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Aims Genetic risk scores (GRSs) have been associated with coronary heart disease (CHD) in large studies. We asked
whether expanding an established 27-variant GRS (GRS27) to a 50-variant GRS (GRS50) improved CHD prediction
and whether GRSs are independent of self-reported family history of CHD.

Methods The association between GRSs and incident CHD was assessed in Cox models adjusting for established risk factors

and results in 23 595 participants of the Malmé Diet and Cancer study—a prospective, population-based study. During a me-
dian follow-up of 14.4 years, 2213 participants experienced a first CHD event. After adjustment for established risk
factors, both GRS27 and GRS50 were associated with incident CHD [hazard ratio (HR) = 1.70 for high (top quin-
tile) vs. low (bottom quintile) of GRS27; 95% confidence interval (Cl): 1.48—1.94; Pyreng = 1.6 x 10~ "° and
HR = 1.92 for GRS50; 95% Cl: 1.67—2.20; Pireng = 6.2 x 10 2%]. Adding 23 single nucleotide polymorphisms
(SNPs) to GRS27 improved risk prediction (P =3 x 10 °). Further adjustment for self-reported family history
did not appreciably change the risk estimates of either GRS27 (HR = 1.65; 95% Cl: 1.45-1.89) or GRS50
(HR = 1.87;95% Cl: 1.63—2.14). The addition of GRS50 to established risk factors, including self-reported family
history, improved discrimination (P < 0.0001) and reclassification (continuous net reclassification improvement
index = 0.17, P < 0.0001). In young participants (below median age), those with high GRS50 had 2.4-fold greater
risk (95% Cl: 1.85—-3.12) than those with low GRS50.

Conclusion The addition of 23 SNPs to an existing GRS27 improved CHD risk prediction and was independent of self-reported
family history. Coronary heart disease risk assessment by GRS could be particularly useful in young individuals.

Keywords Coronary heart disease risk ® Genetic risk scores

Clinical perspective

Assessing risk of coronary events is integral to the prevention and treatment of cardiovascular disease. However, current risk assessment
algorithms do not explicitly incorporate information about a patient’s genetic risk. This large, population-based, prospective study of middle
aged Europeans, found that genetic risk—as measured by a genetic risk score comprising dozens of single nucleotide polymorphisms—is
independent of traditional risk factors, including family history of cardiovascular disease.
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Introduction

Coronary heart disease (CHD) is the leading cause of death in the
European Union as well as in the USA—an estimated ~ 1.8 million
Europeans and ~400 000 Americans die of CHD annually, at an es-
timated annual cost of €60 billion in the European Union and
$108.9 billion in the USA."* Therefore, improving CHD risk predic-
tion in order to effectively direct CHD risk prevention resources is
an important public health goal. The association of established risk
factors with CHD in large prospective studies has been used to de-
velop a number of CHD risk prediction models, most recently by
the European Association for Cardiovascular Prevention & Rehabili-
tation® and US American College of Cardiology/American Heart
Association task force on practice guidelines.* Typically, these mod-
els incorporate information about age, sex, hypertension, blood
cholesterol, smoking history, and history of diabetes to calculate
the probability of CHD event in the short term (10 years) or long
term. The heritability of CHD is well documented,”~” which moti-
vated the inclusion of family history of CHD as an option for risk as-
sessment in patients with borderline risk.®° However, despite the
identification of numerous genetic variants that are associated
with CHD,'®"" a direct assessment of a patient’s genetic risk is
not typically included in accepted CHD risk prediction models.

Genetic risk scores (GRSs)—based on single nucleotide poly-
morphisms (SNPs) associated with CHD—have been shown to
be associated with future CHD events in large case—control and
prospective studies.” "¢ However, it has not been fully assessed
(i) whether increasing the number of genome-wide significant
(GWS) SNPs in GRS-based CHD risk prediction continue to im-
prove risk prediction, (ii) whether GRS could improve CHD risk as-
sessment beyond self-reported family history, and (iii) whether GRS
risk differs between younger and older individuals. We investigated
these questions in a large population-based prospective study of
middle-aged men and women.

