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INTRODUCTION
Improvements in the effectiveness of 
cancer treatment have led to a growing 
population of cancer survivors, with 
50% of people diagnosed with cancer in 
high- income countries now expected to live 
≥5 years.1 Survivors of many site-specific 
cancers, including haematological cancers, 
have elevated medium- to long-term 
risks of coronary heart disease and stroke 
compared with the general population,2–7 
likely to be largely driven by cardiotoxicities 
of cancer treatments.2 Initiatives have 
been developed to prevent and mitigate 
cardiovascular complications of cancer 
therapy in cancer survivors,8–12 and experts 
have called for research investigating 
whether cancer should be included in 
cardiovascular risk scores.13

Widely used risk prediction equations 
do not take account of cancer history and 
may underpredict coronary heart and 
cerebrovascular disease in cancer survivors. 
In the UK, cardiovascular disease prevention 
measures in primary care, including statin 
and blood pressure-lowering prescribing, 
are informed by QRISK2/QRISK3 scores in 

accordance with the Quality and Outcomes 
Framework. These scores were developed 
using large-scale English electronic health 
record databases to estimate 10-year 
cardiovascular disease risk based on 
known demographic and health-related 
cardiovascular risk factors, but excluding 
cancer history.14,15 To the authors’ 
knowledge, no studies have specifically 
validated QRISK or other cardiovascular 
risk scores in cancer survivors, or formally 
assessed whether cancer history should be 
incorporated into risk prediction models.

The aim of this study was therefore 
to assess the predictive performance of 
QRISK3 scores in adult cancer survivors 
using large-scale electronic health records 
from multiple linked English databases, 
and ultimately evaluate whether cancer 
survivorship would meet criteria used to 
develop the risk score.15

METHOD
Design and setting
This was a retrospective cohort study using 
English Clinical Practice Research Datalink 
(CPRD) GOLD primary care data16 linked 
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Method
Adults alive 1 year after a first cancer 
diagnosis and age, sex, general practice, and 
calendar- time matched cancer-free individuals 
were included. Individuals with <2 years 
of follow-up before index, recent statin 
prescriptions, or pre-existing coronary heart 
or cerebrovascular disease were excluded. Cox 
proportional hazard models used to develop 
QRISK3 scores were replicated with added 
cancer history variables. Whether independent 
hazard ratios for these variables met thresholds 
for inclusion in QRISK3 (>10% relative 
difference with P<0.01) was assessed.

Results
In total, 81 420 cancer survivors and 413 547 
cancer-free individuals were followed for 
a median 5.2 years (interquartile range 
[IQR] 2.8– 9.1) and 6.3 years (IQR 3.5–10.2), 
respectively. Including a 1-year cancer 
survivorship variable in a QRISK3-based 
model met the threshold for inclusion for males 
(independent hazard ratio [iHR] 1.16, 95% 
confidence interval [CI] = 1.11 to 1.20, P<0.001) 
but not females (iHR 1.07, 95% CI = 1.01 to 
1.14, P = 0.02). When including cancer type, the 
threshold was met for both sexes with history 
of haematological cancer (males: iHR 1.27, 
95% CI = 1.16 to 1.40, P <0.001; females: iHR 1.59, 
95% CI = 1.32 to 1.91, P<0.001) and for males but 
not females with history of solid cancers (males: 
iHR 1.13, 95% CI = 1.08 to 1.18, P <0.001; females: 
iHR 1.04, 95% CI = 0.98 to 1.10, P = 0.19).

Conclusion
Developers should consider including cancer 
history variables in future cardiovascular risk 
models.
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to Hospital Episode Statistics Admitted 
Patient Care (HES APC),17 national cancer 
registration,18 and Office for National 
Statistics (ONS) mortality data covering the 
period 1990 to 2015.

CPRD collect de-identified data from 
participating UK general practices. Data 
include Read-coded clinical diagnoses, 
test results, and primary care prescriptions. 
Linked HES APC, cancer registration, and 
ONS mortality data include International 
Classification of Diseases, 10th Revision 
(ICD-10)-coded hospital admissions, 
cancer diagnoses, and causes of death. 

Participants, exposures, and outcomes
This study used data from a pre-existing 
cohort2 of 1-year survivors of the 20 most 
common cancers; each cancer survivor was 
matched to up to five cancer-free individuals 
on sex, age (plus or minus 3 years), and 
general practice. 

