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Abstract: The tyrosine kinase inhibitor (TKI) drug class is a prominently used option in the 

treatment of various cancers. Safety evaluation of these drugs has shown evidence of cardio-

toxicity of varying frequency and severity between agents; concern has led to updated labeling, 

warning prescribers of such. This review seeks to clarify the present dangers and investigate 

cardiotoxic mechanisms of action for each discussed TKI. Dasatinib was connected primarily 

with an incidence of fluid retention, edema, QT prolongation, and pulmonary hypertension in 

clinical studies. It is theorized that this is due to a combination of off-target kinase binding and 

on-target binding of Bcr-Abl, and less likely, mitochondrial induced apoptosis. Studies showed 

sorafenib to carry the risk of hypertension, QT prolongation, and myocardial infarction. Proposed 

mechanisms for these side effects include inhibition of proteins, vascular endothelium growth 

factor receptor, hERG potassium channels, and the RAF/MERK/ERK pro-survival pathway. 

Finally, lapatinib showed evidence of decreased left ventricular ejection fraction (LVEF) and QT 

prolongation in clinical studies. The literature attributes these as side effects of on-target ErbB2 

binding leading to mitochondrial induced apoptosis. The concern warranted by these findings 

is in question. Pooled safety data suggest that the overall risk for cardiotoxicity is minimal in 

dasatinib and lapatinib. Sorafenib seems to carry a moderate concern. For the discussed agents, 

recommendations agree that routine monitoring via methods such as electroencephalogram, 

cardiac biomarkers, and blood pressure is warranted during the course of treatment, in addi-

tion to a comprehensive collection of past medical history and risk factors to identify those at 

heightened risk for cardiovascular events.
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Introduction
Kinases are a class of enzyme that mediates phosphate transfer from adenosine 

triphosphate (ATP) onto certain amino acid residues to produce cell signal transduc-

tion resulting in a range of cellular processes. The discovery of their overexpression in 

various cancers, particularly the receptor tyrosine kinase subtype, has led to the develop-

ment of several tyrosine kinase inhibitors (TKIs). Their binding to TKIs is usually via 

competitive inhibition at the ATP binding pocket, stopping cell proliferation signaling. 

The vast interplay in the resultant network of cell signaling is currently being studied 

in the context of homeostatic cardiac function. Limited but crucial evidence suggests 

that adverse effects of the TKI class include cardiotoxicity, dysfunction, or damage to 

cardiomyocytes which can manifest clinically as a multitude of cardiovascular compli-

cations. A high variability of selectivity between agents, and off-target kinase binding 

are characteristics of the drug class impeding our understanding of the significance 
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of the threat in each agent.1 Understanding the context of 

the clinical use of these drugs reveals the delicacy of this 

issue. Risk–benefit analysis is inherently more tolerant in the 

chemotherapeutics setting, and the use of other cardiotoxic 

drugs (particularly the anthracycline class) in a given regimen 

is likely. Clarification of the underlying mechanism of these 

side effects will be needed as concern grows and the capacity 

to anticipate them is lacking. Preclinical studies often lack 

the follow-up time needed to observe the development of 

long-term cardiac side effects or fail to capture their presence 

at all.2 The interplay between these side effects and patient 

baseline risk factors further complicates studies. Pre-existing 

cardiac disease, hypertension, diabetes, and hyperlipidemia 

are major diagnoses that can contribute to cardiotoxicity. 

Factors such as family history, activity level, smoking status, 

and alcohol intake are more difficult to capture, not always 

accounted for, and can confound study results.

Proposed mechanisms of cardiotoxicity vary and appear 

to be drug-specific. Disruption of mitochondrial function 

within the cardiomyocyte has been implicated; several off-

target kinases such as c-Jun N-terminal kinase, pyruvate 

dehydrogenase kinase, and protein kinase A are possible 

targets that when inhibited can interrupt oxidative phos-

phorylation leading to morphological abnormalities of the 

mitochondria and hypertrophy of the cardiomyocyte itself 

as the cell increases dependence on anaerobic metabolism.3 

Caspase-mediated mitochondrial apoptosis seems to be an 

additional consequence.4 Knockout mouse models have 

revealed further possible targets and have taught much 

about the complexity of cardiac cell signaling. Knockout of 

platelet-derived growth factor receptor (PDGFR), ErbB2, 

Raf-1, and Shp2 have all shown cardiotoxicity with a com-

mon theme of cardiomyopathy and reduced contractility.1 

The downstream effects of some of these kinases appear to 

play a role in ion channel activation. Reduced phosphoryla-

tion of the hERG potassium channel in particular has been 

explored;5 ion channel blockade manifests as QT prolonga-

tion in the clinic, which has been connected with the use 

of some TKIs. It is possible that observed cardiac adverse 

effects occur secondary to TKI binding in the vasculature. 