Methods

Study participants

The Malmo Diet and Cancer (MDC) study is a community-based,
prospective observational study of 30 447 participants drawn from
~230 000 residents of Malmo, Sweden. Men aged 46—73 years and
women aged 45—73 years were invited to participate and were enrolled
between 1991 and 1996."” Details of the MDC design have been previ-
ously reported.”"® The primary endpoints of the study were time to
first occurrence of CHD (composite endpoint of coronary event,
cardiovascular death, and revascularizations). After exclusions, 23 595
participants were included in the current study. A detailed description
of the inclusion and exclusion criteria in the current study, baseline
assessment, and endpoint determination are provided in the Supple-
mental material online.

Modelling of genetic risk score

We assessed the association of CHD with each of two GRSs (Supple-
mentary material online, Table S7). One GRS is the 27-SNP GRS
(GRS27) described by Mega et al."® A second GRS comprised the
GRS27 SNPs and 23 additional SNPs, for a total of 50 SNPs
(GRS50). Each of these 23 additional SNPs has been shown to be as-
sociated with CHD at a GWS level. The GRS of each individual in the
current study was calculated as follows: the previously reported risk
estimate for the modelled allele of each SNP (Supplementary mater-
ial online, Table ST) was natural log transformed and multiplied by one
(for heterozygotes) or two (for homozygotes); these products were
then summed. The mean (2.49 for GRS27 and 3.82 for GRS50) and
standard deviation (0.34 for GRS27 and 0.43 for GRS50) of the study
population were used to standardize each GRS to have a mean of 0
and unit variance. Genetic risk was analysed per standard deviation of
the standardized GRS as well as by comparing those with high GRS
(Quintile 5), those with intermediate risk score (Quintiles 2 to 4),
and those with low GRS (Quintile 1).

Table | Baseline characteristics according to coronary heart disease event status

Baseline characteristics

Events (n = 2213)

Non-events (n = 21 382)

Age (years)

Men, n (%)

Body mass index (kg/m?)
Current smoker, n (%)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Use of anti-hypertensives, n (%)
Prevalent diabetes mellitus, n (%)
Apolipoprotein A-l (g/L)
Apolipoprotein B (g/L)
Self-reported family history of CHD, n (%)
GRS27

GRS50

615+ 69 57.7+77
1420 (64.2) 7553 (35.3)
267 + 40 256 + 4.0
790 (35.7) 5832 (27.3)
150.3 + 20.2 140.1 £ 19.9
887 + 9.8 852 + 10.0
646 (29.2) 3407 (15.9)
242 (109) 688 (3.2)

147 +0.26 1.58 + 028
118 + 026 1.06 + 026
998 (0.45) 7790 (0.36)
0.18 + 1.01 —0.02 + 1.00
020 + 1.00 —0.02 + 1.00

Data are presented as mean + standard deviation unless indicated.
GRS27, 27-variant genetic risk score; GRS50, 50-variant genetic risk score.
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Table 2 Genetic risk scores and incident coronary heart disease

GRS risk
Loy s i
GRS27
N (event) 4719 (343) 14157 (1294)
Event rate (95% CI) 5.21 (4.67-5.79) 6.62 (6.27-7.01)
HR (95% Cl) Reference 126 (1.12-1.42)
P value (vs. low) 11x107*
GRS50
N (event) 4719 (318) 14157 (1303)
Event rate (95% Cl) 4.82 (4.31-5.39) 6.67 (6.31-7.04)
HR (95% Cl) Reference 1.39 (1.23-1.57)

P value (vs. low) 14 x 1077

4719 (576)

8.97 (8.25-9.74)

1.70 (1.48-1.94)

9.2 x 107" (Pyeng = 1.6 x 107 1)

1.20 (1.15-1.25)
50x 10718

4719 (592)
9.25 (8.52—10.03)

1.92 (1.67-2.20)

7.5 x 1072 (Pyeng = 6.2 x 10723

123 (1.18-1.28)
68 x 1072

Risk estimates were adjusted for age, sex, systolic blood pressure, hypertension treatment, smoking, apoB, apoA-I, and prevalent diabetes. GRS27 risk boundaries (SD): low
< — 0.8547; intermediate > — 0.8547 and <0.8236; high > 0.8236. GRS50 risk boundaries (SD): low < — 0.8517; intermediate > — 0.8517 and <0.8360; high > 0.8360.

Event rates are per 1000 person-years.

HR, hazard ratio; Cl, confidence interval; GRS, genetic risk score; GRS27, 27-variant genetic risk score; GRS50, 50-variant genetic risk score.

