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Abstract:

Although multiple myeloma (MM) had been an incurable hematological malignancy with a poor prognosis,
recent advances in novel anti-neoplastic agents, including carfilzomib (a proteasome inhibitor), have improved
the prognosis. We herein report two cases of congestive heart failure in patients treated with carfilzomib. Al-
though there are some reports on the cardiotoxicity of carfilzomib, to our knowledge, this is the first report
on the cardiac involvement of carfilzomib in Japanese MM patients. We review the critical points from our

two cases, with the aim of avoiding carfilzomib-associated heart failure in MM patients.
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Introduction

Multiple myeloma (MM) is a plasma cell neoplasm with
symptoms such as bone fracture, hypercalcemia, renal insuf-
ficiency, and anemia. Although MM is an incurable hemato-
logical malignancy with a poor prognosis, recent advance-
ments in novel anti-neoplastic agents have resulted in an im-
proved prognosis, increasing the median overall survival in
MM patients to 6.1 years in 2006-2010 from 4.6 years in
2001-2005 (1).

Carfilzomib (CFZ) is a selective and irreversible protea-
some inhibitor, used for the treatment of patients with re-
lapsed or refractory MM (RRMM). In a phase III trial in pa-
tients with RRMM, CFZ resulted in a better prognosis in
RRMM patients in comparison to bortezomib treatment (me-
dian progression-free survival: CFZ, 18.7 months; borte-
zomib, 9.4 months). The major adverse effects associated
with CFZ were diarrhea (42.3%), fatigue (32.9%), cough
(28.8%), and pyrexia (28.6%), and there were limited re-
ports (6.4%) of heart failure (2). We herein report two cases
of MM in Japanese individuals who developed new-onset

heart failure after the administration of CFZ.

Case Reports

Case 1

The patient was a 76-year-old man who had history of
hypertension and who had been diagnosed with MM 12-
years previously. At age of 65, he underwent peripheral
blood stem cell transplantation (PBSCT) after 3 courses of
vincristine-doxorubicin (adriamycin)-dexamethasone (VAD)
therapy (total amount of doxorubicin: 216 mg). However,
his disease relapsed, and he finally received more than 20
chemotherapy cycles. He was then treated with a new KRd
regimen (CFZ, lenalidomide and dexamethasone). The pa-
tient presented an impaired renal function (creatinine clear-
ance, 27 mL/min), hypoalbuminemia (albumin, 3.2 g/dL),
increased urine M protein level (806 mg/day) and his serum
calcium level was within the normal range (total calcium,
8.2 mg/dL). Twelve units of red blood cells (RBCs) had
been transfused in three months before the initiation of KRd
therapy due to anemia (RBC, 276x10%/uL; hemoglobin, 8.6
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Figure 1.

The clinical course of Case 1. A 76-year-old man, who was treated with KRd therapy for

3 months, visited the emergency room of our hospital complaining of dyspnea and orthopnea. He was
diagnosed with congestive heart failure and treatment for heart failure was initiated.

