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ABSTRACT
BACKGROUND Anti-CD19 chimeric antigen receptor (CAR) T cell therapy holds great promise in the treatment of
patients with hematologic malignancies. A high occurrence of cardiac dysfunction has been noted in children treated with
CAR T cell therapy.
OBJECTIVES The aim of this study was to deﬁne the occurrence of major adverse cardiovascular events (MACE) in adult
patients treated with CAR T cell therapy and assess the relationships among clinical factors, echocardiographic parameters, laboratory values, and cardiovascular outcomes.
METHODS Baseline clinical, laboratory, and echocardiographic parameters were collected in 145 adult patients undergoing CAR T cell therapy. MACE included cardiovascular death, symptomatic heart failure, acute coronary syndrome,
ischemic stroke, and de novo cardiac arrhythmia. Baseline parameters associated with MACE were identiﬁed using Cox
proportional cause-speciﬁc hazards regression analysis.
RESULTS Thirty-one patients had MACE (41 events) at a median time of 11 days (interquartile range: 6 to 151 days) after
CAR T cell infusion. The median follow-up period was 456 days (interquartile range: 128 to 1,214 days). Sixty-one patients
died. Cytokine release syndrome (CRS) occurred 176 times in 104 patients; the median time to CRS was 6 days (interquartile range: 1 to 8 days). The Kaplan-Meier estimates for MACE and CRS at 30 days were 17% and 53%, respectively.
The Kaplan-Meier estimates for survival at 1 year was 71%. Multivariable Cox proportional cause-speciﬁc hazards
regression analysis determined that baseline creatinine and grade 3 or 4 CRS were independently associated with MACE.
CONCLUSIONS Patients treated with CAR T cell therapy are at an increased risk for MACE and may beneﬁt from
cardiovascular surveillance. Further large prospective studies are needed to conﬁrm the incidence and risk factors
predictive of MACE. (J Am Coll Cardiol CardioOnc 2020;2:193–203) © 2020 The Authors. Published by Elsevier on
behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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A

ABBREVIATIONS
AND ACRONYMS
ALL = acute lymphoblastic
leukemia

CAD = Coronary artery disease
CAR = Chimeric antigen
receptor

CHF = congestive heart failure
CI = conﬁdence interval
CLL = chronic lymphocytic
leukemia

CRS = cytokine release

nti-CD19 chimeric antigen receptor
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diagnosis. Symptoms of heart failure were deﬁned as

third of patients developed cardiovascular compli-

dyspnea at rest or during exercise, decreased exercise

cations such as shock or cardiomyopathy. In the
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T A B L E 1 Characteristics of 145 Patients Treated With CAR T Cell Therapy

All Patients* (N ¼ 145)

MACE (n ¼ 31)

No MACE* (n ¼ 114)

61 (54–67)

Baseline demographic and cardiovascular characteristics
60 (50–66)

50 (29–61)

Male

Median age at infusion (yrs)

107 (74)

26 (84)

81 (71)

History of smoking (current or former)

59 (41)

16 (52)

43 (38)

Hypertension

52 (36)

13 (42)

39 (34)

13 (9)

4 (13)

9 (8)

44 (30)

13 (42)

31 (27)

Diabetes
Hyperlipidemia
Heart failure
Coronary artery disease

4 (3)

1 (3)

3 (3)

14 (10)

5 (16)

9 (8)

Atrial ﬁbrillation
Baseline LVEF (%)

12 (8)

5 (16)

7 (6)

61  9 (n ¼ 124 [86%])

62  7 (n ¼ 28 [90%])

61  9 (n ¼ 96 [84%])

Type of cancer
Acute lymphoblastic leukemia

36 (25)

8 (26)

28 (25)

Chronic lymphocytic leukemia

66 (46)

18 (58)

48 (42)

Diffuse large B-cell lymphoma

43 (30)

5 (16)

38 (33)

Previous anthracycline use

87 (60)

14 (45)

73 (64)