Results

Study population and genetic risk scores

The baseline characteristics of the 23 595 MDC participants in this
study are provided in Table 1 (stratified by incident CHD event sta-
tus) and Supplementary material online, Table S2 (stratified by self-
reported family history). During a median follow-up of 14.4 years,
2213 participants experienced a first CHD event.

We genotyped 50 SNPs reported to be associated with CHD ata
GWS level (Supplementary material online, Table S1). None of the
SNPs were in strong linkage disequilibrium (r* < 0.45 for any pair of
SNPs). We assessed the association of incident CHD with two
GRSs: the previously described GRS27"? as well as GRS50, an ex-
panded GRS that included all GRS27 SNPs as well as 23 additional
SNPs. We calculated a weighted GRS for each participant using the
literature risk estimates as weights for the risk allele of each of the
SNPs. The standardized GRS means and standard deviations for
those with and without events are reported in Table 1.

Genetic risk scores and incident coronary
heart disease

Both GRS27 and GRS50 were associated with incident CHD
[hazard ratio (HR) = 1.20 per SD; 95% confidence interval (Cl):
1.15-1.25 and HR = 1.23; 95% CI: 1.18-1.28, respectively] after
adjustment for established risk factors including age, sex, systolic
blood pressure, hypertension treatment, smoking, apoB, apoA-|,
and prevalent diabetes (Table 2). Those with high GRS50 had
1.92-fold greater risk of CHD than those with low genetic risk
(95% Cl: 1.67-2.20, P=7.5 x 10~ ?"). For GRS27, those with
high genetic risk had 1.7-fold greater risk of CHD than those with
low genetic risk (95% Cl: 1.48—1.94). When both GRS27 and a
GRS comprising the 23 SNPs present in GRS50 but not in GRS27
were included in a model that also adjusted for established risk fac-
tors, both GRS27 and GRS23 were associated with incident CHD

events (P=2 x 10" and 3 x 10™¢, respectively). That is, CHD
risk prediction by a model that included GRS27 was improved by
adding 23 additional SNPs.

Discrimination and reclassification

27-Variant genetic risk score and GRS50 each improved the discrim-
ination of a model that included established risk factors even after
adding self-reported family history (P <2 x 10~ '%) although the
magnitude of the improvement of c-statistic was modest (Supple-
mentary material online, Table S3). Self-reported family history
improved discrimination of an established risk factors model.
Risk classification by a model that included established risk
factors and self-reported family history was improved by both
GRS27 [continuous net reclassification improvement index
(cNRI) = 0.15, P < 0.0001, 7% in those without events and 8% in
those with events, Supplementary material online, Table $4] and
GRS50 (cNRI'=0.17, P < 0.0001, 10% in those without events
and 7% in those with events). Risk classification of an established
risk factor model was also improved by self-reported family history,
although among patients with events, more patients were reclassi-
fied in the wrong direction (lower risk). Risk classification was not
improved by GRS27 and GRS50 in a categorical analysis (above
and below 7.5% 10-year risk categories*; Supplementary material
online, Table S5).

Genetic risk scores and self-reported
family history

27-Variant genetic risk score and GRS50 were associated with inci-
dent CHD events in participants with and without self-reported
family history. In a stratified analysis that adjusted for established
risk factors, the HR for CHD for a high compared with a low
GRS50 was 1.75 (95% Cl: 1.43—2.15) among those with family his-
tory and was 1.96 (95% Cl: 1.63—-2.35) among those without family
history (Table 3). The association between GRS50 and CHD events
did not differ according to self-reported family history status: in an
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Table 3 Genetic risk scores and incident coronary heart disease according to self-reported family history
Self-reported GRS Intermediate risk® High risk® Pinexn
f H h‘ ...........................................................................................
amily history HR (95% CI) P value HR (95% CI) P value
Yes GRS50 1.29 (1.07-1.56) 0.007 1.75 (1.43-2.15) 77 x 1078 033
No GRS50 143 (1.21-1.68) 19 x107° 1.96 (1.63-2.35) 74 %107 "
Yes GRS27 1.26 (1.05-1.52) 0.013 1.64 (1.34-2.01) 21x107° 0.38
No GRS27 1.23 (1.05-1.44) 0.009 1.67 (1.39-1.99) 21 %1078

Risk estimates were adjusted for age, sex, systolic blood pressure, hypertension treatment, smoking, apoB, apoA-|, and prevalent diabetes. GRS27 risk boundaries (SD):
low < — 0.8547; intermediate > — 0.8547 and <0.8236; high > 0.8236. GRS50 risk boundaries (SD): low < — 0.8517; intermediate > — 0.8517 and <0.8360; high > 0.8360.
Pintxn: Pinteraction between GRS as a continuous variable and self-reported family history status for the incident CHD outcome.