g/dL; ferritin, 1,272 ng/mL). At 3 months after the initiation
KRd therapy, he visited the emergency room of our hospital
complaining of dyspnea and orthopnea. His blood pressure
was 210/106 mmHg, his pulse rate was 143 bpm, and oxy-
gen saturation was 96% (with 10 L of oxygen inhalation).
He presented with bilateral coarse crackles in his chest and
pretibial pitting edema. Chest radiography revealed cardi-
omegaly, congestion of the pulmonary arteries, and bilateral
pleural effusion. Echocardiography revealed diffuse left ven-
tricular wall hypokinesis, a reduced left ventricle ejection
fraction [LVEF, 39% (by Teichholtz)], dilatation of the left
ventricular end diastolic diameter (LVDd, 64.9 mm) and a
normal left ventricular wall thickness (interventricular septal
thickness, 11.0 mm; posterior wall thickness, 9 mm). In ad-
dition, moderate mitral valve regurgitation (MR) was ob-
served. The patient’s serum N-terminal pro brain natriuretic
peptide (NT-proBNP) level was 12,030 pg/mL (normal <125
pg/mL). Based on these findings, he was diagnosed with
congestive heart failure and treatment was initiated. Al-
though the patient had undergone the VAD therapy and
RBC transfusion, we did not consider the cumulative
amounts to be problematic. We therefore considered the pos-
sibility that the patient’s cardiac manifestations were associ-
ated with CFZ and discontinued the KRd therapy and initi-
ated treatment with diuretics. Within 16 days, the symptoms
of heart failure disappeared completely, and improvement
was observed on chest radiography [cardiothoracic ratio
(CTR), 58% to 45.3%] and echocardiography [LVEF, 39%
to 56% (by Teichholtz); LVDd, 64.9 mm to 50.4 mm; MR,
moderate to trivial] findings (Fig. 1, 2) and in the NT-
proBNP levels (12,030 pg/mL to 6,109 pg/mL at discharge
and 1,250 pg/mL at 3 months after discharge). Hence, we
concluded that the patient’s cardiac manifestations were as-

sociated with the administration of CFZ.
Case 2

The patient was a 75-year-old woman who had been diag-
nosed with MM 6 years previously, and who had received
over 20 chemotherapy cycles. She has not received either
VAD therapy or undergone PBSCT. KRd therapy was initi-
ated due to refractory MM.

She had no history of heart disease and echocardiography
showed a normal LV function [LVEF, 58% (by Teichholtz)].
At KRd treatment, she showed a preserved renal function
(creatinine clearance, 64 mL/min), hypoalbuminemia (albu-
min, 3.1 g/dL) and normal serum calcium level (total cal-
cium, 8.2 mg/dL). Sixteen units of RBCs had been trans-
fused in the 16 months before the initiation of KRd therapy
due to anemia (RBC, 256x10*/uL; Hb, 8.4 g/dL; and fer-
ritin, 676 ng/mL).

At 5 months after the initiation of KRd therapy, she pre-
sented with lower limb edema. Although a cardiotoxic effect
of CFZ was suspected, KRd therapy was continued, along
with the administration of diuretics, as KRd therapy was
found to effective (M protein improved from 787 mg/day to
110 mg/day) in the treatment of MM. One month later, she
complained of dyspnea on exertion and presented with exac-
erbated lower limb edema and coarse crackles in the bilat-
eral chest. Chest radiography showed cardiomegaly, conges-
tion of the pulmonary arteries and bilateral pleural effusion.
The patient’s NT-proBNP level increased to 8,812 pg/mL,
and echocardiography revealed diffuse left ventricular wall
hypokinesis, a reduced left ventricle ejection fraction [LVEF,
35% (by Teichholtz)], dilatation of the left ventricular end
diastolic diameter (LVDd, 57.2 mm) and a normal left ven-
tricular wall thickness (interventricular septal thickness, 9.7
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Figure 2. The change in the echocardiography findings of Case 1. Representative M-mode echocar-

diographic images of Case 1. Echocardiography showed significant improvement in the cardiac func-

tion after the cessation of CFZ.

mm; posterior wall thickness, 10.9 mm). In addition, moder-
ate MR due to tethering was observed. Neither coronary an-
giography nor cardiac biopsy revealed any specific findings.
Since Congo-red staining of a cardiac biopsy specimen was
negative and echocardiography revealed no specific findings,
we ruled out the possibility of cardiac amyloidosis. Thus,
we considered the possibility that the patient’s cardiac mani-
festations were associated with the administration of CFZ
and discontinued the KRd therapy, while intensifying the
diuretic treatment. Although her heart failure-related symp-
toms disappeared within 10 days and the left ventricular
dilatation and MR were restored (LVDd, 57.2 mm to 46.1
mm; MR, moderate to trivial), the cardiac function was not
restored [LVEF, 35% to 36% (by Teichholtz)] after the ces-
sation of CFZ (Fig. 3, 4). Thus, we considered that the pro-
longed administration of CFZ after the onset of the patient’s
cardiac manifestations disturbed the recovery from cardiac
injury in this case.