Radiation

33 (23)

4 (13)

29 (25)

9 (6)

4 (13)

5 (4)

ACE inhibitors/ARBs

24 (17)

6 (19)

18 (16)

Beta-blockers

27 (19)

7 (23)

20 (18)

Statins

31 (21)

12 (39)

19 (17)

Oral hyperglycemic agents

11 (8)

3 (10)

8 (7)

Insulin

5 (3)

3 (10)

2 (2)

Baseline treatment and medication

Aspirin

Baseline blood tests, vital signs, and outcomes
Hgb (g/dl)
Median WBC count (103/ml)
Platelet count (103/ml)
Creatinine (mg/dl)
Median GFR (ml/min/1.73 m2)

11.3  2.2

10.7  2.3

11.5  2.2

3.0 (1.2–6.3)

2.1 (0.5–3.9)

3.3 (1.6–6.9

114  66

94  65

120  65

0.92  0.27

1.03  0.27

0.89  0.26

85.0 (67.6–111.7)

112.0 (91.5–162.0)

79.0 (65.5–95.5)

Systolic blood pressure at infusion (mm Hg)

121  16

118  15

121  16

Diastolic blood pressure at infusion (mm Hg)

70  10

66  8

71  10

Anti-interleukin-6 use

36 (25)

15 (48)

21 (18)

Vasopressor use

33 (23)

17 (52)

16 (14)

Values are median (interquartile range), n (%), or mean  SD. *Patients lost to follow-up and those with with noncardiac death prior to MACE are included.
ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin II receptor blocker; CAR T cell ¼ anti-CD19 chimeric antigen receptor T cell; GFR ¼ glomerular ﬁltration rate;
Hgb ¼ hemoglobin; LVEF ¼ left ventricular ejection fraction; MACE ¼ major adverse cardiovascular events; WBC ¼ white blood cell.

cardiac arrhythmias such as atrial ﬁbrillation were

chronic heart failure, atrial ﬁbrillation, or stroke.

identiﬁed on electrocardiography. All cardiovascular

Cardiovascular risk factors such as hypertension, hy-

events were adjudicated by 2 independent cardiolo-

percholesterolemia, and diabetes were classiﬁed as

gists blinded to all other clinical and quantitative

present if both diagnosis and treatment were identi-

echocardiographic data (B.L. and Y.K.). A third

ﬁed in the medical chart. Other cardiovascular risk

cardiologist (M.S.-C.) further adjudicated if any

factors, such as obesity and smoking history, were

disagreement occurred between the 2 initial re-

also identiﬁed. Noncardiac death was also reported

viewers. Signs and symptoms of heart failure arising

and included death due to septic shock, multiple or-

concurrently with sepsis were excluded from MACE.

gan failure, or progression of cancer. To minimize loss

Cardiovascular risk factors and pre-existing car-

of follow-up from death, every patient was also

diovascular disease were extracted manually from

searched in a national necrology database. Vital signs

each electronic medical record. All baseline charac-

and laboratory results were extracted from the HUP

teristics were reported at the time of or most proximal

electronic medical record.

to CAR T infusion. Cardiovascular disease was

CRS events were reviewed and graded according to

deﬁned by pre-existing coronary artery disease,

the latest American Society for Transplantation and
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F I G U R E 1 Kaplan-Meier Estimates of CRS

(Left) Kaplan-Meier curve at 30 days. (Right) Kaplan-Meier curve over 360 days. The Kaplan-Meier estimates for cytokine release syndrome (CRS) were 53% at
30 days, 64% at 6 months, and 71% at 12 months.

