O’'Neill et al. BMC Cancer (2022) 22:847
https://doi.org/10.1186/512885-022-09944-z

BMC Cancer

RESEARCH Open Access
®

Check for
updates

Survival of cancer patients with pre-existing
heart disease

Ciaran O'Neill'?", David W. Donnelly', Mark Harbinson? Therese Kearney?, Colin R. Fox', Gerard Walls*> and
Anna Gavin'

Abstract

Background: While cancer outcomes have improved over time, in Northern Ireland they continue to lag behind
those of many other developed economies. The role of comorbid conditions has been suggested as a potential
contributory factor in this but issues of data comparability across jurisdictions has inhibited efforts to explore relation-
ships. We use data from a single jurisdiction of the UK using data from - the Northern Ireland Cancer Registry (NICR),
to examine the association between mortality (all-cause and cancer specific) and pre-existing cardiovascular diseases
among patients with cancer.

Materials and Methods: All patients diagnosed with cancer (excluding non-melanoma skin cancer) between 2011 and
2014 were identified from Registry records. Those with a pre-existing diagnosis of cardiovascular diseases were identified
by record linkage with patient hospital discharge data using ICD10 codes. Survival following diagnosis was examined using
descriptive statistics and Cox proportional hazards regression analyses. Analyses examined all-cause mortality and cancer
specific mortality for lung, colorectal, breast and prostate cancer. As well as cardiovascular diseases, regression models con-
trolled for age, gender (where appropriate), deprivation (as quintiles), stage at diagnosis and other comorbidities.

Results: Almost 35,000 incident cancer cases were diagnosed during the study period of which approximately 23%
had a prior heart condition. The pan-cancer hazard ratio for death in the presence of pre-existing cardiovascular
diseases was 1.28 (95% Cl: 1.18-1.40). All-cause and cancer specific mortality was higher for patients with cardiovascu-
lar diseases across lung, female breast, prostate and colorectal cancer groups after controlling for age, gender (where
appropriate), deprivation (as quintiles), stage at diagnosis and other comorbidities.

Conclusion: Pre-existing morbidity may restrict the treatment of cancer for many patients. In this cohort, cancer

patients with pre-existing cardiovascular diseases had poorer outcomes than those without cardiovascular diseases. A
high prevalence of cardiovascular diseases may contribute to poorer cancer outcomes at a national level.
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Background

Evidence exists of variations in five-year survival between
countries for all as well as a number of specific can-
cers [1-7]. A range of factors to explain these differ-
ences include stage [8] and/or delays at diagnosis [9],
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differences in access to optimal treatments [10] and dif-
ferences in the quality of the data upon which analyses
are based [10-12]. While cancer survival has improved in
Northern Ireland (NI) over the past 20 or so years [13], it
continues to lag behind that of many other high income
countries [3], as does that in the UK and Ireland generally
[3]. Efforts to improve outcomes are predicated on a clear
understanding of the factors that underpin suboptimal
performance.
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Recent studies have investigated the contribution of
differences in patterns of comorbidity to cancer out-
comes, and by inference part of the difference in perfor-
mance between jurisdictions may relate to differences in
the burden and pattern of comorbidity [14—16]. Efforts
to examine this issue using international data are, how-
ever, challenging given differences in coding practices
for comorbid conditions across jurisdictions [14]. While
studies within single jurisdictions generally show a sur-
vival penalty associated with a higher comorbidity bur-
den [15], these often examine only one specific cancer
[17-20], limit the age group studied [20] or fail to con-
trol for crucial clinically relevant covariates such as
socio-economic status [21]. The latter may be of par-
ticular importance given the potential for such factors to
explain differences in the speed with which medical help
is sought/provided [22, 23], eligibility for specific treat-
ments and implications for inequalities in the health care
system [24, 25].

