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abstract

PURPOSE Cardiovascular adverse events (CVAEs) can occur during proteasome inhibitor (PI) therapy. We
conducted a prospective, observational, multi-institutional study to define risk factors and outcomes in patients
with multiple myeloma (MM) receiving PIs.

PATIENTS AND METHODS Patients with relapsed MM initiating carfilzomib- or bortezomib-based therapy un-
derwent baseline assessments and repeated assessments at regular intervals over 6 months, including cardiac
biomarkers (troponin I or T, brain natriuretic peptide [BNP], and N-terminal proBNP), ECG, and echocardi-
ography. Monitoring occurred over 18 months for development of CVAEs.

RESULTS Of 95 patients enrolled, 65 received carfilzomib and 30 received bortezomib, with median 25 months
of follow-up. Sixty-four CVAEs occurred, with 55% grade 3 or greater in severity. CVAEs occurred in 51% of
patients treated with carfilzomib and 17% of those treated with bortezomib (P = .002). Median time to first CVAE
from treatment start was 31 days, and 86% occurred within the first 3 months. Patients receiving carfilzomib-
based therapy with a baseline elevated BNP level higher than 100 pg/mL or N-terminal proBNP level higher than
125 pg/mL had increased risk for CVAE (odds ratio, 10.8; P , .001). Elevated natriuretic peptides occurring
mid–first cycle of treatment with carfilzomib were associated with a substantially higher risk of CVAEs (odds ratio,
36.0; P, .001). Patients who experienced a CVAE had inferior progression-free survival (log-rank P = .01) and
overall survival (log-rank P , .001). PI therapy was safely resumed in 89% of patients, although 41% required
chemotherapy modifications.

CONCLUSION CVAEs are common during PI therapy for relapsed MM, especially with carfilzomib, particularly
within the first 3 months of therapy. CVAEs were associated with worse overall outcomes, but usually, dis-
continuation of therapy was not required. Natriuretic peptides were highly predictive of CVAEs; however,
validation of this finding is necessary before uniform incorporation into the routine management of patients
receiving carfilzomib.

J Clin Oncol 37:1946-1955. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Patients with multiple myeloma (MM) are at high risk
for cardiovascular (CV) disease, with studies reporting
that more than 50% of patients have established
CV disease.1-6 Development of proteasome inhibitors
(PIs), including carfilzomib and bortezomib, has
dramatically changed the therapeutic landscape in
MM, improving progression-free survival (PFS) and
overall survival (OS).7,8 As a result of improved lon-
gevity, CV complications have become more apparent
in patients treated for MM.

Bortezomib is a boronic acid derivative and reversible
nonselective inhibitor of proteasomes that blocks
chymotrypsin-like activity at the 26S proteasome. This
inhibition alters intracellular protein homeostasis,
leading to accumulation of intracellular proteins,

which results in cell-cycle arrest and ultimately apo-
ptosis of cancer cells.9 Carfilzomib is an epoxyketone
and, unlike bortezomib, is an irreversible potently
selective inhibitor of proteasomes that blocks
chymotrypsin-like activity of the 20S proteasome,
which similarly leads to apoptosis of cancer cells.10

Both bortezomib and carfilzomib have been associ-
ated with CV adverse events (CVAEs); however, early
data on carfilzomib showed a higher incidence of CV
toxicity when compared with bortezomib.4,5,7 CVAEs,
including hypertension (HTN), arrhythmia, heart fail-
ure (HF), ischemic heart disease, cardiomyopathy,
thromboembolic events, pulmonary hypertension, and
rarely sudden cardiac death, have been reported.2,3

Although there is an increased incidence of CVAEs
with PIs, a detailed description of these events and
associated risk factors is lacking. Furthermore, there is
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no validated protocol to help determine which patients
are at highest risk of CV toxicity during therapy, nor is
there management guidance for patients who experience
a CVAE. We conducted a prospective, observational, multi-
institutional study to define the CV risk factors, describe in
detail the CVAEs, and evaluate outcomes in patients re-
ceiving carfilzomib or bortezomib for relapsed MM.

PATIENTS AND METHODS

Patients and Study Design

The PROTECT (Prospective Observation of Cardiac Safety
With Proteasome Inhibitor) study was conducted at Van-
derbilt University Medical Center (VUMC) and University of
Pennsylvania Abramson Cancer Center (Penn) between
September 2015 and March 2018. The primary objective
was to prospectively quantitate the incidence of and de-
termine risk factors for CV events in patients receiving
bortezomib or carfilzomib for relapsed MM over a period of
18 months. Evaluation of PFS and OS were secondary
objectives. This study was approved by the VUMC and
Penn institutional review boards.

