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Long-Term

Outcomes Following
Myocardial Infarction in
Young Adult Survivors
of Hodgkin Lymphoma
The YOUNG-MI Registry
Most patients with Hodgkin lymphoma (HL) are diag-
nosed between the ages of 15 and 30 years and have
curable disease (1). However, survivors can develop
cardiovascular disease owing to anthracycline-based
regimens and mediastinal radiation therapy. In a
study that included coronary computed tomography
angiography in 79 asymptomatic lymphoma survivors
treated with mediastinal irradiation and matched
control subjects, 59% of survivors had coronary
atherosclerosis, and 24% had 3-vessel/left main coro-
nary artery disease (CAD) (2). Although it is known that
survivors of HL can develop premature CAD, their
prognosis after a coronary event is not established,
particularly compared with individuals without a
history of malignancy who develop a myocardial
infarction (MI) at a young age. We sought to examine
long-term outcomes of HL survivors in a contempo-
rary cohort of young individuals presenting with their
first MI at or before the age of 50.

The Mass General Brigham YOUNG-MI registry has
been described previously (3). The retrospective
cohort study from Brigham andWomen’s Hospital and
Massachusetts General Hospital included all consec-
utive patients who experienced a first MI at or before
the age of 50 years from 2000 to 2016. For the present
analysis, only patients with type 1 MI (4) were
included. The YOUNG-MI registry was approved by the
Institutional Review Board at Mass General Brigham.

A history of HL and treatment details were ascer-
tained through detailed review of the electronic
medical record. A matched cohort (4 for every 1 case)
without a history of noncutaneous malignancy was
generated from the YOUNG-MI registry with the use
of Mahalanobis distance matching on covariates that
were unbalanced between patients with and without
a history of HL and of clinical significance.

The primary outcomes of interest were all-cause
and cardiovascular mortality, including in-hospital
deaths. Vital status was assessed through linkage
with the Mass General Brigham electronic medical
record system, the Social Security Administration’s
Death Master File, and the National Death Index. The
cause of death was adjudicated independently by 2
physicians; in cases of disagreement, consensus was
reached by a committee.

All analyses were performed with the use of Stata
version 15.1 (StataCorp, College Station, Texas). Cate-
goric variables are reported as frequencies and pro-
portions, and compared by means of chi-square or
Fisher’s exact test as appropriate. Continuous vari-
ables are reported as the mean � SD or median (inter-
quartile range [IQR]) and compared by means of t test
or Mann-Whitney U test as appropriate. Cumulative
incidence curves were constructed to illustrate time to
death (all-cause or cardiovascular). Univariable
Cox proportional hazards modeling was performed
to obtain the hazard ratio (HR) and 95% confidence
interval (CI) for survival free from all-cause death,
and competing risk analysis was performed to obtain
the HR and 95% CI for cardiovascular mortality.

Among 2,097 patients who experienced a type 1 MI,
27 (1.3%) had a history of HL before the index MI. All
27 (100%) were treated with mediastinal radiation,
and 16 (59.3%) also received chemotherapy. The year
of treatment completion was available for 26 of the 27
patients: 5 completed radiation therapy in the 1970s,
13 in the 1980s, 6 in the 1990s, and 2 in the
2000s.Compared with the rest of the registry, survi-
vors of HL were of similar age at the MI presentation
(45.0 [IQR: 40.0 to 47.0] vs. 45.0 [IQR: 42.0 to 48.0];
standardized mean difference [SMD]: 0.16) with a
similar female proportion (29.6% vs. 19.1%; SMD:
0.24). Survivors of HL were more likely to be white
(96.3% vs. 73.2%; SMD: 0.68), to have a lower preva-
lence of diabetes (7.4% vs. 20.0%; SMD: 0.37) current
tobacco use (14.8% vs. 53.0%; SMD: 0.88), and to have
a higher Charlson comorbidity index (CCI) (2.0 [IQR:
1.0 to 3.0] vs. 1.0 [IQR: 1.0 to 2.0]; SMD: 0.38). There
were no significant differences in any of these char-
acteristics after matching according to age (SMD:
0.03), race (SMD: 0.03), sex (SMD: 0.04), diabetes
(SMD: 0.05), current tobacco use (SMD: 0.07), and CCI
(SMD: 0.04). In addition, there was no significant
difference between the HL group (n ¼ 27) and the
matched cohort (n ¼ 92) in left ventricular ejection
fraction (55.5% [IQR: 51.0% to 62.0%] vs. 52.5% [IQR:
41.0% to 60.0%]; p ¼ 0.19), or prevalence of
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FIGURE 1 Outcomes According to Diagnosis of a History of Hodgkin Lymphoma
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Cumulative incidence curves of (A) all-cause and (B) cardiovascular mortality among patients with and without a history of Hodgkin lym-

