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Abstract

Aims The major cardiovascular (CV) adverse effects observed with sipuleucel-T from large multi-institutional clinical trials
included thromboembolic events, myocardial infarction, and congestive heart failure in up to 0.3% of patients with CV risk
factors. The incidence, outcomes, and mechanisms in real-world clinical settings of these CV adverse effects to date have
not been fully elucidated. Our study identified a patient with sipuleucel-T-induced inflammatory cardiomyopathy, which led
to the identification of CV adverse effects associated with sipuleucel-T from a large pharmacovigilance database and elucida-
tion of its potential mechanisms.
Methods and results Using the MedDRA term ‘cardiac disorders’ (System Organ Class level), CV adverse events
associated with sipuleucel-T versus all other drugs were reviewed from VigiBase, a large pharmacovigilance database.
Disproportionality analysis was calculated by the information component (IC), a Bayesian disproportionality indicator. A
positive IC025 (IC 95% lower end credibility interval) value (>0) is the traditional threshold used in statistical signal
detection at the Uppsala Monitoring Centre. From VigiBase, the total number of CV adverse drug reaction reported with
sipuleucel-T was 306 out of a total of 22 980 104 adverse drug reactions in VigiBase on 10/25/2020. MedDRA preferred
terms levels were grouped into major CV adverse drug reaction categories where we observed significant reports of
myocardial ischaemia, supraventricular tachycardia (particularly atrial fibrillation/atrial flutter), congestive heart failure,
and valvular disorders. Myocardial ischemia included acute myocardial infarction (IC025 2.3) with n = 4/26 (15%) of these
individual case safety reports considered fatal. Among patients with ‘cardiac failure congestive’ (IC025 1.5), 11 of these 43
cases (26%) were fatal with 42 (98%) of these cases considered to be solely due to sipuleucel-T.
Conclusions Patients with CV risk factors who are receiving sipuleucel-T may be at higher risk for congestive heart
failure, myocardial ischemia, and supraventricular tachycardia. Electrocardiograms during weekly sipuleucel-T infusions
and left ventricular function monitoring with echocardiogram should be considered in these patients. Our findings are
suggestive of another rare presentation of T-cell-mediated CV toxicity with cancer immunotherapy.
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Background

Sipuleucel-T, marketed as Provenge®, is an autologous
cellular immunological agent1 indicated in the treatment
of metastatic castration-resistant prostate cancer (mCRPC).2

Cardiovascular (CV) toxicities with sipuleucel-T are
uncommon (0.3%).3 We report the first case of sipuleucel-
T-induced inflammatory cardiomyopathy and describe
the potential mechanisms. Through review of an
international pharmacovigilance database, VigiBase, we also
identified increased reporting of sipuleucel-T-associated CV
toxicities.

Aims

In this study, we aimed to elucidate the mechanisms of
sipuleucel-T-associated cardiomyopathy and to identify CV
adverse effects associated with sipuleucel-T in the real world
from VigiBase, the World Health Organization pharmacovi-
gilance database.

Clinical case

A 64-year-old Caucasian male with well-controlled hyperten-
sion managed with lisinopril 10 mg daily was diagnosed with
mCRPC in 2018. He received two doses of subcutaneous
degarelix and underwent subsequent transurethral resection
of his prostate followed by 6 cycles of docetaxel 75 mg/m2

every 3 weeks along with pegfilgrastim completed 5 months
later. He was initiated on enzalutamide 160 mg daily and
quarterly intramuscular injections of leuprolide 40 mg shortly
after. He had no complications with chemotherapy or
hormonal treatment and had significant improvement with
prostate-specific antigen (PSA) < 0.1 ng/mL on subsequent
follow-up (Figure 1).