Cellular Therapy consensus grading for CRS (12). CRS

were tested using univariable analysis. Initially,

is deﬁned into 4 grades according to symptoms and

clinically

clinical

include

p values <0.10 by univariable analysis were entered

temperature $38 C, hypotension requiring at least 1

into a multivariable Cox proportional cause-speciﬁc

vasopressor, and/or hypoxia with high-ﬂow oxygen

hazards regression. Multicollinearity was tested us-

supplementation, positive pressure, or intubation.

ing the variance inﬂation factor. The decision was

ECHOCARDIOGRAPHIC

ANALYSIS. Echocardiographic

made to use a maximum of 4 variables (41 events,

images were extracted from the HUP database. Mea-

1 parameter per 10 events) to avoid model instability.

surements were acquired by a single observer (B.L.)

To conﬁrm the results, multivariable Cox propor-

status.

Grades

3

and

4

CRS

signiﬁcant

noncollinear

variables

with

blinded to clinical data and the occurrence of MACE

tional cause-speciﬁc hazards regression was repeated

and reported from the average of 3 consecutive car-

with stepwise regression using the backward elimi-

diac cycles using the recommendations from the

nation method using all variables with p values <0.10

American Society of Echocardiography. LVEF was

by univariable analysis. All variables were subse-

calculated using the modiﬁed Simpson biplane

quently reentered individually into the ﬁnal model,

method, and left atrial volume was calculated using

to assess for signiﬁcance in the presence of the ﬁnal

the biplane method (13).

model variables. Hazard ratios (HRs) are expressed

STATISTICAL

ANALYSIS. Categorical

data

are

expressed as percentages and continuous data as
mean  SD or median (interquartile range [IQR]).
Normality was determined using the KolmogorovSmirnov test. Differences among patients with ALL,
CLL, and DLBCL were determined using 1-way analysis of variance or the Kruskal-Wallis test. KaplanMeier (KM) estimates at 30 days, 6 months, and
12 months were also performed for each cancer subtype and MACE, CRS, and survival rates. The cumulative incidence function was used to estimate the

with 95% conﬁdence intervals (CIs). All CRS gradings
were compared with CRS grade 0 as an indicator. Univariable and multivariable analysis were also conﬁrmed
using the Fine and Gray distribution hazard regression
model in a competing risk regression model.
Data were analyzed using SPSS version 16.0 (SPSS,
Chicago, Illinois) and R version ii386 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria). A p
value <0.05 was considered to indicate statistical
signiﬁcance.

RESULTS

incidence of MACE and noncardiac death.
A Cox proportional cause-speciﬁc hazards regres-

CHARACTERISTICS OF PATIENTS TREATED WITH

sion analysis was used to determine the parameters

CAR T CELL THERAPY. Between August 2010 and

associated with MACE in our population. All variables

January 2019, a total of 145 patients were identiﬁed
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F I G U R E 2 Kaplan-Meier Estimates of Survival Rate

The Kaplan-Meier estimates for survival were 95% at 30 days, 81% at 6 months, and 71% at 12 months.

(median age 60 years [IQR: 50 to 66 years], 74% men).

estimates for MACE were 17% at 30 days, 19% at

Thirty-six patients (25%) were diagnosed with ALL,

6 months, and 21% at 12 months (Figure 3). The

43 patients with DLBCL (30%), and 66 patients (46%)

adjudication of all heart failure events is included in

with CLL. Baseline clinical characteristics, reported at

Supplemental Table 1. The median follow-up period

the time of or most proximal to CAR T cell infusion,

of patients in the MACE group was 753 days (IQR: 215

medications, and laboratory results are presented in

to 1,714 days; range: 14 to 3,061 days). There were 22

Table 1. The median follow-up period was 456 days

heart failure events (1 of which was a stress-induced

(IQR: 128 to 1,214 days; range: 5 to 3,103 days). There

cardiomyopathy) in 21 patients (15%), 12 episodes of

were 176 occurrences of CRS in 104 patients (72%),

atrial ﬁbrillation in 11 patients (7.5%), 2 events of

with a median time to CRS of 6 days (IQR: 1 to 8 days;

other

range: 0 to 175 days). The KM estimates for CRS rate

nonsustained ventricular tachycardia), 2 episodes of

were 53% at 30 days, 64% at 6 months, and 71% at

acute coronary syndrome, and 2 cardiac deaths. The

12 months (Figure 1). Sixty-one patients died, 59 of

cardiac deaths were a pulseless electric activity arrest

them of noncardiac causes. The KM estimates for

and a massive pulmonary embolism leading to a ST-

overall survival was 95% at 30 days, 81% at 6 months,

segment elevation myocardial infarction. Two pa-

and 71% at 12 months (Figure 2). Six patients (4%)

tients had atrial ﬁbrillation concurrent with the use of

were lost to follow-up at a median time of 391 days.

