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Case Report: Iatrogenic dyspnea
and respiratory failure in a
multiple myeloma patient
treated with carfilzomib
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Carfilzomib, a second-generation proteasome inhibitor, is approved for the

treatment of relapsed or refractory multiple myeloma, with cardiovascular

toxicity being the most common concern. Nevertheless, pulmonary

complications have been reported and may complicate differential diagnosis.

We describe the case of a 79-year-old man with multiple myeloma who

developed two episodes of acute respiratory failure temporally related to

carfilzomib administration. After six cycles of therapy, the patient presented

with dyspnea, hypoxemia, and bronchospasm requiring hospitalization. Extensive

investigations excluded infection, pulmonary embolism, and cardiac dysfunction,

and symptoms resolved with supportive therapy. Carfilzomib was resumed at

reduced dose, but a second episode of respiratory failure occurred shortly after

re-exposure, leading to definitive discontinuation. Pulmonary function testing

demonstrated recovery to baseline values after drug withdrawal. This case

underlines the need for awareness of non-cardiogenic respiratory adverse

events in patients treated with carfilzomib, especially those with pre-existing

pulmonary conditions. Careful monitoring and appropriate diagnostic work-up

are essential, and drug re-challenge should be avoided in case of severe

respiratory events. Recognition of these complications may improve patient

safety and guide therapeutic decisions in multiple myeloma.
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Introduction

Carfilzomib is a second-generation proteasome inhibitor (PI)

which is approved for the treatment of relapsed refractory multiple

myeloma (MM). Whatever cardiovascular effects (blood pressure

disorders and heart failure) were more feared and a careful

cardiovascular work-up is suggested before carfilzomib

administration, dyspnea and pulmonary complications were

described. We report a case of respiratory failure related to

carfilzomib, with a second episode relapsing despite of reduction

of dose.
Case description

A 79-year-old man was treated in third line with carfilzomib

and dexamethasone (Kd) for IgG-L multiple myeloma. His medical

history included hypertension treated with ramipril, right bundle

branch block and left anterior fascicular block, and

hypertriglyceridemia in treatment with gemfibrozil. He had

previously received lenalidomide and dexamethasone plus

radiotherapy for a plasmacytoma located in the T11 thoracic

vertebra as first-line therapy, and daratumumab-bortezomib-

dexamethasone as second-l ine treatment. Due to his

cardiovascular risk factors, a thorough pre-treatment work-up

was performed before carfilzomib administration: ejection

fraction of left ventricular was normal (63%) without any issue on

valves and lipids levels and blood pressure were under control with

drug therapy as well.

Carfilzomib was administered as a 30-minute intravenous

infusion at a dose of 20 mg/m² on days 1 and 2 of cycle 1,

followed by 56 mg/m² on subsequent cycles, given on days 1, 2, 8,

9, 15, and 16 of a 28-day cycle. Dexamethasone (20 mg, oral) was

administered on days 1, 2, 8, 9, 15, 16, 22, and 23. He received

aspirin for thromboembolic prophylaxis.

Paraprotein fell down from 18 to 3 g/L after six cycles, reaching

partial response as best response. Nevertheless, he complained of

mild shortness of breath on exertion that did not limit his daily

activities. A diagnostic evaluation was carried out prior to cycle

seven due to the onset of dyspnea: his blood pressure diary showed

in range blood pressure records; echocardiography excluded heart

failure or any concern compared to the other one performed before

treatment; daily oxygen saturation was consistently around 95-98%;

thoracic consecutive X-rays were unremarkable. However,

pulmonary function testing demonstrated severe airflow

obstruction: Forced Vital Capacity (FVC) 1.06 (40%), Forced

Expiratory Volume in 1 second (FEV1) 0.67 (37%), Total Lung

Capacity (TLC) 3.14 (60%), Residual Volume (RV) 2.06 (82%),

Residual Volume/Total Lung Capacity (RV/TLC) 147%, Diffusing

Capacity for Carbon Monoxide (DLCO) 48%. Compared to a

previous evaluation two years earlier [FVC 1.62 (64%), FEV1 1.18

(61%), TLC 4.00 (75%), RV 2.46 (89%), RV/TLC 120%, DLCO

85%], a progressive decline was observed. No identifiable cause was

found, raising the suspicion of previously unrecognized restrictive
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lung disease with associated air trapping. These abnormalities were

considered likely due to thoracic kyphosis, caused by vertebral

collapse occurred at diagnosis, and age-related muscle

hypotonia, and no specific drug was recommended by the

consultant pulmonologist.