Patients with relapsed MM, defined according to the In-
ternational Myeloma Working Group, initiating treatment
with physician choice of carfilzomib- or bortezomib-based
therapy were enrolled.11 Chemotherapy agents, dosages,
and modifications were determined by the managing he-
matologist. Patients had received at least one prior line of
chemotherapy. Exclusion criteria included symptomatic
cardiac arrhythmia or New York Heart Association class 3
or 4 HF within 3 months before enrollment. Patients with
light chain amyloidosis, assessed by clinical history, ECG,
transthoracic echocardiography (TTE), albuminuria, tro-
ponin elevation, or end-organ biopsy or cardiac magnetic
resonance imaging in select cases, were excluded.

Enrolled patients underwent baseline CV assessments,
including traditional CV risk factors (family history, HTN,
hyperlipidemia, diabetes, and tobacco use), cardiac bio-
markers (troponin I or T, brain natriuretic peptide [BNP], or
N-terminal proBNP [NTproBNP]), ECG, TTE, and cardi-
ologist evaluation. VUMC performed troponin I and BNP,
and Penn performed troponin T and NTproBNP, per
institutional standards. TTE determination of significant
change was defined as a quantitative left ventricular
ejection fraction (LVEF) decline of 10% or greater from
baseline to a value of less than 50%.12,13 CV assessments
were performed at baseline and the start of each che-
motherapy cycle (ie, every 3 or 4 weeks) for the first six
cycles of PI-based therapy. Cardiac biomarkers were tested
twice per cycle (day 1 and either day 8 or 15), ECG on day 1
of each cycle, cardiologist assessment on day 1 of each
cycle, and TTE on day 1 of cycles two, four, and six.
Thereafter, patients were clinically observed for develop-
ment of CVAEs for an additional 12 months. CV assess-
ments were performed at the time of any suspected CVAE.

Definitions

All CVAEs were graded according to Common Terminology
Criteria for Adverse Events (version 4.03). CVAEs were
adjudicated in real time by a cardiologist. Disease response
and progression were defined according to the In-
ternational Myeloma Working Group criteria.11 Definitions
for CVAEs and high-risk MM are provided in the Appendix
(online only).

Statistical Analysis

Patient demographics and other disease characteristics
were summarized using frequencies and relative fre-
quencies for categorical variables; medians and
interquartile ranges were computed for continuous vari-
ables. Groups were compared using x2 tests for categorical
variables and Wilcoxon rank sum tests for continuous
variables. Duration of treatment, PFS, and OS were eval-
uated using the Kaplan-Meier method, and groups were
compared with log-rank tests. Time to first CVAE was es-
timated by incidence function of CVAE in the presence of
competing risk (death without CVAE) using the method of
Fine and Gray (R package cmprsk; R software; https://
www.R-project.org).14 Multivariable subdistribution re-
gression for competing risk survival for first CVAE was
conducted with R packages mstate and rms. We analyzed
time to CVAE using subdistribution regression for com-
peting risk survival with clustered data (R package crrSC).
Covariates for multivariable analysis were selected a priori,
and those included in the regressionmodel were treatment,
natriuretic peptide elevation at baseline (yes or no), na-
triuretic peptide increase at 2 or 3 weeks after treatment
(yes or no), time from diagnosis to treatment, and traditional
cardiac risk factors (low [one or none] v high [. one
factor]). The significance level was a two-sided P value of
.05. Analyses were performed using R software.

RESULTS

Baseline Characteristics

Ninety-five patients were enrolled, with 65 patients re-
ceiving carfilzomib-based therapy and 30 receiving
bortezomib-based therapy. Median follow-up for survivors
(n = 61) was 25months (range, 3 to 41.8months). Baseline
characteristics are listed in Table 1. There was no differ-
ence between treatment groups in baseline natriuretic
peptide levels or New York Heart Association HF class 1 or
2. Most patients receiving carfilzomib (60%) had previously
received one or two prior lines of therapy, compared with
73% of the bortezomib group, who had received one prior
line (P = .003). Patients receiving carfilzomib were more
likely to have used tobacco (43% v 13%), to bemen (74% v
50%), and to have enrolled in the study later after diagnosis
(median, 37.4 v 18.6 months) compared with the borte-
zomib cohort. No other differences in baseline character-
istics were observed between cohorts.
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TABLE 1. Baseline Demographic and Clinical Characteristics by Treatment Group

Characteristic

No. (%)

P
Carfilzomib
(n = 65)

Bortezomib
(n = 30)

Sex, male 48 (74) 15 (50) .02

Age, years .5

Median 66 66.5

Range 42-85 40-86

Race .3

White 55 (84) 24 (80)

Black 10 (16) 5 (17)

Other 0 1 (3)

NYHA class .8

1 40 (62) 19 (63)

2 25 (38) 11 (37)

