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Cardiovascular Toxic Effects of Targeted Cancer Therapies 

Moslehi JJ, NEJM 2016



Bcl2 inhibitors
Venetoclax

Selective Inhibitor of Nuclear
Export (SINE) compounds
Selinexor

Anti-MM agents: 2023 

§ 190 different doublets
§ 1140 different triplets

PIs
Bortezomib

Carfilzomib

Ixazomib

Naked MoAbs
Anti-CD38 (daratumumab, isatuximab)

Anti-SLAMF7 (elotuzumumab)

Antibody-drug conjugates
Belantamab mafodotin  

IMIDs
Thalidomide

Lenalidomide

Pomalidomide

New forms of immunotherapy
CAR T-cells

Bispecific antibodies

Van De Donk, Hematology Am Soc Hematol Educ Program 2020

Alkylators/anthracyclins
Melphalan

Cyclophosphamide

Doxorubicin

Steroids
Dexamethasone

Prednisone

HDACs
Panobinostat 



Examples of Antimyeloma Therapy and Cardiac AEs
Drug Class/Name Reported Cardiac AEs

Chemotherapy1

Anthracyclines
(e.g. doxorubicin, PLD)

Systolic left ventricular dysfunction, heart failure

Alkylating agents 
(e.g. cyclophosphamide)

Systolic left ventricular dysfunction, heart failure, pericardial effusion, myopericarditis

IMiDs

Thalidomide Thromboembolism, bradycardia
Thalidomide + dexamethasone vs placebo + dexamethasone in NDMM8

•Grade 3/4 atrial fibrillation: 5% vs 3%
•Grade 3/4 myocardial ischemia: 3% vs 1%

Lenalidomide Thromboembolism, bradycardia
Rd vs placebo + dexamethasone in relapsed MM7

•Grade 3/4 cardiac failure congestive*: 1.4% vs 0.3%
•Grade 3/4 atrial fibrillation*: 3.7% vs 1.1%

Pomalidomide Thromboembolism
POM + LoDex vs POM alone in RRMM6

•Cardiac failure congestive* SAE: 3% vs 0%
•Atrial fibrillation* SAE: 3% vs 2%

Proteasome Inhibitors

Bortezomib Hypotension
Grade ≥3 heart failure*:
•Ranged from <1.0% - 4.7% with BTZ-based regimens across 
NDMM & RRMM2

•Ranged from <1.0% - 3.9% with non-BTZ-based regimens across 
NDMM & RRMM2

Carfilzomib Hypertension, cardiac failure, dyspnea
Grade ≥3 cardiac failure†:
•ASPIRE: 3.8% (KRd) vs 1.8% (Rd) in RRMM3

•ENDEAVOR: 4.8% (Kd) vs 1.8% (Vd) in RRMM4

Ixazomib Heart failure† (Grades 3/4):
•TOURMALINE-MM1: 2.5% (IRd) vs 1.7% (Rd) in RRMM5



Cardiovascular toxicity
Cardiac side effects:
Ø Congestive heart failure (CHF)
Ø Acute coronary syndrome (ACS)
Ø Arrhythmias
Ø Cardiomyopathy

Vascular side effects:
Ø Hypertension
Ø Venous thromboembolic 

events
Ø Arterial thromboembolic 

events 

Proteasome Inhibitors IMIDs



Cardiovascular toxicity with PIs

Zheng Y et al, Curr Probl Cardiol 2023;48:101536                                                                                                               Georgiopoulos G, et al. J Am Coll Cardiol CardioOnc. 2023;5(1):1–21



Cardiotoxicity associated with bortezomib vs. control

Yi Xiao YI, et al. PLoS One 2014



Bringhen, Milan, Ferri EMN&SIIA et al. Haematologica 2018
Moreau P et al, Lancet, 2021

Dimopoulos M, et al, Lancet, 2020
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Cardiovascular toxicity with Carfilzomib



Carfilzomib: cardiovascular AEs
subgroup analysis

1.Dimopoulos M, et al; Lancet 2015. 2.Stewart K, et al; NEJM 2015. 3.Gay F, et al. ASCO 2017. 4.Mina R, at al. IMW 2017 

All patients
All grades

heart failure
n/N (%)

< 65 years
All grades

heart failure
n/N (%)

65-74 years
All grades

heart failure
n/N (%)

≥ 75 years
All grades

heart failure
n/N (%)

ASPIRE1

KRd 27/392 (6.9) 7/207 (3.4) 7/142 (4.9) 11/43 (25.6)
Rd 16/389 (4.1) 6/184 (3.3) 7/155 (4.5) 3/50 (6)

ENDEAVOR2

Kd 38/463 (8.2) 10/223 (4.5) 12/163 (7.4) 16/77 (20.8)
Vd 13/456 (2.9) 5/208 (2.4) 5/183 (2.7) 3/65 (4.6)

