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Abstract

Introduction: There is limited knowledge about the use of
invasive treatment and mortality after acute myocardial in-
farction (AMI) in prostate cancer (PCa) patients. We therefore
wanted to compare rates of invasive treatment and 30-day
mortality between AMIs in patients with PCa and AMls in the
general Norwegian male population. Methods: Norwegian
population-based registry data from 2013 to 2019 were used
in this cohort study to identify AMIs in patients with a pre-
ceding PCa diagnosis. We compared invasive treatment
rates and 30-day mortality in AMI patients with PCa to the
same outcomes in all male AMI patients in Norway. Invasive
treatment was defined as performed angiography with or
without percutaneous coronary intervention or coronary

artery bypass graft surgery. Standardized mortality (SMR)
and incidence ratios, and logistic regression were used to
evaluate the association between PCa risk groups and inva-
sive treatment. Results: In 1,018 patients with PCa of all risk
groups, the total rates of invasive treatment for AMIs were
similar to the rates in the general AMI population. In patients
with ST-segment elevation AMIs, rates were lower in meta-
static PCa compared to localized PCa (OR 0.15, 95% Cl: 0.04-
0.49). For non-ST-segment elevation AMls, there were no dif-
ferences between PCarisk groups. The 30-day mortality after
AMI was lower in PCa patients than in the total population
of similarly aged AMI patients (SMR 0.77,95% Cl: 0.61-0.97).
Conclusion: Except for patients with metastatic PCa experi-
encing an ST-segment elevation AMI, PCa patients were
treated as frequent with invasive treatment for their AMI as
the general AMI population. 30-day all-cause mortality was
lower after AMIin PCa patients compared to the general AMI
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Introduction

Survival following prostate cancer has improved dur-
ing the last decades, putting survivors at risk for other
conditions, including cardiovascular disease (CVD) [1-
4]. Previous studies have shown that prostate cancer pa-
tients may have higher risks of cardiovascular morbidity
and death compared to the general population [5], with
androgen deprivation therapy as a possible detrimental
factor. However, cancer patients have also been reported
to have poorer outcomes after acute myocardial infarc-
tion (AMI) in general, including higher in-hospital and
long-term mortality compared with noncancer AMI pa-
tients [6-9]. As people with cancer historically have been
excluded from trials evaluating treatment [10], current
guidelines on AMI do not adequately address treatment
for people with co-existing cancer [11]. The current Eu-
ropean Society of Cardiology guidelines for the treatment
of non-ST-segment elevation AMIs (NSTEMI) note can-
cer as a reason to withhold more invasive treatment but
do not give further information [12], which may contrib-
ute to lower rates of invasive treatment in this group [8].

Most previous studies on cancer and AMI have includ-
ed a mixture of cancer types, mainly breast, gastrointesti-
nal, and lung cancer. A recent study found that NSTEMI
patients with cancer that were treated invasively had bet-
ter outcomes when compared to medical treatment, with
the highest benefit if coronary angiography was performed
within 72 h of admission [13]. This study, however, only
included 8 (4%) patients with prostate, testicular, or pe-
nile cancers. Current recommendations suggest a case-
based approach to treatment of AMI in cancer patients
but only discuss cancer patients in general [14].

As the majority of patients newly diagnosed with PCa
have almost the same life expectancy as the population
without prostate cancer [15] and PCa is reported to be
one of the most common cancer diagnoses in the popula-
tion admitted to hospital for an AMI [16, 17], it is of par-
ticular interest to address whether poorer treatment of
AMI could be an additional contributing factor to in-
creased risk of cardiovascular morbidity and mortality in
this population.