Elevated baseline BNP (. 100 pg/mL) or NTproBNP (. 125 pg/mL) 24 (37) 11 (37) .9

Time from diagnosis to enrollment, months .03

Median 37.4 18.6

Range 3.3-140.6 1.7-123.6

Traditional CV risk factors

Hypertension 25 (38) 13 (43) .6

Dyslipidemia 20 (31) 9 (30) .9

Diabetes 9 (14) 3 (10) .6

Tobacco use 28 (43) 4 (13) .004

Family history 35 (54) 15 (50) .7

ISS stage .7

I/II 44 (68) 22 (73)

III 21 (32) 8 (27)

Myeloma subtype .4

IgG 40 (62) 15 (50)

IgA 8 (12) 8 (27)

Light chain 14 (22) 6 (20)

Other 3 (5) 1 (3)

Lines of chemotherapy before enrollment .003

Median 2 1

Range 1-9 1-12

Prior AHCT* 36 (55) 11 (38) .1

High-risk disease† 19 (29) 8 (27) .8

Creatinine, mg/dL .2

Median 1.0 1.0

Range 0.6-10.8 0.5-4.8

Albumin, g/dL .3

Median 4.0 4.1

Range 3.1-4.8 2.8-4.6

Hemoglobin, g/dL .9

Median 11.6 11.4

Range 3.6-14.6 8.5-14.7

Abbreviations: AHCT, autologous hematopoietic cell transplantation; BNP, brain natriuretic peptide; CV, cardiovascular; Ig, immunoglobulin;
ISS, International Staging System; NTproBNP, N-terminal brain natriuretic peptide; NYHA, New York Heart Association.

*Of 94 patients.
†High-risk myeloma defined as fluorescence in situ hybridization consisting of t(14;16), t(14;20), and deletion 17p.
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Cancer Treatments

Chemotherapy regimens are listed in Appendix Table A1
(online only). The most common carfilzomib-based regi-
men was carfilzomib in combination with pomalidomide
and dexamethasone. Fifty-one (79%) of 65 patients re-
ceiving carfilzomib-based therapy received a maximum
dose of 27 mg/m2 of carfilzomib twice per week. Four
patients (6%) received up to 56 mg/m2 of carfilzomib once
per week, and 10 patients (15%) received up to 70 mg/m2

of carfilzomib once per week. As of September 1, 2018, 63
of the 65 patients had discontinued carfilzomib-based
treatment for the following reasons: disease progression
(n = 28; 44%), autologous hematopoietic cell trans-
plantation (n = 12; 19%), change to maintenance che-
motherapy (n = 11; 18%), other causes (n = 7; 11%), and
CVAEs (n = 5; 8%). Median duration of treatment was
99 days (95% CI, 81 to 147 days).

The most common bortezomib regimen was bortezomib in
combination with cyclophosphamide and dexamethasone.
Twenty-nine of 30 patients receiving bortezomib-based
therapy stopped treatment for the following reasons: dis-
ease progression (n = 17; 59%), autologous hematopoietic
cell transplantation (n = 4; 14%), change to maintenance
chemotherapy (n = 3; 10%), other causes (n = 4; 14%),
and a CVAE (n = 1; 3%). Median duration of bortezomib-
based treatment was 126 days (95% CI, 84 to 206 days).
Overall, patients received carfilzomib-based therapy for
a median of four cycles, whereas those treated with bor-
tezomib received a median of six cycles (P = .5).

CVAEs

Table 2 lists the CVAEs. Patients receiving carfilzomib-
based therapy had significantly higher rates of CVAEs
(33 [50.7%] of 65) compared with patients receiving
bortezomib (five [16.7%] of 30; P = .005). Most CVAEs
were grade 2 or 3. Of the 64 CVAEs that occurred during the
study, 56 (87.5%) happened during carfilzomib-based
therapy; HF was the most common CVAE (n = 23), fol-
lowed by grade 3 or 4 HTN (n = 13). Cardiac chest pain
accounted for nine CVAEs and atrial fibrillation for two
CVAEs. Acute coronary syndrome occurred three times
during the study, with sudden cardiac death occurring in
one patient after a myocardial infarction within 24 hours of
carfilzomib infusion during the second week of treatment.

In Table 3 and Appendix Table A2 (online only), we
compare characteristics of patients with and without CVAEs
among those receiving carfilzomib. There was no difference
in incidence of CVAEs for patients receiving 1,000 mL or
more of intravenous normal saline per week with carfilzo-
mib (76.9%) compared with less than 1,000mL (44.2%) of
normal saline per week (P = .07). No difference in rates of
CVAEs was found in patients receiving a maximum of
27 mg/m2 (49.0%) compared with 56 mg/m2 or more
(57.1%) of carfilzomib (P = .8). There was no difference in
rate of CVAEs in patients receiving carfilzomib infusion over

10minutes compared with longer than 10minutes (P = .9).
There was no difference in incidence of CVAEs for patients
concurrently treated with immunomodulatory drugs versus
no immunomodulatory drugs (P = .8). There was also
no difference in early CVAEs and dexamethasone dose
(P = .8).