The aim of this study was to examine the impact of
comorbidity and in particular pre-existing cardiovascu-
lar diseases on cancer survival within one jurisdiction
in which there existed uniform coding. One previous
study has examined this issue albeit in a different popula-
tion — South Korean — among whom life styles and can-
cer biology differ from Western populations [26]. While
the study by Youn et al [26] produced compelling results
important determinants of cancer outcomes such as
cancer staging were not available. Given this and the dif-
ferences between these populations further research on
these relationships is warranted. Cardiovascular disease
was selected as the focus of this dedicated study because
of its high prevalence in NI, and emerging evidence of a
link between cardiovascular disease and cancer in terms
of their origins [27] and prognosis [28].

Methods

Data on all patients diagnosed with cancer (excluding
non-melanoma skin cancer (NMSC)) in the period 2011
to 2014 were extracted from the NI Cancer Registry
(NICR) with relevant cases identified using the Interna-
tional Classification of Diseases (ICD10) codes C00-C97
(excluding C44). Subgroups of patients with the most
common cancer types were also identified using ICD10
codes, with C18-C20 used for colorectal cancer, C33-C34
for lung cancer, C50 for breast cancer and C61 for pros-
tate cancer.

Using a unique patient identifier (Health and Care
Number), cancer data were linked to a hospital inpatient
dataset which included all hospital inpatient admissions
in Northern Ireland from 2006 to 2014. Identifying can-
cer patients with pre-existing cardiovascular diseases
was based upon any record of a heart condition in the
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hospital episode data up to five years prior to their can-
cer diagnosis, even if that condition was not the main
reason for hospital admission. The conditions included
in the definition of cardiovascular disease were: conges-
tive heart failure, peripheral vascular disease, cardiac
arrhythmias (including atrial fibrillation), valvular dis-
ease, pulmonary circulation disorder, other ischaemic
heart diseases (including myocardial infarction), venous
or arterial embolism and thrombosis, myocarditis, peri-
carditis and cardiac arrest. Each condition was identified
using ICD10 codes selected by clinical opinion and are
listed in the Supplementary material.

Using a similar methodology further comorbidities
were identified for each cancer patient from the hospi-
tal inpatient data. These comorbidities were based upon
selected conditions from the Charleson [29] and Elix-
hauser [30] indices and included cerebrovascular disease,
chronic pulmonary disease, hypertension, diabetes, liver
disease, renal disease, peptic ulcer, anaemia, neurodegen-
erative disorders and rheumatoid disorders. The ICD10
codes used to identify these comorbidities were based
on those used by Luchtenborg et al [14]. Conditions
included in these comorbidity indices of a less serious or
a psychiatric nature were omitted in this study as hospital
episode data may not fully capture their prevalence.

In addition to the above comorbidities, the presence of
a previous cancer was identified from the extracted NICR
records. Information on patient gender, age and stage of
diagnosis was also available from this source as was area
of residence, which was used to assign an area-based
deprivation measure based upon the NI Multiple Depri-
vation Measure [31].

The Kaplan-Meier method was used to conduct sur-
vival analysis, with survival time taken to be the time
between cancer diagnosis and the earliest between date
of death, date when the patient left Northern Ireland, or
31/12/2019 which was the last date of follow up for all
patients. Overall, cancer-specific and heart-disease spe-
cific survival were estimated based upon death certifi-
cate information. For cancer-specific and heart-disease
specific analysis, all other causes of death were censored
at the date of death. Death certificate only cases (i.e. on
whom other data were not available) were excluded from
the analysis, and analysis was based upon patients rather
than cases - for any patient with more than one cancer
diagnosis during 2011-2014 details of the most recent
cancer were used.

Using the results from the Kaplan-Meier analysis sur-
vival curves were plotted for observed (all-cause) survival
and for cumulative deaths from cancer and cardiovascu-
lar diseases, each for patients with and without a prior
history of cardiovascular diseases. Survival curves were
compared using the log-rank test. One and five-year all
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cause and cancer-specific survival were also estimated
along with 95% confidence intervals for those with and
without a prior history of cardiovascular diseases. Results
are presented for all cancers (ex NMSC) along with lung,
colorectal, female breast and prostate cancers sub-groups
where sufficient numbers were available.

