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ARTICLE INFO ABSTRACT

Keywords: Study objectives: Mogamulizumab is an important treatment for T-cell leukemia and lymphoma. Adverse car-
Immunotherapy diovascular events (ACE) after mogamulizumab therapy have not been investigated. The aim of the study is to
Mogamulizumab investigate ACE occurrence after mogamulizumab therapy.

g:;g;zf;;zliffy Methods: The International World Health Organization database, VigiBase, was analyzed from January 2013 to
Lymphoma August 2019 for all adverse events, including ACE, that occurred after mogamulizumab treatment. ACE was

defined as: cardiac death, myocardial infarction, heart failure, myocarditis, arrhythmia, vasculitis, thrombosis,
palpitations and new hypertension.

Results: ACE after mogamulizumab therapy affected 28 out of 650 unique patients (4.3%). Heart failure (42.8%)
and ventricular arrhythmias (17.85%) were most common. ACE accounted for 10% of all fatal adverse outcomes,
and 25% of all ACE were fatal. Time to fatal outcome was significantly shorter for patients with ACE compared to
non-cardiovascular events, with a mean of 7.7 days (SD 6.91) vs 73 days (SD 90.7), p = 0.017, respectively. There
was an increased total number of adverse cardiovascular events in patients greater than 65 and in Asian
countries.

Conclusions: Cardiovascular toxicity with mogamulizumab is a possible early occurring adverse outcome asso-
ciated with high mortality.

1. Introduction growth, proliferation, and survival. Mogamulizumab is an immune cell

targeted therapy and monoclonal antibody that targets the CC chemo-

The traditional treatment regimens of cutaneous T-cell lymphomas
are limited by systemic toxicities. The most common adverse side effects
are infections due to the potent immunosuppression of these agents;
however, heart failure has been described in some of these regimens,
such as CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone)
[1-2]. Recent advances in immunotherapy have led to the development
of newer agents to target cancers including immune checkpoint in-
hibitors (ICIs), chimeric antigen receptor (CAR) T-cell therapy, cyto-
kines, immune cell related tyrosine kinase inhibitors and monoclonal
antibodies [3-6]. These agents are revolutionizing the treatment of
cancer patients.

Immune cell targeted therapies inhibit specific biomarkers or signal
transduction pathways of immune cells that tumors depend upon for

kine receptor 4 (CCR4) on T cells [4]. In 2018, Mogamulizumab became
the first FDA approved monoclonal antibody targeting CCR4 [4].
However, this agent was approved and used in countries outside of the
United States in 2012 [7]. Mogamulizumab is used for the treatment of
adult patients with T-cell leukemia or lymphoma, mycosis fungoides and
Sezary syndrome [5,8-9].

Some immunotherapy, including agents targeting T-cell specific
markers, can lead to potent immunosuppression and post marketing
surveillance has shown that severe or even fatal adverse reactions can
occur [10]. Specifically, cardiotoxicity is an important adverse reaction
from ICIs, and myocarditis and fulminant heart failure are well docu-
mented complications, affecting 1-2% of patients [11-16]. In the ran-
domized control trial that led to FDA approval, at least 20% of
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Table 1
Demographics of patients who experienced adverse outcomes, stratified by cardiac vs non-cardiac adverse outcomes.
Whole dataset ~ % total  Adverse cardiovascular outcomes No Adverse cardiovascular outcomes Total P value
n (% total cardiovascular outcomes) n (% total non-cardiovascular outcomes) 650 (100%)
28 (4.3%) 622 (95.6%)
Number of unique patients 650 100 28 (100) 622 (100)
Gender P=0.72
Number of male 326 50.15 13 (46.43) 313 (50.32)
Number of female 239 36.77 11 (39.29) 228 (36.60)
Number of unknown gender (“-") 85 13.08 4 (14.29) 81 (13.02)
Counts of age groups: P =0.99
18 - 44 years 22 3.38 0 (0.00) 22 (3.54)
45 - 64 years 187 28.77 6 (21.43) 181 (29.10)
65 - 74 years 211 32.46 12 (42.86) 199 (31.99)
> 75 years 109 16.77 3(10.71) 106 (17.04)
Unknown 121 18.62 7 (25.00) 114 (18.33)
World regions counts P =0.99
Western Pacific Region 529 81.38 23 (82.14) 506 (81.35)
European Region 38 5.85 1 (3.57) 37 (5.95)
Region of the Americas 83 12.77 4 (14.29) 79 (12.71)