ibrutinib and thus were not included among those

OCCURRENCE AND CHARACTERISTICS OF MACE

experiencing MACE. The cumulative incidence of

DEVELOPED BY PATIENTS TREATED WITH CAR T

MACE and noncardiac deaths in all patients is shown

CELL

in Supplemental Figure 1.

THERAPY. Thirty-one

patients

developed

arrhythmias

(supraventricular

tachycardia,

MACE, for a total of 41 events. All events were

ECHOCARDIOGRAPHIC CHARACTERISTICS OF PATIENTS

considered in the subsequent analyses. The median

TREATED WITH CAR T CELL THERAPY. Baseline echo-

ﬁndings

time to MACE was 11 days after CAR T cell infusion

cardiographic

(IQR: 6 to 151 days; range 0 to 2,372 days). The KM

LVEF obtained both from echocardiography and

are

listed

in

Table

2.
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F I G U R E 3 Kaplan-Meier Estimates of MACE

(Left) Kaplan-Meier curve at 30 days. (Right) Kaplan-Meier curve over 360 days. The Kaplan-Meier estimates for major adverse cardiovascular events (MACE) were 17%
at 30 days, 19% at 6 months, and 21% at 12 months.

multiple-gated acquisition was available for 124 pa-

patients who developed MACE was 62  7% (echo-

tients (86%) and averaged 61  9%. Prior to CAR T cell

cardiography performed in 28 patients) and 61  9%

infusion, 110 patients underwent echocardiography

in patients who did not. Seventeen patients (55% of

(78 of whom had full reports available that could be

those with MACE) underwent repeat echocardiogra-

used for further analysis). The median time from

phy when MACE occurred. The mean LVEF measured

echocardiography to CAR T cell infusion was 43 days

at the time of MACE was 49  14%.

(IQR: 21 to 80 days; range: 2 to 615 days) and was not

CLINICAL,

associated with MACE. The mean baseline LVEF in

GRAPHIC PARAMETERS ASSOCIATED WITH MACE.

LABORATORY,

AND

ECHOCARDIO-

The differences between patients with and without
MACE are presented in Table 1 (and Supplemental
T A B L E 2 Echocardiographic Parameters at Baseline

Heart rate (beats/min)

Table 2) and the univariable Cox proportional cause-

All Patients* (N ¼ 78)

MACE (n ¼ 16)

No MACE* (n ¼ 62)

speciﬁc hazards regression model in Table 3 (and

75  17

72  8

75  17

additional Fine and Gray analysis in Supplemental

LVEDD (cm)

4.65  0.53

4.72  0.17

4.62  0.52

Table 4). The variables associated with MACE were

LVESD (cm)

3.15  0.52

3.20  0.32

3.14  0.52

0.93  0.18

0.97  0.03

0.92  0.18

prior atrial ﬁbrillation (HR: 2.83; 95% CI: 1.08 to 7.43;

IVS (cm)
PWT (cm)

0.93  0.14

0.93  0.01

0.93  0.14

RV base (cm)

3.45  0.53

3.45  0.52

3.46  0.54

2.3  0.4

2.3  0.5

2.3  0.4

13.2  3.1

13.5  2.5

13.2  2.7

19.08; p ¼ 0.005), baseline creatinine (HR: 4.30 for

TAPSE (cm)
0

RV S (mm/s)

p ¼ 0.035), aspirin use (HR: 3.13; 95% CI: 1.09 to 8.99;
p ¼ 0.034), statin use (HR: 2.29; 95% CI: 1.11 to 4.73;
p ¼ 0.025), insulin use (HR: 5.70; 95% CI: 1.70 to

