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EDITORIAL COMMENT

Assessing Silent Cardiotoxicity in

Long-Term Lymphoma Survivors
Treated With Radiotherapy*

Eric Miller, MD, PuD,* Katarzyna Mikrut, MD," Daniel Addison, MD"¢

ediastinal  radiotherapy (RT) and

anthracycline-containing chemotherapy

(ACT) for the treatment of lymphomas,
particularly Hodgkin lymphoma (HL), have long
been associated with future cardiotoxicity in long-
term survivors of this malignancy.' Multiple studies
have reported on the excess risk for cardiac morbidity
and mortality in HL survivors.'™ In a recent analysis
by van Nimwegen et al® consisting of 2,524 patients
with HL, the 40-year cumulative incidence of cardio-
vascular disease was 50%, with increased risks for
valvular disease and heart failure in those receiving
RT or ACT and an additional increased risk for coro-
nary disease in patients receiving RT. Furthermore,
a number of studies have characterized, in detail, car-
diovascular diseases associated with mediastinal RT
and ACT.* What has been underreported, however,
is evidence of subclinical cardiovascular disease in
survivors previously treated with these regimens.
Detection of this “silent” (subclinical) disease was
previously limited because of a lack of appropriate
testing techniques. Cardiac magnetic resonance
(CMR) imaging, though, has shown enormous poten-
tial in assessment of cardiotoxicity following
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oncological therapy and may also help identify sub-
clinical disease.

In this issue of JACC: CardioOncology, van der
Velde et al® identify markers of subclinical cardio-
vascular disease with CMR imaging in survivors of
primarily HL. The study included 80 predominantly
HL survivors who were treated with mediastinal RT
(median RT dose 36 Gy; interquartile range: 36-40 Gy)
with or without ACT (88% received ACT) and were
disease free for at least 5 years without known his-
tories of coronary artery disease. All patients were
age- and sex-matched to healthy control subjects and
underwent 12-lead electrocardiography, transthoracic
echocardiography, and CMR, with a mean time be-
tween diagnosis and CMR of 20 + 8 years. The in-
vestigators report a number of interesting findings.
First, when analyzing left ventricular (LV) and right
ventricular (RV) function, significantly lower LV
ejection fraction (53% + 5% vs 60% =+ 5%; P < 0.001)
and LV mass (47 + 10 g/m? vs 56 + 8 g/m?; P < 0.001)
and higher LV end-systolic volume (37 + 8 mL/m? vs
33 + 7 mL/m? P = 0.013) were found in lymphoma
survivors. Although RV ejection fraction was similar
between the groups, lymphoma survivors had
significantly lower RV volumes compared with
healthy control subjects (P < 0.001). Both global
longitudinal strain (P = 0.013) and global circumfer-
ential strain (P < 0.001) of the left ventricle were
reduced in lymphoma survivors. Second, regarding
tissue characterization, native myocardial T1 (980 +
33 ms vs 964 + 25 ms; P = 0.007) and extracellular
volume fraction (31 + 7 mL/m? vs 39 + 6 mL/m?;
P < 0.001) were significantly higher in lymphoma
survivors with late gadolinium enhancement detec-
ted at sites other than hinge point location, in 11% of
the survivors. Finally, univariable and multivariable
analysis showed that RT dose and diabetes were
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FIGURE 1 Detectable Stages of RT-Induced Cardiac Injury (Remodeling) Over Time
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Stages of cancer radiation therapy (RT)-mediated cardiotoxicity and the evolution over time of myocardial changes on histopathology and corresponding abnormalities
detected by cardiac magnetic resonance imaging (MRI).°"® ECV = extracellular volume; LGE = late gadolinium enhancement.

significant predictors for LV ejection fraction, while
male sex, time between diagnosis and CMR, and
diabetes were predictors of impaired global longitu-
dinal strain.