On day 8 of cycle seven, the patient presented at day clinic with

significant dyspnea, tachypnoea (28 breaths per minute) and

oxygen saturation of 88%. His temperature was 37.7 °C without

either cough or chest pain. On physical examination, diffuse

wheezing and coarse breath sounds were noted. Arterial blood gas

analysis revealed type 1 respiratory failure (pH 7.36, pCO2 41, pO2

43); thus, he was hospitalized for further investigations. Blood tests

showed slightly raised C-reactive protein (CRP) 34.2 mg/L and

normal levels of serum N-terminal prohormone brain natriuretic

peptide (NT-proBNP), troponin and fibrinogen without any further

concerns. CT pulmonary angiography (CTPA) ruled out both

thromboembol i sm and pneumonia . A trans thorac i c

echocardiogram was also performed, showing no cardiac

abnormalities suggestive of heart failure and no significant

changes compared to the previous assessment. He received

oxygen therapy (Venturi mask 35%), low-dose steroids,

ipratropium bromide/salbutamol as nebulization and empiric

antibiotic therapy with levofloxacin. The patient gradually

improved and oxygen was discontinued in the following days,

with a complete resolution of the symptoms. This event

ultimately appeared to have been triggered by an infection,

without a clear correlation to carfilzomib.

Given the good response to this third-line therapy, and the

resolution of the event, carfilzomib was re-started with reduced dose

of 45 mg/m² (80% of the initial dose) after the discharge.

The first dose was administered a few days after discharge,

apparently without complications. On day 2, the patient presented

at the day clinic with tachypnoea (38 breaths per minute),

tachycardia (115 beats per minute), hypotension (95/40 mmHg)

and fever (37.7 °C). On the physical examination, diffuse wheezes

were noted. Arterial blood gas analysis again showed type 1

respiratory failure (pH 7.40, pCO2 42, pO2 48), and he was

hospitalized. Blood tests were superimposable to the previous

ones (CRP 33.6, normal levels of NT-proBNP, troponin and

fibrinogen). Swabs for influenza virus, Respiratory Syncytial

Virus, rhinovirus, and SARS-CoV-2 were also negative. Thoracic

CT excluded again thromboembolism and pneumonia. Oxygen

therapy (Venturi mask 35%), ipratropium bromide/salbutamol

and low-dose steroids were administered. In the following days,

he gradually improved and he was discharged without

oxygen therapy.

In both episodes, the temporal association between symptom

onset and improvement after discontinuation of carfilzomib, along

with the exclusion of other potential causes, suggested that the

patient’s symptoms were likely secondary to carfilzomib.

The patient remained off-therapy for three months without any

respiratory symptoms. Unfortunately, his paraprotein increased

from 3 g/L to 10 g/L suggesting multiple myeloma relapse, thus

treatment with elotuzumab, pomalidomide, and dexamethasone
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was started. He achieved a very good partial response and remained

on treatment for one year without other respiratory concerns.

Twelve months after the acute episodes of respiratory failure

and bronchospasm, pulmonary function tests demonstrated

significant improvement compared to those performed during

carfilzomib therapy, with restoration of lung volumes to baseline

levels: FVC 1.65 (67%), FEV1 1.01 (56%), TLC 5.27 (100%), and

DLCO 69%. A summary of pulmonary function parameters over

time is provided in Table 1.
Discussion

Carfilzomib is an irreversible proteasome inhibitor that targets

the chymotrypsin-like catalytic subunit (b5) of the 20S proteasome

(1). It is approved for the treatment of relapsed or refractory

multiple myeloma in patients who have received at least one prior

line of therapy, alone with dexamethasone (2) or in combination

with other drugs (3–5).

