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ABSTRACT
Objective Antimicrotubular agents are among the most 
commonly used classes of chemotherapeutic agents, but 
the risk of cardiovascular adverse events (CVAEs) remains 
unclear. Our objective was to study the CVAEs associated 
with antimicrotubular agents.
Methods The Food and Drug Administration’s Adverse 
Event Reporting System was used to study CVAEs in adults 
from 1990 to 2020. Reported single- agent (only taxane or 
vinca alkaloid) CVAEs were compared with combination 
therapy (with at least one of the four major cardiotoxic 
drugs: anthracycline, HER2Neu inhibitors, tyrosine kinase 
inhibitors and checkpoint inhibitors) using adjusted 
polytomous logistic regression.
Results Over 30 years, 134 398 adverse events were 
reported, of which 18 426 (13.4%) were CVAEs, with 
74.1% due to taxanes and 25.9% due to vinca alkaloids. 
In 30 years, there has been a reduction in the proportion of 
reported CVAEs for taxanes from 15% to 11.8% (Cochran- 
Armitage P- trends <0.001) with no significant change 
in the proportion of reported CVAEs for vinca alkaloids 
(9.2%–11.7%; P- trends=0.06). The proportion of reported 
CVAEs was lower in both taxane and vinca alkaloid 
monotherapy versus combination therapy (reporting 
OR=0.50 and 0.55, respectively). Anthracyclines and 
HER2Neu inhibitor combinations with taxanes or vinca 
alkaloids primarily drove the higher burden of combination 
CVAEs. Hypertension requiring hospitalisation and heart 
failure was significantly lower in monotherapy versus 
combination antimicrotubular agent therapy.
Conclusions Antimicrotubular agents are associated with 
CVAEs, especially in combination chemotherapy regimens. 
Based on this study, we suggest routine cardiovascular 
assessment of patients with cancer before initiating 
antimicrotubular agents in combination therapy.

INTRODUCTION
Antimicrotubule agents have been a part of 
the pharmacopoeia of cancer therapy for 
decades. They are used widely to treat Hodg-
kin’s and non- Hodgkin’s lymphoma, breast 
cancer, Kaposi sarcoma, non- small cell lung 
cancer, ovarian cancer and prostate cancer. 
These agents inhibit crucial microtubule 

dynamics, inducing cellular responses 
like deregulated chromosome formation, 
abnormal mitotic spindle, metaphase arrest 
and eventual cell death.1 Although quite 
effective in cancer treatment, these agents 
are known to cause neurological and haema-
tological toxicity due to this mechanism of 
action.2 However, the degree of risk of cardi-
ovascular complications due to microtubule 
inhibitors is indeterminate due to the use 
of multidrug chemotherapy regimens and 
conflicting literature.3–5

The incidence of heart failure has been 
reported at 2.3%–8% in single- centre studies 

Key questions

What is already known about this subject?
 ► Antimicrotubular agents (taxanes and vinca alka-
loids) are commonly used for various cancers as 
first- line treatment with a very poorly defined car-
diovascular safety profile.

What does this study add?
 ► This study compares cardiovascular adverse events 
(CVAEs) due to antimicrotubular agents alone com-
pared with combination therapy with four known 
cardiotoxic agents (anthracycline, HER2Neu inhib-
itors, tyrosine kinase inhibitors, checkpoint inhibi-
tors). Our study is the first to quantify the relative 
CVAE of the antimicrotubular agent alone (11.8% 
of all adverse events) and in combination (15% of 
all adverse events). Combination therapy, especially 
with anthracycline and HER2Neu inhibitors, has far 
more CVAEs than monotherapy alone. Hypertension 
requiring hospitalisation and heart failure was the 
most common CVAEs.