These data add to a growing body of evidence
suggesting that myocardial fibrosis, as measured by
CMR, is a prevalent sequela of RT exposure. In pre-
models, RT exposure induces cellular
remodeling, hallmarked by early injury with edema,
immune cell response, vacuolization, and atrophy

clinical

and latter histologic fibrosis and cellular apoptosis
(Figure 1).%7 Dating back to the 1960s, serial autopsy
studies have well documented the presence of
myocardial fibrosis and atrophy to distinguish those
with cardiac toxicity following RT treatments.®°
However, until recently these changes were almost
imperceptible in living patients. CMR, including
parametric mapping, provides a novel avenue to un-
derstand and identify RT’s effects on the myocar-
dium, even during normal living state.’®™ The
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investigators characterize long-term effects of RT on
fibrosis development, as well as other imaging mea-
sures such as strain, mass, and LV ejection fraction,
even in the absence of symptoms.® Because of the
historically higher doses of RT many lymphomas were
exposed to, these data define prevalent change many
years after therapy and provide important hints to the
changes likely underlying the elevated CVD risk
commonly seen in survivors.

The results presented in this study have far-
reaching implications beyond HL. RT is used as a
primary therapy in a number of other thoracic ma-
lignancies in which potentially much higher doses of
radiation are delivered to the heart because of the
relative radioresistance of these neoplasms in com-
parison with HL. Although patients diagnosed with
HL generally have a more favorable prognosis than
those with non-small-cell lung cancer (NSCLC) or
esophageal cancer, development of novel targeted
therapy and immunotherapy has improved survival
rates in this patient population, emphasizing the
need to further reduce late complications from ther-
apy.'”'® Furthermore, even with the competing risk
for cancer-related mortality, increased RT dose to the
heart was associated with major adverse cardiac
events and all-cause mortality in patients without
pre-existing coronary heart disease in a large retro-
spective study of 748 patients with locally advanced
NSCLC.'* Similarly, in esophageal cancer, higher
heart doses have been associated with an increased
risk for cardiac events, with a recent study reporting
clinically significant cardiac events occurring in 18%
of patients after completing RT for esophageal can-
cer.”” In addition, cardiac events seem to happen
much earlier in patients with NSCLC or esophageal
cancer than HL, with multiple studies reporting that
the majority of events occur within 2 to 4 years after
completion of RT."
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Putting other malignancies in the context of the
study by van der Velde et al® raises a number of
questions. 1) Is there a role for CMR in screening those
at highest risk for cardiotoxicity following thoracic
RT? 2) Do the findings of subclinical disease predict
future cardiac events? 3) Should CMR, inclusive of T1
and T2 mapping, be performed routinely in the future
to rule out early, asymptomatic cardiotoxicity? and 4)
How would subclinical disease respond to car-
dioprotective therapy? The present study provides a
startling glimpse of what we might be missing in RT-
treated cancer survivors, while lighting a path
forward.

Despite remaining questions, this timely study
provides a solid foundation for future investigations
focused on the role of CMR in predicting incident
cardiovascular disease after RT exposure for lym-
phoma control. If CMR detects subclinical disease
earlier in the post-RT period, it may allow a new op-
portunity to reshape the course of RT-induced car-
diotoxic disease, hopefully leading to improvement
in patient outcomes.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

This work was supported in part by National Institutes of Health grant
P50-CA140158. The contents of this editorial are solely the re-
sponsibility of the authors and do not necessarily represent the offi-
cial views of the National Institutes of Health. Dr Addison is
supported by National Institutes of Health grant K23-HL155890 and
an American Heart Association-Robert Wood Johnson Foundation
Faculty Development Program grant. The authors have reported that
they have no relationships relevant to the contents of this paper to
disclose.

ADDRESS FOR CORRESPONDENCE: Dr Daniel Addi-
son, Division of Cardiovascular Medicine, Davis Heart
& Lung Research Institute, 473 West 12th Avenue,
Suite 200, Columbus, Ohio 43210, USA. E-mail:
daniel.addison@osumec.edu. Twitter: @md_addison.

REFERENCES

1. Hancock SL, Tucker MA, Hoppe RT. Factors
affecting late mortality from heart disease after
treatment of Hodgkin's disease. JAMA. 1993;270:
1949-1955.

2. Ng AK, Bernardo MP, Weller E, et al. Long-term
survival and competing causes of death in patients
with early-stage Hodgkin's disease treated at
age 50 or younger. J Clin Oncol. 2002;20:2101-
2108.