TABLE 2. Summary of CVAEs

CVAE by Grade

No. (%)

Carfilzomib
(n = 56)

Bortezomib
(n = 8)

HF

1 and 2 12 (21) 2 (25)

3 and 4 11 (20) 1 (13)

All 23 (41) 3 (38)

Cardiac chest pain

1 and 2 8 (14) 1 (13)

3 and 4 1 (2) 0 (0)

All 9 (16) 1 (13)

Hypertension

1 and 2 NA NA

3 and 4 13 (23) 2 (26)

All 13 (23) 2 (26)

Arrhythmia

1 and 2 2 (3.5)* 1 (13)†

3 and 4 2 (3.5)‡ 0 (0)

All 4 (7) 1 (13)

Acute coronary syndrome

1 and 2 1 (2) 0 (0)

3 and 4 1 (2) 0 (0)

5 1 (2) 0 (0)

All 3 (6) 0 (0)

Pulmonary hypertension

1 and 2 2 (3.5) 0 (0)

3 and 4 2 (3.5) 0 (0)

All 4 (7) 0 (0)

Venous thromboembolism

1 and 2 0 (0) 0 (0)

3 and 4 0 (0) 1 (13)

All 0 (0) 1 (13)

Total

1 and 2 25 (44) 4 (50)

3, 4, and 5 31 (56) 4 (50)

All 56 (100) 8 (100)

Abbreviations: CVAE, cardiovascular adverse event; HF, heart
failure; NA, not applicable (grade 1 and 2 hypertension not reported).
*Sinus tachycardia for both events.
†Atrial fibrillation for both events.
‡Atrial fibrillation.
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TABLE 3. Demographic and Clinical Characteristics of Patients Receiving Carfilzomib Relative to CVAEs

Characteristic

No. (%)

P
CVAEs With Carfilzomib

(n = 33)
No CVAEs With Carfilzomib

(n = 32)

Sex, male 24 (73%) 24 (75%) .8

Age, years .3

Median 66 65

Range 43-85 42-78

Race .5

White 27 (82) 28 (88)

Black 6 (18) 4 (12)

NYHA class .6

1 20 (61) 20 (62)

2 13 (39) 12 (37)

Elevated baseline BNP (. 100 pg/mL) or NTproBNP (. 125 pg/mL) 20 (61) 4 (12) , .001

Time from diagnosis to enrollment, months .02

Median 50 29

Range 3.3-140.6 5.1-117.0

Traditional CV risk factors

Hypertension 16 (48) 9 (28) .1

Dyslipidemia 8 (24) 12 (38) .2

Diabetes 4 (12) 5 (16) .7

Tobacco use 16 (48) 12 (38) .4

Family history 20 (61) 15 (47) .3

Ejection fraction .06

Median 60 64

Range 45-77 55-86

History of kidney disease 12 (36) 3 (9) , .001

Creatinine, mg/dL .1

Median 1.2 0.8

Range 0.7-2.7 0.6-10.8

ISS stage .9

I/II 22 (67) 22 (69)

III 11 (33) 10 (31)

Myeloma subtype .5

IgG 22 (67) 18 (56)

IgA 2 (6) 6 (19)

Light chain 7 (21) 7 (22)

Other 2 (6) 1 (3)

Lines of chemotherapy before enrollment .3

Median 2 2

Range 1-9 1-6

Prior AHCT 18 (55) 18 (56) .9

High-risk disease* 11 (33) 8 (25) .5

(continued on following page)
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Patients with a baseline elevation in natriuretic peptides
(BNP . 100 pg/mL or NTproBNP . 125 pg/mL [cutoff
values for the testing assay]) before initiation of carfilzomib-
based therapy experienced a significantly higher incidence
of CVAEs (odds ratio, 10.8; 95% CI, 3.1 to 37.9; P, .001).
In addition, patients receiving carfilzomib-based therapy
who experienced an elevation in natriuretic peptides rel-
ative to baseline within the first 3 weeks of starting che-
motherapy had a substantially higher risk of experiencing

a clinical CVAE (odds ratio, 36.0; 95% CI, 4.4 to 296;
P , .001).

