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A 59-year-old female being treated for multiple myeloma (MM) was referred to the Division of Cardiology due to
edema and dyspnea. She developed dyspnea on exertion 2 months previously when carfilzomib, a second-
generation selective proteasome inhibitor which was approved for treatment of relapsed and refractory MM, was
introduced, and facial edema appeared thereafter. The electrocardiogram showed sinus rhythmwith T-wave inver-
sion on extensive leads and the chest X-ray showed cardiomegaly. Although cancer therapeutics-related cardiac
dysfunction was assumed to be the complication, echocardiogram revealed no evidence of elevated left ventricular
filling pressure whereas elevated tricuspid regurgitation velocity (3.2 m/s) with right ventricular systolic dysfunc-
tion suggested pre-capillary pulmonary hypertension (PH). Right heart catheterization demonstrated elevated
mean pulmonary artery pressure (33 mmHg) along with high pulmonary vascular resistance (11.54 Wood
Units) and normal pulmonary capillary wedge pressure (9 mmHg), confirming the echocardiographic findings.
After ruling out other causes, PH associated with carfilzomib was diagnosed. Cessation of carfilzomib along with
pulmonary vasodilator therapy led to improvement of symptoms and reduction of right heart size along with re-
duced estimated pulmonary systolic pressure 2 months later. Although carfilzomib-induced PH is rare, we need
to consider its possibility when we find PH in patients receiving carfilzomib.
Learning objective:While adverse cardiovascular events are often found in patientswithmultiplemyeloma (MM)
after use of carfilzomib, the occurrence of pulmonary hypertension (PH) is reported to be rare. Because temporal
association of echocardiographic findings to carfilzomib therapy plays a key role for the diagnosis of drug-
associated PH, serial echocardiographic examinations should be performed when we start carfilzomib therapy in
refractory MM patients.
© 2024 Japanese College of Cardiology. Published by Elsevier Ltd. 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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Introduction

Proteasome inhibitors (PI) act as a cornerstone of multiple myeloma
(MM) treatment regimens. Carfilzomib, a second-generation PI, has
improved treatment of relapsed or refractory MM and has expanded
the treatment options for these patients [1]. At the same time, use of
carfilzomib has been reported to be associated with increased risk of car-
diovascular adverse events including heart failure, myocardial ischemic
events, or venous thromboembolic events [2,3]. Of these, prevalence of
pulmonary hypertension (PH) was rare [4] and case reports showing ad-
verse events related to carfilzomib-associated PH are limited. We herein
KeijinkaiHospital, 1-40,Maeda

dbyElsevier Ltd. This is anopenaccess
report a case of carfilzomib-induced PH diagnosed in an adult refractory
MM patient who developed PH and right ventricular (RV) dysfunction
after carfilzomib use.

Case report

A 59-year-old female with a 2 year-history of treatment for IgG κ-
type MM with daratumumab, bortezomib, and melphalan followed by
daratumumab and lenalidomide became resistant to the medications.
The regimen was then switched to carfilzomib/dexamethasone combi-
nation therapy. Transthoracic echocardiography (TTE) performed just
before starting carfilzomib showed normal ventricular cavity sizes,
wall thickness, valvular function, and estimated systolic pulmonary ar-
tery pressure (SPAP) (Fig. 1). One month after initiating carfilzomib,
the patient began to experience transient palpitations lasting several
article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1.

Transthoracic echocardiographic images before use of carfilzomib. Parasternal long-axis viewat end diastole and end-systole (A), apical four-chamber viewat end-diastole (B),
and continuous Doppler waveforms of tricuspid velocity (C) are presented. The findings denied any geometric and functional abnormalities in left ventricle and right ventricle
(A, B). Peak tricuspid regurgitation pressure gradient was 23 mmHg (C).
LV, left ventricle; RV, right ventricle.
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minutes. By the end of the third course of treatment, symptoms of fa-
tigue, exertional dyspnea, and facial edema emerged, and her attending
physician consulted the cardiovascular division suspecting cancer
therapeutics-related cardiac dysfunction (CTRCD).

On physical examination, she showed a heart rate of 92 bpm, blood
pressure of 108/72mmHg, respiratory rate of 30 breaths per minute, an
oxygen saturation on pulse oximetry of 92 % on roomair, absence of jug-
ular venous distention, and significant bilateral lower limb edema. An
electrocardiogram revealed T-wave inversions in leads V1-V6 and
chest X-ray showed a cardiomegaly, both of which were not observed
before the initiation of carfilzomib (Fig. 2A, B). Blood tests indicated nor-
mal levels of cardiac troponins and an elevated level of brain natriuretic
Fig. 2. Chest X-rays before carfilzomib administration (A), on admission (B), and 2 months
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peptide (BNP) (795 pg/mL). These findings led the physicians to diag-
nose heart failure due to CTRCD. However, TTE revealed markedly di-
lated RV with severe systolic dysfunction, severe tricuspid
regurgitation (TR), and elevated peak TR velocity (3.2 m/s) along with
enlarged inferior vena cava without respiratory variation while the left
heart showed normal systolic function and denied findings of elevated
filling pressure (E wave velocity: 32.6 cm/s, E/A: 0.6, E/e′: 4.5, left atrial
volume index: 21.3 mL/m2), suggesting severe PH without left-sided
heart failure (Fig. 3A-C). Subsequent right heart catheterization (RHC)
confirmed pre-capillary PH with a mean pulmonary artery pressure
(mPAP) of 33 mmHg, a mean pulmonary capillary wedge pressure of
9 mmHg, cardiac index (CI) of 1.39 L/min/m2, and pulmonary vascular
after discharge (C).