3. van Nimwegen FA, Schaapveld M, Janus CP,
et al. Cardiovascular disease after Hodgkin lym-
phoma treatment: 40-year disease risk. JAMA
Intern Med. 2015;175:1007-1017.

4. van Nimwegen FA, Ntentas G, Darby SC, et al.
Risk of heart failure in survivors of Hodgkin
lymphoma: effects of cardiac exposure to radia-
tion and anthracyclines. Blood. 2017;129:2257-
2265.

5. Van der Velde N, Janus CPM, Bowen DJ, et al.
Detection of subclinical cardiovascular disease by
cardiovascular magnetic resonance in lymphoma
survivors. J Am Coll Cardiol CardioOnc. 2021;3:
695-706.

6. |brahim EH, Baruah D, Croisille P, et al. Cardiac
magnetic resonance for early detection of radia-
tion therapy-induced cardiotoxicity in a small

animal model. J Am Coll Cardiol CardioOnc. 2021;3:
113-130.

7.Du S, Zhou L, Alexander GS, et al. PD-1 modu-
lates radiation-induced cardiac toxicity through
cytotoxic T lymphocytes. J Thorac Oncol.
2018;13(4):510-520.

8. Fajardo LF, Stewart JR, Cohn KE. Morphology
of radiation-induced heart disease. Arch Pathol.
1968;86(5):512-519.

9. Greenwood RD, Rosenthal A, Cassady R,
Jaffe N, Nadas AS. Constrictive pericarditis in
childhood due to mediastinal irradiation. Circula-
tion. 1974;50(5):1033-1039.

709


mailto:daniel.addison@osumc.edu
https://twitter.com/md_addison
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref1
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref1
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref1
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref1
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref3
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref3
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref3
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref3
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref5
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref5
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref5
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref5
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref5
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref8
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref8
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref8
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref9
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref9
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref9
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref9

710

Miller et al

Long-Term Cardiotoxic Injury After Chest Radiotherapy

10. Mukai-Yatagai N, Haruki N, Kinugasa Y, et al.
Assessment of myocardial fibrosis using T1-
mapping and extracellular volume measurement
on cardiac magnetic resonance imaging for the
diagnosis of radiation-induced cardiomyopathy.
J Cardiol Cases. 2018;18(4):132-135.

11. Burke AM, Yeh C, Kim S, et al. A prospective
study of early radiation associated cardiac
toxicity following neoadjuvant chemoradiation
for distal esophageal cancer. Front Oncol.
2020;10:1169.

JACC: CARDIOONCOLOGY, VOL. 3, NO. 5, 2021

12. Antonia SJ, Villegas A, Daniel D, et al. Overall
survival with durvalumab after chemoradiotherapy in
stage Il NSCLC. N Engl J Med. 2018;379:2342-2350.
13. Kelly RJ, Ajani JA, Kuzdzal J, et al. Adjuvant
nivolumab in resected esophageal or gastro-
esophageal junction cancer. N Engl J Med.
2021;384:1191-1203.

14. Atkins KM, Rawal B, Chaunzwa TL, et al. Car-
diac radiation dose, cardiac disease, and mortality
in patients with lung cancer. J Am Coll Cardiol.
2019;73:2976-2987.

DECEMBER 2021:707-710

15. Wang X, Palaskas NL, Yusuf SW, et al. Inci-
dence and onset of severe cardiac events after
radiotherapy for esophageal cancer. J Thorac
Oncol. 2020;15:1682-1690.

KEY WORDS cancer survivorship, cardiac
magnetic resonance, cardiomyopathy, cardio-
oncology, cardiotoxicity, imaging, lymphoma,
radiotherapy


http://refhub.elsevier.com/S2666-0873(21)00264-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref11
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref11
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref11
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref11
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref11
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref12
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref12
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref12
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref13
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref13
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref13
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref13
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref14
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref14
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref14
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref14
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref15
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref15
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref15
http://refhub.elsevier.com/S2666-0873(21)00264-7/sref15

	Assessing Silent Cardiotoxicity in Long-Term Lymphoma Survivors Treated With Radiotherapy∗
	Funding Support and Author Disclosures
	References