MV E

67.8 (59.8–81.0)

71.8 (63.2–83.1)

67.6 (59.4–80.7)

each 1 mg/dl increase; 95% CI: 1.19 to 15.59;

MV a

61.0 (52.9–82.9)

56.4 (46.5–67.2)

64.2 (54.8–87.4)

p ¼ 0.026), overall CRS grading (HR: 2.10; 95% CI: 1.47

Mitral E/a ratio

1.2  0.5

1.3  0.2

1.2  0.5

Mitral E/e0

to 2.98; p < 0.001), CRS grade 2 (HR: 0.39; 95% CI: 0.17

8.7  3.5

10.0  0.1

8.3  3.3

PASP (mm Hg)

27  6

30  7

26  6

to 0.91; p ¼ 0.029), CRS grade 3 (HR: 3.31; 95% CI: 1.55

LAVI (cm/m2)

29.7  11.0

35.1  11.7

28.0  10.1

LVEF, Simpson method (%)

62.1  7.2

61.8  7.5

62.3  6.5

Values are mean  SD or median (interquartile range). *Patients lost to follow-up and those with noncardiac
death prior to MACE are included.
IVS ¼ interventricular septal thickness; LAVI ¼ left atrial volume index; LVEDD ¼ left ventricular end-diastolic
diameter; LVESD ¼ left ventricular end-systolic diameter, MV ¼ mitral valve; PASP ¼ pulmonary artery systolic
pressure, PWT ¼ posterior wall thickness, RV ¼ right ventricular; TAPSE ¼ tricuspid annular plane systolic
excursion; other abbreviations as in Table 1.

to 7.09; p ¼ 0.002), CRS grade 4 (HR: 9.79; 95% CI:
3.96 to 24.21; p < 0.001), diastolic blood pressure (HR:
0.95 for each 1 mm Hg increase; 95% CI: 0.91 to 0.99;
p ¼ 0.007), hemoglobin (HR: 0.83 for each 1 g/dl increase; 95% CI: 0.69 to 0.99; p ¼ 0.035), and platelet
count (HR: 0.99 for each 1,000/m l increase; 95% CI:
0.99 to 1.00; p ¼ 0.027). There was a trend in the association between MACE with higher E/e0 ratio
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(HR: 1.15 for each 1-unit increase; 95% CI: 1.00 to 1.31;
p ¼ 0.046) and larger indexed left atrial volume (HR:

T A B L E 3 Univariable Cox Proportional Cause-Speciﬁc Hazards Regression

1.04 for each 1 ml/m 2 increase; 95% CI: 1.00 to 1.08;

Hazard Ratio (95% CI)

p Value

p ¼ 0.075). Analyses of diastolic function using the

Age

1.01 (0.98–1.04)

0.431

2016 guidelines (14) indicated that 31 patients had

Sex (male)

1.73 (0.66–4.51)

0.265

Hypertension

1.40 (0.68–2.89)

0.362

Diabetes mellitus

1.70 (0.59–4.86)

0.326

normal diastolic function (40%), 22 had grade I diastolic dysfunction (28%), 1 had grade II dysfunction

Dyslipidemia

1.58 (0.77–3.25)

0.212

(1%), 3 had grade III dysfunction (4%), and 21 had

Congestive heart failure

1.17 (0.16–8.60)

0.879

indeterminate diastolic function (27%). There was no

Coronary artery disease

2.07 (0.79–5.42)

0.139

association

Atrial ﬁbrillation

2.83 (1.08–7.43)

0.035

Stroke

2.33 (0.55–9.84)

0.250

Chronic kidney disease

2.08 (0.63–6.88)

0.228

between

the

presence

of

diastolic

dysfunction and MACE (p ¼ 0.866).
Baseline creatinine, statin treatment, and CRS

Smoking

1.35 (0.92–1.97)