How might this impact on clinical practice?
 ► There are no guidelines for cardiovascular mon-
itoring antimicrotubular agents. This data should 
prompt the inclusion of these agents in monitoring 
guidelines, primarily when used in specific combi-
nation therapies.
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and clinical trials consisting of patients taking taxane- 
based therapy.3 The most common cardiovascular adverse 
events (CVAEs) associated with antimicrotubule treat-
ment are arrhythmias, including asymptomatic brady-
cardia, ventricular tachycardia,4 atrial fibrillation6 and 
other conduction system abnormalities. Myocardial isch-
aemia has also been reported with these agents. However, 
the results have been confounded by the concomitant use 
of radiation therapy and multi- regimen chemotherapy.4 7 
In our study, we use the Food and Drug Administration 
(FDA)’s Adverse Event Reporting System (FAERS) to 
study the hypothesis that antimicrotubule therapy is safer 
from the cardiovascular standpoint and the relative risk 
of CVAEs is higher in combination with known cardio-
toxic agents.

METHODS
This study was performed using the Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines.8

Data source
The FAERS is an international post- marketing safety 
surveillance system maintained by the FDA. It contains 
adverse event reports reported voluntarily for all 
marketed drug and therapeutic biologic products.9–11 
The informatic structure of the FAERS database abides 
by the international safety reporting guidance issued by 
the International Conference on Harmonisation (ICH 
E2B). Adverse events and medication errors are coded to 
terms in the Medical Dictionary for Regulatory Activities 
(MedDRA) terminology based on the broad Standardised 
MedDRA Query.12 The database is publicly available,13 
and as such, this study does not require ethics committee 
approval and informed consent and therefore complies 
with the Declaration of Helsinki. No patients were asked 
for input in the creation of this article.

Data collection
The FAERS registry was studied from 1 January 1990 
to 6 September 2020, for adverse events reported 
for FDA- approved antimicrotubule agents, including 
taxanes and vinca alkaloids. Taxanes included pacl-
itaxel (Taxol, Onxol, Abraxane, Nov- Onxol, Paclitaxel 
Novaplus), docetaxel (Docefrez, Taxotere) and caba-
zitaxel (Jevtana). Vinca- alkaloids included vincris-
tine (Velban, Alkaban- AQ, Velbe, Velsar), vinblastine 
(Vincosid, Marqibo, Oncovin, Onkovin, Vincasar 
PFS, Vincrex, Vincrisul, Leurocristine) and vinorel-
bine (Navelbine). Reports that did not specify patient 
age or sex were excluded. Drug manufacturers, 
distributors and license holders are legally bound to 
actively collect and report all adverse effects related 
to their products. The FAERS event report form for 
each patient consists of case identification number, 
suspected medication, the reason for use, adverse 
reactions, nature of the event (ie, serious vs non- 
serious), outcomes (hospitalisation, death and other 

outcomes), event date, the pharmaceutical company, 
reporter (eg, healthcare professional, consumer, a 
pharmaceutical company or unknown), concomitant 
medications and country of the event.10 11 14 Age was 
tiered into 18–39, 40–59, 60–79 and ≥80 years.

Outcome
Categories of specific CVAEs studied included atrial fibril-
lation, pericardial disease/effusion, myocardial infarc-
tion, ischaemic stroke, heart failure, venous thrombo-
embolism (VTE) and hypertension requiring hospitalisa-
tion. All cardiovascular events included above and other 
minor CVAEs of QT prolongation, ventricular fibrillation 
and peripheral artery disease. These events are defined 
in online supplemental table 1. The combination with 
four major concomitants and cardiotoxic drugs—anthra-
cyclines, HER2Neu inhibitors, tyrosine kinase inhibitors 
and immune checkpoint inhibitors were compared with 
reported single- agent CVAEs.

