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Abstract

Background: We conducted a systematic review and meta-analysis to clarify the incidence and risk of cardiotoxicity
associated with bortezomib in cancer patients.

Methods: Databases from PubMed, Web of Science and abstracts presented at ASCO meeting up to July 31, 2013 were
searched to identify relevant studies. Eligible studies included prospective phase II and III trials evaluating bortezomib in
cancer patients with adequate data on cardiotoxicity. Statistical analyses were conducted to calculate the summary
incidence, odds ratio (OR) and 95% confidence intervals (CIs) by using either random effects or fixed effect models
according to the heterogeneity of included studies.

Results: A total of 5718 patients with a variety of malignancies from 25 clinical trials were included in our analysis. The
incidence of all-grade and high-grade cardiotoxicity associated with bortezomib was 3.8% (95%CI: 2.6–5.6%) and 2.3% (1.6–
3.5%), with a mortality of 3.0% (1.4–6.5%). Patients treated with bortezomib did not significantly increase the risk of all-
grade (OR 1.15, 95%CI: 0.82–1.62, p = 0.41) and high-grade (OR 1.13, 95%CI: 0.58–2.24, p = 0.72) cardiotoxicity compared
with patients treated with control medication. Sub-group analysis showed that the incidence of cardiotoxicity varied with
tumor types, treatment regimens and phases of trials. No evidence of publication bias was observed.

Conclusions: The use of bortezomib does not significantly increase the risk of cardiotoxicity compared to control patients.
Further studies are recommended to investigate this association and risk differences among different tumor types,
treatment regimens and phases of trials.
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Introduction

The ubiquitin-proteasome pathway plays a pivotal role in

regulating cell cycle, apoptosis and angiogenesis by disrupting

protein homeostasis and inhibition of transcription factors such as

nuclear factor kappa-B [1–5]. Thus targeting the ubiquitin-

proteasome pathway is a rational approach for cancer therapy[5].

Bortezomib (Velcade; Millenium Pharmaceuticals, Cambridge,

Mass, USA), a dipeptide boronate proteasome inhibitor, is a novel

anti-cancer agent approved by the US Food and Drug Admin-

istration for the treatment of multiple myeloma (MM) and non-

Hodgkin lymphoma[6]. It has also shown promising clinical

activity in non-small cell lung cancer (NSCLC) [7], As a result, the

use of bortezomib is expected to increase in the near future, and

an appreciation for the toxicity profiles of bortezomib is thus

urgently needed.

In contrast with cytotoxic agents, the most common adverse

events associated with bortezomib include asthenic conditions (e.g.

fatigue, malaise, and weakness), gastrointestinal events (nausea,

diarrhea, anorexia, and constipation), thrombocytopenia, and

peripheral neuropathy. The most common reasons for the drug

discontinuation observed in pervious clinical trials were peripheral

neuropathy, thrombocytopenia, diarrhea, and fatigue [6,8].

Because the ubiquitin–proteasome system also has a special

importance for the cardiac myocytes, and the proteasome’s

function is important in keeping the normal size and shape of

the heart. As a result, proteasome inhibitor might lead to the

cardiac insufficiency. In fact, cardiotoxicity associated with

bortezomib-based regimens has been reported with a substantial

variation in the incidences, ranging from 0 to 17.9% in clinical

trials[9]. However, this associated is mostly based on case reports,

single arm prospective studies and retrospective analyses [9–17],

there has been no systematic attempt to synthesize these data and

the overall risk of cardiotoxicity associated with bortezomib has

not been well determined. As a result, we conduct this study to

investigate the incidence and risk of cardiotoxicity in patients

treated with bortezomib.
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Methods

Data sources
We conducted an independent review of citations from PubMed

between January 1, 1966, and July31, 2013. Key words were

bortezomib, Velcade, PS-431, clinical trials and cancer. The

search was limited to prospective clinical trials published in

English. We also performed independent searches using Web of

Science databases between January 1, 1966, and July 31, 2013, to

ensure that no clinical trials were overlooked. Additionally, we

searched the clinical trial registration website (http://www.