On 6 months of follow-up, he was started on sipuleucel-T
every 2 weeks for a total of three infusions. Twenty-four
hours after his second infusion of sipuleucel-T, he presented
with dyspnea and chest pressure. On physical examination,
he was afebrile, blood pressure of 145/82 mmHg, and heart
rate of 74 b.p.m. with an oxygen saturation of 98% on room
air. He had bilateral basilar rales, jugular venous pulse noted
to be at least 8 cm with a positive hepatojugular reflex, and
a grade 2/6 pansystolic murmur in the apical region
without any radiation. He was warm without any lower
extremity edema. Electrocardiogram showed new non-
specific intraventricular conduction delay and non-specific T
wave changes in V4 to V6. Troponin I peaked at 0.80 ng/mL
(normal <0.03 ng/mL). Brain natriuretic peptide was
1062 pg/mL (normal <200 pg/mL).

A transthoracic echocardiogram revealed a left
ventricular ejection fraction (LVEF) of 36%, grade II diastolic

dysfunction, grade II mitral regurgitation due to dilated
annulus, and mild aortic regurgitation. He received
intravenous furosemide 40 mg daily with improvement in
symptoms. Left heart catheterization showed 20%
non-obstructive disease in the left anterior descending
artery, left circumflex, and right coronary artery. Cardiac
magnetic resonance imaging (cMRI) showed biatrial enlarge-
ment, moderate mitral regurgitation, and a dilated left ven-
tricular with increased myocardial mass index (116 g/m2,
normal range: 42–85 g/m2) and global hypokinesis with an
left ventricular ejection fraction (LVEF) of 32%. There was
evidence of late gadolinium enhancement with a mottled
mid-wall pattern in the distal septum and the basal
inferolateral segment, which was suggestive of a non-
ischemic cardiomyopathy representing myocardial edema
or interstitial fibrosis suspicious for chemotherapy-related
cardiomyopathy or infiltrative cardiomyopathy from amy-
loidosis (Figure 2).

The patient was discharged with a LifeVest and
guideline-directed medical therapy for heart failure (HF) with
reduced ejection fraction, which included carvedilol 3.125 mg
twice a day and lisinopril 20 mg daily with follow-up in
the Cardio-Oncology clinic. The patient received his last
sipuleucel-T infusion 4 weeks after discharge. During this
time, given the concern for cardiac amyloidosis based on
cMRI, he was worked up as an outpatient with negative fat
pad biopsy, bone marrow biopsy, and urine protein electro-
phoresis. Serum protein electrophoresis showed elevated
serum kappa light chains however with normal kappa to
lambda ratio. A nuclear study based on transthyretin protein
protocol performed was equivocal for cardiac amyloidosis.
He presented 4 months later with a 2 week history of
orthopnea found to have new-onset atrial fibrillation and in
acute decompensated HF.

An endomyocardial biopsy (EMB) was subsequently
performed due to recurrent HF admission and concern for
amyloidosis. The EMB showed several foci of predominant
lymphocytic inflammation (Figure 3). Given possible
immunotherapy-related myocarditis as observed with
immune checkpoint inhibitors (ICIs),4 specific staining for
T-cell subtypes CD4+ and CD8+ was obtained in addition to a
non-standard of care stain for programmed cell death
ligand-1 (PD-L1), which is overexpressed in ICI-related
myocarditis.4 Cardiac amyloidosis was also evaluated with
Congo red. Haematoxylin and eosin staining showed several
foci of mature lymphocytic infiltration (Figure 3A and 3B) that
were positive for both CD4+ and CD8+ (Figure 3D–3F). PD-L1
was not detected (Figure 3F). Congo red was negative
(Figure 3C). He was discharged on carvedilol 6.125 mg twice
a day, lisinopril 20 mg daily, furosemide 20 mg daily, and
apixaban 5 mg twice a day. He did not have any recurrent
hospitalizations. A repeat echocardiogram 1 month later
showed persistent LVEF depression with an improvement to
45–50% at 6 months of follow-up.
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Figure 1 Timeline of patient diagnosis and treatment of metastatic castration-resistant prostate cancer (mCRPC) and hospitalizations. Our patient was
diagnosed with stage IVB prostate cancer in fall of 2018. He was subsequently started on degarelix, which was eventually discontinued due to side
effects. He received 6 cycles of docetaxel and started on enzalutamide along with leuprolide. The patient eventually received sipuleucel-T 8 months
following his initial diagnosis for mCRPC. Twenty-four hours following his second infusion of sipuleucel-T, he presented to the emergency department
with new onset systolic dysfunction (Hospital Admission #1). He underwent coronary angiogram, which did not show obstructive disease. Cardiac mag-
netic resonance imaging showed late gadolinium enhancement suggestive of an infiltrative disorder. As an outpatient, he was worked up for amyloid-
osis, which was negative. He was discharged on lisinopril and carvedilol but presented 3 months later with recurrent symptoms and new onset atrial
fibrillation (Hospital Admission #2). A myocardial biopsy was obtained during his second admission, which showed chronic myocardial inflammation.
The patient was treated medically with lisinopril and carvedilol and continues to tolerate enzalutamide, leuprolide, and denosumab without any re-
current hospitalizations. ADHF, acute decompensated heart failure; AF, atrial fibrillation; HFrEF, heart failure with reduced ejection fraction; NSTEMI,
non-ST elevation myocardial infarction; Q3w, every 3 weeks; Q6 mo, every 6 months; Qd, every day/daily; SPEP, serum protein electrophoresis; SQ,
subcutaneous; UPEP, urine protein electrophoresis.
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Methods