Given that any reported difference in survival between
patients with and without pre-existing cardiovascu-
lar diseases may be a result of differences in case mix, a
Cox proportional hazard model controlling for a range
of covariates was fitted for all cause and cancer specific
mortality. In addition to the presence of cardiovascular
diseases, included in the model were age, gender (where
appropriate), deprivation (as quintiles), stage at diagno-
sis and other comorbidities, the latter entered as series
of dummy variables as either present or not. Results are
presented as hazard ratios with 95% confidence intervals.

NICR has ethical approval from the Office of Research
Ethics Northern Ireland for collection of the data used
in this study. Analysis was conducted in R (version 4.0.5)
[32], with the survminer package [33] used to produce
cancer survival plots.

Results

Excluding NMSC there were 34,828 individuals (17,449
male, 17,379 female) diagnosed with cancer in the 2011-
2014 period in NI (Table 1). Of these 4,656, 4,748, 4,992
and 4,232 were diagnosed with colorectal, lung, female
breast and prostate cancer respectively.

Among those diagnosed with cancer (ex NMSC) 22.6%
had a previous diagnosis of cardiovascular disease in the
past five-years, with this proportion greater among males
than females (27.1% vs. 18.2%, p<0.001). The propor-
tion of patients with pre-existing cardiovascular disea-
seincreased with age (aged 0-54: 3.6%; aged 80+: 43.6%,
p<0.001) and stage (stage I/II: 17.3%; stage IV: 24.2%,
p<0.001), but did not vary significantly by deprivation
(least deprived: 20.3%, most deprived: 21.3%, p=0.152).
Among patients with the most common cancer types,
25.3% of colorectal cancer patients, 32.3% of lung can-
cer patients, 10.4% of female breast cancer patients and
22.6% of prostate cancer patients had pre-existing heart
disease.

Observed survival for patients with cancer (ex NMSC)
and no pre-existing cardiovascular diseasewas 74.7%
(95% CI: 74.2% - 75.2%) one year from diagnosis and
54.6% (95% CI: 54.0% - 55.2%) five years from diagnosis.
This was significantly higher than the one-year observed
survival of 53.6% (95% CI: 52.5% - 54.7%) and five-year
survival of 28.2% (95% CI: 27.2% - 29.2%) for patients
with pre-existing cardiovascular disease. The difference
was reduced, but still significant, when cause of death
was restricted to cancer only (five-year cancer specific
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survival: 58.8% vs 39.0% for patients without vs patients
with pre-existing cardiovascular disease) as 10.0% of the
cohort of patients with pre-existing cardiovascular disea-
sedied from cardiovascular disease. The group of patients
without pre-existing cardiovascular diseasestill had a
small proportion (1.7%) dying from a cardiovascular dis-
ease (Table 2, Fig. 1).

A similar pattern was present among patients with the
four most common cancers. Among colorectal cancer
patients there was a statistically significant 18.4% differ-
ence in five-year observed survival between those with
and without pre-existing cardiovascular disease. Simi-
larly for lung cancer patients the difference was 5.0%, for
female breast cancer it was 31.8% and for prostate cancer
it was 20.8%. Considering cancer-specific survival, the
differences between patient cohorts reduced, but were
still statistically significant (Table 2, Fig. 2).

After adjusting for age, stage, gender and comorbidi-
ties, the hazard ratio comparing all causes of survival of
patients with and without cardiovascular disease was
1.36 (95% CI: 1.26 — 1.46). This reduced to 1.28 (95% CI:
1.18 - 1.40) when only cancer death was considered. Sim-
ilarly, across the four common cancer types, patients with
a pre-existing cardiovascular disease were more likely to
die sooner than those without, regardless of whether all
cause or cancer specific mortality is considered. All dif-
ferences were statistically significant, except for cause-
specific survival in colorectal cancer (Table 3).