HR, hazard ratio; Cl, confidence interval; GRS, genetic risk score; GRS27, 27-variant genetic risk score; GRS50, 50-variant genetic risk score.

?Intermediate risk: Quintiles 2, 3, and 4 compared with low risk (Quintile 1).

PHigh risk: Quintile 5 compared with low risk (Quintile 1).

Table 4 Genetic risk scores and coronary heart disease risk in young and old
<Median age® >Median age® P2 cxn
T nghrlskd TR ngh g
HR(95% Cl)  Pvalue HR(95%Cl) Pvalue  HR(95%Cl) Pvalue HR(95%Cl)  Pvalue
Model 1¢
GRS50  1.55(1.22-198) 00004 240 (1.84-3.12) 75x 107" 133 (1.15-153) 79 x 107> 175 (149-2.06) 65 x 10°"> 0.0029
GRS27 1.53(1.20-1.94) 0.0005  2.24(1.72-2.90) 1.4 x 1077 1.8 (1.03-1.35) 0.02 152 (1.30-1.78) 1.8 x 1077 0.0004
Model 2°
GRS50  1.53 (1.20-196) 00006  2.35 (1.81-3.06) 2.0 x 107'° 132 (1.14-152) 0.0002 171 (145-2.01) 65 x 10" 0.0025
GRS27 1.50 (1.18-1.91) 0.0009  2.19 (1.69-2.84) 4.1 x 1077 117 (1.02-1.34) 0.03 148 (1.27-1.73) 9.6 x 1077 0.0003

GRS27 had a mean of 2.49 and standard deviation of 0.34; GRS50 had a mean of 3.82 and standard deviation of 0.43. Risk boundaries (27-SNPs GRS): low GRS < — 0.8547;
intermediate GRS > — 0.8547 and <0.8236; high GRS > 0.8236. Risk boundaries (50-SNPs GRS): low GRS < — 0.8517; intermediate GRS > — 0.8517 and <0.8360; high GRS >

0.8360.

HR, hazard ratio; Cl, confidence interval; GRS, genetic risk score; GRS27, 27-variant genetic risk score; GRS50, 50-variant genetic risk score.

*Median age: 57.6.

BP,exn: fOr interaction between continuous GRS and median age status for the incident CHD outcome.

“Intermediate risk: Quintiles 2, 3, and 4 compared with low risk (Quintile 1).
9High risk: Quintile 5 compared with low risk (Quintile 1).

®Model 1: adjusted for age, sex, systolic blood pressure, use of antihypertensive medication, smoking, apoB, apoA-|, and prevalent diabetes.

Model 2: Model 1 and additional adjustment for family history.

analysis of the combined strata, the P for interaction was 0.33 in a
model that adjusted for established risk factors and included a
term for the interaction between family history and GRS50. Self-
reported family history was associated with incident CHD events
after adjustment for established risk factors (HR = 1.43, 95% CI:
1.31-1.56,P = 8 x 10 ""). Adjustment for self-reported family his-
tory in the combined strata did not appreciably change these risk es-
timates (HR = 1.87; 95% Cl: 1.63—-2.14 for GRS50 and HR = 1.40;
95% ClI: 1.29—1.53 for family history). Similar results were observed
for GRS27 (Table 3). Both GRS27 and GRS50 were associated with
self-reported family history of CHD (P < 0.0001); the odds of a
positive self-reported family history among those with high GRS
compared with having low GRS were modest; OR = 1.37 (95%
Cl: 1.26—1.49) for GRS27 and OR = 1.40 (95% ClI: 1.29-1.53) for
GRS50. The GRS distribution among participants with and without
self-reported family history is shown in Supplementary material
online, Figure S2.