Inhibition of the vascular endothelium growth factor receptor 

(VEGFR) is a mechanism of some agents with the intention 

to block tumor angiogenesis, but which can also lead to the 

development of hypertension.

Selected TKIs
Dasatinib
Dasatinib (Sprycel®; Bristol-Myers Squibb, New York, NY, 

USA) is a TKI approved for the treatment of chronic myeloid 

leukemia (CML) and Philadelphia chromosome-positive 

acute lymphoblastic leukemia (Ph+ ALL) following ima-

tinib treatment failure. Its range of targets include Bcr-Abl, 

c-Kit, PDGFR, and members of the Scr family (Table 1).6 

Evidence of cardiotoxicity was seen early in clinical trials. 

In a Phase I dose escalation study of 84 patients, pleural 

effusion was seen in 15 (18%) patients and peripheral edema 

in 19% of patients.7 Phase II trials leading to the approval 

of dasatinib further indicated evidence of cardiotoxicity. 

A pooled analysis of these studies, all single-arm trials, 

examined safety outcomes in a combined 911 patients with 

a typical starting dose of 70 mg twice a day, for a median 

duration of 6 months.8 Among all trials, patients received 

electroencephalograms (ECG) on days 1 and 8 of treat-

ment, and at the end. ECGs revealed statistically significant 

QTc prolongation of 3–6 ms.8 Clinical significance remains 

in question; ,1% of these patients exceeded a clinically 

significant threshold of 500 ms, and only 2.9% experienced 

an elevation beyond a significant threshold of 60 ms from 

baseline. While 4% of patients experienced congestive heart 

failure or ventricular dysfunction, over half of these already 

had a history of cardiovascular disease.

A following Phase III dose optimization study of 670 

patients treated with dasatinib 100 mg once daily saw no 

evidence of CHF and less than half the rate of pleural effu-

sion (7% vs 16%) was seen in the pooled Phase II studies.9 

Half of the patients among all Phase II trials experienced 

fluid retention of some kind, with 9% of these being grade 3 

or 4. It is known that fluid retention can lead to edema; 

however, this consequence was not frequently seen; pulmo-

nary edema and generalized edema each occurred at only 

1%. The Phase III trial leading to the approval of dasatinib 

contrasts some of these findings and suggests that concern 

for cardiotoxicity is still warranted when compared to the 

standard of treatment.

In the DASISION trial, dasatinib 100 mg once daily and 

imatinib 400 mg once daily were compared, with 258 patients 

in each treatment arm. Both superficial edema and fluid 

retention were seen at higher rates in the imatinib treatment 

arm (36% vs 11% and 44% vs 27%, respectively). Dasatinib 

however did show a significantly higher rate of pleural effu-

sion, 15% vs 0% in the imatinib arm.10 Thirty-six months 

into the follow-up for the DASISION trial, pulmonary arte-

rial hypertension (PAH) was identified in 3% of patients on 

dasatinib and in no patients on imatinib. PAH had previously 

been implicated in the deaths of two patients undergoing 

dasatinib treatment,11 and the results from DASISION 

therefore prompted the US Food and Drug Administration 

(FDA) in 2011 to release a warning on the risk of PAH with 
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dasatinib use. The READY trial was another head-to-head 

Phase III trial comparing dasatinib 100 mg once daily plus 

docetaxel 75 mg/m2 every 3 weeks vs docetaxel alone. Super-

ficial edema occurred at a lower rate in the dasatinib-treated 

group (48% vs 62%) as did peripheral edema (44% vs 57%). 

Pleural effusion was seen at a higher rate in the dasatinib 

group (21% vs 7%) and led to treatment discontinuation in 

2% of patients.12 These results seem to follow those of the 

DASISION trial, but the limitations must be acknowledged 

considering dasatinib was not used as monotherapy.