0.122

Radiation

0.66 (0.23–1.90)

0.441

Cancer subtypes

0.75 (0.44–1.27)

0.278

Transplantation

0.92 (0.35–2.43)

0.872

variables to avoid multicollinearity. The multivari-

Aspirin

3.13 (1.09–8.99)

0.034

able competing risk regression analysis revealed that

ACE inhibitors/ARBs

1.23 (0.50–3.01)

0.648

baseline creatinine (HR: 15.54 for each 1 mg/dl in-

Beta-blockers

1.35 (0.58–3.15)

0.488

0.86 (0.26–2.84)

0.806

grading were chosen for the multivariable competing
risk analysis according to their clinical relevance, effect size in univariable models, and limited to these

crease; 95% CI: 3.67 to 65.86; p < 0.001) and grade 3

Calcium channel blockers

CRS (HR: 8.42; 95% CI: 3.48 to 20.40; p < 0.001) or

Statins

grade 4 CRS (HR: 29.86; 95% CI: 9.80 to 90.94; p <

Diuretic agents

2.29 (1.11–4.73)

0.025

0.97 (0.23–4.06)

0.964

Oral anticoagulation

0.88 (0.12–6.45)

0.898

Insulin

5.70 (1.70–19.08)

0.005

(Table 4). These results were conﬁrmed with the

Ferritin

1.00 (1.00–1.00)

0.634

stepwise regression using the backward elimination

CRS grade

2.10 (1.47–2.98)

<0.001

0.001) were independently associated with MACE

method and by individually adding variables to the

1

0.25 (0.03–1.86)

0.176

ﬁnal model. The same results were found with the

2

0.39 (0.17–0.91)

0.029

Fine and Gray method (Supplemental Table 5). Statin

3

3.31 (1.55–7.09)

0.002

use at baseline was not independently associated

4

9.79 (3.96–24.21)

<0.001

LVEF

1.00 (0.96–1.05)

0.778

Systolic blood pressure

0.99 (0.97–1.01)

0.346

with MACE.

Diastolic blood pressure

0.95 (0.91–0.99)

0.007

Heart rate

1.00 (0.98–1.02)

0.868

Hgb

0.83 (0.69–0.99)

0.035

The present study demonstrates that adult patients

WBC count

1.00 (0.99–1.01)

0.619

with CD19þ malignancy treated with CAR T cell ther-

Platelet count

0.99 (0.99–1.00)

0.027

apy are at risk for MACE, mainly symptomatic heart

Creatinine

4.30 (1.19–15.59)

0.026

GFR

0.99 (0.98–1.00)

0.181

Mitral E/e0

1.15 (1.00–1.31)

0.046

DISCUSSION

failure, most of which occur within weeks of the
infusion (Central Illustration). The variables indepen-

PASP

1.05 (0.93–1.18)

0.150

dently associated with MACE in our study included

Diastolic dysfunction

1.11 (0.32–3.85)

0.866

baseline creatinine and grades 3 and 4 CRS.

Left atrial volume index

1.04 (1.00–1.08)

0.075

Interventricular septal thickness

3.13 (0.19–50.91)

0.422

Between August 2010 and January 2019, a total of
145 patients were identiﬁed. The median age (60
years), male distribution (74%), and distribution of

CI ¼ conﬁdence interval; CRS ¼ cytokine release syndrome; other abbreviations as in Tables 1 and 2.

malignancies (25% ALL, 30% DLBCL, and 46% CLL)
are representative of the current population receiving
CAR T cell therapy (15,16). The KM estimates for

patients with ALL had heart failure (18). Another

overall survival were 95% at 30 days, 81% at

study investigating patients with hematologic can-

6 months, and 71% at 12 months (Figure 2). The mor-

cers treated with anthracyclines reported that 4% of

tality in our cohort is less than previously described,

patients with lymphoma developed symptomatic

likely because of the improving expertise and the

heart failure at a median time of 523 days after the

expanding applications to patients with less severe

initiation of anthracycline therapy (19). Our study,

conditions and to patients who have received less

with a prevalence of 15% for symptomatic heart fail-

intensive chemotherapy regimens (4,15,17).