The full results of the multivariate models are available
in Supplementary table 1. They show considerable varia-
tion in survival by increasing age and stage at diagnosis
along with small, but significant, variation in survival by
deprivation and specific comorbidities other than cardio-
vascular disease. For example having a previous cancer
results in poorer cancer-specific survival for all cancers
(ex NMSC) and for colorectal, female breast and prostate
cancer.

Discussion

To improve cancer outcomes it is necessary to have a
clear understanding of the role relevant factors, some of
which may not be amenable to intervention, but which
can affect understanding of international survival differ-
ences. We have documented in a large group of cancer
patients that similar to other studies those jurisdictions
with a higher burden of comorbidity have poorer survival
compared to those with a lesser burden likely attribut-
able to individual patient resilience to toxicity and/or eli-
gibility to treatment. Identifying the role of comorbidity
not only contributes to our understanding of differences
in cancer outcomes but may also help in the develop-
ment of interventions to improve outcomes, for example,
early identification and treatment of comorbidities at the
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Table 1 Patients with cancer and proportion with pre-existing cardiovascular diseaseby cancer type and patient characteristics: All

cancer

Characteristic

Number of patients (% with heart disease prior to diagnosis)

All cancer Colorectal Lung Female breast Prostate
(ex NMSC) cancer cancer cancer cancer
Gender
All patients 34,828 22.6% 4,656 25.3% 4,748 32.3% 4,992 10.4% 4,232 22.6%
Male 17,449 27.1% 2,572 27.1% 2,635 35.6% - - 4,232 22.6%
Female 17,379 18.2% 2,084 23.0% 2,113 28.2% 4,992 10.4% - -
Age group
0-54 6,500 3.6% 560 3.9% 341 8.8% 1,628 1.9% 224 5.8%
55-69 10,812 14.3% 1417 13.2% 1,510 22.7% 1,647 6.0% 1,733 13.6%
70-79 10,541 29.1% 1,575 29.8% 1,893 36.2% 1,016 16.1% 1,543 259%
80+ 6,975 43.6% 1,104 45.1% 1,004 47.1% 701 32.0% 732 42.3%
Deprivation
Least deprived 6,792 20.3% 918 24.1% 646 33.4% 1,088 9.0% 934 19.7%
(Quintile 1)
Quintile 2 7,038 23.3% 987 27.4% 815 32.8% 1,086 9.4% 929 23.8%
Quintile 3 7,060 23.9% 961 26.8% 931 37.5% 993 11.2% 886 23.4%
Quintile 4 7215 24.1% 927 26.1% 1,005 34.0% 1,007 11.6% 864 24.3%
Most deprived 6,719 213% 862 216% 1351 26.5% 818 10.9% 619 22.0%
(Quintile 5)
Unknown 4 - 1 - 0 - 0 - 0 -
Stage
Stage I/Il 14,516 17.3% 1,964 253% 997 34.3% 3,633 7.9% 2,344 19.2%
Stage Il 5,382 20.0% 1,200 21.4% 1,030 29.8% 0668 8.8% 729 18.5%
Stage IV 6,816 24.2% 936 20.6% 2,072 28.8% 290 11.4% 699 27.2%
Unknown 8114 32.5% 556 41.4% 649 44.1% 401 34.7% 460 40.0%
Comorbidity
Previous cancer 1,686 28.1% 287 31.0% 300 33.7% 218 16.1% 133 30.8%
Cerebrovascular disease 1,260 72.2% 157 69.4% 262 76.0% 87 69.0% 145 69.7%
Chronic pulmonary disease 4,200 47.0% 494 43.3% 1,393 50.6% 244 38.5% 376 49.5%
Hypertension 8,940 48.8% 1,500 45.7% 1,444 57.1% 658 43.5% 1,021 48.4%
Diabetes 3,388 48.9% 564 47.2% 535 58.9% 216 40.3% 334 46.4%
Liver disease 531 37.5% 68 42.6% 75 32.0% 24 16.7% 15 53.3%
Renal disease 1,965 62.7% 303 64.7% 329 66.6% 87 62.1% 183 60.7%
Peptic ulcer 709 43.0% 110 40.9% 102 52.0% 32 21.9% 49 61.2%
Anaemia 1,373 46.9% 476 42.9% 161 59.0% 77 44.2% 58 60.3%
Neurodegenerative disorders 1,568 47.3% 199 53.3% 262 48.1% 123 40.7% 135 49.6%
Rheumatic disorders 574 50.3% 66 45.5% 124 49.2% 43 60.5% 41 51.2%