mogamulizumab recipients experienced adverse reactions including
rash, infusion-related reactions, fatigue, diarrhea, musculoskeletal pain,
and upper respiratory tract infection [8].

At our institution, a case of acute myocarditis associated with
mogamulizumab treatment in a patient with T-cell Lymphoma was
documented [17]. However, to date, no study has examined cardiotox-
icity arising from mogamulizumab. In this study, VigiBase, the World
Health Organization (WHO) Global Individual Case Safety Reports
(ICSR) Database System, was used to determine the total number of
reported cardiovascular toxicities associated with mogamulizumab
therapy.

2. Materials and methods
2.1. Data sources and study population

VigiBase, the WHO Global ICSR Database System, which is main-
tained by the Uppsala Monitoring Centre (UMC) (www.who-umc.org),

was analyzed for adverse outcomes, including ACE. VigiBase collects
data on adverse drug reactions from more than 110 member countries,
and its central aim is to provide rapid surveillance on medicine-related
safety issues. How the data is curated and validated has been previously
described [18-19]. Data available included age range (45-64, 65-74, 50-
64, >75 years, unknown), gender (male, female, and unknown),
reporting year (2013-2019), reporting health professional (physician,
pharmacist, other health professional, consumer/non health profes-
sional), adverse outcome (not recovered/resolved, recovering/resolved,
recovered/resolved, fatal, unknown), indication (adult t cell lymphoma/
leukemia, cutaneous t cell lymphoma, Sezary syndrome, unknown),
geographic region (Asia Western Pacific Region, European region, Re-
gions of the Americas), drugs and medications, and drug dosing.

All adverse drug reactions reported in VigiBase in patients who had
received mogamulizumab between January 2013 and August 2019 were
identified. All unique patients from VigiBase who had adverse reactions,
including ACE, were included. All ACE were stratified by demographics,
time to outcome, and type of outcome. ACE was defined as: cardiac
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Fig. 1. Percent of adverse outcomes by system.
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Fig. 2. Organ System Adverse Outcomes. Color plot of adverse outcomes across all systems by time to onset, and stratified by whether the adverse event was fatal,

recovered, recovering, not recovered or unknown.
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Fig. 3. Time to Fatal Outcomes by Organ System. Plot of all fatal systemic outcomes by time to onset.

death, myocardial infarction, heart failure, myocarditis, arrhythmia,
vasculitis, thrombosis, palpitations and new hypertension. Non-
cardiovascular events were grouped by organ system.

2.2. Statistical analysis

The SPSS statistical package version 26 (Armonk, NY: IBM Corp) and
GraphPad Prism version 8 were used for biostatistical analyses. Char-
acteristics of cases were described in terms of percentages and means (+
standard deviation). Tests for significance included chi-square for cat-
egorial variables and t-tests for comparison between groups. Statistical
tests were 2-sided, and significance was defined as a p value of <0.05.