Definitions used in the current study 
were Read-coded CPRD GOLD and 
ICD- 10-coded HES APC, and national 
cancer registration data. Cancers included 
oral cavity (C00–06), oesophageal (C15), 
stomach (C16), colorectal (C18–C20), 
liver (C22), pancreas (C25), lung (C34), 
malignant melanoma (C43), breast (C50), 
cervix (C53), uterus (C54–C55), ovarian 
(C56), prostate (C61), kidney (C64), bladder 
(C67), brain/central nervous system 
(C71–C72), thyroid (C73), non-Hodgkin 
lymphoma (C82–C85), multiple myeloma 
(C90), and leukaemia (C91–C95). Read 
and ICD-10 codes are available at https://
datacompass.lshtm.ac.uk/id/eprint/1113. 
Incident cancer diagnoses were defined as 
the first code for cancer at the specified site 

in any of the linked databases in line with a 
published validation study using the same 
code lists.19 Individuals were excluded if 
there was <1 year of research quality 
follow-up in CPRD GOLD before or after 
cancer diagnosis. 

The index date was set to 1 year after 
cancer diagnosis, reflecting the follow-up 
available in the pre-existing cohort. The 
cancer-free group had the same index date 
as the matched cancer survivor and was 
required to have at ≥2 years of CPRD GOLD 
follow-up before this date and no previous 
record of cancer. Individuals within a 
matched set who were selected as controls 
but were diagnosed with cancer after index 
could contribute as a site-specific cancer 
survivor (within a new set of controls) after 
reaching 1-year survivorship. 

The outcome for the current study 
was coronary heart and cerebrovascular 
disease recorded up to 10 years after the 
index date identified using CPRD GOLD and 
HES data using Read and ICD-10 codes 
provided by the QRISK3 authors.15 As 
QRISK3 was developed for risk prediction 
among people aged 25–84 years with no 
prior cardiovascular disease or current 
statin prescriptions, people were excluded 
from the cancer survivor and cancer- free 
groups if they were aged <25 or >84 years, 
were diagnosed with coronary heart 
or cerebrovascular disease before 
index, or had received at least two statin 
prescriptions in the year before index (that 
is, the year after cancer diagnosis for the 
cancer survivor in each matched set).

The authors of the current study 
developed and published code lists and 
algorithms that use CPRD GOLD data to 
identify QRISK3 predictor variables with 
documentation describing the process 
and validation steps,20 and implemented 
QRISK’s published algorithm21 to calculate 
QRISK3 scores at the index date (1 year 
after cancer diagnosis for the cancer 
survivor). Index of Multiple Deprivation 
twentile-based groups were used in place 
of Townsend twentile-based groups. All 
available data before index were used 
to calculate individual variables. Missing 
data for smoking, body mass index, 
ethnicity, systolic blood pressure, standard 
deviation of systolic blood pressure, and 
total cholesterol:high-density lipoprotein 
cholesterol ratio were replaced with 
imputed values used in the published 
QRISK3 algorithm.21 

Statistical analysis
The distribution of QRISK3 predictor 
variables in cancer survivors and the 
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How this fits in 
Cardiovascular risk scores are used 
internationally by primary care physicians 
and GPs to inform prescribing of statins and 
blood pressure-lowering drugs. Although 
cardiovascular risks are known to be raised 
in cancer survivors, previous research 
has not formally considered whether 
cancer survivorship should be included 
in cardiovascular risk scores. The current 
study suggests that including 1-year 
cancer survivorship meets inclusion criteria 
for QRISK scores that are used in the UK, 
especially for males and haematological 
cancers in both sexes. Further research is 
needed to determine whether longer-term 
cancer survivorship should be included 
in these scores and whether novel scores 
should be designed specifically for cancer 
survivors.
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cancer-free group are described, and the 
cumulative incidence of coronary heart and 
cerebrovascular disease over time plotted 
among both groups for individuals with low 
(<10%) and high (≥10%) QRISK3 scores, 
as 10% is the threshold recommended for 
statin initiation.22 Cumulative incidences 
were calculated both using Kaplan–Meier 
methods (that is, censoring at death) to 
match the QRISK3 approach, and allowing 
for death as a competing risk to explore 
the potential impact of accounting for the 
competing risk of non-cardiovascular death 
in future models. 

Predictive performance of QRISK3 
scores. The 10-year predicted and 
observed risks for each decile of predicted 
risk were plotted to assess calibration 
using a naïve Kaplan–Meier approach to 
estimate observed risks. The Harrell’s C 
statistic was used to assess discrimination; 
estimates were calculated using a random 
10% sample because of computational 
limitations.