ClinicalTrials.gov) to obtain information on the registered

prospective trials. We also searched abstracts and virtual meeting

presentations from the American Society of Clinical Oncology

(http://www.asco.org/ASCO) conferences that took place be-

tween Jan 2004 and Jan 2013. Each publication was reviewed and

in cases of duplicate publication only the most complete, recent,

and updated report of the clinical trial was included in the meta-

analysis. We also reviewed the reference lists of the original and

review articles to identify relevant studies.

Study Selection
The primary goal of our study was to determine the overall

incidence of cardiotoxicity associated with bortezomib and

establish the association between treatments with bortezomib

and the risk of developing cardiotoxicity. Thus, only prospective

phase II and III trials evaluating bortezomib in cancer patients

with adequate data on cardiotoxicity were incorporated in the

analysis. Phase I trials were omitted due to multiple dose level and

limited sample sizes. Clinical trials that met the following criteria

were included: (1) prospective phase 2 or 3 trials involving cancer

patients; (2) participants assigned to treatment with bortezomib

(alone or in combination at any dosage or frequency); and (3)

available data regarding events or incidence of cardiotoxicity and

sample size.

Data Extraction and clinical endpoint
Data abstraction was conducted independently by two investi-

gators, and any discrepancy between the reviewers was resolved by

consensus. For each study, the following information was

extracted: first author’s name, year of publication, phases of trials,

number of enrolled subjects, treatment arms, number of patients

in treatment and controlled groups, underlying malignancy,

median age, median treatment duration, median progression-free

survival, adverse outcomes of interest (cardiotoxicity), and dosage

of bortezomib.

The following adverse outcomes were considered as cardiotoxic

events and were included in the analyses: left ventricular ejection

fraction (LVEF) decline or dysfunction, CHF (not specified),

cardiomyopathy, cardiac arrest and cardiac arrhythmia. Trials

that reported adverse outcomes as cardiac disorders and cardiac

toxicity were also included in our meta-analysis. Cardiotoxicity in

these studies were assessed and recorded according to the National

Cancer Institute’s common terminology criteria for adverse events

(version2 or 3), which had been widely used in cancer clinical trials

[18].

Statistical Analysis
For the calculation of incidence, the number of patients with

cardiotoxicity in bortezomib group and the total number of

patients receiving bortezomib were extracted from the selected

clinical trials; the proportion of patients with cardiotoxicity and

95% confidence interval (CI) were derived for each study. For the

calculation of odds ratio (OR), patients assigned to bortezomib-

based therapy were compared only with those assigned to control

treatment in the same trial. We used the Peto method to calculate

ORs and 95%CIs because this method provided the best CI

coverage and was more powerful and relatively less biased than the

fixed or random-effects analysis when dealing with low event

rates[19]. Between-study heterogeneity was estimated using the

x2-based Q statistic[20]. Heterogeneity was considered statistically

significant when P heterogeneity ,0.1. If heterogeneity existed, data

was analyzed using a random effects model. In the absence of

Figure 1. Selection process for clinical trials included in the meta-analysis.
doi:10.1371/journal.pone.0087671.g001
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heterogeneity, a fixed effects model was used. A statistical test with

a p-value less than 0.05 was considered significant. We also

conducted the following prespecified subgroup analyses: treatment

regimes, phase of trials and MM versus other malignancies (non-

MM). The presence of publication bias was evaluated by using the

Begg and Egger tests [21,22]. All statistical analyses were

performed by using Stata version 12.0 software (Stata Corpora-

tion, College Station, Texas, USA) and Open Meta-Analyst

software version 4.16.12 (Tufts University).