3. Results

3.1. Patient characteristics and outcomes for all adverse events in
Vigibase

There were 650 patients (50% male, 37% female) who experienced
adverse outcomes associated with mogamulizumab, as reported in
VigiBase from 2013 to 2019. Most patients fell into the 65-74 age group
(32.46%), followed by 45-64 (28.77%), and >75 years (16.77%). Most
patients were from the Western Pacific Region (81.38%), followed by
the Americas (12.77%) and the least came from Europe (5.85%)
(Table 1). There were 830 total adverse events reported, as each patient
could have more than one adverse outcome. The most common adverse
events were skin disorders (21%, n = 178), followed by infectious out-
comes (19.8%, n = 165), with adverse cardiovascular events occurring
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Table 2
Demographic table of patients who developed adverse cardiac outcomes by type of cardiac outcome.
Heart Ventricular Arrhythmia + Vasculitis  Atrial Acute Hypertension Palpitations =~ Thrombosis  Total
failure Fibrillation/ Hypertension N N = 3(%) Fibrillation myocardial N = 2(%) N = 1(%) N = 1(%) N =
N=12 Ventricular =1(%) N = 1(%) infarction 28(%)
(%) Tachycardia N N = 2(%)
= 5(%)
Age
45-64 3(25.0) 2(40.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 1(100.0) 7
(25.0)
50-64 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
65-74 6(50.0) 2(40.0) 0(0.0) 1(33.3) 1(100.0) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 12
(42.9)
> 75 years 3(25.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3
(10.7)
Unknown 0(0.0) 1(20.0) 1(100.0) 2(66.7) 0(0.0) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 6
(21.4)
Gender
Male 5(41.7) 5(100.0) 0(0.0) 0(0.0) 1(100.0) 1(50.0) 1(50.0) 1(100.0) 0(0.0) 14
(50.0)
Female 7(58.3) 0(0.0) 1(100.0) 2(66.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 11
(39.3)
Unknown 0(0.0) 0(0.0) 0(0.0) 1(33.3) 0(0.0) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 3
(10.7)
Outcome
Not recovered/ 3(25.0) 0(0.0) 0(0.0) 2(66.7) 0(0.0) 1(50.0) 0(0.0) 0(0.0) 0(0.0) 6
Not resolved (21.4)
Recovering/ 4(33.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(50.0) 1(100.0) 0(0.0) 6
Resolving (21.4)
Recovered/ 3(25.0) 0(0.0) 1(100.0) 1(33.3) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6
Resolved (21.4)
Fatal 1(8.3) 5(100.0) 0(0.0) 0(0.0) 0(0.0) 1(50.0) 0(0.0) 0(0.0) 0(0.0) 7
(25.0)
Unknown 1(8.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(50.0) 0(0.0) 1(100.0) 3
(10.7)
Indication
Adult T-cell 12 4(80.0) 0(0.0) 0(0.0) 1(100.0) 1(50.0) 1(50.0) 1(100.0) 1(100.0) 21
Lymphoma/ (100.0) (75.0)
Leukemia
Cutaneous T- 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 2(7.1)
cell Lymphoma
Sezary 0(0.0) 0(0.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(3.6)
Syndrome
Unknown 0(0.0) 1(20.0) 0(0.0) 3(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4
(14.3)
Region
Asia-Western 12 5(100.0) 0(0.0) 2(66.7) 1(100.0) 1(50.0) 1(50.0) 1(100.0) 1(100.0) 24
Pacific Region (100.0) (85.7)
European 0(0.0) 0(0.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(3.6)
Region
Region of the 0(0.0) 0(0.0) 0(0.0) 1(33.3) 0(0.0) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 3
Americas (10.7)

as the 8th most frequent (3.4%, n = 28) (Fig. 1).

The overall mean time to adverse event from starting mogamulizu-
mab was 25 days (SD 74). Time to event stratified by outcome (fatal,
recovered, recovering, not recovered, unknown) for all adverse events is
shown in Fig. 2. The mean times to fatal event for all organ systems is
given in S1 Table. Overall, 13% of events were fatal. Time to fatal event
stratified by organ system is shown in Fig. 3.

3.2. Patient characteristics and outcomes for adverse cardiovascular
events in Vigibase

Out of 650 patients with adverse events, 28 (4.3%) had adverse
cardiac events (Table 2). Of these patients, 46% were male, 39% were
female, and 14% were unknown gender. Most patients (42.86%) were in
the 65-74 age group, with the next most abundant age group being 45-
64 (28.57%). Compared with patients who had non-cardiac adverse
events, there were no significant gender or age differences (Table 1).