In 14 patients with BNP elevations receiving carfilzomib,
there were 21 events, with a median BNP increase at time
of CVAE of 165 pg/mL (95% CI, 107 to 320 pg/mL) from
baseline. Ten patients with NTproBNP elevations during
carfilzomib treatment developed 18 CVAEs, and median
NTproBNP increase was 5,925 pg/mL (95% CI, 673 to
10,454 pg/mL) from baseline. Natriuretic peptide levels

TABLE 3. Demographic and Clinical Characteristics of Patients Receiving Carfilzomib Relative to CVAEs (continued)

Characteristic

No. (%)

P
CVAEs With Carfilzomib

(n = 33)
No CVAEs With Carfilzomib

(n = 32)

Albumin, g/dL .5

Median 4 4.1

Range 3.2-4.5 3.1-4.8

Hemoglobin, g/dL .2

Median 11.2 11.8

Range 3.6-13.8 6.8-14.6

Duration of treatment, days .06

Median 81 115

95% CI 49 to 113 91 to 182

Cycles of therapy .1

Median 3 4.5

Range 2-12 1-24

Total infusion time, minutes .09

10 16 (48) 26 (81)

. 10 17 (52) 6 (19)

Total IVF, mL/week .07

, 1,000 23 (70) 29 (91)

$ 1,000 10 (30) 3 (9)

Maximum dose, mg/m2 .8

20-27 25 (76) 26 (81)

56 2 (6) 2 (6)

70 6 (18) 4 (12)

Disease response .2

sCR 1 (3) 4 (12)

CR 2 (6) 3 (9)

VGPR 6 (18) 7 (22)

PR 7 (21) 6 (19)

SD 12 (36) 6 (19)

PD 5 (16) 6 (19)

ORR ($ PR) 16 (48) 20 (63)

Abbreviations: AHCT, autologous hematopoietic cell transplantation; BNP, brain natriuretic peptide; CR complete response; CV,
cardiovascular; CVAE, cardiovascular adverse event; ISS, International Staging System; IVF, intravenous fluids; NTproBNP, N-terminal brain
natriuretic peptide; NYHA, New York Heart Association; ORR, overall response rate; PD, progressive disease; PR partial response; sCR stringent
complete response; SD, stable disease; VGPR, very good partial response.

*High-risk myeloma defined as fluorescence in situ hybridization consisting of t(14;16), t(14;20), and deletion 17p.
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returned to near-baseline values a median of 24.5 days
(95%CI, 19 to 34.5 days) after a CVAE. Natriuretic peptides
were found to be predictive for all CVAE categories (Table
2). Troponin I or T, ECG, and TTE (in terms of LVEF reduction)
were not predictive of CVAEs.

Forty-eight percent of CVAEs (n = 31) were managed
without chemotherapy modification, and patients were able
to continue PI-based therapy. Forty-one percent of CVAEs
(n = 26) required a dose delay and/or reduction before
patients were able to resume PI-based therapy. Eleven
percent of CVAEs (n = 7) required discontinuation of the PI-
based therapy because of CV toxicity.

Time to CVAE: Competing Risk Survival Analyses

Most patients with CVAEs experienced only one CVAE (18
of 33 receiving carfilzomib; three of five receiving borte-
zomib). Eight patients had two CVAEs, six patients had
three, and one patient had four with carfilzomib. A majority
of CVAEs (86%) occurred within the first 3 months of
treatment, with 32.8% occurring during the initial month of
treatment. Among patients experiencing CVAEs, median
time from start of treatment to first CVAE was 31 days
(range, 0 to 151 days).

We analyzed the time to first CVAE using competing risk
survival analysis. The cumulative incidence functions for
first CVAE and for first HF event were significantly different
(P = .003 and .04, respectively) between the two treatment
groups (Fig 1), with higher incidence in the carfilzomib
group.

Multivariable subdistribution regression analysis was per-
formed for time to first CVAE. The estimated adjusted
hazard ratios (HRs) are listed in Table 4. Carfilzomib-based

therapy was associated with a higher risk of CVAEs com-
pared with bortezomib-based therapy (HR, 3.0; 95% CI,
1.1 to 8.4; P = .04). Elevated baseline natriuretic peptide
levels were associated with higher risk of CVAEs (HR, 4.1;
95% CI, 2.1 to 8.1; P, .001). Baseline natriuretic peptide
levels that became elevated during cycle one of chemo-
therapy were associated with higher risk of CVAEs com-
pared with persistently normal natriuretic peptide values
(HR, 9.5; 95% CI, 4.3 to 20.7; P, .001). Patients with zero
or one baseline traditional CV risk factor had a lower risk of
CVAEs (HR, 0.5; 95% CI, 0.3 to 0.9; P = .02). No evidence
of increased risk of CVAEs on the basis of time from my-
eloma diagnosis to enrollment in PROTECT was found
(P = .9).