ure at a median time of 11 days, suggests a higher

In a recent publication from our group in 450 patients with acute myeloid leukemia or ALL, only 3% of

heart failure incidence than previously described,
underlining the effect of CAR T cell treatment.
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T A B L E 4 Association With MACE Determined Using Multivariable

Cox Proportional Cause-Speciﬁc Hazards Regression Analyses

prevalence of coronary disease for those 40 to 59
years of age in the general population is about 6%,
which is lower than in our study (10%) (22). The

Statin
Creatinine

Hazard Ratio (95% CI)

p Value

1.83 (0.88–3.81)

0.105

15.54 (3.67–65.86)

<0.001

prevalence of hypertension is estimated at 32% in the
general population, compared with 36% in our study
(20,24). The prevalence of diagnosed diabetes melli-

CRS grade 1

0.49 (0.06–3.74)

0.489

CRS grade 2

0.95 (0.33–2.71)

0.917

tus is approximately 10%, slightly higher than in our

CRS grade 3

8.42 (3.48–20.40)

<0.001

study (9%) (21). The rate of current or previous

CRS grade 4

29.86 (9.80–90.94)

<0.001

smoking may appear elevated (41%) in our study.
However, when taking into account current smokers

Abbreviations as in Table 3.

only (12 of 145 patients [8%]), the prevalence of current smoking was less than the current rate of

The cardiovascular proﬁle of the patients treated

smoking in the US (14%) (25). The difference in pro-

with CAR T cell cells was slightly worse compared

portion of previous heart failure or coronary disease could

with that noted in the general population with

be attributed to prior cancer therapy (e.g., 60% anthra-

respect to the baseline rates of heart failure, hyper-

cycline use, 23% radiation, 21% stem cell transplantation).

tension, and coronary artery disease (20–23). Ac-

Similarly, atrial ﬁbrillation (8%) was more prevalent in

cording to age, <2% of persons 40 to 59 years of age in

our study than in the general population (<2% younger

the general population are reported to have heart

than 65 years) and may be explained by the use of ibru-

failure, compared with 3% in our study. The

tinib (for CLL, diagnosed in 46% of our patients).

C E NT R AL IL L U STR AT IO N Timeline Demonstrating the Relationship Among Anti-CD19 Chimeric Antigen
Receptor (CAR) T Cell Infusion, Cytokine Release Syndrome, and Major Adverse Cardiovascular Events

Lefebvre, B. et al. J Am Coll Cardiol CardioOnc. 2020;2(2):193–203.

As the median time to major adverse cardiovascular events (MACE) was 5 days later than the median time to cytokine release syndrome (CRS) onset, this suggests that
CRS and its treatments can at least contribute to the occurrence of MACE in patients treated with anti-CD19 chimeric antigen receptor T cell therapy. IQR ¼
interquartile range (25th to 75th quartile).
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that CRS and its treatments may contribute to MACE

for MACE (HR: 0.75; 95% CI: 0.44 to 1.28; p ¼ 0.278),

in patients treated with CAR T cell therapy.

despite the different cardiovascular proﬁles of pa-

STUDY LIMITATIONS. The data were obtained retro-

tients. Patients with CLL and DLBCL were older than

spectively. As with all retrospective studies, MACE

patients with ALL and had increased cardiovascular

could have been misclassiﬁed because of reporting

risk, but their previous and current treatment may be

errors or loss to follow-up. However, each medical

less aggressive than that of patients with ALL. KM

chart was carefully reviewed, and signs and symp-

estimates for each cancer subtype and MACE, CRS,

toms of MACE were individually adjudicated. Also,

and survival were also performed at 30 days,

our overall loss to follow-up was small (6 patients

6 months, and 12 months (see Supplemental Figures 2

[4%]). To decrease loss to follow-up, every patient

to 4).

was researched using a national necrology database.