Statistics
To determine the types and characteristics of CVAEs 
associated with antimicrotubule agents, the trend of 
CVAEs among all reported events for taxanes and vinca 
alkaloids from 1990 to 2020 was evaluated. Trends of 
reported cardiovascular events from 2010 to 2020 
were also stratified by age and gender. Trends were 
analysed using the Cochran- Armitage test of trends. 
Reported single- agent (only taxane or vinca alkaloid) 
CVAEs were compared with combination therapy 
(with at least one of the four major cardiotoxic drugs: 
anthracycline, HER2Neu inhibitors, tyrosine kinase 
inhibitors and checkpoint inhibitors). The propor-
tion of patients with reported CVAEs among all 
reported events was evaluated using adjusted polyto-
mous logistic regression in single- agent versus combi-
nation therapy from 2010 to 2020. Sensitivity analysis 
was conducted using the three most common CVAEs 
using subgroups of adverse events reported from the 
USA and European countries (France, Germany and 
Italy).

RESULTS
Over 30 years, 137 398 adverse events (median age=60 
years; IQR=50–68; 63.8% women) were reported with 
antimicrotubular agents. Among all reported adverse 
events, 29.3% were for patients with breast cancer 
and 13.6% for patients with lymphoma, as the most 
frequently reported cancers. Overall, 18 426 (13.4%) 
CVAEs were reported. The reported CVAEs were in 
individuals with a median age of 64 (IQR=55–71) years 
and with a lower proportion of women compared with 
non- CVAEs (58.4% vs 68.3%, p<0.0001). The propor-
tions of class- specific CVAEs included 74.1% due to 
taxanes (paclitaxel, docetaxel and cabazitaxel) and 
25.9% due to vinca alkaloids (vinblastine, vincristine 
and vinorelbine) when considering all CVAEs. More 
than 40% of CVAEs were reported after 2014. Specific 

https://dx.doi.org/10.1136/openhrt-2021-001849


3Batra A, et al. Open Heart 2021;8:e001849. doi:10.1136/openhrt-2021-001849

Special populations

details regarding age distribution, reporting source, 
the indication of prescription of the antimicrotu-
bular agent, the proportion of co- reported medica-
tions from the four classes of co- reported medica-
tions considered (anthracycline, HER2Neu inhibitor, 
tyrosine kinase inhibitor and checkpoint inhibitor) 

and proportion of the specific type of CVAE are 
presented in table 1.

The trend of antimicrotubular related CVAEs (1990–2020)
Among all reported adverse events, taxane- related CVAEs 
have gone down from ~15% of all adverse events in the 

Table 1 Characteristics of cardiovascular adverse event reporting on microtubular agents from 1990 to 2020

Characteristic
Taxanes
(n=13 654)

Vinca alkaloids
(n=4772) P value

Age, n (%) <0.001

  18–39 years 449 (3.3) 616 (12.9)

  40–59 years 4274 (31.3) 1232 (25.8)

  60–79 years 8287 (60.7) 2661 (55.8)

  ≥80 years 644 (4.7) 263 (5.5)

Gender, n (%) <0.001

  Male 5036 (37.3) 2521 (54.1)

  Female 8469 (62.7) 2138 (45.9)

Year of reporting, n (%) 0.0002

  Before 2000 1098 (8.0) 473 (9.9)

  2000–2009 3639 (26.7) 1208 (25.3)

  2010–2014 2949 (21.6) 1073 (22.5)

  After 2014 5968 (43.7) 2018 (42.3)

Reporting source, n (%) 0.01

  Consumer 54 (0.4) 37 (0.8)

  Pharmaceutical company 11 872 (87.0) 4114 (86.2)

  Healthcare professional 851 (6.2) 301 (6.3)

  Other 877 (6.4) 320 (6.7)

Cardiovascular disease, n (%)*

  Hypertension requiring hospitalisation 3415 (25.0) 961 (20.1) <0.001

  Heart failure 2312 (16.9) 1157 (24.3) <0.001

  Atrial fibrillation 1461 (10.7) 641 (13.4) <0.001

  Pericardial disease/effusion 129 (0.9) 57 (1.2) 0.14

  Venous thromboembolism 2927 (21.4) 1092 (22.9) 0.04

  Myocardial infarction 1519 (11.1) 607 (12.7) 0.003

  Ischaemic stroke 1039 (7.6) 380 (8.0) 0.43

Indication for treatment, n (%)