Results

Search results
The selection and systematic review of trials was performed in

accordance with the Preferred Reporting Items for Systematic

Reviews and Meta-Analysis (PRISMA) statement (see Checklist

S1)[23]. Our search yielded a total of 455 potentially relevant

trials. After excluding review articles, phase I studies, case reports,

meta-analyses, and observation studies (figure 1), we selected 25

clinical trials, included 11 phase III and 14 phase II trials, for the

purpose of analysis (table 1). A total of 5718 patients with a variety

of malignancies were included for analysis. The characteristics of

patients and studies were listed in table 2. According to the

inclusion criteria of each trial, patients were required to have

adequate hepatic, renal and hematological function. Underlying

malignancies included multiple myeloma (MM)[8,24–39], lym-

phoma[40–44], non-small-cell lung cancer (NSCLC)[45], Wal-

denström’s Macroglobulinemia (WM)[46] and ovarian cancer[47].

Incidence of cardiotoxicity
A total of 4330 patients who received bortezomib were available

for analysis. The incidence of all-grade cardiotoxicity range

between 0% and 17.9%, with the highest incidence seen in the

trial of elderly patients with mantle cell lymphoma[40], while no

events of cardiotoxicity were observed in one trial[37]. Using a

random-effects model, the summary incidence of all-grade

cardiotoxicity in all patients was 3.8% (95%CI: 2.6–5.6%;

figure 2). As for high-grade cardiotoxicity, a total of 4091 patients

from 24 trials were included. The incidence of high-grade

cardiotoxicity range between 0% and 7.7%, with the highest

incidence seen in the trial of elderly patients with mantle cell

lymphoma[40], while no events of cardiotoxicity were observed in

three trials[34,37,47]. Using a random-effects model, the summary

incidence of high-grade cardiotoxicity in all patients was 2.3%

(95%CI: 1.6–3.5%; figure 3). High-grade cardiotoxicity can be

fatal in many instances. Among patients with bortezomib-

associated high-grade cardiotoxicity, meta-analysis showed that

the mortality of cardiotoxicity was 3.0% (1.4–6.5%).

Sub-group analysis
The incidence of cardiotoxicity might be different among

different tumor types, phase of trials or treatment regimens; we

thus performed meta-analysis according to these prescribed sub-

groups. The overall incidence of all-grade cardiotoxicity with

bortezomib among MM patients (4.3%, 95% CI 2.8–6.6%) was

higher than that of non-MM patients (2.3%, 95% CI 0.7–6.9%).

As for high-grade cardiotoxicity, similar results were also observed

(MM 2.5% versus non-MM 1.8%). There was significant variation

Table 2. Incidence of cardiac toxicity based on prespecified subgroups.

Grades Subgroup No. of trials
Cardiac toxicity
events Total patients I2,% Incidence (95%CI)

P for group
difference

All-grade Overall 25 200 4330 81% 3.8% (2.6–5.6%) NA

Tumor types

MM 17 184 3456 83% 4.3% (2.8%–6.6%) ,0.001

Non-MM 8 16 874 76% 2.3% (0.7–6.9%)

Bortezomib-based
regimens

Monotherapy 8 102 1492 84% 4.3% (2.1–8.6%) ,0.001

Combination 19 98 2938 70% 3.5% (2.3–5.4%)

Phase of trials

Phase II 14 22 882 51% 2.9% (1.5–5.4%) ,0.001

Phase III 11 178 3448 90% 4.5% (2.7–7.4%)

High-grade Overall 23 104 4091 65% 2.3% (1.6–3.5%) NA

Tumor types

MM 16 94 3217 70% 2.5% (1.6–4.0%) 0.004

Non-MM 8 10 874 45% 1.8% (0.8–4.2%)

Bortezomib-based
regimens

Monotherapy 8 55 1492 76% 2.5% (1.1–5.6%) ,0.001

Combination 18 49 2599 18% 2.3% (1.7–3.2%)

Phase of trials

Phase II 14 16 882 0% 2.7% (1.7–4.2%) 0.124

Phase III 10 88 3209 83% 2.3% (1.3–4.0%)