point of a cancer diagnosis. Indeed given the relationship
between multi-morbidity and age, this work may raise
awareness amongst clinicians and serve as evidence for
facilitating conversations around treatment options and
outcome expectations, and around the importance of
secondary prevention.

The prevalence of pre-existing cardiovascular disease
found in this study is similar to that reported by Strong-
man et al [28] for the UK at around 30% but notably much
higher than that reported by Youn et al [26] (11.3%) for

Korea. As with Youn et al, we demonstrate a clear penalty
for both cancer specific and all-cause mortality associ-
ated with pre-existing cardiovascular disease. Given the
different populations, prevalence of cardiovascular dis-
ease and range of variables controlled for in the analyses
(Youn et al do not control for staging) care is warranted
in comparing findings between these studies. That said,
the adjusted hazard ratio (aHR) for 5 year all-cause mor-
tality in Youn et al was 1.31 (95% CI1.19, 1.44) which is
close to that found here at 1.28 (95% CI: 1.18 - 1.40) in
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Table 2 Survival of cancer patients by cancer type and existence of a pre-existing cardiovascular disease: Patients diagnosed 2011-
2014, followed up to the end of 2019

Survival time/type Pre-existing All cancer Colorectal Lung Female breast Prostate
cardiovascular (ex NMSQC) cancer cancer cancer cancer
diseases

One-year observed survival (95% Cl) No 74.7% 79.9% 34.7% 95.7% 95.3%

(74.2%, 75.2%) (78.5%, 81.2%) (33.0%, 36.4%) (95.1%, 96.3%)  (94.5%, 95.9%)
Yes 53.6% 68.1% 27.6% 83.9% 86.8%
(52.5%, 54.7%) (65.3%, 70.7%) (25.4%, 29.9%) (80.4%, 86.8%)  (84.5%, 88.8%)

Five-year observed survival (95% Cl) No 54.6% 56.1% 11.4% 80.5% 77.1%

(54.0%, 55.2%) (54.4%,57.7%) (10.3%, 12.5%) (79.3%,81.6%)  (75.6%, 78.5%)
Yes 28.2% 37.7% 6.4% 48.7% 56.5%
(27.2%, 29.2%) (34.9%, 40.5%) (5.3%, 7.8%) (44.3%, 53.0%)  (53.3%, 59.6%)

One-year cancer specific survival (95% Cl) No 76.9% 82.0% 36.9% 96.5% 96.9%

(76.3%, 77.4%)  (80.7%, 83.3%) (35.2%, 38.6%) (95.9%, 97.0%)  (96.3%, 97.5%)
Yes 58.8% 74.6% 30.9% 89.2% 91.8%
(57.7%, 60.0%)  (71.9%, 77.0%) (28.5%,33.3%) (86.1%,91.6%)  (89.9%, 93.4%)

Five-year cancer specific survival (95% Cl) No 59.6% 60.8% 13.8% 85.0% 83.8%

(59.0%, 60.2%)  (59.2%, 62.4%) (12.6%, 15.1%) (83.9%, 86.0%)  (82.5%, 85.1%)
Yes 39.0% 50.9% 9.3% 70.1% 73.1%
(37.8%,40.2%) (47.8%, 54.0%) (7.8%, 11.1%)  (65.6%, 74.2%)  (70.0%, 76.0%)

Proportion who died from cardiovascular ~ No 1.7% 1.8% 34% 1.1% 1.9%

diseases after five-years (95% Cl) (1.5%, 1.9%) (1.4%, 2.5%) (2.2%, 5.1%) (0.8%, 1.5%) (1.4%, 2.4%)
Yes 10.0% 9.7% 9.8% 10.8% 8.0%