The aims of this study were therefore (i) to compare rates
of invasive treatment and 30-day mortality between AMIs
in patients with PCa and AMIs in the general population
and (ii) to compare rates of invasive treatment for AMI in
patients with PCa between PCa prognostic risk groups. In-
vasive treatment was defined as performed angiography
with or without percutaneous coronary intervention (PCI)
or coronary artery bypass graft surgery (CABG).
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Methods

Study Population and Data Sources

This is a registry-based cohort study using nationwide data
from Norway. The population included all male residents in Nor-
way, diagnosed with PCa between 2013 and 2019, who subse-
quently suffered an AMI after their PCa diagnosis, within the same
time-period. For analyses comparing invasive treatment among
the PCa patients to the general AMI population, we included all
males >40 years that experienced an AMI between 2013 and 2019.
Close-to complete national data on all patients registered with PCa
in the Cancer Registry of Norway (CRN) [18] were identified using
International Classification of Diseases-10 (ICD-10) coding, and
additional clinically relevant information specific to PCa was ob-
tained from the Norwegian Prostate Cancer Registry (NoPCR)
[19]. Data included age and date of PCa diagnosis, Gleason score,
prostate-specific antigen (PSA) and clinical staging of the primary
tumor, regional lymph nodes, and evidence of distant metastasis
(cTNM) and WHO performance status [20], all at diagnosis. Data
from the Norwegian Cardiovascular Disease Registry [21], includ-
ing data on AMI from the Norwegian Myocardial Infarction Reg-
istry (NORMI) (cases of ICD-10 121 and 122) [22], were linked to
provide detailed data on AMI events, including age and date at
time of the event, type of AMI, ST-segment elevation AMI (STE-
MI) versus NSTEMI and in-hospital treatment. The first AMI
event after PCa diagnosis was included for analyses. Comorbidity
scoring was provided by the Norwegian Patient Registry (NPR)
[23] and deaths by the Norwegian Cause of Death Registry (NCo-
DR) [24].

Necessary PCa-specific variables obtained from the CRN were
used to derive the risk groups for recurrence based on the Euro-
pean Association of Urology (EAU) guidelines, which are used in
clinical practice in Norway [25, 26]: localized disease: low-risk:
Gleason score <6 and PSA <10 ng/mL and cT1-2a; intermediate-
risk: Gleason score 7 or PSA 10-20 ng/mL or ¢T2b; high-risk: Glea-
son Score >7 or PSA >20 ng/mL or cT2c¢; locally advanced: ¢T3-4
or cN+; distant metastases: cM+ or PSA >100 ng/mL.

Charlson Comorbidity Index (CCI) has been calculated in our
population using records from NPR for the two years prior to PCa
diagnosis [27]. In our PCa population, the score has a range from
0 to 14 which we categorized as 0, 1, 2, and 3+. WHO performance
status classification was reported at the time of PCa diagnosis to
indicate level of functional ability. The categories for this variable
include normal functionality, light reduction, ambulatory more
than 50% of waking hours, ambulatory less than or equal to 50%
of waking hours to bedridden.

We defined invasive treatment as any of the following: inves-
tigation by coronary angiography with or without PCI or CABG.
Although angiography without PCI is not strictly a form of treat-
ment, it was included, as a completed angiography implies that
appropriate investigation was undertaken to determine treat-
ment needs. For our analyses on invasive treatment by PCa risk
groups, we used an intention-to-treat approach and included pa-
tients that had a referral for angiography and/or PCI after dis-
charge but may not have been reported as performed within our
dataset. This could include a few patients that were referred for
treatment at another location or who died prior to the proce-
dures. Based on information obtained from the NCoDR, we fo-
cused on deaths from any cause that occurred within 30 days of
admission of the AMI.
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Fig. 1. Inclusion of prostate cancer patients.

Statistical Analyses

Descriptive statistics included count and percentage (%) for
categorical variables and median and interquartile range (IQR)
for continuous variables. To compare rates of invasive treatment
following an AMI in patients with PCa to that of the general AMI
population, we calculated standardized incidence ratios (SIR).
SIRs are calculated by dividing the observed number of patients
that received invasive treatment in our PCa population by the
expected number, calculated using the rates of invasive treat-
ment in the general AMI population stratified by age-groups
(40-59, 60-69, 70-79 and 80+ years) and calendar periods
(2013-2015, 2016-2017, and 2018-2019). SIRs were calculated
separately for NSTEMI and STEMI patients. The same methods
were used to calculate standardized mortality ratios (SMRs)
which compare 30-day mortality in the PCa population to the
general population, after having an AMI. For SMRs, we were not
able to stratify by time-period because several time-period strata
had no deaths. The age-standardized 30-day mortality rates were
calculated using the male population in Norway between 2013
and 2019 as a standard, in age bands of 45-59, 60-69, 70-79, and
80-85 years.