Addition of cancer survivorship to QRISK3 
models. Replicating methods used to 
develop QRISK3 scores, Cox proportional 
hazards models were used to estimate the 
coefficients for each risk factor in males and 
females separately. The multiple imputation 
process described in Hippisley- Cox et al ’s 
QRISK3 article was replicated to create 
five complete case datasets,15 and the 
programming code used in the current 
study has been published.23 The imputation 
model included all predictor variables, 
age interaction terms, the Nelson–Aalen 
estimator for the baseline cumulative 
hazard, and the outcome indicator. In the 
imputation model, continuous variables 
were modelled using linear regression; 
fractional polynomials from the published 
QRISK3 equation were used to model 
non-linear risk relations, all variables 
were centred using the cohort means, 
and variables that were not normally 
distributed were log transformed. The 
just-another- variable approach24 was used 
to include interactions with age from the 
QRISK3 model. Rubin’s rules were used to 
combine results across imputed datasets.

A binary 1-year cancer survivorship 
variable with an age interaction was added 
to the model and the hazard ratio (HR) at 
the mean age assessed against QRISK3’s 
stated criteria of adding new binary 
variables to the risk score if they had an 
independent HR of <0.90 or >1.10 and were 
statistically significant at the 0.01 level. The 
impact of adding a three-level variable 
and interaction incorporating cancer type 
(solid cancer versus haematological cancer 
versus cancer free) and a site-specific 
breakdown (20 sites versus cancer free) 
were assessed separately.

Statistical analyses were carried out 
using Stata MP (version 16).

RESULTS 
In total, 81 420 1-year cancer survivors 
and 413 547 cancer-free individuals were 
identified from the current authors’ existing 
study cohort aged 25–84 years at cohort 
entry, with no prior records of coronary heart 
and cerebrovascular disease, and who were 
not current statin users (Figure 1). Cancer 
survivors and cancer- free individuals 
were followed-up for a median 5.2 years 
(interquartile range [IQR] 2.8–9.1) and 
6.3 years (IQR 3.5–10.2), respectively.

Characteristics of both groups including 
distributions of all QRISK3 predictors are 
described in Supplementary Table S1. 
There were 7367 (9.0%) cancer survivors 
who had experienced haematological 
cancer. Median age for both cancer 

3  British Journal of General Practice, Online First 2022

Figure 1. Study cohort selection. aPeople excluded for 
both prior cardiovascular disease and current statin use 
are included in both counts.

Existing cohort

126 120 1-year cancer survivors

Age at cohort entry:
18–24 (n = 319)
>84 (n = 10 491)

Total exclusions (n = 10 810)

115 310 1-year cancer survivors 576 725 cancer free

Prior cardiovascular disease (n = 20 718)
Current statin use (n = 25 607)
Total exclusions (n = 33 890)a

81 420 1-year cancer survivors 413 547 cancer free

Prior cardiovascular disease (n = 93 856)
Current statin use (n = 130 023)
Total exclusions (n = 163 178)a

Aged 25 to 84 years

Study cohort

Age at cohort entry:
18–24 (n = 1595)
>84 (n = 51 824)

Total exclusions (n = 53 419)

630 144 matched cancer free
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survivors and cancer-free individuals 
at index was 62.7 (IQR 54.0–73.0) years; 
47 351 (58.2%) cancer survivors and 
238 697 (57.7%) cancer-free individuals 
were female. There were minimal 
differences in patient characteristics, with 
slightly higher proportions of missing data 
in the cancer- free group.

The median QRISK3 score was 11.7% 
(IQR 4.4–23.2) in cancer survivors and 
11.3% (IQR 4.4–22.5) in the cancer-free 
group; 44 714 (54.9%) cancer survivors and 
223 371 (54.0%) cancer-free individuals 
had high predicted cardiovascular risk 
(QRISK3 ≥10%). Over the study period, 7097 
cancer survivors and 41 085 cancer-free 
individuals experienced a cardiovascular 
event. Among those with low QRISK3 
scores (<10%), cumulative coronary heart 
and cerebrovascular disease incidence at 
10 years when censoring for death was 6.4% 
(95% confidence interval [CI] = 6.1 to 6.9) 
in cancer survivors and 5.7% (95% CI = 5.5 
to 5.9) in cancer-free individuals; among 
those with high QRISK3 scores (≥10%), 
10-year cumulative incidence was 28.1% 
(95% CI = 27.4 to 28.8) in cancer survivors 
and 27.5% (95% CI = 27.2 to 27.8) in 
cancer- free individuals (Figure 2a). 