phoma (HL). CI ¼ confidence interval.
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hypertension (37% vs. 50%; p ¼ 0.24) or dyslipidemia
(85% vs. 87%; p ¼ 0.81). The matched cohort had a
higher prevalence of obesity (body mass
index $30 kg/m2) (58% vs. 22%; p ¼ 0.009). At the
time of coronary angiography, segment involvement
(2 [IQR: 1 to 4] vs. 2 [IQR: 2 to 4]; p ¼ 0.42) and
Gensini (32 [IQR: 21 to 48] vs. 39 [IQR: 25 to 61];
p ¼ 0.19) scores were similar in the HL group and the
matched cohort. The proportion of patients who
presented with an ST-segment elevation MI (37% vs.
52%; p ¼ 0.17), underwent percutaneous coronary
intervention (88% vs. 90%; p ¼ 0.71), or were revas-
cularized via coronary artery bypass grafting surgery
(11% vs. 11%; p ¼ 0.97) were similar in the 2 groups.

Over a median follow-up of 10.9 years (IQR: 6.2–
13.4), there were 11 all-cause deaths in the HL group
(40.7%) and 11 in the matched cohort (12%), and 6
cardiovascular deaths in the HL group (22%) and 6 in
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the matched cohort (7%). After adjusting for obesity,
history of HL was associated with higher all-cause
(HR: 6.33 [95% CI: 2.48 to 16.15]; p < 0.001) and car-
diovascular (HR: 7.71 [95% CI: 2.57 to 23.15]; p <

0.001) mortality compared with the matched cohort
(Figure 1). Rates of all-cause (6.02 [95% CI: 3.33 to
10.87] vs. 1.28 [95% CI: 0.71 to 2.30]; p < 0.001) and
cardiovascular (3.28 [95% CI: 1.47 to 7.31] vs. 0.7 [95%
CI: 0.31 to 1.55]; p ¼ 0.003) mortality per 100 person-
years were also higher among the HL group.

Given the association between mediastinal radia-
tion therapy and the development of CAD (particu-
larly in those with a history of anterior or left-sided
chest irradiation and at least one risk factor for
radiation-induced heart disease, such as a cumula-
tive dose >30 Gy), screening via stress testing (5) or
coronary atherosclerosis imaging 5 to 10 years after
therapy in asymptomatic survivors is recommended.
The data from our study underscore the importance
of such screening to identify opportunities for pri-
mary prevention among HL survivors. Our results
also reinforce the need for aggressive secondary
prevention measures after MI among HL survivors to
reduce long-term mortality.

This study is limited by small sample size, retro-
spective design, and lack of complete treatment de-
tails (cumulative radiation dose and cumulative
anthracycline dose, among others).

In conclusion, 1.3% of the patients in our registry
who experienced a type 1 MI at or before the age of 50
years had a history of HL. Compared with a matched
cohort, HL patients had substantially higher all-cause
and cardiovascular mortality. These findings under-
score the importance of both primary and secondary
prevention in this population.
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