PFS and OS

Patients who experienced a CVAE had significantly inferior
PFS (log-rank P = .01) and OS (log-rank P , .001)
compared with patients not experiencing a CVAE (Figs 2A
and 2B). Median PFS in patients experiencing a CVAE was
10.4 months (95% CI, 3.3 to 14.5 months) compared with
28.4 months (95% CI, 10.6 to not reached) for those
without a CVAE. Median OS for patients experiencing
a CVAE was 18.1 months (95% CI, 11.6 to not reached).
Median OS for patients not experiencing a CVAE had not
been reached at the time of analysis. In total, there were 34
patient deaths, with a majority (88%) resulting from mye-
loma disease progression. There was one sudden cardiac
death within 24 hours after carfilzomib infusion. One pa-
tient died as a result of progressive heart failure, one as
a result of complications of graft-versus-host disease, and
one as a result of respiratory failure.
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FIG 1. Cumulative incidence
curves for time to first cardiac
event (all grades) estimated
using Fine and Gray method
for competing risk survival
analysis. CHF, congestive heart
failure.
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DISCUSSION

In our study, CV toxicities were common, particularly with
carfilzomib-based therapy, with just more than half of all
patients receiving carfilzomib experiencing a CVAE. Many
studies have demonstrated a modest increase in CVAEs
with carfilzomib but not to this degree. Importantly, pre-
dictors of CVAEs have been lacking.3,15-22 This study,
conducted with multicenter hematology and cardiology
collaboration, prospectively demonstrates that monitoring
patients receiving carfilzomib-based therapy with natri-
uretic peptides is highly predictive for development of
CVAEs. Because amajority of CVAEs (86%) occurred within
the first 3 months of therapy, measuring natriuretic pep-
tides levels using either BNP or NTproBNP seems to
provide clinical benefit. These data are consistent with
other CV studies demonstrating that baseline elevations in
natriuretic peptides are predictive of CVAEs.23,24 Obtaining

natriuretic peptide levels before initiation of carfilzomib
therapy and monitoring these levels on day 1 of each cycle
and midcycle for at least the first 3 months of therapy are
suggested; however, this recommendation should be val-
idated before uniformly incorporating this strategy into
routine clinical practice. Longer monitoring is appropriate
if clinically indicated. Patients with elevated natriuretic
peptides before initiation of therapy or who develop ele-
vated levels during treatment are at highest risk for CVAEs.

In our study, no changes were made based solely on
laboratory abnormalities, and therefore, it is difficult to
recommend modifications of chemotherapy on the basis of
abnormalities in natriuretic peptides alone. This observa-
tion was previously highlighted by Atrash et al3 in a de-
scriptive retrospective single-institution cohort of 130
patients, of whom 29 (22%) experienced a CVAE. Similar to
our study, many patients experienced BNP elevations,
although elevations did not always correlate with clinical
symptoms or hospitalizations. However, should an eleva-
tion in natriuretic peptides occur, these patients should be
monitored more closely. This will allow for earlier, modifi-
able practice-based adjustments, including reduction in
intravenous fluid volume, use of diuretics, prolongation of
infusion time of carfilzomib, and addition and optimization
of other CV medications, particularly antihypertensives.
Patients with multiple CV risk factors, particularly those with
a history of CVAEs and/or elevated baseline natriuretic
peptides, should be referred for a comprehensive cardiac
evaluation. Such patients are at highest risk of CVAEs with
carfilzomib-based therapy, and optimization of CV therapy
seems to improve overall care, allow continuation of po-
tentially lifesaving cancer treatment, and affect severity or
development of CVAEs.

TABLE 4. Multivariable Competing Risk Analysis for Predictors of First CVAE
Effect HR (95% CI) P

Carfilzomib v bortezomib 3.0 (1.1 to 8.4) .04

Elevated baseline natriuretic peptide
levels v normal levels

4.1 (2.1 to 8.1) , .001

Normal baseline natriuretic peptide
levels that became elevated mid–first
cycle of treatment v normal levels

9.5 (4.3 to 20.7) , .001

# 1 traditional CV risk factor v $ 2 0.5 (0.3 to 0.9) .02

Time from myeloma diagnosis to
enrollment in PROTECT

0.98 (0.6 to 1.5) .9

Abbreviations: CV, cardiovascular; CVAE, cardiovascular adverse event; HR,
hazard ratio; PROTECT, Prospective Observation of Cardiac Safety With
Proteasome Inhibitor.
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FIG 2. Kaplan-Meier curves of (A) overall survival (OS) and (B) progression-free survival (PFS) according to occurrence of cardiovascular
adverse event (CVAE) versus no CVAE.
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Similar to our findings, the ENDEAVOR (ClinicalTrials.gov
identifier: NCT1900231) trial cardiac substudy demon-
strated that serial TTEs have limited value for predicting or
demonstrating CVAEs.7,25 In fact, a vast majority patients
experiencing HF with PI-based therapy had HF with pre-
served ejection fraction, which makes detection by TTE
difficult.26,27 In our study, patients experienced signs and
symptoms of HF with normal or near-normal LVEF, which
did not readily change despite an HF CVAE. Other tests,
including ECG and troponin, were not predictive of CVAEs
and are not recommended as part of routine management
unless clinically indicated.