Mechanism of dasatinib cardiotoxicity
An in vitro study investigating cardiac toxicity among several 

TKI agents tested dasatinib treatment in H9c2 cardiac cells 

supplemented with either 25 mM glucose or 10 mM galactose. 

Cells grown in galactose were resultantly forced to subsist 

on oxidative phosphorylation instead of glycolysis, allowing 

for researchers to examine the role of mitochondrial TKR 

inhibition as a mechanism for dasatinib toxicity. Researchers 

found that the values of the inhibitory concentration leading 

to 50% decrease in the maximum effect (IC50) for dasatinib 

were equal amongst both treatment groups. Additionally, no 

change in mitochondrial oxygen consumption was observed 

in a separate experiment. The same study found dasatinib to 

inhibit complexes IV (cytochrome c oxidase) and V (human 

mitochondrial ATP synthase) of the electron transport chain, 

but at doses well above clinical.13 Taken together, these 

results suggest that adverse effects are not originating at the 

level of the mitochondria and are supported by a separate 

study comparing dasatinib and imatinib in terms of their 

effects on mitochondrial structure or apoptosis.5

It is likely that toxicity is due to receptor kinase binding 

both on- and off-target. This conclusion was reached in a 

study that treated neonatal rat cardiomyocytes with both 

tyrosine kinase and serine-threonine kinase inhibitors. 

Results showed that a lack of target selectivity was correlated 

with myocyte damage, but a correlation also existed with the 

strength of on-target Kd (dissociation constant).14 The study 

used lactate dehydrogenase (LDH) enzyme as a surrogate for 

myocyte damage, which is also used clinically as a marker 

for tissue damage in the heart. Results showed dasatinib to 

induce a greater percentage LDH release in both 2 and 5 µM 

concentrations tested compared to imatinib; this trends with 

the relative drug potencies as dasatinib binds about 325 times 

stronger than imatinib.15 This mixed view was supported by a 

later follow-up study using the same neonatal rat cardiomyo-

cyte model, again identifying poor selectivity among TKIs 

as a driver for damage, and also pointing to the potency of 

on-target ABL1 inhibition as a simultaneous contributor.16 

It has long been theorized that on-target inhibition of the ABL 

protein can be a cause of TKI-induced cardiotoxicity, when 

such adverse effects were seen in clinical trials with imatinib. 

Conferring imatinib resistance in cardiomyocytes has been 

shown to prevent the onset of toxicity, and the findings have 

therefore been extrapolated to dasatinib since it shares the 

Bcr-Abl target (Figure 1). However, in contrast to the above 

previous findings with dasatinib, imatinib-induced cardio-

toxicity is thought to occur at the level of the mitochondria, 

resulting in apoptosis.4

Management and monitoring of dasatinib 
cardiotoxicity
The safety outcomes from various clinical trials testing 

dasatinib have reported mixed results about the significance 

of cardiotoxicity. Hence, a conservative approach has so far 

been taken in the use of this drug. Product labeling currently 

includes warnings in reference to fluid retention, cardiac 

ischemia, PAH, and QT prolongation. Interestingly, a sta-

tistical evaluation of cardiovascular ischemia in dasatinib-

treated patients using standardized incidence ratios suggests 

that dasatinib does not significantly increase the risk for 

cardiovascular ischemia when compared to similar patient 

populations. The study pooled safety outcomes from the 

DASISION trial, READY trial, and 11 Phase I and II trials. 

Researchers found the incidence of ischemia to be 2%–4%; 

however, the majority of these patients had a history of or 

risk factors for atherosclerosis. When adjusted for age and 

sex, dasatinib-treated patients did not have a significantly 

higher risk when compared to CML and prostate cancer con-

trol populations as observed in publicly available databases, 

and there was no cumulative risk dependent on the length 

of dasatinib treatment (most events occurred within the first 

year of treatment).17

In deciding how to manage the possibility of dasatinib-

induced cardiotoxicity, Saglio et al agreed with the recom-

mendations of many of the above-cited trials and the current 

FDA labeling, which at this time find it sufficient to recom-

mend caution when using dasatinib concomitantly with 

cardiotoxic therapies or in patients with a history of cardio-

vascular disease, and do suggest monitoring of cardiac func-

tion during therapy.17 These sources do not mention the need 

for cardiac evaluation in the absence of the above risk factors 

before starting treatment. The aforementioned 2011 warning 

on PAH similarly advised healthcare providers to evaluate 

patients for underlying cardiopulmonary disease before 

starting treatment with dasatinib and to monitor for signs 
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and symptoms of PAH during treatment (dyspnea, hypoxia, 

and fluid retention). This condition is considered reversible 

upon stopping treatment, and therefore the warning suggests 

an interruption of treatment when these symptoms manifest 

and PAH is suspected, and a permanent discontinuation if 

PAH is confirmed through right heart catheterization.

