnexa 0 (0.0)
H60-H95 Diseases of the ear and mastoid process 0 (0.0)

| 100-199 Diseases of the circulatory system 3261 (41.0)
100-102 — of which acute rheumatic fever 0 (0.0)
105-109 — of which chronic rheumatic heart diseases 32 (04)
110-116 — of which hypertensive diseases 138 (1.7)
120-125 — of which ischaemic heart diseases 1681 (21.1)
126-128 — of which pulmonary heart disease and diseases of pulmonary circulation 51 (0.6)
130-149 — of which other forms of heart disease 635 (8.0)
I50-15A — of which heart failure 447 (5.6)
160-169 — of which cerebrovascular diseases 206 (2.6)
170-179 — of which diseases of arteries, arterioles, and capillaries 63 (0.8)
180-189 — of which diseases of veins, lymphatic vessels, and lymph nodes, not elsewhere classified 8 (0.1)
195-199 — of which other and unspecified disorders of the circulatory system 0 (0.0

J J00-J99 Diseases of the respiratory system 920 (11.6)

K K00-K95 Diseases of the digestive system 206 (2.6)

L L00-L99 Diseases of the skin and subcutaneous tissue 46 (0.6)

M MO00-M99 Diseases of the musculoskeletal system and connective tissue 46 (0.6)

N NOO-N99 Diseases of the genitourinary system 148 (1.9)

O 0O00-099 Pregnancy, childbirth, and the puerperium 0 (0.0)

P P00-P96 Certain conditions originating in the perinatal period 0 (0.0)

Q Q00-Q9%9 Congenital malformations, deformations, and chromosomal abnormalities 9 (0.1)

R R0O0-R99 Symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified 62 (0.8)

S S00-T88 Injury, poisoning, and certain other consequences of external causes 0 (0.0)

T 0 (0.0

\ V00-Y99 External causes of morbidity 3 (0.0)

Y 3 (0.0)

z Z00-299 Factors influencing health status and contact with health services 0 (0.0)

Multiple underlying causes of death recorded (usually indicating deaths due to accidents, poisonings, and violence) 102 (1.3)

Missing 40 (0.5)

Total deaths

7948 (100.0)

(where the cancer prognosis is worse). These findings suggest that in can-
cer patients presenting with a heart failure admission, improving heart fail-
ure care and management of co-morbidities in particular has the potential
for improving survival.

Given this, our findings of potential deficits in specialist hospital care
and evidence-based management suggest there may be opportunities
to improve outcomes in cancer patients presenting with acute heart
failure. Specifically, we have shown cancer patients with HFrEF were
less likely than patients without cancer to be prescribed ACEI/ARB

with the largest effect seen in lung cancer patients in whom a deficit
of MRA and beta-blocker prescribing was also noted. This supports
other research showing that HF management therapies are under-
prescribed for cancer patients.** For example, a study by Ohtani
et al. found that only 51.9% of cancer patients who developed
anthracycline-induced cardiotoxicity received HF management therapy
including renin—angiotensin inhibitor and/or beta-blocker therapy.”®
Another study found that only 48% of patients that experienced cardi-
otoxicity commenced on beta-blocker and/or ACEi therapy.?® In some
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Figure 3 All-cause survival post-hospital discharge for heart failure by tumour site. Crude and adjusted all-cause survival post-hospital discharge for
each tumour site compared with patients without cancer. Each tumour site compared with patients without cancer. Crude and adjusted for age at

admission, year of admission, sex, ethnicity (White, Black, South Asian, other, unknown), New York Class Association, and the following pre-existing
diseases: valve disease, ischaemic heart disease, diabetes, and chronic obstructive pulmonary disease. The no breast cancer group includes females only,
whilst the no prostate cancer group includes males only. Lung cancer includes trachea, bronchus, and lung cancers. n = 211 224 patients discharged alive

and with available post-discharge follow-up.

cases, under-prescription may be appropriate due to a contraindica-
tion, for example, during the terminal phase of cancer care or where
oral treatment is limited. However, it is well established that HF med-
ications improve symptoms and reduce HF admissions as well as im-
prove prognosis.”’ >’ There is therefore a strong rationale for
optimizing treatments, even in non-curable cancers. Further research
will be needed to determine to what extent the treatment differences
demonstrated are a reflection of appropriate clinical management of
patients with a poor cancer prognosis and whether improving treat-
ment in this group has the potential to improve outcomes.