FORTE3

KCyd (3) (3) - -
KRd (5) (5) - -

POOLED 
ANALYSIS4

KCyd 17/154 (11) - 9/117 (7.7) 8/37 (21.6)



Carfilzomib-Associated Cardiovascular Adverse Events
A Systematic Review and Meta-analysis

Waxman AJ, et al. Jama Oncology 2018

24 studies including 2594 patients

8.2%

Rate of grade ≥3 CVAE

Relative risk of CVAE in randomized clinical 
trials



Carfilzomib-Associated Cardiovascular Adverse Events
A Systematic Review and Meta-analysis

Waxman AJ, et al. Jama Oncology 2018



Waxman AJ, et al. Jama Oncology 2018

Subgroup Analysis of High-Grade Cardiovascular 
Adverse Events by Study Characteristics



Benefit-risk analysis in the ASPIRE and ENDEAVOR trials
ASPIRE

ENDEAVOR

Chari A et, Blood Advance 2018 Jul 10

The results suggest that the benefit of carfilzomib treatment in reducing 
disease progression, and even death, outweighs CV risks for most patients.



Bringhen, Milan, Ferri EMN&SIIA et al. Haematologica 2018

Carfilzomib-based regimens in real life



Carfilzomib-based regimen in real life (KRd)

Rocchi S, et al, Hematol Oncol. 2021

Cardiac risk factors recorded in 99 pts (50%):
- Hypertension (40%)

- Elevated NT-proBNP (>322 pg/ml) (8%)

- Left ventricular disfuncion (EF<55%) (6%)

- Coronary artery disease (4%)

- AL amyloidosis without cardiac involvement (1%)

Male: 58%
Age <75 y: 97%



Zamorano et al Eur Heart J 2016

Risk factors for cardiovascular disease



Risk factors for cardiovascular disease
Blood pressure evaluation

Hypertension is defined as a SBP ≥140 mmHg and/or a DBP ≥90 mmHg on at least
two BP measurements and should be confirmed with ABPM or HBPM:

• Ambulatory Blood Pressure Monitoring (ABPM):

• portable blood pressure measuring device

• for a 24 hours period

• information on blood pressure

• during daily activities

• sleep

• Home Blood Pressure Monitoring (HBPM):

• blood pressure self-measurements

• daily for at least 3–4 d or preferably for 7 consecutive days



ABPM HBPM

Primary care - +

Specialist care + -

Cost ++ -

24 hours ++ -

Daily activity ++ -

Sleep ++ -

Long period (at least 7 days) - ++

For initial assessmentà HBPMmay be more suitable.
For borderline or abnormal findings on HBPM à should be
confirmed with ABPM

Risk factors for cardiovascular disease
Blood pressure evaluation



Risk stratification

Williams et al. ESC/ESH 2018

BP = blood pressure; CKD = chronic kidney disease; CV = cardiovascular; DBP = diastolic blood pressure; 
HMOD = hypertension-mediated organ damage; SBP = systolic blood pressure; SCORE = Systematic COronary Risk Evaluation.



Risk stratification in Multiple Myeloma
2022 Update

- Low risk: no risk factors OR one medium1 risk factor;
- Medium risk: medium risk factors with a total of 2–4 points; 
- High risk: medium risk factors with a total of ≥5 points OR any high-risk factor; 
- Very high risk: any very high-risk factor. 
Medium1 = 1 point. Medium2 = 2 points. Alexander R. Lyon et al, European Heart Journal - Cardiovascular Imaging (2022) 00, 1–133



AF, atrial fibrillation; ATE, arterial thromboembolism; DM, diabetes mellitus; EMA, European Medicines Agency; FDA, Food and Drug Administration; HF, heart failure; HG, hyperglycaemia; HTN,
hypertension; MedDRA, medical dictionary for regulatory activities; MI, myocardial infarction; PH, pulmonary hypertension; VTE, venous thromboembolism. Adverse reactions reported in multiple
clinical trials or during post-marketing use are listed by system organ class (in MedDRA) and frequency. If the frequency is unknown or cannot be estimated from the available data, a blank space has
been left. A Ixazomib produces peripheral oedema in up to 18% of patients and hyperglycaemia in combination with lenalidomide or pomalidomide and dexamethasone. Figure developed from EMA
prescribing information, FDA prescribing information.

Alexander R. Lyon et al, European Heart Journal - Cardiovascular Imaging (2022) 00, 1–133



Management according to the risk

• No-risk patients à start treatment with CFZ immediately. 