Genetic risk score in young and old

Since genetic risk is generally thought to be more important in
young individuals, we investigated the interaction between age and
GRS and found that the CHD risk associated with GRS varied with
age for both GRS27 and GRS50 (Piyteraction = 0.03 for both). We
further assessed the GRS in those below and above the median
age of this study (57.6) and found that risk associated with either
GRS50 or GRS27 differed among those below and above the me-
dian age (Pinteraction < 0.003) in models that adjusted for established
risk factors (Table 4 and Supplementary material online, Table S6 for
event rate by GRS category and age category). Among the young,
those with high GRS had more than two-fold greater risk of CHD
than those with low GRS (HR = 2.40; 95% Cl: 1.84-3.12; P=
7.5 x 10~ for GRS50 and HR = 2.24; 95% ClI: 1.72-2.90; P =
1.4 x 1077 for GRS27). We examined the event rate in those
with and without self-reported family history of CHD according
to their GRS status (Figure 7). We found that in the young, the
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Figure I Cumulative incidence of coronary heart disease events
according to self-reported family history of coronary heart disease
and 50-variant genetic risk score. Blue and green: those with high
50-variant genetic risk score with (blue) or without (green) a self-
reported family history. Red and black: those with low 50-variant
genetic risk score with (red) or without (black) a self-reported family
history. Inset: those with intermediate 50-variant genetic risk score
with (dashed) or without (dotted) a self-reported family history. FH,
self-reported family history. Cumulative incidence was estimated
while considering non-coronary heart disease death as competing
risk. (A) Participants younger than median age (<57.6). Median
age for this younger group is 51.4 (interquartile range, 48.8—54.2).
(B) Participants older than median age (>57.6). Median age for
this older group is 64.7 (interquartile range, 61.1-67.7).

cumulative incidence in the presence of competing risk among those
with high GRS50 without a self-reported family history (0.065 at
Year 15) was greater than the cumulative incidence among those
with low GRS50 with a self-reported family history (0.041,
P = 0.013 for Gray test; Figure 1A). Similar trends (0.153 and 0.128,
P =0.094) were also observed in those above the median age
(Panel B). Similar results were observed for GRS27 (Supplementary
material online, Figure $3). We also examined whether CHD risk
prediction by GRS varied by sex and found no evidence for inter-
action between sex and GRS (Piteraction = 0.3).

Discussion

In a large community-based prospective study of 23 595 partici-
pants, we investigated a 27-SNP and a 50-SNP GRS for CHD and

found that CHD risk assessed by both GRS is independent of self-
reported family history, and for both the 27-SNP and the 50-SNP
GRS, the associated CHD risk estimates were higher among young-
er individuals than among older individuals.

Genetic risk scores comprising SNPs that are individually asso-
ciated with CHD at a GWS level have been investigated previously.
In 2010, Ripatti et al."> reported that GRS comprising 13 SNPs was
associated with incident CHD in several cohorts; however, this
13-SNP GRS did not improve net reclassification when added to es-
tablished traditional risk factors. Following the publication of the lar-
gest to date meta-analysis genome-wide association in 2013,"
Andrea et al.”® investigated a 46-SNP GRS in six Swedish studies
comprising ~10 000 individuals and found that this 46-SNP GRS im-
proved net reclassification when added to established risk factors.
More recently, Mega et al”® investigated a 27-SNP GRS in rando-
mized, placebo-controlled studies of statin therapy and found that
the 27-SNP GRS could identify individuals who would benefit
from statin therapy.

Since the risk associated with each individual SNP is modest, and
since SNPs that have been only identified in recent large studies typ-
ically have risk estimates that are lower than SNPs that were identi-
fied in smaller, earlier studies, it was unclear whether it would be
useful to include these more recently identified SNPs in a GRS.
Our study investigated this question directly. We showed a model
that includes 23 SNPs in addition to those in the previously reported
27-SNP GRS improves risk prediction. However, adding either
GRS27 or GRS50 to established risk factors resulted in similar im-
provement in discrimination (c-statistic) and reclassification (cNRI).

Our study also found that subjective, self-reported family history
of CHD and objectively measured genetic risk are not redundant.”
Both can contribute to a better assessment of a patient’s CHD risk
because a GRS-based genetic risk measure is associated with CHD
independent of self-reported family history of CHD, as well as es-
tablished risk factors, that is, self-reported family history is not a sub-
stitute for genetic risk assessment. Since family history reflects both
genetic and non-genetic factors, and since the accuracy of patient-
reported family history is low, this non-redundancy of self-reported
family history and genetic assessment is not surprising.