Sorafenib
Sorafenib (Nexavar®; Bayer HealthCare Pharmaceuticals, 

Inc, Wayne, NJ, USA) is a TKI approved for the treatment 

of unresectable hepatocellular carcinoma and advanced renal 

cell carcinoma (RCC). It is a multi-kinase inhibitor that binds 

VEGFR-2 and 3 kinases, PDGFR, c-Kit, RAF, and BRAF 

(Table 1).18 Like dasatinib, the drug labeling of sorafenib 

contains a warning about the potential for cardiotoxicity, 

based on a small incidence seen throughout several stud-

ies. Phase I and II clinical trials of sorafenib were mostly 

underwhelming in the occurrence of these side effects. One 

Phase II trial treating 34 patients with sorafenib 400 mg 

twice daily reported two patients who developed hyperten-

sion during the course of treatment.19 A separate Phase II 

trial with 137 patients under the same treatment did not 

report any significant cardiovascular related events,20 and a 

third Phase II trial of 54 patients under the same treatment 

reported two patients developing grade 3 hypertension and 

one patient developing a nonfatal myocardial infarction.21 A 

pooled analysis of four Phase I dose escalation clinical trials 

totaling 173 patients showed the incidence of hypertension 

ranging from 5%–11%, with up to 5% of these being grade 

3 or higher.22 The propensity of sorafenib to lead to hyper-

tension was seen in a placebo-controlled Phase III clinical 

trial. Seventy-six (16.8%) of 451 patients on sorafenib 400 

mg twice daily developed hypertension, with 16 of these 

being grade 3 or 4, these rates being significantly higher than 

placebo. Additionally, 12 patients in this study experienced 

cardiac ischemia or myocardial infarction.23 As a VEGFR 

Figure 1 Mechanisms of action of FDA-approved tyrosine kinase inhibitors. 
Abbreviations: AKT, protein kinase B; Bad, Bcl-2-associated death protein; Bax, Bcl-2-associated X protein; Bcl-xL, B-cell lymphoma extra large protein; Bcr-Abl, breakpoint 
cluster region-Abelson protein; Casp-3, caspase 3 protein; Casp-9, caspase 9 protein; Cyt C, cytochrome C protein; EGFR, epidermal growth factor receptor; ERK, 
extracellular signal regulated kinase; MeK, aka MAPK – mitogen activated protein kinase; mTOR, mammalian target of rapamycin protein; Pi3K, phosphoinositide 3 kinase; 
RAF, rapidly accelerated fibrosarcoma protein; Src, sarcoma proto-oncogene; Ras, Ras protein superfamily; VEGFR, vascular endothelial growth factor receptor.
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inhibitor, the propensity of sorafenib to induce thromboem-

bolic events has also been studied in a meta-analysis of ten 

trials totaling 10,255 patients. Sorafenib therapy was found 

to have a relative risk of 3.03 for the development of these 

events when compared to placebo in patients with the same 

malignancies and baseline cardiovascular health.24

Another placebo-controlled Phase III clinical trial 

of sorafenib 400 mg twice daily reported five (1.7%) of 

297 patients having developed hypertension (significant 

compared to placebo), with two of these being grade 3 or 

4 (not at significance). Myocardial infarction and cardiac 

ischemia were reported in 3% of treated patients, but this 

was not at significance compared to placebo.25 Schmidinger 

et al26 conducted an observational study investigating 

the risk of cardiotoxicity of sunitinib and sorafenib in 

74 patients and identified 13 (17.5%) patients treated with 

sorafenib 800 mg/day who experienced a cardiac event, 

defined as elevation of cardiac enzymes compared to base-

line (creatine kinase-MB [CK-MB], troponin T [TnT]), 

symptomatic arrhythmia requiring treatment, new left 

ventricular dysfunction, or acute coronary syndrome. Of 

these 13 patients, seven required medical intervention and 

all the treated patients have made recoveries.26 Also, six of 

the 13 presented with ECG abnormalities (one of which 

entered the study with a pre-existing arrhythmia). Past 

medical histories of cardiac dysfunction or hypertension 

might have contributed to the toxicities seen in this study. 