• Low moderate risk patients à
• Treatment of hypertension 
• Correction of modifiable risk factors

• High-risk patients à case by case evaluation considering 
the risk/benefit ratio should be performed

• Very high-risk patients à
• no data on CFZ treatment 
• most risk factors are not modifiable
• other MM treatments should be preferred.  



Alexander R. Lyon et al, European Heart Journal - Cardiovascular Imaging (2022) 00, 1–133



Zamorano ESC Position paper 2016

Detection of cardiotoxicity



EHA - EMN – SIIA Consensus

Bringhen s, Milan A et al J of Internal Medicine 2019



• CFZ temporary held 
• hypertensive therapy until 

blood pressure target 
(<140/90mmHg)
• ACE-I and ARBs
• Calcium channel blockers
• ß-blockers 
• Diuretics

EHA - EMN – SIIA Consensus

Bringhen s, Milan A et al J of Internal Medicine 2019



• CFZ temporary held 
• Echo
• Chest X-Ray
• Most patients with dyspnea do not 

typically show an EF impairment or 
other evidences of myocardial 
dysfunction. 

• CFZ could be restarted as soon as 
symptoms improve.

EHA - EMN – SIIA Consensus

Bringhen s, Milan A et al J of Internal Medicine 2019



• CFZ temporary held 
• Echo
• Serum biomarkers
• Refer to cardiologist

EHA - EMN – SIIA Consensus

Bringhen s, Milan A et al J of Internal Medicine 2019



What to do after cardiovascular AEs
IN CASE OF CARDIOVASCULAR AEs DURING CARFILZOMIB TREATMENT:

• Cardiac disfunction during treatment à after cardiac function has recovered to grade 1 or

baseline, no specific recommendations regarding further continuation or discontinuation

of CFZ therapy.

• This decision should be taken by the hematologist in close collaboration with the

cardiologist, evaluating both the clinical circumstances and the risks and benefits.

• Grade 3/4 cardiovascular AEs RELATED to CFZ à dose reductions or definitive

discontinuation may be needed.

• Grade 3/4 cardiovascular AEs are NOT related to CFZ à CFZ treatment could be

restarted at the dose used before the event or at a reduced dose.

Courtesy of Dr. Sara Bringhen



Cardiac side effects:

Ø Congestive heart failure (CHF)

Ø Acute coronary syndrome (ACS)

Ø Arrhythmias

Ø Cardiomyopathy

Vascular side effects:

Ø Hypertension

Ø Venous thromboembolic events

Ø Arterial thromboembolic events 

Proteasome Inhibitors IMIDs

Cardiovascular toxicity



Patel VG and Cornell RD, Curr Oncol Rep (2019) 21: 29

Cardiovascular toxicity with IMiDs



Regimen Grade 3-4 VTE 
(%)

Rd vs placebo RRMM1,2 15 vs 4
11 vs 5

MPT vs MP at diagnosis3
17 vs 2

3 

Rd vs MPT at diagnosis4 6-8 vs 5

Poma-dex vs dex in RRMM5 1 vs 0

1. Weber DM, et al. N Engl J Med. 2007 22;357(21):2133-42. 2. Dimopoulos M, et al. N Engl J Med. 2007 22;357(21):2123-32. 
3. Palumbo A, et al. Lancet 2006;367(9513):825–831 4. Benboubker L, et al. N Engl J Med. 2014 4;371(10):906-17. 5, Miguel JS, et al. Lancet Oncol. 

Prophylaxis NOT 
mandatory

Prophylaxis
mandatory

Thromboembolic risk



Thromboprophylaxis with IMIDs
IMWG recommendation

Palumbo A, et al. Leukemia. 2008 Feb;22(2):414-23



What to do in case of VTE
IMWG recommendation

Palumbo A, et al. Leukemia. 2008 Feb;22(2):414-23

Diagnosis:
• DVT: compression ultrasonography
• PE: computed tomography pulmonary angiography

Therapy:
• LMWH at therapeutic dose 
• Oral anticoagulant
Briefly discontinue IMIDs

Resume the treatment when full anticoagulation has been
established



Conclusion
• PIs (mainly Carfilzomib) are associated with increased risks of CVAEs 

(Mainly hypertension, dyspnea, followed by cardiac failure and ischemic 
heart disease)

• The benefit of Carfilzomib treatment in both PFS and OS outweighs CV 
risks

• Risk stratification and correction of modifiable risk factors is mandatory for a 
proper management

• In presence of CV risk factors à consider to reduce Carfilzomib dose

• In high-risk patients or age ≥ 75 yrs à carefully consider the risk/benefit 
ratio. In very high-risk patients consider other MM treatments 

• IMIDs (mostly in combination with steroids or chemotherapy) have an 
increased risk of VTE à Routine thromboprophylaxis according to the type 
of therapy and the individual risk of patients is mandatory.
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