One of the primary reasons reported for underutilization of HF man-
agement therapy in cancer patients following hospital admission includes
the absence of formal cardiology referral.*® Patients with HF looked after
by an appropriate specialist multidisciplinary team receive significantly
more guideline-recommended HF management therapy and have better
outcomes.® In a previous study, cardiology consultation in cancer patients
has also been associated with a significantly higher frequency of HF man-
agement therapy prescription [100% vs. 52% for ACEi/ARB (P < 0.0001);
94% vs. 41% for beta-blocker (P < 0.0001)].3" Our study confirms that a
lower percentage of cancer patients admitted with acute HF were seen in
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a cardiology ward. Again, the largest difference was seen in lung cancer pa-
tients. It is likely that patients whose main place of care is a non-cardiology
ward do not receive a consultation with a cardiologist, which likely contri-
butes to the suboptimal management of HF. These findings suggest that
increased access to specialist cardiology or cardio-oncological care may
improve treatment in cancer patients with HF.

Limitations

The study has a number of limitations. The heart failure audit is limited
to patients with an acute heart failure admission. This analysis cannot be
extended to heart failure patients managed in primary care or an am-
bulatory setting. Propensity matching was limited to potentially relevant
confounders reliably recorded in the audit data. Prescription of HF
management medication at the point discharge was used as a proxy
for continuing treatment. VWe did not have information on maintenance
of medication at admission or for the duration of follow-up. The data
analysed are retrospective, and therefore, we are at present unable
to investigate newer heart failure medications such as angiotensin re-
ceptor—neprilysin inhibitor and sodium—glucose transporter 2 inhibitor
therapies. Likewise, we are not able to include analysis of the timing and
nature of cancer treatments. This will be an important future analysis.
The NHFA does not include absolute values of ejection fraction, and
so the field for left ventricular systolic dysfunction was used as a surro-
gate for HFrEF. Natriuretic peptide data are poorly completed with
only 8% coverage in the audit and were therefore not used in this ana-
lysis. Cause of death information was only available for cancer patients
from linked mortality data; thus, for the cause-specific analysis, it was
assumed that cancer deaths were negligible in the controls. This was
felt to be a safe assumption as the whole registry was searched for can-
cer diagnoses after HF presentation and death certificate cancer deaths
are included in the registry. However, this meant that we could only
compare non-cancer—related mortality between cases and controls,
and we were unable to compare HF-specific mortality. Primary cause
of death information may also be inaccurate in co-morbid populations,
which may partly explain the apparent higher non-cancer—related sur-
vival in cancer patients (Figure 1D). Further, whereas tumour stage is
now well recorded overall in the NCRD, tumour stage was not well-
recorded in these patients with HF (53% missing) due to many cancers
being diagnosed before 2012 where staging completeness was marked-
ly lower. Therefore, we decided not to include tumour stage within the
analyses. Cardiology ward care, as recorded in the audit, is used here as
a surrogate for specialist care. We did not have information on prior
cardiovascular risk factors or post-discharge care provided by HF com-
munity nurse specialists. VWe also did not have information about post-
discharge quality of life. Finally, as for all observational studies, there is a
risk of residual confounding limiting causal inferences.

Conclusions

Survival of cancer patients presenting with acute HF is very poor and is
driven primarily by non-cancer causes (i.e. HF). Cancer patients with
acute HF are less likely to be managed by a cardiology specialist and
are less likely to receive evidence-based treatments. This is particularly
true for patients with a poorer cancer prognosis. More research will be
needed to determine if these treatment differences are a reflection of
appropriate prognosis-guided clinical management or if optimal HF
management guided by a cardio-oncology specialist multidisciplinary
team has any potential to improve outcomes in cancer patients.
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