(

9.0%, 11.0%)  (7.7%,12.2%)  (6.8%, 14.2%)  (8.0%, 14.4%) (6.2%, 10.2%

Cl Confidence interval

Note: Observed survival uses deaths from any cause as the vital event, while cancer-specific survival uses deaths from cancer only, with patients who dies from other
causes censored at the time of death

Observed survival Death from cancer Death from cardiovascular disease
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Fig. 1 Cancer survival by presence of cardiovascular disease prior to diagnosis: All cancers (ex NMSC) diagnosed 2011-2014

our fully adjusted model. Given the higher prevalence of impact on outcomes compared to those achieved in other
cardiovascular disease in NI , noted above, the penalty jurisdictions with a lower prevalence of pre-existing
attached at a population level could well be expected to  cardiovascular disease or indeed of comorbidity more
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Fig. 2 Cancer survival by presence of cardiovascular disease prior to diagnosis by cancer type. (a) Colorectal cancer diagnosed 2011-2014. (b) Lung
cancer diagnosed 2011-2014. (c) Female breast cancer diagnosed 2011-2014. (d) Prostate cancer diagnosed 2011-2014
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Table 3 Adjusted cancer patient survival hazard ratio for
patients with cardiovascular disease prior to diagnosis compared
to those with no prior history of cardiovascular disease: Patients
diagnosed 2011-2014, followed up to the end of 2019

Cancer type Adjusted hazard ratio (95% Cl)? -
cardiovascular disease prior to diagnosis vs.

no prior history of cardiovascular diseases

Observed survival Cancer-
(i.e. death from any cause) specific
survival
(i.e. death
from cancer
only)
All cancers (ex NMSC) 1.36(1.26, 1.46) 1.28 (1.18, 1.40)
Colorectal cancer 1.26 (1.03,1.53) 1.15(0.91, 1.45)
Lung cancer 1.35(1.13, 1.60) 1.28 (1.07,1.54)
Female breast cancer 142 (1.03,1.94) 1.51(1.01, 2.26)
Prostate cancer 1.52(1.19,1.94) 1.74(1.28,2.35)

Cl Confidence interval

? Adjusted for gender, age group, stage at diagnosis, area-based deprivation and
other comorbidity. An interaction term between heart disease and deprivation
is included.

Note The full models are available in Supplementary table 1

generally. Other factors, of course, are also likely to con-
tribute to differences in outcomes, including access to
timely and optimal care as well as differences in patterns
of screening. A lower recorded incidence of prostate
cancer in Northern Ireland may in part, for example, be
grounded in lower levels of PSA testing leading to a lower
prevalence of non-life threatening cancers resulting in
inflated statistics compared to some other jurisdictions.

With respect to the specific cancers data we were able
to examine, the results show distinct patterns in the role
of pre-existing cardiovascular disease for all cause and
cancer specific mortality. A higher aHR with respect to
lung, breast and prostate cancer is evident than for colo-
rectal cancer in both cases, for example, while the can-
cer specific aHR for prostate cancer and breast are higher
than that for all cause. The difference between cancer
and all-cause specific aHRs may reflect a greater penalty
related to access to optimal treatment in these cancers
compared to colorectal. For example, pre-existing car-
diovascular disease may be more impactful on survival
in prostate than colorectal cancer, possibly related to dif-
ferences in the overall frailty, competing risks of death or
due to cardiotoxicity associated with endocrine therapies
utilised. This may similarly be the case with respect to
differences across cancers with respect aHR within can-
cer specific mortality.

The differences found with respect to other covari-
ates are consistent with expectations supporting the face
validity of these results. For example, as age increase so
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too do aHRs, as also seen in stage at diagnosis and dep-
rivation. With respect to other morbidities, again results
are consistent with expectations these generally increas-
ing aHR for cancer specific and all-cause mortality. That
there is not a clear pattern in interaction terms between
pre-existing cardiovascular disease and death when other
variables are controlled suggests an absence of inequali-
ties with respect to the specific role of cardiovascular dis-
ease in mortality.