In this study, a majority of CVAEs were transient, and
natriuretic peptides returned to near-baseline values a
median of 24.5 days from peak, which may suggest a
vascular endothelial phenomenon. The underlying CVAE
mechanism is likely multifactorial, and more investigation
is necessary. Transient endothelial dysfunction, cardiac
myocyte oxidative stress abnormalities, and cardiorenal
syndrome are areas of investigation.28-30 Reports of thrombotic
microangiopathy provide additional evidence of a sys-
temic PI-induced endothelial dysfunction.31

In this study, 17% of patients receiving bortezomib-based
therapy experienced a CVAE. This rate is similar to pre-
viously published reports and consistent with a low rate of
cardiac toxicity with the agent.32 However, the incidence of
CVAEs with carfilzomib-based therapy was higher than that
in prior reports.2,33,34 A prospective study design, frequent
biomarker assessment, and specific evaluation for CVAEs
as the primary end point may explain this discrepancy. In
addition, patients receiving carfilzomib were more heavily
pretreated, which may have predisposed patients to more
CVAEs. In most cases, CVAEs were manageable, and pa-
tients were able to resume therapy. Patients experiencing

a CVAE had inferior PFS and OS compared with patients
without a CVAE and often required dose reductions or
delays.

Limitations of the study include the absence of standard-
ized treatments. Although not standardized, triplet therapy
consistent with contemporary myeloma management was
administered to most patients. As such, there was a wide
dosing range for carfilzomib relative to bortezomib. This
study did not demonstrate a difference in CVAEs according
to carfilzomib dose level; however, the lack of standard-
ized dosing may have affected this finding. Similarly,
the most common chemotherapeutic partner with carfil-
zomib was pomalidomide, whereas cyclophosphamide was
most commonly used with bortezomib. In this study, no
difference in outcome was observed based on partner
agent; however, immunomodulatory drugs can result in
endothelial toxicity, which may have affected these
observations.35

In addition, the enrollment goal was 65 patients in each
cohort. This was achieved with carfilzomib but not borte-
zomib. Bortezomib is no longer a first-line choice for re-
lapsed myeloma, and therefore, the enrollment goal was
not achieved. However, because of the high CVAE rate with
carfilzomib, the study remained adequately powered to
evaluate for differences in outcome between cohorts.

In summary, CVAEs, particularly with carfilzomib-based
therapy, were common and did not usually require dis-
continuation of therapy after cardiac optimization; however,
they were associated with inferior PFS and OS. Natriuretic
peptide testing and detailed CV medical history are highly
predictive of carfilzomib-based CVAEs and should be
considered as part of management for this treatment.
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APPENDIX

Cardiovascular Adverse Events

Symptomatic heart failure (HF) was graded as symptoms with mild to
moderate activity or exertion (grade 2), at rest or minimal exertion
requiring intervention (grade 3), or life-threatening consequences
requiring urgent intervention (grade 4). HF was demonstrated by at
least one item in two of the following three categories: symptoms of
HF (paroxysmal nocturnal dyspnea, shortness of breath, swelling,
orthopnea, or weight gain), physical examination findings (presence of
jugular venous distension, lung crackles, edema, or S3 heart sound),
and diagnostic testing (pulmonary edema on chest x-ray or brain
natriuretic peptide . 100 pg/mL or N-terminal pro–brain natriuretic
peptide . 125 pg/mL; Maisel AS, et al: N Engl J Med 347:161-167,
2002).

Acute coronary syndrome was graded as symptomatic, progressive
angina with normal cardiac enzymes and hemodynamically stable
(grade 2); symptomatic, unstable angina and/or acute myocardial
infarction with abnormal cardiac enzymes and hemodynamically
stable (grade 3); or symptomatic, unstable angina and/or acute
myocardial infarction with abnormal cardiac enzymes and hemody-
namically unstable (grade 4). Patients were required to have two of the
three following: troponin elevation, chest pain, and ECG changes.
Sudden cardiac death was defined as death within 24 hours of
proteasome inhibitor therapy without obvious cancer progression.

Symptomatic arrhythmias included atrial fibrillation and atrial flutter
graded as symptomatic but not requiring urgent medical intervention
(grade 2) or symptomatic and incompletely controlled medically with
medical management or requiring device implantation or ablation (grade
3). Grade 2 sinus tachycardia was defined as symptomatic tachycardia
not requiring urgent medical intervention. Arrhythmias were confirmed
by ECG. No grade 4 arrhythmias occurred during the study.