  Breast cancer 3554 (26.0) 190 (4.0) <0.001

  Lung cancer 2632 (19.3) 414 (8.7) <0.001

  Prostate cancer 786 (5.8) 16 (0.3) <0.001

  Lymphoma 16 (0.1) 2455 (51.5) <0.001

  Leukaemia 62 (0.5) 394 (8.3) <0.001

  Ovarian cancer 1269 (9.3) 8 (0.2)

Co- reported medications in the drug report, n (%)

  Anthracycline 1221 (8.9) 2296 (48.1) <0.001

  HER2Neu inhibitors 1691 (12.4) 97 (2.0) <0.001

  Tyrosine kinase inhibitors 120 (0.9) 151 (3.2) <0.001

  Checkpoint inhibitors 828 (6.1) 37 (0.8) <0.001

*Proportion of all cardiovascular adverse events.
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1990s to 11.8% in 2020 (Cochran- Armitage P- trends 
<0.0001). The proportion of reported vinca alkaloids- 
related CVAEs increased from 9.2% to a high of 15.5% in 
2003 to 11.7% in 2020 (Cochran- Armitage P- trends=0.06; 
figure 1). Since most of the adverse events were reported 
in the last 10 years, trends of the proportion of CVAEs 
stratified by age and gender were presented in online 
supplemental figure 1A,B. The proportion of taxane 
and vinca alkaloid- related CVAEs among all adverse 
events has decreased, with those above 65 years having 
a higher proportion of reported CVAEs compared with 
those below 65 years (online supplemental figure 1A, 
Cochran- Armitage P- trends for all four- curves <0.001). 
For example, there was a reduction in the proportion 
of reported CVAEs among the reported adverse events 
with taxanes in those above 65 years from 22.4% in 2010 
to 16.8% in 2020 (Cochran- Armitage P- trends <0.001). 
Gender stratified analyses demonstrate a decrease in the 
proportion of CVAEs in both men and women (Cochran- 
Armitage P- trends for all four- curves <0.001; online 
supplemental figure 1B).

CVAEs as a single agent or in combination therapy (2010–
2020)
The proportion of reported CVAEs was lower in taxanes 
(11.4%) compared with taxane- based combination 
therapy (17.9%, reporting OR (ROR)=0.5 (95% CI=0.35 
to 0.73), p=0.004). The likelihood of lower reported 
CVAE in taxanes was seen only in relation to combina-
tion of taxane with anthracyclines (14.5%, ROR=0.50 

(95% CI=0.33 to 0.73), p=0.004) and taxanes with 
HER2Neu inhibitors (16.8%, ROR=0.55 (95% CI=0.35 
to 0.84), p=0.007). Similarly, the proportion of reported 
CVAEs was lower in vinca alkaloids- based monotherapy 
(11.4%) versus combination therapy (13.7%, ROR=0.79 
(95% CI=0.73 to 0.85), p<0.001; table 2). There was no 
significant difference in proportion of reported CVAEs in 
taxanes or vinca alkaloid monotherapy and combination 
therapy with either a tyrosine kinase inhibitor or check-
point inhibitor (p for all pairwise comparison >0.05, 
table 2).

Hypertension requiring hospitalisation (2010–2020)
The most common CVAE related to taxanes was arte-
rial hypertension requiring hospitalisation, with 2696 
reported events among all reported CVAEs (30.2%). 
Hypertension hospitalisation among all adverse events 
reported due to taxane monotherapy was reported at 3.4% 
compared with 5.3% among all adverse events reported 
with any taxane combination therapy (figure 2A). Hyper-
tension requiring hospitalisation (n=803) events was 
the third most common among reported CVAEs with 
vinca alkaloids. The specific proportion of hypertension 
events requiring hospitalisation among vinca alkaloid 
monotherapy and all four specific combination ther-
apies of taxanes and vinca alkaloids are presented in 
figure 2A. The adjusted reporting OR was lower in both 
monotherapy arms compared with combination therapy 
(online supplemental table 2).
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Figure 1 Trends of reported cardiovascular events among all reported events for taxanes and vinca alkaloids from 1990 to 
2020.
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Cardiac adverse events (2010–2020)
Heart failure was the most reported CVAE among vinca 
alkaloids (n=805; 26.0% of all reported CVAEs). The 
reported heart failure was higher with combination 
therapy (3.9% of all adverse events) compared with 
vinca alkaloid monotherapy (2.5% of all adverse events; 
figure 2B). Among these reported heart failure events 
with vinca alkaloids, 27.0% died. Although heart failure 