Although the primary concern with carfilzomib is its

cardiovascular toxicity (6), it is equally important to recognize the

potential for pulmonary adverse events.

Indeed, dyspnea has been reported as an adverse event in clinical

trials that led to the approval of carfilzomib, even in combination

with dexamethasone alone (any grade: 21-32%; ≥3 grade: 1-6%) (2)

or in combination with immunomodulatory drugs (any grade: 11-

19%; ≥3 grade: 1-3%) (3, 7, 8) or anti-CD38 monoclonal antibodies

(any grade: 19%-28%; ≥3 grade: 3-5%) (4, 5).

In an analysis of four phase II clinical studies including single

agent carfilzomib (9), the most commonly reported pulmonary

adverse events were dyspnea (42%), mainly low grade, and cough

(26%), which resulted in dose reduction in 2% and treatment

discontinuation in an additional 2% of patients. Dyspnea resolved

in 67.9% of patients. Additionally, respiratory tract infections and

pneumonia were reported in 19% and 13%, respectively. Other less

common pulmonary adverse events included pleural effusion (4%),

pulmonary hypertension (2%), pulmonary embolism (1%),
Frontiers in Oncology 03
hemoptysis (1%), and pneumonitis (<1%). No interstitial lung

disease or pulmonary fibrosis was reported.

There have been sporadic cases of more serious pulmonary

adverse events. Fatal pulmonary toxicity manifested as acute

respiratory distress syndrome (ARDS) and diffuse alveolar

hemorrhage within one week of receiving the first dose of

carfilzomib, and carfilzomib-related severe pneumonitis have been

reported in literature (10–12).

A study based on the Surveillance, Epidemiology and End

Results (SEER)–Medicare linked database (13), described the

cardiopulmonary effects of carfilzomib in a population of 635

patients. Specifically, ~28% of patients included in the study

developed dyspnea and 15% developed cough. Pneumonia and

respiratory tract infections were each listed in 15% and 14% of

patients, respectively. New venous thromboembolic events were

documented in 6% of patients and 1% of the patients were noted to

develop pulmonary hypertension.

To explore whether dyspnea has previously been associated

with carfilzomib in the setting of real-world use, the FDA Adverse

Event Reporting System (FAERS) (14) was consulted. As of

March 2025, 909 reports of dyspnea out of 2,890 cases of

Respiratory, Thoracic and Mediastinal disorders have been

recorded in association with carfi lzomib, representing

approximately 4.2% of 21,778 total adverse event reports for

this drug. Notably, all these cases were classified as non-

cardiogenic in nature. Although spontaneous reporting systems

such as FAERS are subject to limitations, particularly under-

reporting, lack of verification, the absence of data on

monotherapy or combination use and on comorbidities, and

the absence of exposure data, these findings provide supportive

evidence for a possible association between carfilzomib and

dyspnea, as observed in the present case.

The presence of dyspnea, which is a relevant symptom both in

pulmonary and in cardiac conditions such as heart failure, can

complicate the clinical picture. Moreover, patients with preexisting

pulmonary conditions may be at increased risk of developing

respiratory complications while on carfilzomib. In particular, a
TABLE 1 Pulmonary function test parameters two years before, during, and one year after carfilzomib treatment.

Pulmonary function
test parameters

Normal value Before treatment During treatment After treatment

FVC ≥ 80%* 1.62 (64%) 1.06 (40%) 1.65 (67%),

FEV1 ≥ 80%* 1.18 (61%) 0.67 (37%) 1.01 (56%)

FEV1/FVC Ratio ≥ 70% 68 (93%) 69 (94%) 61 (84%)

TLC 80–120%* 4.00 (75%) 3.14 (60%) 5.27 (100%)

RV 80–120% * 2.46 (89%) 2.06 (82%) 3.88 (152%)

RV/TLC 20–35% 54 (120%) 65 (147%) 74 (163%)