Of importance, all symptomatic patients were effectively 

managed and eligible to continue treatment. This study and 

the accompanying clinical trials highlight the significance 

of monitoring patients on sorafenib therapy for any cardio-

vascular changes, in accordance with the product labeling, 

despite these events being infrequent; quickly identifying 

and resolving these side effects will reduce the chance of 

treatment being permanently discontinued.

Mechanism of sorafenib cardiotoxicity
Numerous reports of hypertension in the above clinical 

trials can be easily attributed to sorafenib VEGFR inhibi-

tion. Blocking the actions of VEGFR stops angiogenesis 

and vasodilatory processes, leads to an increase in vascular 

resistance, and has been observed in other chemotherapeu-

tics using this target.27 While not doing direct damage to the 

heart, hypertension is a well-known precursor to more serious 

heart conditions and therefore its contribution to cardiotoxic-

ity weighs heavily. Impairment of endothelial cell survival 

would additionally explain the findings of increased risk of 

thromboembolic events with sorafenib, as a consequence of 

vascular injury. Further explanation for the cause of hyperten-

sion is seen in a study of 57 patients treated with sorafenib 

or sunitinib that found significant increases in measured 

pulse wave velocity (PWV), a surrogate for arterial stiffness, 

when corrected for blood pressure. The increases found were 

rapid and large. Authors theorized that TKIs might interact 

with integrins and thereby components of arterial structure, 

reducing elasticity. Another suggestion was damage to the 

vasa-vasorum, which has been linked with PWV increases.28 

Although this study was small and featured pooled results, 

increases in arterial stiffness have been suggested elsewhere 

as a class effect of anti-angiogenic medications.29

In a preclinical study on dogs, sorafenib disturbed 

action potentials in the hERG potassium channel of selected 

purkinje fibers, although without any clinical manifestation.1 

Inhibition of the hERG channel has been explored in TKIs 

dasatinib, nilotinib, and imatinib as a cause of arrhythmias. 

Although sorafenib has not been tested specifically, it shares 

kinase targets with these agents which raises the possibility 

that sorafenib may affect hERG as well.5 RAF1 is a kinase 

mediating a major pro-survival pathway in the cell, and its 

inhibition by sorafenib has also been explored as a contributor 

to observed toxicities. Although its role in cardiac function 

has not been clearly defined, RAF1 knockout mouse models 

have demonstrated reduced contractility and fibrosis in the 

heart. It is theorized however that these effects are due to 

downstream pro-apoptotic factors ASK1 and MST2, and 

these factors do not seem to rely solely on RAF for nor-

mal inhibition.4 This conclusion is supported by another 

study in which cardiomyocytes treated with sorafenib did 

not show a significant change in downstream ERK (of the 

RAF/MEK/ERK pro-survival pathway) phosphorylation 

(Figure 1).14 Should RAF-1 inhibition have a role, the toxic-

ity seen would be an end result of mitochondrial mediated 

apoptosis. Whether RAF inhibition itself is a cause of direct 

cardiomyocyte damage is yet unclear; therefore, another 

contributory mechanism could be considered which increases 

the likelihood of cardiac dysfunction or worsens conditions 

when they do occur. In the same manner, c-Kit, another 

sorafenib target, seems to have a role in repairing damage 

to the heart caused by ischemic injury.4 The same study to 

investigate ERK phosphorylation in regard to sorafenib 

examined caspase activity in treated cardiomyocytes and 

found no significant increase either, ruling out the possibil-

ity of mitochondrial mediated apoptosis as a mechanism. 

Supplementation with dexrazoxane also showed no change 

in cell death. Dexrazoxane is a drug used to combat cardio-

toxicity due to doxorubicin-induced reactive oxygen species 
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(ROS).4 This would seem to eliminate oxidative stress as a 

mechanism for sorafenib as well, although this conclusion 

is opposed by the results of a study conducting a transcrip-

tome analysis of sorafenib-treated zebrafish. These authors 

observed a reduction in STC1 protein, a regulator of calcium 

homeostasis, accompanied by an increase in ROS generation; 

results were confirmed in vitro using human cardiomyocytes. 