was not as common among reported CVAEs for taxanes 
(n=1478; 16.6%), the mortality was higher among adverse 
events of heart failure reported due to taxane mono-
therapy (29.6%) compared with heart failure reported 
due to taxane combination therapy (19.6%). Among all 
reported adverse events due to specific combination ther-
apies, heart failure was highest with HER2Neu inhibitors 
among vinca combination (4.0%) and anthracyclines 

Table 2 Cardiovascular adverse event reporting in combination with known cardiotoxic anticancer agents from 2010 to 2020

Therapy
# CV/total 
reported events

% of reported 
events Adjusted OR 95% CI P value

Taxanes+any of the four agents 2944/16 458 17.9 Ref – –

Taxanes 6206/54 332 11.4 0.50 0.35 to 0.73 0.004

Taxanes+anthracyclines 485/3341 14.5 Ref – –

Taxanes 0.55 0.35 to 0.84 0.007

Taxanes+HER2 Neu inhibitors 1559/9273 16.8 Ref – –

Taxanes 0.39 0.26 to 0.58 <0.001

Taxanes+tyrosine kinase inhibitors 69/655 10.5 Ref – –

Taxanes 3.71 0.87 to 15.9 0.08

Taxanes+checkpoint inhibitor 831/3189 26.1 Ref – –

Taxanes 0.53 0.22 to 1.26 0.15

Vinca alkaloids+any of the four agents 2115/15 445 13.7 Ref – –

Vinca alkaloids 1209/10 646 11.4 0.79 0.73 to 0.85 <0.001

Vinca alkaloids+anthracyclines 1759/12 953 13.6 Ref – –

Vinca alkaloids 0.80 0.74 to 0.87 <0.001

Vinca alkaloids+HER2 Neu inhibitors 175/1139 15.4 Ref – –

Vinca alkaloids 0.58 0.49 to 0.70 <0.001

Vinca alkaloids+tyrosine kinase inhibitors 136/1032 13.2 Ref – –

Vinca alkaloids 0.86 0.71 to 1.05 0.14

Vinca alkaloids+checkpoint inhibitor 45/321 14.0 Ref – –

Vinca alkaloids 0.86 0.62 to 1.19 0.36

Total and cardiovascular adverse event reporting are shown. The OR for cardiovascular adverse event reporting (adjusted for age, gender, 
year of reporting, reporting source, need for hospitalisation, mortality) is shown as compared with any of the combinations.
CV, cardiovascular.
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Figure 2 Proportion of patients requiring hospitalisation for (A) hypertension and (B) heart failure events among all reported 
events stratified based on the use of the type of combination with either taxanes or vinca alkaloids from 2010 to 2020. Refer to 
tables 1 and 2 to see the total number of reported events to know the denominator for these events.
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among taxane combination therapies (6.6%, figure 2B). 
The adjusted reporting OR of heart failure was lower in 
monotherapy compared with combination therapy in 
both taxanes and vinca alkaloids (online supplemental 
table 2).

There were 951 and 442 reports of atrial fibrillation 
among taxanes and vinca alkaloids, respectively (10.7%, 
and 14.3% of all CVAEs, respectively). However, the 
reporting of atrial fibrillation among all reported events 
was lower than 2% (online supplemental figure 2A) 
among either antimicrotubular agents in monotherapy 
or combination therapy, except among combination of 
taxane with tyrosine kinase inhibitor (3.3% of all adverse 
events), and vinca alkaloids with checkpoint inhibitors 
(3.4%). Further, there was no difference in the adjusted 
reporting OR of atrial fibrillation in vinca alkaloid combi-
nation versus monotherapy (online supplemental table 
2).