We searched for adverse drug reactions (ADRs) reported in
VigiBase (NCT03530215), the World Health Organization
database containing individual case safety reports from more
than 130 countries since 1967.5 VigiBase is managed by the
Uppsala Monitoring Centre (Uppsala, Sweden). The use of
confidential, electronically processed patient data was ap-
proved by the French National Commission for Data
Protection and Liberties (Commission Nationale de
l’Informatique et des Libertés; reference number 1922081).
Using the MedDRA term ‘cardiac disorders’ (System Organ

Class level), we searched for CV adverse events associated
with sipuleucel-T versus all other drugs in the database.
Disproportionality analysis was calculated by the information
component (IC), a Bayesian disproportionality indicator,
which has been previously described.6 A positive IC025
(IC 95% lower end credibility interval) value (>0) is the
traditional threshold used in statistical signal detection
at the Uppsala Monitoring Centre. To identify the
co-occurrence of relevant CV-ADR associated with
sipuleucel-T (IC025 > 0), individual extracted cases were
reviewed and the UpSet technique7 was used to visualize
set intersections.

Figure 2 Cardiac magnetic resonance imaging. (A) Three-chamber view. Left panel (magnitude) and right (phase sensitive inversion recovery late gad-
olinium contrast) study demonstrating increased signal intensity in the inferolateral and distal septal regions. (B) Short-axis view. There is mottled in-
creased signal intensity on phase sensitive inversion recovery sequence in the distal septal area.
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Results

The total number of CV-ADR reported with sipuleucel-T ver-
sus all other drugs was 306 and 22 980 104, respectively,
on 10/25/2020. There were 18 MedDRA terms of ‘cardiac
disorders’ associated with sipuleucel-T (positive IC025 > 0)
(Table 1). MedDRA preferred terms levels were grouped into
major CV-ADR categories where there were significant re-
ports of myocardial ischemia, supraventricular tachycardias
(SVTs) (atrial fibrillation/atrial flutter), congestive HF (CHF),
and valvular disorders. All of these CV-ADRs were considered
severe. Myocardial ischemia included acute myocardial
infarction (IC025 = 2.3) with n = 4/26 (15%) of these individual
case safety reports considered fatal. Among patients with
‘cardiac failure congestive’ (IC025 = 1.4), 11 of these 43 cases
(26%) were fatal with 42 (98%) of these cases suspected to be

solely due to sipuleucel-T. Other CV-ADRs were not signifi-
cantly associated with sipuleucel-T (Table 1). Among the
major CV-ADR categories, these occurred independently with
minimal overlap among each major CV-ADR category.
Myocardial ischemia occurred independently in 84.4%
(n = 65/77) of all cases, SVT 77.2% (n = 44/57), CHF 75%
(n = 36/48), and valvular disorders 62.5% (n = 5/8). SVT was
rarely associated with CHF (n = 6/48, 12.5%) and myocardial
infarction (n = 6/77, 7.79%) (Figure 4).