Univariable and multivariable logistic regression analyzes were
used to examine whether there was a relationship between PCa risk
groups (with low risk as the reference group) and invasive treat-
ment received as the outcome, adjusting for age at AMI and the
CCI score in the multivariable model. Odds ratios (OR) and 95%
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confidence intervals (Cls) were reported. Sensitivity analyses were
performed by removing patients with a WHO performance status
of a reduction in mobility of 50% or worse and by removing cases
of planned angiography and/or PCI.

All analyses were performed using R version 4.0.2 [28]. The R
package “popEpi” was used to perform the SIR/SMR calculations
[29]. The study was approved by the Regional Committee for Med-
ical and Health Research Ethics (130363).

Results

Patient Characteristics

Of the 33,538 PCa patients diagnosed between 2013
and 2019 in Norway, there were 1,976 AMI events among
1,745 people. After excluding 833 AMI events that oc-
curred before PCa diagnosis and keeping the first event
after PCa diagnosis, 1,018 AMIs were kept for analyses
(Fig. 1). Median age at diagnosis for the 1,018 included
PCa patients with AMI was 71 years (IQR 66-78) com-
pared to 69 (63-74) in the total PCa population (Table 1).
Median PSA at diagnosis was 10.0 in the patients with
PCa and AMI and 8.7 ng/mL in the total PCa population.
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Table 1. Characteristics of the 1,018

included patients with both prostate Total AMI PCa population  NSTEMI STEMI
cancer and AMI (n = 1,018) (n = 756) (n = 255)
Age at PCa diagnosis 71 (66-78) 72 (67-78) 69 (65-75)
Age-groups
<60 70 (6.9) 46 (6.1) 24 (9.4)
60-69 344 (33.8) 238(31.5) 104 (40.8)
70-79 393 (38.6) 306 (40.5) 85(33.3)
80+ 211 (20.7) 166 (22.0) 42(516.5)
PCa EAU risk
Low risk 134 (13.2) 83(11.0) 51 (20.0)
Intermediate risk 312(30.6) 231(30.6) 80(31.4)
High risk 231(22.7) 181(23.9) 48(18.8)
Locally advanced 187 (18.4) 139(18.4) 45(17.6)
Distant metastases 92 (9.0) 74 (9.8) 17 (6.7)
Missing 62 (5.1) 48 (6.3) 14 (5.5)
Charlson Comorbidity Index
0 580 (57.0) 409 (54.1) 166 (65.1)
1 184 (18.1) 143(18.9) 39(15.3)
2 138 (13.6) 105(13.9) 33(12.9)
3+ 116 (11.4) 99 (13.1) 17 (6.7)
Missing 0(0.0) 0(0.0) 0(0)
WHO performance
Normal 496 (48.7) 355(47.0) 139(54.5)
Light reduction 182(17.9) 140 (18.5)  41(16.1)
Ambulatory >50% 85(8.3) 75(9.9) 9(3.5)
Ambulatory <50% 26 (2.6) 19(2.5) 5(2.0)
Bedridden 3(0.3) 2(0.3) 1(0.4)
Missing 226 (22.2) 165(21.8) 60 (23.5)

Values are median (IQR) or n (%). AMI, acute myocardial infarction; NSTEMI, non-ST
elevation myocardial infarction; PCa, prostate cancer; STEMI, ST elevation myocardial
infarction; EAU, European Association of Urology.

Of the patients diagnosed with AMI after PCa, low-risk
disease was diagnosed in 13.8%, intermediate-risk in
30.6%, high-risk in 22.7%, locally advanced disease in
18.4%, and distant metastases in 9.4% of the patients
(EAU prognostic PCa risk groups). About half (48.7%)
had full functionality at diagnosis and 57.0% had low or
no comorbidity as described by CCI. Table 2 shows com-
parable statistics of CVD risk factors, mortality, and in-
vasive treatment in the general AMI population. At the
time of the first AMI after PCa diagnosis, the median age
was 74 years (IQR 68-80). The median time between PCa
diagnosis and first AMI was 1.9 years (IQR 0.9-3.1).
NSTEMI was found in 74%, and STEMI in 25% had of the
patients.