DLCO ≥ 80%* 16 (85%) 8 (48%) 12 (69%)
The table reports individual values of key pulmonary function test (PFT) parameters—including FVC, FEV1, FEV1/FVC ratio, TLC, RV, RV/TLC, and DLCO—measured at three timepoints:
baseline (prior to treatment), during treatment, and after completion or discontinuation of carfilzomib. Values are presented as absolute numbers and percentages predicted.
FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in 1 second; TLC, Total Lung Capacity; RV, Residual Volume; DLCO, Diffusing Capacity for Carbon Monoxide.
*Of predicted value.
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history of chronic obstructive pulmonary disease (COPD) was

independently associated with a 40% increased hazard (HR 1.4)

of developing such complications (13). This makes the differential

diagnosis more challenging (drug-related toxicity, cardiovascular

events, recurrence of COPD, and pulmonary infection).

In our patients, spirometry was not performed prior to the start

of treatment, so the presence of pre-existing restrictive lung disease

cannot be determined. The clinical presentation may partly

resemble asthma flare-ups with a respiratory type 1 respiratory

failure, but the patient required treatment with beta-2 agonists and

muscarinic antagonists only during hospitalization and had no

respiratory symptoms before starting or after discontinuing

the therapy.

The exact mechanisms underlying carfilzomib-induced

pulmonary toxicity remain unclear. Current hypotheses suggest

that carfilzomib may induce an inflammatory state through the

elevation of pro-inflammatory pathways involving TNF-a and NF-

kB, along with the downregulation of anti-inflammatory mediators

like IL-10 and reduction in glutathione levels, which serves as a

natural intracellular antioxidant (15). Effects on the cardiovascular

system is likely related to interference with nitric oxide synthase

(NOS) activity and nitric oxide (NO) levels. Loss of NO

bioavailability leads to impaired vasodilation and endothelial

dysfunction leading to hypertension, coronary artery disease,

chronic heart failure, peripheral artery disease, and chronic renal

failure, while NO upregulation is associated to improvement of

carfilzomib related toxicity (16). Similarly, carfilzomib is associated

to thrombotic microangiopathy likely due to excessive complement

activation, reduction of vascular endothelial growth factor (VEGF)

levels via NF-kB inhibition and endothelial injury (17). The

hypothesis that carfilzomib may damage also lung vessels make

reasonable as pulmonary hypertension is also reported (18). In

summary, the reduction of NO combined with the activation of

inflammatory pathways can cause damage not only to the heart and

kidneys, but also to the lungs. Several studies have correlated the

dysregulation of the endothelial nitric oxide pathway with airway

inflammation (19, 20), leading to increased bronchial inflammatory

states and episodes of bronchospasm, as described in the lungs of

mice exposed to carfilzomib (15).

Although it has been hypothesized that carfilzomib may be toxic

through a cumulative dose-dependent mechanism (21), studies are

conflicting (22). In our patient, dyspnea was well-tolerated during

the first cycles, but carfilzomib dose reduction did not prove to be

effective, and therefore, re-administration should be carefully

evaluated and ultimately avoided, especially in the presence of

life-threatening events and other treatment options.

Given the potential overlap of symptoms, monitoring, thorough

clinical evaluation, and appropriate diagnostic testing, such as

echocardiography, pulmonary function tests, and imaging, are

essential to ensure accurate diagnosis and prompt intervention,

mainly in patients with underline pulmonary disease. In clinical

practice, NT-proBNP levels, rather than troponin levels, can be

useful in distinguishing the cause of dyspnea, as elevated NT-

proBNP has been observed in all cases of dyspnea related to

cardiotoxicity (22).
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Conclusion

In conclusion, while cardiovascular toxicity remains the most

prominent concern with carfilzomib, it is imperative to remain

vigilant about its pulmonary side effects, as showed in this case

report. Although the gaining of new drugs in multiple myeloma

armamentarium such as bispecific antibodies and CAR-T,

carfilzomib remains a backbone of the treatment, and his role is

still under investigation in prior line and high-risk patients (23–25).

Understanding the full spectrum of carfilzomib’s toxicities and

recognizing the shared symptoms between cardiac and

pulmonary complications can help guide more precise clinical

decision-making and improve patient outcomes.
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