Over 30 years, pericardial events were reported in only 
129 taxane- based and 57 on vinca alkaloid- based therapy 
(online supplemental figure 2B).

Vascular adverse events (2010–2020)
The second most common CVAE associated with taxane 
and vinca alkaloids was venous thromboembolism, with 
1751 events (19.6%) reported with taxanes and 712 
events (23.0%) in vinca alkaloid- related therapy. The 
proportion of venous thromboembolism from 2010 to 
2020 remained below 4% of all reported events in all 
monotherapy and combination therapy (online supple-
mental figure 3A) except the combination of vinca alka-
loids and HER2Neu inhibitors (6.8%) and checkpoint 
inhibitors with either vinca alkaloid or taxanes (4.2% 
and 5.3%, respectively; online supplemental figure 3A). 
There was no difference in the adjusted reporting OR of 
VTE event among monotherapy versus combination ther-
apies of either vinca alkaloid or a taxane (online supple-
mental table 2).

Arterial vascular events that included myocardial infarc-
tion and stroke consisted of 15.7% and 16.6% of all CVAEs 
in taxanes and vinca alkaloids (breakdown presented in 
online supplemental table 2). The proportion of patients 
with myocardial infarction and stroke remained below 
3% and 2% among all combinations of chemotherapies 
(online supplemental figure 3B,C). There was no differ-
ence in the adjusted reporting OR of all arterial vascular 
events in either monotherapy compared with combina-
tion therapy (online supplemental table 2).

Other cardiac events (2010–2020)
The other cardiac events were relatively rare. QT prolon-
gation, ventricular fibrillation and peripheral vascular 
disease were reported in 5.9%/6.3%, 5.2%/5.6% and 
1.4%/4.5% of all CVAEs in taxanes and vinca alkaloids, 
respectively. The incidence of these events is infrequent 
among all adverse events in all combinations of chemo-
therapies (<1%, online supplemental figure 3D). Apart 
from peripheral vascular disease in taxanes, there was no 

difference in the adjusted reporting OR of QT prolon-
gation and ventricular fibrillation events among mono-
therapy versus combination chemotherapies (online 
supplemental table 2).

Sensitivity analysis (2010–2020)
The reporting OR for hypertension requiring hospitalisa-
tion, heart failure, atrial fibrillation and venous thrombo-
embolism in combination compared with monotherapy 
was recapitulated in the two different geographical areas 
(online supplemental table 3).

DISCUSSION
This study evaluated real- world data from the FAERS data-
base to obtain information about CVAEs associated with anti-
microtubular agents. Over 30 years, 13.4% of adverse events 
related to antimicrotubular agents were cardiovascular, 
and relative reporting has reduced over time. The overall 
proportion of reported CVAEs was lower with single- agent 
antimicrotubular therapy than combination therapy with 
anthracyclines or HER2Neu inhibitors. The most reported 
CVAE among taxanes and vinca alkaloids was hypertension 
requiring hospitalisation and heart failure, respectively. 
Among specific cardiovascular events, there was no differ-
ence in proportion and adjusted reporting OR of atrial fibril-
lation, venous or arterial vascular events, QT prolongation 
and ventricular fibrillation among either monotherapy or 
combination therapy.