Most ACE were reported in 2013 (25%), followed by 2017 and 2019
with 17.9% each. In those with ACE, the most common indication for
mogamulizumab use was T-cell cancers, most being T-cell lymphoma/

leukemia (75%), followed by cutaneous T cell lymphoma at (7.1%) and
Sezary syndrome at (3.6%). Most of these ACE were reported by a
healthcare professional (96.4%), specifically a physician (85.7%),
pharmacist (3.6%) or other healthcare professional (7.1%).

Of these 28 patients, the most common adverse cardiac event was
heart failure (N = 12, 42.8%) followed by ventricular tachycardia or
ventricular fibrillation (N = 5, 17.85%). Three (10.7%) had non-
ventricular arrhythmias (1 supraventricular arrhythmia, 1 atrial fibril-
lation, 1 palpitations), 2 developed new hypertension (7.14%), 3
developed vasculitis (10.71%), 2 developed acute myocardial in-
farctions (7.14%), and 1 developed thrombosis (3.57%). Of note, one
patient had both a supraventricular arrhythmia and new HTN (3.57%).

Seven of 28 (25%) had fatal outcomes, 6 (21%) did not recover, 12
(42.87%) recovered or were recovering and 4 (14.29%) had unknown
outcomes in terms of recovery. The time to fatal ACE was a mean of 7.7
days (SD 6.91) compared to 73 days (SD 90.7 days) for all other disor-
ders combined (p = 0.017). The time to ACE stratified by type of event
and outcome (fatal, recovered, recovering, not recovered, unknown) is
shown in Fig. 4.

Mean time to fatal outcome trended earlier for females at 5.66 days
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Fig. 5. Adverse Cardiac Events. Percent of cardiovascular events in isolation versus combined with non-cardiovascular events, and proportion of fatal events in

each group.

(SD 4.93) than for males at 10 days (SD 8.33) (p = 0.310). However,
males tended to have more fatalities (46%) than females (9%), although
this difference also did not reach statistical significance (p = 0.720).

Of all those who had adverse cardiac outcomes, 53.6% had cardiac
outcomes alone and 46.4% had a combination of adverse cardiac and
non-cardiac outcomes. Of the 15 patients who had stand-alone adverse
cardiac outcomes, 33.3% had fatal outcomes compared with 38.5% of
patients with concomitant non-cardiac adverse events (p = 0.890). Of
the fatal outcomes in those with concomitant cardiac and non-cardiac
events, 15.4% were from cardiac causes, 15.4% were from infectious
causes and 7.7% was multifactorial (Fig. 5).

4. Discussion

This is the first study to document cardiovascular toxicities that
occurred after mogamulizumab therapy, using an international database

of reported adverse drug reactions. It is important to note that this study
may hold bias due to the nature of the reporting system used, as all
adverse events, especially those which may have been clinically less
severe, may not have been reported. Additionally, no direct causation
between ACE and mogamulizumab therapy can be established from such
an analysis.

This study revealed that ACE make up 4.3% of total adverse out-
comes, but are disproportionately associated with fatal outcomes,
occurring in 10.0% of all mortalities. Additionally, ACE occur early, at a
mean of 7.7 days (SD 6.91).

The high occurrence of isolated ACE in 54% of reported cases sug-
gests that mogamulizumab may cause cardiotoxicity directly, rather
than as just cardiac sequalae of another organ toxicity. Moreover, taken
alongside the high mortality associated with ACE, these considerations
highlight the need to identify baseline factors that might increase risk of
adverse cardiovascular outcomes. The available Vigibase data did not
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include baseline cardiovascular comorbidities, and the only classic
cardiovascular risk factor data available was age and gender, which did
not differ significantly with respect to ACE or fatalities. A trend toward
greater mortality was noted among males, and women tended to present
earlier, but these differences did not achieve statistical significance,
likely due to the small number of subjects. It is possible that this dif-
ference may potentially be attributed to increased cardiovascular risk
factors in men, such as hypertension, hyperlipidemia, and type 2 dia-
betes. However, data about such comorbidities are not available in
Vigibase for analysis.