Abbreviations: RCC, renal cell carcinoma; NA, not available.
doi:10.1371/journal.pone.0087671.t002
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in the incidence of all-grade and high-grade cardiotoxicity among

these different tumor types (all-grade: P,0.001; high-grade:

p = 0.004). As both bortezomib alone or bortezomib-based

combination therapies were included in our study, the concurrent

drugs, such as rituximab and doxorubicin, might influence the risk

of cardiotoxicity with bortezomib. In fact, cardiotoxicity associated

with doxorubicin and rituximab had been reported in previous

researches [48,49]. As a result, we also investigated the incidence

differences between bortezomib alone and bortezomib-based

combination regimens. Our results showed that the incidence of

all-grade and high-grade cardiotoxicity was higher in bortezomib

monotherapy than that of bortezomib combination, which

suggested that concurrent drugs with bortezomib might not

increase the incidence of cardiotoxicity. There was significant

variation in the incidence of all-grade and high-grade cardiotox-

icity between bortezomib alone and combination therapy (all-

grade: P,0.001; high-grade: p,0.001, Table 2). Additionally, we

found the incidence of all-grade cardiotoxicity was higher in phase

III trials than that in phase II trials (4.5% versus 2.9%), while the

higher incidence of severe cardiotoxicity was observed in phase II

trials. There was significant variation in the incidence of all-grade

(P,0.001), but not for high-grade (p = 0.124) (table 2).

Odds ratio of cardiotoxicity
To determine the specific contribution of bortezomib to the

development of cardiotoxicity, and to exclude the effect of any

confounding factors, we calculated the overall odds ratio of

cardiotoxicity from these randomized clinical trials in which a

comparison was made between bortezomib and controls in

patients who received concurrent chemotherapy. A total of six

randomized controlled trials were included. The pooled OR for

all-grade cardiotoxicity showed that the use of bortezomib did not

significantly increase the risk of developing cardiotoxicity in cancer

patients with OR of 1.15 (95%CI: 0.82–1.62, p = 0.41, figure 4)

using a fixed-effects model (I2 = 0%, p = 0.98). As for high-grade

cardiotoxicity, five randomized controlled trials were included for

analysis. The pooled OR for high-grade cardiotoxicity showed

that there were no difference in cardiotoxicity risk between

bortezomib and controls with OR of 1.13 (95%CI: 0.58–2.24,

p = 0.72, figure 4) using a fixed-effects model (I2 = 0%, p = 0.91).

Due to differences in tumor biology and associated treatment,

patients with different tumors types might be at different risks of

cardiotoxicity. However, only six randomized controlled trials

included in our study, we thus could not perform sub-group

analysis based on tumor types, and more high-quality trials were

still needed to investigate this issue.

Publication bias
No publication bias was detected for the primary endpoint of

this study (relative risk of gastrointestinal perforation) by either the

Egger or the Begg test (OR of all-grade: Begg’s test p = 0.086;

Egger’s test p = 0.066).

Discussion

This is, to our knowledge, the first meta-analysis to investigate

the potential increased risk for developing cardiac adverse events

Figure 2. Incidence of all-grade cardiotoxicity associated with bortezomib.
doi:10.1371/journal.pone.0087671.g002
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in patients receiving bortezomib. By gathering all available

evidence from prospective clinical trials, our study, included

5718 patients from 25 prospective clinical trials, suggests that the

incidence of all-grade and high-grade cardiotoxicity associated

with bortezomib was 3.8% (95%CI: 2.6–5.6%) and 2.3% (1.6–

3.5%), respectively. Additionally, we also find that the use of

bortezomib does not significantly increase the risk of all-grade (OR

1.15, 95%CI: 0.82–1.62, p = 0.41) and high-grade (OR 1.13,

95%CI: 0.58–2.24, p = 0.72) cardiotoxicity compared with patients

treated with control medication. We have not performed analyses

controlling for time on trial therapy, although a longer time on the

bortezomib arm may be hypothesized to slightly increase the risk

of cardiotoxicity merely attributable to longer duration of

recording events. However, given the lack of an overall statistical

difference for all grade and high grade cardiac events, it is unlikely

that analysis of events per-unit of time will yield useful

information.