Among those with taxane- related CVAEs, severe hyper-
tension requiring hospitalisation was the most frequently 
reported event. In a study by Liu et al, among 710 170 
patients with cancer, hypertension was present in 10.8% 
of patients.15 This increasing prevalence of blood pres-
sure abnormalities in patients with cancer suggests that 
therapy with antimicrotubule agents may only be one 
of the multiple risk factors leading to severe hyperten-
sion in patients with cancer. It is clear from prior data 
that HER2Neu inhibitors and tyrosine kinase inhibitors 
contribute to hypertension in patients with cancer.16

Heart failure was the most common CVAE reported 
among vinca alkaloids. Gehl et al demonstrated that doxoru-
bicin and paclitaxel combination therapy resulted in conges-
tive heart failure in 20% of patients, significantly higher than 
the incidence reported with single- agent antimicrotubular 
therapy. Paclitaxel and docetaxel have been reported to have 
a synergistic effect on cardiotoxicity with an anthracycline.17 
The synergistic effect has been postulated due to increased 
doxorubicin metabolism to toxic metabolites.18 In our study, 
the proportion of heart failure events due to vinca alkaloids 
was 24.3% of all CVAEs, and around 49% of the events also 
involved the concomitant use of anthracyclines. Our study 
strengthens the notion of increased toxicity of antimicrotu-
bular agents in combination; however, this needs to be tested 
prospectively while keeping in mind that anthracyclines, 
HER2Neu inhibitors, tyrosine kinase inhibitors and check-
point inhibitors are known to cause heart failure.19–21
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Special populations

In the literature, cardiac ischaemia was reported in 5% of 
patients on paclitaxel therapy and 1.7% of patients treated 
with docetaxel.4 6 A study by Rowinsky et al demonstrated 
angina equivalents in 7 out of 140 patients treated with 
taxane- based therapy.4 In our study, we note arterial vascular 
events in both monotherapy and combination therapies with 
antimicrotubular agents, with no difference between combi-
nation and monotherapy. The true extent of the role of these 
agents in arterial vascular disease is challenging to determine 
as the results are complicated by radiation therapy and multi- 
regimen chemotherapy.

Vinca alkaloids and taxanes are commonly used anticancer 
agents. However, formal cardiovascular risk assessment is 
difficult due to a dearth of literature assessing risk using 
contemporary treatment regimens and the lack of formal 
risk calculators for these agents. Previous work has mainly 
focused on qualitative reviews on the topic22 or pooled anal-
ysis with other agents focussing on risks associated with the 
management of a cancer type rather than specific qualitative 
risks with antimicrotubular agents.23 Our work details the 
cardiovascular use with solitary antimicrotubular therapy as 
well standard combination regimens widely used in clinical 
practice. Our data can be used as a surrogate for assessing 
individualised cardiovascular risk using these agents in 
contemporary cancer treatment regimens until they can be 
used to develop formal risk calculators and be incorporated 
into cardiovascular risk- assessment guidelines.

Multiple limitations must be acknowledged resulting from 
the use of data from a public registry. First, this retrospec-
tive study may be associated with reporting bias, including 
under- reporting, missing data or over- reporting of adverse 
events. Second, due to the absence of denominators, we 
could not discuss the incidence rate of each CVAEs. Third, 
we only considered four major concomitant cardiotoxic 
medications, while other combination therapy regimes were 
not analysed. Fourth, the rates of CVAEs in combination regi-
mens with rates of CVAEs in other four drug classes alone 
without taxanes or vinca alkaloids have not been studied. 
Thus, we cannot comment on whether taxanes or vinca 
alkaloids add any CVAEs beyond the four drug classes when 
combined with them. Additionally, there has been a change 
in treatment regimens for cancer over the 30 years consid-
ered. Although we did not explicitly account for that change, 
the four combinations heavily reflect contemporary practice 
compared with decades prior. Fifth, clinical granularity such 
as knowledge of prior cardiovascular conditions, history, 
physical examination, laboratory values, ECG, echocardio-
gram, mortality adjusted cardiotoxic events or advanced 
cardiovascular workup was unavailable.

CONCLUSION
Antimicrotubular agent- related CVAEs are more 
common when prescribed with other cardiotoxic agents 
than when administered as sole agents. This report is the 
first attempt to create a knowledge base for antimicrotu-
bular agent- related CVAEs to the best of our knowledge. 
Prospective studies are needed to determine the risk 

assessment scoring, preventive thresholds, monitoring 
and management guidelines for antimicrotubule agents- 
based combination therapy.
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