Venous thromboembolic events were determined by imaging.
These were defined as symptomatic thrombosis requiring medical

intervention (grade 3). No other thromboembolic grades occurred
during the study.

Pulmonary hypertension (HTN) was graded by moderate dyspnea with
cough requiring evaluation by cardiac catheterization and medical
intervention (grade 2) or severe symptoms associated with hypoxemia,
right heart failure, and new oxygen requirement (grade 3). No grade 1
or 4 pulmonary HTN events occurred during the study. Pulmonary
HTN was further defined as tricuspid regurgitation velocity of more
than 3 m/s on transthoracic echocardiography.

Grade 3 HTN was defined as systolic blood pressure of 160 mm Hg or
greater or diastolic blood pressure of 100 mm Hg or greater requiring
more than one drug or more intensive therapy than previously used.
Grade 4 HTN was defined as life-threatening consequences requiring
urgent intervention. Only grade 3 and 4 HTN were recorded as car-
diovascular adverse events, and all HTN events were confirmed by
repeat blood pressure measurements at least 10 minutes apart. Grade
1 and 2 HTN were not reported, because these events were common
and of no clinical significance relative to the study.

Cardiac chest pain was without ECG changes or troponin elevation and
defined as mild pain (grade 1), moderate pain that limited activities of
daily living (grade 2), or pain at rest, limiting self-care activities of daily
living (grade 3). Cardiac chest pain events were only recorded if
medical treatment was required and symptoms resolved with cardiac-
specific intervention.

High-Risk Myeloma

High-risk myeloma was defined as chromosomal abnormalities de-
tected by conventional cytogenetics or fluorescence in situ hybrid-
ization consisting of t(14;16), t(14;20), and deletion 17p (Mikhael JR,
et al: Mayo Clin Proc 88:360-376, 2013 [Erratum: Mayo Clin Proc 88:
777, 2013]; Rajkumar SV: Am J Hematol 87:78-88, 2012).
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TABLE A1. Chemotherapy Characteristics and Responses

Characteristic
Carfilzomib
(n = 65)

Bortezomib
(n = 30) P

Median (95% CI) duration of treatment, days 99 (81 to 147) 126 (84 to 206) .3

Median (range) cycles of therapy 4 (1-24) 6 (1-14) .5

Disease response, No. (%) .01

sCR 5 (8) 4 (13)

CR 5 (8) 0

VGPR 13 (20) 8 (27)

PR 13 (20) 12 (40)

SD 18 (27) 1 (3)

PD 11 (17) 5 (17)

ORR ($ PR) 36 (55) 24 (83)

Chemotherapy regimen, %

Carfilzomib, pomalidomide, and dexamethasone 41

Carfilzomib and dexamethasone 25

Carfilzomib, lenalidomide, and dexamethasone 17

Carfilzomib, cyclophosphamide, and dexamethasone 13

Other carfilzomib 5

Cyclophosphamide, bortezomib, and dexamethasone 41

Bortezomib, lenalidomide, and dexamethasone 29

Bortezomib, pomalidomide, and dexamethasone 13

Bortezomib and dexamethasone 4

Other bortezomib 4

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; ORR, overall response rate; sCR, stringent complete
response; SD, stable disease; VGPR, very good partial response.
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TABLE A2. Additional Baseline Characteristics in Patients Receiving Carfilzomib Relative to Development of CVAEs

Characteristic

No. (%)

P
CVAE With Carfilzomib

(n = 33)
No CVAE With Carfilzomib

(n = 32)

CV

Myocardial infarction 1 (3) 1 (3) .9

Angina 1 (3) 1 (3) .9

Arrhythmia 7 (21) 4 (13) .2

Coronary artery disease 2 (6) 4 (13) .2

Heart surgery 0 2 (6) .08

Valve disease 0 1 (3) .2

Pacemaker 0 0

Defibrillator 0 0

Stroke 2 (6) 0 .08

Thromboembolism 6 (18) 4 (13) .3

Medications

ACE inhibitor or angiotensin receptor blocker 7 (21) 8 (25) .5

Anticoagulant or antiplatelet agent 14 (42) 21 (66) .04

Beta blocker 10 (30) 5 (16) .1

Lipid agent 9 (27) 10 (31) .8

Loop diuretic 7 (21) 3 (9) .2

Calcium channel blocker 9 (27) 4 (13) .1

Diabetes medication 2 (6) 3 (9) .6

Abbreviations: ACE, angiotensin-converting enzyme; CV, cardiovascular; CVAE, cardiovascular adverse event.
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