Discussion

We describe the first reported phenomenon of a T-
cell-mediated sipuleucel-T-induced cardiomyopathy. This is
further corroborated by our pharmacovigilance analysis that

Figure 3 Endomyocardial biopsy of the right ventricular septum. (A) Haematoxylin and eosin staining of myocardium (low magnification) showing sev-
eral foci of lymphocyte infiltration. Scale bar, 100 μm. (B) Haematoxylin and eosin staining (high magnification) showing small mature lymphocytes
infiltrating in the interstitial area. Scale bar, 50 μm. (C) Congo red staining showing no amyloid deposition. Inset: positive control. Scale bar, 50 μm.
(D–F) Immunohistochemistry for CD4 (D), CD8 (E), and programmed cell death ligand-1 (F). Infiltrating lymphocytes are positive for CD4 or CD8,
and negative for programmed cell death ligand-1. Scale bar, 50 μm.
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revealed an over-reporting of CHF with sipuleucel-T with
~15% fatality.

Although CV toxicities from sipuleucel-T were uncommon
among clinical trials,3 we demonstrate through VigiBase that
there was significant over-reporting of myocardial ischemia,
SVT, and CHF with sipuleucel-T versus all other drugs. While
reports from VigiBase are non-homogeneous with the inabil-
ity to definitively verify the cases with clinical, laboratory, or
radiological tests, we suspect that these CV-ADRs may have
been one of the manifestations of an inflammatory-mediated
cardiomyopathy.8 Our observation of lymphocytic inflamma-
tion on myocardial biopsy suggests that sipuleucel-T invoked
an inflammatory cascade that resulted in a T-cell-mediated
cardiomyopathy with similar features to observed cases
of immune-related CV toxicities such as with influenza
vaccination9,10 and ICIs.4

In fact, preclinical production studies of sipuleucel-T
demonstrated an immune priming response followed by
immune boosting with subsequent infusions, similar to
classic vaccine-mediated cellular and humoral responses.11

Antigen-presenting cells, detected by CD54, were significantly
up-regulated after the first dose with the most robust
response at week 4, along with antigen-presenting cell
activation-associated cytokines, which is followed by T-cell
activation-associated cytokines in the second and third
infusion preparations.11 Particularly, from peripheral blood
samples obtained from patients receiving sipuleucel-T, both
T-cell helper 1 (interferon and tumour necrosis factor-α) and
2 [interleukin (IL)-5 and IL-13]-specific cytokines were
elevated, supporting the mechanism of sipuleucel-T-mediated
cellular and humoral responses. Acting in concert with inter-
feron and tumour necrosis factor-α, an increase in IL-17 levels
was also observed, which has been implicated in the patho-
physiology of autoimmune diseases.12 Specific responses
measured by anti-PA2024 and anti-PAP antibody titres were
sustained at least until week 26.11 This may have resulted in
cytokine cascade,9,10 which resulted in T-cell recruitment and
myocardial injury in our patient.

Unique to our case was the observation of CD4+ and CD8+

T cells within focal inflammatory areas on myocardial biopsy.

Figure 4 Intersection of major cardiovascular adverse drug reaction (CV-ADR) categories associated with sipuleucel-T. Myocardial ischemia occurred
independently 84.4% (n = 65/77) of all cases, supraventricular tachycardia (SVT) 77.2% (n = 44/57), congestive heart failure (CHF) 75% (n = 36/48), and
valvular disorders 62.5% (n = 5/8). SVT was rarely associated with CHF (n = 6/48, 12.5%) and myocardial infarction (n = 6/77, 7.79%).
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Notably, sipuleucel-T increases the frequency of CD4+ and
CD8+ T cells within prostate tissue 2 to 3 weeks after treat-
ment, particularly at the tumour margin.13 Whether
sipuleucel-T may induce a generalized inflammatory response
that can affect additional organs has not yet been reported in
preclinical sipuleucel-T-treated animal models.13 These pre-
clinical findings of an increased immune response at week 2
with the most robust response at week 4 are consistent with
the timeline to development of our patient’s inflammatory
cardiomyopathy, further corroborating the high likelihood of
sipuleucel-T exposure as the suspected cause.