In our study, 104 patients (72%) had at least 1 CRS

Thus, it is unlikely that deaths were missed. CIs for

episode, which is higher than the previously docu-

many of our risk estimates were also wide, and as

mented rate (55.3%) in a recent large systematic re-

such, these results need to be conﬁrmed in addi-

view and meta-analysis (6). We used the most current

tional studies.

and broadest CRS consensus deﬁnition to identify the

Given that patients were referred from around the

episodes (12), which may explain the increased

world to receive CAR T cell therapy, prior anthracy-

detection of CRS.

cline use could have been underreported, and it was

The use of statins, insulin, and aspirin and higher

not possible to determine the total radiation or

baseline creatinine levels were each associated with

anthracycline dose previously received. It is widely

MACE and likely reﬂect patients with a high

acknowledged that total radiation or anthracycline

cardiovascular risk proﬁle and comorbidities pre-

dose is directly associated with MACE; the association

treatment. The analysis of baseline echocardio-

of anthracycline dose or radiation with MACE could

graphic characteristics revealed that there was also a

have been underestimated.

trend toward diastolic dysfunction and high left
ventricular ﬁlling pressures and MACE. However,

CLINICAL RELEVANCE. As CAR T cell therapy use

diastolic function categories as deﬁned using the

becomes more available and accessible, it is crucial to

2016 guidelines (14) were not associated with MACE;

understand not only the beneﬁts but the possible side

this result could be explained by the paucity of

effects and the time frame in which they can occur. In

moderate or severe diastolic dysfunction and the

contrast to radiation or other potentially cardiotoxic

relatively high frequency of indeterminate diastolic

chemotherapies, no guidelines are currently available

function.

for screening or surveillance of cardiac function of

Interestingly, baseline LVEF was not associated

patients treated with CAR T cell infusion. Under-

with MACE, underlining the importance of analyzing

standing the incidence and the natural history of

baseline diastolic function indexes (E/e 0 , left atrial

treatment-induced side effects will allow better

volumes) in these patients. Although prior atrial

screening and follow-up for these patients. To this

ﬁbrillation and the use of aspirin and insulin were

effect, an extensive monitoring program in the United

associated with MACE, they were not included in

Kingdom is under way (26).

further analysis, as the proportion of patients treated
with aspirin and insulin or with previous atrial

CONCLUSIONS

ﬁbrillation was low.
The occurrence of grades 3 and 4 CRS was strongly

To our knowledge, this is the largest retrospective

associated with MACE. It is possible that CRS may

study conducted in adult patients treated with CAR T

result in depressed myocardial function, explaining

cell therapy evaluating the occurrence of and risk

the high rate of heart failure. It is also possible that

factors

patients with CRS receive large quantities of intra-

events. Using multivariable Cox proportional cause-

associated

with

adverse

cardiovascular

venous ﬂuids that can worsen the volume overload

speciﬁc hazards regression analysis, we determined

state. The exact CRS treatment was left to the

that baseline creatinine and grade 3 or 4 CRS were

discretion of the treating physicians but usually

independently associated with MACE. CAR T cell

comprises intensive ﬂuid resuscitation followed by

therapy has opened a new ﬁeld in the treatment of

vasopressors. The median time to MACE was 5 days

hematologic malignancies and is now under investi-

later than the median time to CRS onset, suggesting

gation for other indications, including solid tumors,
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acute myeloid leukemia, and multiple myeloma
(27–29). Given that CAR T cell use will only increase in
the future and that no recommendations for monitoring and follow-up of left ventricular function and
MACE currently exist (30), prospective studies are
needed to ascertain the incidence and predictors of

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE:
Patients undergoing cancer treatment with CAR T cell
infusion are at risk for MACE, mainly symptomatic
heart failure. Patients at increased risk for MACE may

MACE.
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