Cumulative coronary heart and 
cerebrovascular disease incidence with 
death treated as a competing risk was 
similar in cancer survivors and cancer-
free individuals with low coronary heart 
and cerebrovascular disease risk but 

diverged in later years in people at high 
cardiovascular risk because of increased 
mortality in cancer survivors compared 
with cancer- free individuals (Figure 2b).

Figure 3 shows observed 10-year 
coronary heart and cerebrovascular 
disease risk by decile of predicted risk 
for cancer survivors and cancer- free 
individuals. One year after cancer 
diagnosis, there was close correspondence 
between predicted and observed 10-year 
risk in cancer survivors except for a degree 
of overprediction at higher deciles of risk 
(≤2.0% difference between predicted and 
observed in the lowest decile; 12.0% and 
7.7% overprediction in males and females, 
respectively, in the highest decile). In 
cancer-free individuals, similar patterns 
were observed but with tighter calibration 
(<0.6% difference between predicted and 
observed in the lowest decile; 5.2% and 
2.2% overprediction in males and females, 
respectively, in the highest decile). 
Overprediction in each group was highest 
in older individuals. The Harrell’s C statistic 
was 0.79 in female cancer survivors and 
cancer-free individuals and 0.68 in males 
in both groups, suggesting that the QRISK3 
model has similar ability to determine which 
patients will have cardiovascular disease 
first in both groups (Table 1).

Figure 4 displays independent HRs for 
cancer survivorship variables when added 
to QRISK3 Cox regression models and 
whether they met the QRISK3 threshold 

Figure 2. Cumulative cardiovascular disease incidence 
estimated a) using Kaplan–Meier methods and b) in the 
presence of competing risks. Risk status determined 
by QRISK3 score estimated year following cancer 
diagnosis (≥10% = high risk). CS = cancer survivor. 
CV = cardiovascular.
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(incident 

CV events)
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High-risk control
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for inclusion in the risk score (HR >1.1, 
P<0.01). The independent HR for 1-year 
cancer survivorship was 1.16 (P<0.001) 
in males and 1.07 (P = 0.02) in females, 
meeting the QRISK3 threshold in males but 
not females. 

When solid and haematological cancers 
were considered separately in the model, 
the threshold was met for both sexes with 
haematological cancer (male HR 1.27, 
P<0.001; females HR 1.59, P<0.001) and for 
solid cancers in males (HR 1.13, P<0.001) 
but not females (HR 1.04, P = 0.19). HRs 
varied widely when including individual 
site-specific cancers in the model and 
confidence intervals were wide. HRs and 
P-values met the threshold for inclusion 
in male and female lung, bladder, and 
non-Hodgkin lymphoma cancer survivors, 
female brain cancer survivors, and male 
leukaemia survivors (Figure 4).

Supplementary Table S2 displays 
adjusted HRs for all predictor variables in 
the final Cox proportional hazard models. 
These differ from the HRs from the QRISK3 
derivation models,15 reflecting differences 

in the derivation populations and the 
inclusion of cancer variables.

DISCUSSION
Summary
Including a variable for cancer history in 
QRISK3-based models in a population of 
1-year cancer survivors and cancer-free 
individuals met the threshold for inclusion in 
the QRISK3 score for males but not females. 
When including a categorical variable for 
cancer type, the threshold was met for both 
males and females with haematological 
cancer and for males, but not females, with 
solid cancers.

Strengths and limitations
A major strength of the current study was 
the use of similar large English primary care 
and linked data to those used to derive the 
QRISK3 score to define cancer survivorship, 
coronary heart and cerebrovascular 
disease, and predictor variables. It was 
therefore possible to generate comparable 
scores with those recorded directly in the 
GP data.20
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Figure 3. Observed 10-year cardiovascular disease 
risk by decile of predicted risk for cancer survivors 
and cancer-free groups (calibration). a) Males and b) 
females.
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A limitation of the study design was 
that, because the data source comprised a 
matched cohort of 1-year cancer survivors 
and cancer-free individuals from a previous 
study, follow-up was from the 1-year 
anniversary of cancer diagnosis for all 
survivors. In practice one would wish to 
evaluate how well models predict 10-year 
risk from any given time point after cancer 
diagnosis and estimate absolute changes 
in predicted risk in people who are cancer 
survivors and those who are cancer free in 
the general population; this could not be 
done with the data available. 