Since genetics is generally thought to play a more important role
in CHD events that occur in younger individuals than in older indi-
viduals, we examined the 27-SNP and 50-SNP GRS risk estimates in
different age groups and found that those risk estimates were higher
in younger individuals than in older individuals. Moreover, younger
individuals with no self-reported family history of CHD and with
high GRS had greater risk than those with self-reported family his-
tory of CHD and a low GRS. This finding suggests that a GRS-based
risk assessment could be particularly useful among younger indivi-
duals. The potential for a point-of-care GRS testing in routine clin-
ical practice makes genetic testing among younger individuals—
particularly those with borderline CHD risk by established risk fac-
tors—attractive since it could overcome barriers faced by other
predictive tools, e.g. 24 h ambulatory blood pressure monitoring.

Our study has several limitations. This study was conducted in
Swedish middle-aged individuals; hence, the generalizability to other
ethnicities or age groups is uncertain. LDL cholesterol and HDL
cholesterol levels were not available for our study population;
therefore, we used the available apoA-| and apoB plasma levels as
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covariates in our established risk factors model. A different defin-
ition of self-reported family history might have produced different
results. For example, the definition of self-reported family history
of CHD in the Framingham Heart Study considers only CHD family
member events that occurred before age 55 for men or 65 for wo-
men. However, in clinical practice, patients may not know the age at
which their family member had a CHD event or may not be asked
about the age. For these reasons, the family history question asked
at baseline in MDC did not specify any limitations on the age of the
family member at the time of event. The fraction of women in MDC
is greater than that in other European-based population studies."
However, since we found no interaction between GRS and sex,
we believe that our results should be generalizable to populations
with different proportion of women. Although our results suggest
that genetic risk assessment could be useful in the young, this study
population did not include sufficient number of individuals to pro-
vide risk estimates in those <45 years of age. Additional studies
would be needed to address this question.

In conclusion, a GRS could improve risk assessment for future
CHD when added to established risk factor models. We suggest
that such genetic assessment could be considered for individuals
whose established risk-based treatment decision is uncertain.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Radiotherapy-induced vascular damage in mammary arterial graft:
correlations between optical coherence tomography and pathology
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A 53-year-old man with a previous history of mediastinal radiother-
apy was referred to our institution for coronary artery bypass graft
and aortic valve replacement.

Per-operative surgical analysis revealed poor flow within left and
right internal mammary arteries (LIMA and RIMA), making their
use as peducunlated conduits unsuitable. The proximal end arteries
were removed and both vessels were harvested as free grafts. More-
over, aorta was heavily calcified allowing only one proximal anasto-
mosis. A saphenous vein [saphenous venous graft (SVG)] was used
to bypass the right coronary artery, then the free LIMA was grafted
between the vein and mid-left anterior descending artery; free-RIMA
was placed between LIMA and first marginal branch.

The patient experienced a cardiac arrest 2 h after procedure’s end
and was successfully resuscitated. An emergency angiography control
was decided under extracorporeal membrane oxygenation.

The graft selective angiography revealed a sub-occluded LIMA graft
(Panel A; Supplementary material online, Video S1). TIMI 3 flow was
restored in LIMA and RIMA following a low-pressure balloon angio-
plasty (Panel B; Supplementary material online, Video S2). A subse-
quent LIMA analysis with optical coherence tomography (OCT)
was performed (see Supplementary material online, Video S3), reveal-
ing post-balloon dissection (Panel C2), infiltrative disease with fibro-
lipid plaque atherosclerosis (Panel C3), and marked intimal and medial
thickening (Panel C4). A redo emergent surgery was decided: both
LIMA and RIMA were explanted and replaced by saphenous grafts.
Pathological analysis of the arterial grafts (Hematoxylin and eosin
staining) correlated to OCT images: they showed presence of
fibro-lipid plaque (white arrow) with inflammatory cells infiltrate
(blue arrowhead), 1 cm above LIMA/SVG anastomosis (Panels D1
and D2) as well as diffuse intima fibrosis (white arrowhead) and
media necrosis (white arrows, Panels E1 and E2), suggesting
radiotherapy-induced vasculopathy. Subsequent patient evolution
was uneventful.

Supplementary material is available at European Heart Journal online.
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