AMI Invasive Treatment

Of the PCa patients that were under 85 years, invasive
treatment was observed for 79% that had an NSTEMI
and 94% that had a STEMI (Table 3). Among NSTEMI
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patients, 78% received coronary angiography, 55% PCI,
and 8% CABG. Among STEMI patients, 94%, 89%, and
4% received angiography, PCI and CABG, respectively.
Of the low- and intermediate-PCa risk groups, 84% and
83% received invasive treatment, whereas high-risk, local-
ly advanced, and distant metastatic patients had invasive
treatment at rates of 75%, 76%, and 66%, respectively.
When using logistic regression with NSTEMI patients
(univariable model), there were no differences between
rates of invasive treatment in the intermediate-risk, high-
risk, or locally advanced, but lower rates in the distant
metastatic population (OR 0.38, 95% CI: 0.17-0.84),
compared to the low-risk group (Table 4). When adjust-
ing for age and comorbidity, there were no differences
between any of the risk groups in terms of invasive treat-
ment. In addition, when comparing rates of invasive
treatment in PCa patients to the general AMI population,
there were no differences in receiving angiography or
PCI in NSTEMI patients, SIR 1.06 (95% CI: 0.97-1.16)

Forster et al.



Table 2. Characteristics of the AMI
patients with a previous PCa diagnosis
compared to characteristics of the general

AMI patients with
a previous PCa diagnosis

General AMI population
(males =40 from 2013-2019)

AMI population (n=1,018) (n=55,237)?
ST-segment elevation
NSTEMI 74 72
STEMI 25 28
Age-groups at AMI
40-59 years 3 25
60-69 years 27 26
70-79 years 43 25
80+ years 27 24
30-day mortality (unadjusted) 7.6 8
Invasive treatment
Angiography 77 73
PCl 60 57
CABG 6 3

Values are percentages. AMI, acute myocardial infarction; CABG, coronary artery bypass
graft surgery; NSTEMI, non-ST-segment elevation AMI; PCl, percutaneous coronary
intervention; STEMI, ST-segment elevation AMI. Values from the general AMI population
from 2013 to 2019, males over 40 years; anonymized data set for comparison.

Table 3. AMI invasive treatment, total group less than 85 years and by PCa risk group at diagnosis

NSTEMI Total Low risk Intermediate risk High risk Locally advanced Distant metastatic
(n =654) (n=280) (n=208) (n=153) (n=114) (n=59)

Invasive treatment 514 (79) 67 (84) 172 (83) 115 (75) 87 (76) 39 (66)

Angiography 512 (78) 66 (82) 172 (83) 114 (75) 87 (76) 39 (66)

PCl 359 (55) 44 (55) 128 (62) 79 (52) 64 (56) 26 (44)

CABG 50(8) 6(8) 13 (6) 16 (10) 10(9) 1(2)

STEMI Total Low risk Intermediate risk High risk Locally advanced Distant metastatic
(n=238) (n=49) (n=77) (n=45) (n =40) (n=14)

Invasive treatment 224 (94) 49 (100) 74 (96) 43 (96) 35(88) 10 (71)

Angiography 223 (94) 49 (100) 72 (94) 43 (96) 35(88) 10(71)

PCI 212 (89) 46 (94) 73 (95) 41 (91) 32(80) 10(71)

CABG 94 1(2) 3(4) 2(4) 3(8) 0(0)

Values are n (%). AMI, acute myocardial infarction; CABG, coronary artery bypass graft surgery; NSTEMI, non-ST-segment elevation AMI;
PCl, percutaneous coronary intervention; STEMI, ST-segment elevation AMI.

and SIR 1.08 (95% CI: 0.98-1.21), respectively (online
suppl. table A; for all online suppl. material, see www.
karger.com/doi/10.1159/000527636). For STEMI patients,
there were high rates of invasive treatment for low-, in-
termediate-, and high-risk patients, 100%, 96%, and 96%,
respectively (Table 3). Patients with locally advanced dis-
ease and distant metastasis had lower rates of invasive
treatment, 88% and 71%, respectively. Due to lower num-
bers of patients in each risk group, we combined patients