There are two possible explanations for our finding: Firstly,

cardiotoxicity is usually underreported in clinical trials; in our

search, 87.3% of prospective clinical trials are excluded because

data on cardiotoxicity is unavailable. Secondly, only six prospec-

tive randomized controlled trials are included to investigate the

risk of cardiotoxicity associated with bortezomib, thus the power to

investigate the risk is small. Nevertheless, because bortezomib are

increasingly used in the routine treatment of cancer patients and in

the setting of clinical trials in combination with other agents, it is

important for oncologists and primary care physicians to be aware

of the incidence and risk of cardiotoxicity associated with

bortezomib to monitor and treat it appropriately.

The pathogenesis of bortezomib related cardiotoxicity is

currently unknown. Multiple distinct mechanisms could be

involved in the pathogenesis of cardiotoxicity. Bortezomib is

known to worsen ischemic heart disease [50,51]. The presence of

reduced proteasome activity is associated with an increased rate of

apoptosis in smooth muscle cells, resulting in atherosclerotic

plaque instability due to weakening of the fibrous cap and

enlargement of the necrotic core [50,51]. This causes increased

propensity of the atherosclerotic plaque to rupture resulting in

ischemic complications. Cell culture experiments have demon-

strated that bortezomib causes significant structural abnormalities

within the mitochondria of the cardiomyocytes resulting in

decreased adenosine triphosphate (ATP) synthesis and reduced

cardiac contractility[13]. Thus bortezomib treatment can result in

significant left ventricular contractile dysfunction. The reversibility

of cardiac failure on stopping bortezomib and negative findings on

angiography lends further credence to this theory.

As cardiac complications are rarely reported as side effects of

bortezomib, the treatment for this adverse event is still under

debate. According to the US package insert for bortezomib,

patients with risk factors for, or existing heart disease should be

closely monitored when prescribing bortezomib. In several case

reports of patients with congestive hear failure, pro-brain

natriuretic peptide (pro-BNP) concentrations have been shown

to be elevated, while cardiac enzymes, such as creatinine

phosphokinase and troponin I, does not significantly increase

[10,11]. As a result, whether pro-BNP or cardiac enzymes could

be used to monitor the cardiotoxicity associated with bortezomib is

still unknown. More studies are still needed to address this issue.

Figure 3. Incidence of high-grade cardiotoxicity associated with bortezomib.
doi:10.1371/journal.pone.0087671.g003
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There are several challenges and limitations in this analysis.

Firstly, we only have access to the available data published in the

clinical trials, so there are patient variables that are not known,

such as co-morbidities, previous treatment exposure, concomitant

medications, and dose interruptions. Secondly, the reporting of

cardiotoxicity are lacking in many studies, leading to their

exclusion from analysis. Adverse events, unlike efficacy outcomes,

are rarely predetermined for systematic data collection in clinical

trials. Therefore, reporting of adverse events depends highly on

the investigators, and could likely be confounded by other

variables as well. Additionally, our study includes a mixed

population of patients treated bortezomib-based combination

therapy or bortezomib alone, and patients receive different

controlled therapies are also included in our study. Therefore,

the treatment design is not the same in all arms, and it might be

another source of heterogeneity. Thirdly, patients in trials have

adequate organ and hematological function, which may not be the

case in common oncology practice. It is conceivable that the true

incidence and risk of treatment-related adverse effects is higher in

actual practice. Fourthly, the type of reporting of cardiac toxicity

are highly variable, where some studies report cardiotoxicity as a

whole such as cardiac disorders, whereas some present cardiotox-

icity in terms of cardiac arrest and congestive heart failure. In spite

of that, studies are consistent in grading the adverse events, where

the Common Terminology Criteria for Adverse Events (CTCAE)

criteria were used for grading.

Conclusion

In summary, this meta-analysis demonstrates that bortezomib

usage does not significantly increase the risk of all-grade and high-

grade cardiotoxicity. Clinicians should be aware of this risk and

provide close monitoring in patients receiving these therapies.
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