Discussion

CFZ is a selective proteasome inhibitor that leads tumor
cells to apoptosis due to an increase in protein misfolding. It
is approved for use, in combination with lenalidomide and
dexamethasone in patients with RRMM. Despite the prefer-
able effects of CFZ in the treatment of RRMM, CFZ has
been reported to have significant cardiotoxic effects because
to maintain functional protein homeostasis, cardiac cells re-
quire the highly efficient degradation of terminally mis-
folded proteins, proteasome inhibition by CFZ can promote
cardiac dysfunction through the increase in misfolded-
proteins (3, 4). Post-marketing surveillance suggested that
the incidence of heart failure was approximately 7% in the

patients who were treated with CFZ (5), and Chari et al. re-
ported that the cardiotoxic effects of CFZ predominantly oc-
curred within 2 cycles of CFZ-treatment in patients who
with a history of cardiovascular disease (6).

Because of multiple comorbidities, including age-related
cardiovascular risk factors, chronic anemia, amyloidosis, ar-
teriovenous shunt with bony lesions, hyperviscosity, and
possible prior anthracycline exposure, MM patients are at
high risk of heart failure. In addition, the excessive body
fluid volume caused by hydration before and after the ad-
ministration of anti-cancer drugs (as an adjunct therapy)
may increase the risk of heart failure in MM patients (5, 6).
Thus, physicians should pay attention to the risk of car-
diotoxicity in MM patients before initiating CFZ treatment.

We reported two cases of Japanese patients who experi-
enced cardiotoxic effects in association with the administra-
tion of CFZ, and who showed different courses of improve-
ment in their cardiac function after the cessation of CFZ
treatment. There have been few reports on factors predicting
cardiotoxicity in patients treated with CFZ. Uncontrollable
hypertension and the concomitant use of immunomodulators
have been reported to be associated with the cardiotoxicity
of CFZ (7, 8). In addition, although it remains controversial,
the elevation of serum BNP (NT-proBNP) after CFZ therapy
may help to predict the development of heart failure (9, 10).
Similarly, although it is currently unclear, cardiac Troponins
(I and T) may be biomarkers that predict cardiotoxicity in
CFZ-treated patients (11). To the best of our knowledge, no
reports have investigated the recovery from CFZ-induced
cardiotoxicity after the cessation of CFZ. However, our
cases may simply suggest that the improvement in the car-
diac function is dependent on the duration of CFZ exposure,
as evidenced in Case 2, in which CFZ treatment was contin-
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Figure 3. The clinical course of Case 2. A 75-year-old woman, who was treated with KRd therapy
due to relapsed MM, presented with symptoms related to heart failure at 5 months after the initiation
of KRd therapy. As we considered the possibility that the patient’s cardiac manifestations were as-
sociated with CFZ, KRd therapy was discontinued with the intensification of diuretic treatment.

On admission After cessation of
carfilzomib

Figure 4. Changes in the echocardiography findings in Case 2. Representative M-mode echocardio-
graphic images of Case 2. Although the patient’s symptoms of heart failure disappeared within 10
days after cessation of CFZ treatment, the cardiac function, as measured by echocardiography, was
not restored.

ued even after the onset of the cardiac manifestations and no

o . . . Conclusion

significant improvement was observed. As written clearly in

the drug information, the cessation of CFZ is recommended, We reported 2 cases in which patients developed cardiac
even when it is deemed to be effective in patients with re- symptoms in association with the administration of CFZ.
lapsed MM. Before the introduction of CFZ, physicians should pay at-
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tention to potential cardiac risk factors in patients with MM.
In addition, the prompt cessation of CFZ is recommended
when cardiac symptoms appear.
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