The association between cancer history 
and cardiovascular disease risk may 
decrease over time since cancer diagnosis, 
weakening the case for inclusion in risk 
prediction algorithms; this will need 
to be evaluated by future studies. It was 
also not possible to include the important 
predictors of cardiovascular risk in cancer 
survivors that are not coded in general 
practice data, such as cancer stage and 
grade, chemotherapy, radiotherapy, and 
cardiovascular disease monitoring before 
and after treatment. When a categorical 
variable for cancer site was included in the 
models, CIs were wide for multiple cancer 
sites suggesting that the sample size was 
too small to meet QRISK3 criteria in some 
cases. Despite this, QRISK thresholds were 
met for male and female lung, bladder, and 
non-Hodgkin lymphoma cancer survivors, 
female brain cancer survivors, and male 
leukaemia survivors. 

The original QRISK3 models and the 
current models including cancer history aim 
to predict coronary artery disease and stroke 
outcomes, but do not target prediction of 
cardiovascular outcomes including heart 
failure and venous thromboembolism, 
which have stronger associations with 
cancer survivorship.2 Additionally, using the 
QRISK’s approach of evaluating the impact 
at the mean age might miss predictors that 
have a strong impact on some age groups 
but not others.

Comparison with existing literature
The descriptive findings match previous 
analyses reporting no differences in 
Framingham Risk Scores in cancer-free 
groups compared with survivors of breast 
cancer,25 testicular cancer,26 childhood 
cancer27 in the US, or ovarian cancer 
in Norway.28 However, higher 10-year 
Pooled Cohort Equation and Framingham 
Risk Scores have been observed in large 
cohorts of cancer survivors compared with 
cancer-free groups in the US29 and Korea,30 
respectively. These differences may reflect 
variation in cancer types included in the 
studies, and the time since cancer diagnosis 
and study settings. No published studies 
have assessed whether cancer survivorship 
should be included in QRISK3 scores.

Implications for research and practice 
Ten-year risk of coronary heart and 
cerebrovascular disease is likely to be 
sufficiently elevated in 1-year cancer 
survivors to meet criteria for inclusion in 
cardiovascular risk scores, especially 
for haematological cancers in both 
sexes. This may be because the elevated 

b) Females
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Table 1. Harrell’s C statistic comparing model discrimination in 
1-year cancer survivors and the cancer-free group by age and sex

 Harrell’s C statistic

Sex and group All ages 25–59 years 60–84 years

Female
Cancer survivor 0.79 0.74 0.66
Cancer-free group 0.79 0.70 0.68

Male
Cancer survivor 0.68 0.71 0.65
Cancer-free group 0.68 0.72 0.64

Figure 3 continued. Observed 10-year cardiovascular 
disease risk by decile of predicted risk for cancer 
survivors and cancer-free groups (calibration). a) 
Males and b) females. 
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Figure 4. Independent hazard ratios (HRs) for cancer variables added to QRISK3 models. HRs are evaluated at the mean age. aMeets P-value threshold for inclusion in QRISK3 score. 
Black dashed line = HR threshold for inclusion in QRISK3 score. CNS = central nervous system. iHR = independent hazard ratio. Malig. = malignant. NHL = non-Hodgkin lymphoma.
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risk of heart disease is the result of 
independent cancer- related factors, such 
as cardiotoxicities of chemotherapy and 
radiotherapy, rather than broader risk 
factors that are already included in QRISK3 
scores.2 

The current study supports further 
investigation of the benefits and limitations 
of including cancer survivorship variables 
in cardiovascular risk scores currently used 
in primary care settings in the UK; this could 
be done as part of the regular update cycles 
of risk score algorithms using data that 
are readily available in electronic health 
records. Future models in cohorts that are 
representative of the general population 
should explore the predictive value of 
cancer survivorship according to time since 
diagnosis, differentiating between long- 
and short-term cancer survivorship, and 
further explore the role of cancer site and 
cancer treatment received. 

Further research is needed to determine 
whether new cardiovascular risk scores, 

specific to cancer survivors, could be 
developed for use in primary or secondary 
care to improve the health of cancer 
survivors and uptake of cardioprotective 
medications.31 These scores could predict 
a wider range of cardiovascular disease 
outcomes, including heart failure and 
venous thromboembolism, and use 
detailed information from specialist care 
about cardiovascular disease monitoring 
and cancer treatments that are associated 
with cardiovascular disease. Risk scores 
designed for use in specialist care before 
discharge should consider the importance 
of using competing risk models that do 
not censor for death to aid prioritisation 
between the need to cure the cancer and risk 
of future cardiovascular disease. Electronic 
transfer of clinical treatment summaries, for 
example, from cancer registries to general 
practice, may greatly improve knowledge 
and prediction of cardiovascular risk in this 
setting.32
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