Fig. 3.

Transthoracic echocardiographic images during follow up. The images were obtained at discharge (A to C) and 2months after discharge (D to F). (A) Two-dimensional and color
Doppler images of apical four-chamber view atmid-systole showingmarkedly enlarged right ventricle and severe functional tricuspid regurgitation (arrow). (B) Subcostal long-
axis view of the inferior vena cava (IVC) showing enlarged IVC, suggesting elevated right atrial pressure (RAP). (C) Tricuspid regurgitation (TR) velocity waveforms showed that
peak systolic pressure gradient between right ventricle and right atriumwas 41mmHg. Accordingly, systolic pulmonary artery pressure (SPAP)was estimated as 56mmHg from
the formula: 41 (TR pressure gradient) + 15 (estimated RAP). (D) Two-dimensional and color Doppler images of apical four-chamber view at mid-systole showed shrinkage of
the right ventricle aswell as reduced tricuspid regurgitation. (E) Subcostal long-axis viewof the IVC showing shrinkage of the IVC, suggestingnormal RAP. (F) ContinuousDoppler
image of TR showed that peak TR pressure gradient was reduced to 31 mmHg. SPAP was thus estimated as 36 mmHg (31: TR pressure gradient +5: estimated RAP).
LV, left ventricle; RV, right ventricle.
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resistance (PVR) of 11.54WoodUnits. After ruling out of other causes of
PH such as acute pulmonary embolization, chronic thromboembolic PH,
pre-existing lung disease, and connective tissue disease she was diag-
nosed with carfilzomib-associated PH based on the temporal associa-
tion with carfilzomib initiation.

To relieve the volume retention, intravenous diuretics were started
and switched to oral administration. Carfilzomib was discontinued
and pulmonary vasodilator therapy with phosphodiesterase-5 inhibitor
and endothelin receptor antagonist along with prostaglandin deriva-
tives was administered, although the third was not strongly recom-
mended as a first-line therapy by the guidelines [5]. Fortunately, there
was no need for positive inotropic agents because she denied any
signs of hypoperfusion during the treatment. On the 16th day, repeat
TTE showed reduction in RV size with improved wall motion, reduced
TR, while elevated SPAP was similar to before the treatment. RHC on
the 20th day revealed slightly decreased mPAP (30 mmHg), signifi-
cantly increased CI (2.9 L/min/m2), and reduced PVR (3.76 Wood
Units), suggesting an improved hemodynamics after the pulmonary va-
sodilator therapy. Symptom relief was achieved and shewas discharged
on the 23rd day. Two months after the discharge, a follow-up chest X-
ray showed a shrinkage of cardiac silhouette (Fig. 2C) and blood test
showed a reduction in plasma BNP level to 55 pg/mL. Follow-up TTE
demonstrated further reduction of RV size, normalization of RV systolic
function, and reduced SPAP (from 56 mmHg to 36 mmHg) (Fig. 3D-F).
Alternative therapy using pomalidomide and bortezomib for MM was
restarted and she is now well without cardiac symptoms.

Discussion

Although the frequency of PH is reported to be more prevalent in
patients with MM than in the general population due to coincidence
of left heart failure, venous thromboembolism, pulmonary vasculopa-
thy, high-output status caused by anemia, and hyper viscosity status
[6], treatment-associated PH in MM is relatively rare [6]. PIs induce
cellular apoptosis via endoplasmic reticulum stress in MM cells in
which degrading of the misfolding proteins largely depends on the
ubiquinone-proteasome system [7]. Carfilzomib, a second-generation
PI, has improved the treatment of relapsed and refractoryMM, enhanc-
ing therapeutic strategies beyond conventional treatments. At the same
time, adverse cardiac events have been frequently reported at incidence
rates of 9.5 % to 22 % [2,3], which is thought to be due to a cardiotoxicity
caused by decrease in proteasome activity in the myocardium [2].
Of these, development of PH is reported to be rare. One report based
on a US Medicare-linked database showed that PH was recorded in
only 1 % of the MM patients treated with carfilzomib [4]. Nevertheless,
precise clinical features of carfilzomib-associated PH remain unclear be-
cause of the limited number of case reports. As far as we know, there
have been three reports showing clinical features ofMMpatients suffer-
ing from carfilzomib-associated PH [8–10], and ours is the fourth report.
A common feature among these cases was the appearance of symptoms
after 3 to 4 cycles of carfilzomib, or after 2 to 4months of treatment and
the diagnoses were based on changes in echocardiographic findings
from those before medication. While early stage of the PH was inferred
to be reversible because of remission after discontinuation of carfilzomib
[8–10], severe PHneeded specific treatment for PH as in thepresent case
[10].

There were two important matters in the clinical course of the pres-
ent case. First, the initial manifestation of the patient such as exertional
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dyspnea, lower limb edema, cardiomegaly on chest X-ray, and elevated
plasma BNP levels after initiation of carfilzomib made the physician
suspect the occurrence of CTRCD, whereas the true cause was PH. We
need to keep the development of PH in mind when managing patients
treatedwith carfilzomib. Second, the normal echocardiographicfindings
before the initiation of carfilzomib along with typical PH findings with-
out left ventricular systolic and diastolic dysfunction after occurrence
of symptoms played an important role in the diagnosis of carfilzomib-
associated PH. The present case thus underlines the importance of serial
echocardiographic examinations in patients undergoing carfilzomib
therapy. In conclusion, we present a rare MM case of PH associated
with carfilzomib, in whom reduction of pulmonary pressure was
achieved by discontinuation of carfilzomib along with pulmonary vaso-
dilator therapy.
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