We did not observe an increased expression of PD-L1 in the
myocardium as previously demonstrated in ICI-related
myocarditis.4 This is likely due to a variation in the mecha-
nism of action whereby ICI exhibits a generalized immune
blockade whereas sipuleucel-T induces a destruction specific
to prostate cancer cells. However, the phenomenon of ‘anti-
gen spread’ with sipuleucel-T where additional prostate
cancer-associated tumour antigens involved in PSA process-
ing and oncologic downstream signalling were targeted has
also been observed.14 We suspect that cross-reactivity
and/or shared antigen recognition within the myocardium
by sipuleucel-T is likely low, however possible in pro-
inflammatory environments such as patients with CV risk
factors.15

Our patient had LVEF recovery within 6 months on
guideline-directed medical therapy only. This suggests that
the immune-mediated mechanisms were likely transient, with
reversion to a balanced non-inflammatory environment fol-
lowing completion of sipuleucel-T treatment. Nonetheless,
our patient experienced a severe reaction reflecting our
pharmacovigilance results in which approximately 15% of
patients with spiuleucel-T-associated CHF associated suffered
fatal outcomes. While our patient was concomitantly receiv-
ing androgen-deprivation therapy (ADT) with enzalutamide
and leuprolide, the likelihood of ADT resulting in cardiomyop-
athy was low in the differential. Cardiotoxicities reported with
ADT include cardiometabolic disturbances (hypertension,
hyperglycemia, and hyperlipidemia) and risk of arrhythmias
from prolonged QTc16 and are generally not associated risk
of HF; in clinical trials, HF was reported to be <1%.17,18

Docetaxel has also not been associated with HF despite
prolonged use.19 Our patient tolerated ADT and docetaxel
for several months but developed acute onset of symptoms
with sipuleucel-T, correlating with the timeline of the immune
modulating mechanism of sipuleucel-T and potential crosstalk
between pathways making sipuleucel-T the most plausible
culprit of our patient’s inflammatory cardiomyopathy.

In comparison with the familiarity of cardiotoxicities
associated with anthracyclines and anti-human epidermal
growth factor receptor (HER2) therapy, prostate cancer
therapy-induced cardiac adverse events are underrecognized.
There have been concerns regarding adequate reporting and
potential under recognition of adverse cardiac events with

prostate cancer therapies as the studies were not designed
to detect cardiotoxicities.20 Therefore, we encourage consid-
eration of monitoring in patients with CV risk factors with se-
rial electrocardiograms during weekly infusions and obtaining
a baseline echocardiogram in patients receiving sipuleucel-T.
Additional studies investigating the complex
immune-mediated mechanisms in patients receiving immu-
notherapy and optimal management to avoid off-target
organ inflammation without affecting the salutary effects of
immunotherapy are highly warranted.

Limitations

Our study is not without limitations. As there are no current
guidelines regarding obtaining baseline cardiac diagnostic
testing prior to initiation of prostate cancer treatment, our
patient did not have a baseline echocardiogram for compar-
ison. The patient did not have any cardiac symptoms or
complaints that would have suggested baseline systolic or
valvular dysfunction; therefore, it is assumed that his
baseline cardiac function was normal prior to and during
his non-immunotherapy treatment for mCRPC. Another
limitation of our study was the lack of viral genome data
from EMB. The patient did not have any viral or infectious
symptoms at the time of his admission in addition to
negative blood cultures and respiratory viral panel; an
infectious or viral-associated cardiomyopathy was very low
in the differential. In addition, limitations with VigiBase
reporting are voluntary, and thus, not all data fields are
included in every report, and quality might be variable.
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