In congruence with other findings on cardiotoxicity arising from
immunotherapies, this was a moderately common adverse event,
affecting 28 patients of the 650 patients with reported events associated
with Mogamulizumab worldwide between 2013 and 2019. Heart failure
was the most common cardiovascular adverse reaction. Of note, in more
than half of these cases, the cardiovascular conditions were classified as
fatal or not recovered/resolved. Additionally, most ACE occurred early,
within 60 days post mogamulizumab administration. This suggests that
cardiac function should be monitored, particularly in the first few
months in patients receiving mogamulizumab therapy.

Of note, differences were seen in the frequency of mogamulizumab
use by country. The increased utilization in the Western Asian region
may be due to mogamulizumab's original approval in Japan in 2012.
Thus, it may be a more integrated part of cancer treatment in the Asian-
Western Pacific Region, and so this region would have had more time to
accumulate adverse event occurrences. Therefore, the higher reporting
of ACE in this region does not necessary mean that this patient popu-
lation is at greater risk for ACE in the setting of mogamulizumab use as
compared to other regional populations.

Mogamulizumab has a narrower indication when compared to some
other immunotherapies, such as ICIs; however, this study shows that
adverse cardiotoxicities can occur. The mechanism of its cardiotoxicity
is not known. However, since it can inhibit T regulatory cells, which
have immunosuppressive properties, inhibition of these inhibitor cells
could lead to activation of the immune system to attack other organs,
including the heart. In fact, it has been shown that there are T regulatory
cells in the heart and they have been shown to be protective against and
to modulate cardiovascular disease due to their anti-inflammatory
properties [20]. Additional mechanistic studies may reveal the under-
lying pathway of toxicity as well as strategies for preventing adverse
cardiovascular effects associated with mogamulizumab. One major
limitation of this study is the lack of information on baseline cardio-
vascular comorbidities in Vigibase, not allowing for assessment of
comorbidities predictive of ACE. Additionally, this database only allows
for the assessment of reported adverse events and, therefore, does not
capture all adverse events from mogamulizumab. Similarly, it does not
supply the total number of patients treated with this therapy, and
therefore does not provide a denominator from which to derive a true
prevalence of adverse cardiovascular events.

Mogamulizumab remains a promising T cell cancer treatment, and
our study shows that cardiotoxicity is a possible early side effect that
physicians should be aware of, particularly in patients who may have
received prior cardio-toxic oncologic agents (Central illustration).
Monitoring with electrocardiogram, serum biomarkers and cardiac im-
aging before and early after starting mogamulizumab may help identify
early signs of cardiovascular toxicities. Baseline and serial imaging with
echocardiogram or CMR with strain assessment may be helpful in some
patients and is especially indicated with any concern of symptoms of
heart failure. Treatment for ACE in the setting of mogamulizumab
should likely be tailored to the specific clinical presentation, and no
current data or guidelines exist for management of these scenarios.
However, specifically for the presentation of myocarditis, steroids may
be of benefit, as was demonstrated in the case published from our
institution [17]. Future studies should include monitoring for car-
diotoxicity from mogamulizumab, most likely using a serum biomarker
and a multi-modality cardiac imaging approach, including the use of

American Heart Journal Plus: Cardiology Research and Practice 9 (2021) 100049

CMR for detection of myocarditis [21]. A larger, multicenter study with
information on comorbidities would be helpful to correlate preexisting
cardiac conditions and risk for adverse cardiac outcomes with moga-
mulizumab. Additionally, genetics, pharmacogenomics and microbiome
have been shown to influence response to immunotherapy [22-25].
Thus, obtaining molecular data in parallel could allow for personaliza-
tion of risk identification in patients. In general, further prospective
study of cardiovascular risk and events in this patient population may
help to predict who may be at risk for cardio-toxicity and hopefully lead
to the development of strategies to monitor and mitigate this risk.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ahjo.2021.100049.
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Monitoring Centre or the World Health Organization
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