Acute Myocardial Infarction in Prostate
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with localized disease into one group and metastatic dis-
ease into another. Compared to localized disease, pa-
tients with metastatic disease had lower rates of invasive
treatment, after controlling for age and comorbidity (OR
0.15, 95% CI: 0.04-0.49) (Table 4). There were no differ-
ences in incidence of angiography or PCI between the
PCa population and the general AMI population, SIR
1.04 (95% CI: 0.91-1.18) and SIR 1.07 (95% CI: 0.93-
1.21), respectively (online suppl. table A).

Cardiology 5
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Table 4. Association between PCa risk

group and invasive M treatment NSTEMI Univariable OR (95% Cl) Multivariable OR (95% CI)?
Low risk Ref Ref
Intermediate risk 0.93 (0.45-1.82) 1.12 (0.52-2.24)
High risk 0.83 (0.39-1.72)

Locally advanced
Distant metastatic

0.63 (0.29-1.28)
0.38(0.17-0.84)

0.81(0.36-1.72)

(

0.59 (0.28-1.16)
(
( 0.57 (0.24-1.33)

STEMI Univariable OR (95% Cl) Multivariable OR (95% CI)?
Localized Ref Ref
Metastatic 0.12(0.03-0.39) 0.15 (0.04-0.49)

Cl, confidence interval; NSTEMI, non-ST elevation myocardial infarction; OR, odds ratio;
STEMI, ST elevate myocardial infarction. @ Adjusted for age and comorbidity.

Sensitivity analyses performed to evaluate the impact
after excluding those with reduced functional status found
no changes in the results. There were also no changes in
the findings of logistic regression analyses when referred
angiography and/or PCI were removed (28 patients out
of 738).

Mortality

There were 77 (7.6%) deaths among the PCa patients
within 30 days from the AMI onset. In those under 85
years, deaths within 30 days included 59 (6.6%). When
standardizing for age according to the distribution in the
general population, the rate was 4.2%. The 30-day all-cause
mortality was lower in the PCa population compared to the
general AMI population, SMR 0.77 (95% CI: 0.61-0.97).

Discussion

In the present study, we found no differences in the
total rates of angiography or PCI between AMI patients
with a previous diagnosis of prostate cancer compared to
the total AMI population. Rates of invasive treatment
were high for both NSTEMI and STEMI patients, 79%
and 94%, respectively, and comparable to the general
AMI patient population. For NSTEMI patients, there
were no differences in rates of invasive treatment based
on PCa risk group, but for STEMI patients, those with
metastatic disease were less likely to receive invasive AMI
treatment. Patients with PCa had lower 30-day mortality
after AMI than the general AMI population.

The probability of dying from prostate cancer is highly
dependent on the stage of the disease at diagnosis. In Nor-
way, the 5-year crude probability of death due to prostate
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cancer is below 1.0% for localized disease at 70 years of age,
whereas the probability is nearly 50% for distant prostate
cancer [30]. As patients with localized prostate cancer have
life expectancy comparable to the general population [15],
the cancer itself, should not be a reason to be treated differ-
ently for an AMI. Fortunately, our results are reassuring, as
there is no indication of poorer AMI treatment quality for
prostate cancer patients in general. However, patients with
metastatic disease and a following STEMI were less likely
to receive invasive AMI treatment. In these patients, factors
such as life expectancy and functional status must be bal-
anced against benefits and risks from treatment, such as
higher risks of thrombocytopenia and bleeding [14]. Thus,
alower frequency of invasive treatment is to be expected in
this group of patients. Nevertheless, as the expected sur-
vival in patients with metastatic prostate cancer can vary
from a few months to many years, detailed knowledge of
the factors that may influence survival is needed when de-
ciding on treatment for AMI [31]. Further studies are
needed to determine whether the level of treatment was
appropriate in this patient group, but our results may pose
an intersection for obtaining more accurate information
on the individual patient's life expectancy before treat-
ment decision, and thereby possibly prolong survival and
improve quality of life in patients with PCa experiencing
AMIs.

