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CANCER BACKGROUND

Bortezomib and Carfilzomib are two
clinically available Proteasome In-
hibitors (PIs) that are used for the
management of multiple myeloma
(MM) and mantle cell lymphoma.
Bortezomib (approved in 2003) is
a first-in-class PI and acts as a re-
versible inhibitor. Carfilzomib (ap-
proved in 2012) is more potent and
irreversibly binds to the active sites
of the targeted proteasomes. Carfil-
zomib is often reserved for patients
that have failed bortezomib. A third
and more recently approved PI for
relapsed and refractory MM is the
oral Ixazomib. Patients with MM of-
ten are older, with multiple comor-
bidities and trials conducted in this
population had an elevated baseline
rate of adverse events attributed to
cardiovascular etiology.

ADVERSE EFFECTS

Proteasomes are protein complexes
responsible for degrading dysfunc-
tional or unnecessary proteins. PIs
lead to intracellular accumulation
of aggregate waste proteins which
can prove fatal for hyper-metabolic
cancer cells. Proteasomes also play
an important maintenance role
in the normal cardiac ventricular
myocyte and are up-regulated in
various cardiac disease states. Inhi-
bition of proteasomes may lead to
impairment of the ventricular myo-
cyte particularly in situations of

myocardial stress, left ventricular
hypertrophy and heart failure (HF).
PIs are associated with cardiovas-
cular adverse effects (CVAEs) of
HF, hypertension and less com-
monly, cardiac arrhythmias. The
incidence of HF with Bortezomib
is reportedly 4% and with the more
potent agent Carfilzomib, up to
25%. HF is usually reversible.

Bortezomib is also associated
with bradycardia, supraventricular
tachycardia and ventricular tachy-
cardia/fibrillation. Carfilzomib is
associated with vascular toxicity,
including ischemic heart disease,
ventricular tachycardia and fibrilla-
tion. Most CVAEs occur relatively
early (2-3 months) in the course of
treatment and are more common
in patients with cardiovascular co-
morbidities or prior exposure to car-
diotoxic agents.

RECOMMENDATIONS

Currently, there are no validated
protocols to determine patients at
high risk of CVAE during therapy,
nor is there management guidance
for patients who experience CVAE.
Routine assessment of left ven-
tricular ejection fraction (LVEF) is
not recommended before or during
treatment with PIs. It would appear
that a reasonable strategy should in-
clude CV risk stratification at base-
line and medical optimization of
preexisting cardiovascular comor-

bidities, including hypertension,
ischemia or HF. The recent PRO-
TECT study (Cornell, et al) identi-
fied elevated baseline BNP (>100
pg/ml) or NTproBNP (>125 pg/ml)
was predictive of increased inci-
dence of CVAEs of which HF was the
most common. PROTECT study pa-
tients with CVAEs presented within
the first 3 months of initiation of
the PI, had an inferior progression-
free survival and an inferior overall
survival, usually due to progression
of the MM. Carfilzomib was associ-
ated with a CVAEs rate of 50.7%
while with Bortezomib it occurred
in 16.7% of the patients. PI admin-
istration was safely continued or
resumed with modification in most
patients in the PROTECT study.
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INDICATIONS

PIs are used for the treatment of mul-
tiple myeloma and mantle cell lym-
phoma. These patients are often old-
er and with multiple comorbidities.
PIs are also a part of the treatment
of patients with heart failure due to
light chain cardiac amyloidosis, a
small proportion (10-15%) of whom
overlap with multiple myeloma. PIs
are often combined with other immu-
nomodulators such as lenolidomide
which is independently associated
with venous and arterial thrombosis.

ONCOLOGY COMMENTS

Reduced myocardial function asso-
ciated with the use of these agents
is often reversible if identified and
treated promptly. Consider a base-
line BNP level in high risk patients
with repeated BNP surveillance early
in the course of therapy. An echocar-
diogram should be obtained if there
is elevated BNP or symptoms of heart
failure. In many cases, the protea-
some inhibitor may be continued or
resumed after initiating HF therapy.