The results overall underscore the importance of con-
trolling for comorbidities and pre-existing cardiovascu-
lar disease in particular when examining cancer survival.
Whether pre-existing cardiovascular disease is causally
related to survival is not possible to determine from our
analysis. That (as suggested by some) systemic inflamma-
tion may play a primary role in both heart disease and
malignancy is an intriguing possibility. Understanding
the contribution of comorbidity is clearly important to
the interpretation of survival statistics and the develop-
ment of appropriate policy responses.

The data presented will inform ’‘cardiooncology’ ser-
vices that have been established in tertiary centres glob-
ally in recent years [34]. Such dedicated teams, composed
of cardiologists, oncologists and specialist nurses, have
been instigated to both provide specialist clinical care
at the interface of these two specialties, and to facili-
tate interdisciplinary education. The published early UK
experience of this type of service showcased the case-
load and potential clinical benefit as well as making rec-
ommendations for how cardiooncology clinics can be
developed [35]. Recent data indicate that variation in
access to focussed cardiooncology clinics contributes to
the recognised disparity in cardiovascular outcomes in
patients with cancer [36]. Such reports can be found in
novel specialist journals established by reputable pub-
lishers in order to facilitate the dissemination of research
in this maturing field [37, 38]. Following a recent global
cardiooncology summit, priority research areas for
enhancing clinical cardiac outcomes were agreed upon,
spanning risk prediction, preventative agents and person-
alised approaches [36] (Lenihan 2019). Research-driven
advancement of the cardiooncology field would be highly
valuable, and there are plans for the data presented to be
incorporated in the future refinement of the cardiooncol-
ogy service in Northern Ireland.

There are a number of limitations to our study. First,
we are not able to control for several variables that have
been shown to impact on survival in other studies includ-
ing smoking status and BMI. While this is conceded, the
comprehensive list of comorbid conditions controlled for
including COPD, diabetes, and renal disease does offer
a mechanism by which elevated risks related to these
may be incorporated into our analyses. Second, we do
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not examine treatments received for cancer care in this
study due to a lack of data availability. These would have
allowed us to examine the role of pre-existing cardiovas-
cular disease on access to care as intermediate outcomes,
and permitted controlling for them when seeking to
understand the role of pre-existing cardiovascular dis-
ease (and other comorbid conditions). These data were
not available to us, however. Third, an examination of
specific heart conditions and survival may have allowed
us to shed additional light on relationships, whether for
example heart failure played a different role to arrhyth-
mias. Although it does warrant examination in larger
populations, within the context of the relatively small
population herein, it was not feasible to undertake this
more granular analysis. Fourth, we were able to identify
cardiovascular disease up to five years prior to cancer
diagnoses based on treatment patterns. Should a person
have not received treatment in this window we would
have assumed they did not have a heart condition. Fifth,
treatment patterns were based on observed use of hos-
pital services. It is conceivable that individuals whose
cardiovascular disease is managed exclusively in the
community, or whose condition is undiagnosed, remain
unobserved and misclassified as unaffected by cardiovas-
cular disease. Sixth, while we have examined all cause and
cause specific mortality we acknowledge the possibility
of misclassification of specific causes of death. While we
have assumed any misclassification is random and would
not therefore affect results, this may not be the case.

Conclusions

We show a high prevalence of pre-existing heart disease
among cancer patients in NI. We demonstrate that pre-
existing heart disease is associated with a significant
survival penalty across all cancers combined when con-
trolling for a range of covariates as well as with respect
to all-cause mortality. Our findings have implications
for the management of cancer patients with heart dis-
ease, for public health measures intended to reduce
multi-morbidity in general and improve heart health
in particular. More specifically, they also have implica-
tions for service planning as the interaction between
cardiology and oncology grows.
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