Several previous studies have, in contrast to the results
from our study, found reduced rates of invasive treatment
in cancer patients. A US study including patients with
cancer experiencing a STEMI, found lower rates of PCI
than noncancer patients and higher rates of in-hospital
mortality, interpreted as partly due to less invasive inter-
vention [32]. Further, in a study of 6.5 million AMI pa-
tients in the USA with 3% of the population with a cancer

Forster et al.



diagnosis, having a cancer diagnosis was associated with
less invasive treatment [7]. A Swiss study, using data from
the National Registry of Acute Myocardial Infarction in
Switzerland (AMIS Plus), found that patients with a history
of cancer were less likely to receive invasive treatment for
their AMI than would normally be recommended [8].
However, none of these studies showed prostate cancer
specific results.

There may be several explanations for the lower 30-
day mortality found in PCa patients after an AMI than in
the general AMI population. Around 40% of nonmeta-
static patients eligible for curative treatment in Norway
have T1-localized disease [33]. This indicates that a sig-
nificant number of patients diagnosed with localized dis-
ease are diagnosed as a consequence of PSA testing in
asymptomatic men. Previous studies have shown more
prevalent PSA testing in populations with higher socio-
economic status, conceivably due to better access to or
different usage of the health care system [34, 35]. Al-
though numbers were small, our data also indicate less
daily smokers in the AMI population with PCa than in the
general AMI population (online suppl. table B). Thus, it
is likely that higher socioeconomic status and better gen-
eral health among patients diagnosed with PCa may have
influenced mortality. Further, positive lifestyle changes
after their PCa diagnosis, and treatment of modifiable
CVD risk factors may also be of importance.

There are risk factors present in cancer patients that
can make them at higher risk of CVD morbidity and mor-
tality, including smoking, hypertension, and advanced
age, as well as sustained inflammation and cardiotoxicity
from chemotherapy and radiotherapy [11]. There is also
evidence for a possible increased risk of CVD from an-
drogen deprivation therapy used in some groups of PCa
patients [36-38]. However, these factors are not necessar-
ily an issue in the majority of PCa patients. For example,
the location of radiotherapy in PCa patients would not be
expected to increase their risk of AMI, in contrast to can-
cer patients that receive radiotherapy closer to vessels in-
volved in acute coronary syndrome. Also, chemotherapy
has until recent years, mainly been used in more severe
cases of castration-resistant, metastatic cancer [26]. These
differences in PCa patients, along with the fact that PCa
severity exists on a wide spectrum, means that consider-
ations for the general cancer population in relation to
AMI may not be appropriate for PCa patients.

Study Strengths and Limitations
To our knowledge, this is the first nationwide study of
specific PCa and AMI characteristics in a large population

Acute Myocardial Infarction in Prostate
Cancer Patients

of PCa patients that experienced an AMI. This analysis
benefits from high-quality national registry data, includ-
ing NORMI that had high coverage of all acute AMI hos-
pitalizations with high validity and completeness [22, 39,
40]. The CRN also provides high coverage of all PCa cas-
es in the country, offering wide generalizability of the
findings [41]. Missing data and loss-to-follow-up were
low. Using registry data in this manner allowed us to de-
scribe the real-life experience and treatment of AMI in a
population that has been historically excluded from RCT's
focused on AMI. The data on the general AMI population
were aggregated, with only additional information on age
and time-period. This limited our ability to control for
additional factors. While we did include data from 2013
t0 2019, the follow-up for the later diagnosed patients was
relatively short and therefore limits the interpretation of
the time-to AMI. We also had relatively low numbers of
certain subpopulations, specifically STEMI patients.

Conclusion

To conclude, we found comparable rates of invasive
treatment for AMI in patients with PCa to the general
AMI population. No evidence supporting that PCa prog-
nostic risk categories were associated with treatment
pathway for NSTEMI patients were found, whereas STE-
MI patients with metastatic disease were less likely to re-
ceive invasive treatment. We also found longer 30-day
survival after AMI in PCa patients, compared to the gen-
eral AMI population. The current study represents a basis
for further research to improve PCa patient outcomes af-
ter an AML
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