It is possible that the origin of ROS generation determines 

whether oxidative stress contributes to sorafenib-induced 

cardiotoxicity. Taken together, these studies suggest that like 

dasatanib, sorafenib-induced cardiotoxicity cannot be pinned 

upon a singular mechanism. Kinase inhibition both on- and 

off-target is likely to blame, with an emphasis on inhibition 

of VEGFR leading to frequently seen hypertension. One of 

the earlier TKIs, sorafenib features poor selectivity within 

the TKI class.30 Identifying the kinases at fault for toxicities 

seen in the clinic among the hundreds of possibilities is a very 

difficult task. At the moment, it might suffice for clinicians 

to simply familiarize themselves with the phenotypes of the 

cardiotoxic mechanism of action, such as hypertension, and 

work to predict and manage them.

Management and monitoring of sorafenib 
cardiotoxicity
Patients who developed symptoms of cardiotoxicity in the 

previously mentioned Schmidinger et al26 study were all 

effectively managed and able to continue treatment. As 

discussed, risk factors and pre-existing conditions may 

have played a role in the development of these toxicities. 

This study serves as a good example that, like dasatinib, 

careful cardiac monitoring during the course of therapy is 

likely the current best option for prevention of adverse drug 

effects, in addition to a proper collection of past medical 

history. The Schmidinger study defined a cardiac event in 

such a way as to identify markers of ischemia or cardiac cell 

damage before a more serious pathology could present. This 

was achieved through monitoring of biomarkers CK-MB 

and TnT bi-monthly, ECG once monthly as needed, blood 

pressure measurements three times a day as needed, and 

echocardiograms at baseline and as needed.26 This vigilant 

monitoring likely prevented the development of serious 

cardiac dysfunction in patients and therefore allowed them 

to remain eligible for continuation of TKI therapy. While 

effective, these methods might not be practical to repeat in 

a normal clinical setting, but should serve as examples as 

to the laboratory tests that would be appropriate for cardiac 

safety monitoring during sorafenib treatment and the time 

intervals for their measurement.

Interestingly, the authors also discussed the utility of a 

prophylactic regimen of an angiotensin-converting enzyme 

inhibitor, beta blocker, and statin for cardioprotection before 

initiating the TKI therapy. This could also be considered 

especially in patients with risk factors. Specific agents include 

carvedilol and simvastatin, which have evidence that they 

protect the cardiomyocyte at the level of the mitochondria, 

in addition to their acknowledged mechanisms of action.26 

The product labeling for sorafenib suggests similar precau-

tions as seen in the Schmidinger study. It suggests weekly 

blood pressure monitoring during the first 6 weeks of therapy, 

and electrolyte and ECG monitoring for patients at risk for 

QT prolongation (those with pre-existing arrhythmias or on 

concomitant QT prolonging drugs). The development of 

hypertension is not an indicator to interrupt therapy as it can 

be appropriately managed with drug therapy, or prophylacti-

cally as discussed above. The labeling also suggests tempo-

rary or permanent discontinuation in patients who develop 

cardiac ischemia, myocardial infarction (MI), uncontrolled 

hypertension, or QT prolongation over 500 ms or over 60 

ms from baseline.18 Management of thromboembolic events 

is less proactive. Primary prevention for thromboembolic 

events outside the inpatient setting is typically limited to 

antiplatelet therapy for high-risk patients with atherosclerotic 

cardiovascular disease. Increased contributions to throm-

boembolic risk from both TKI therapy and inherently due to 

malignancy could be factors that prompt clinicians to initiate 

primary prevention in patients who otherwise would not be 

considered and should be evaluated on a case-by-case basis. 

Studies evaluating the safety and efficacy of such therapy 

in this patient population would serve as valuable additions 

to current literature. Otherwise, thromboembolic events are 

managed based on symptoms. Following the occurrence of 

an event, prophylactic anticoagulation becomes an important 

part of treatment to avoid recurrence. The administration of 

TKI therapy can be a factor that prompts clinicians to treat 

these patients with extended prophylaxis (.3 months).31

Lapatinib
Lapatinib (Tykerb®; GlaxoSmithKline, Research Tri-

angle Park, NC, USA) is approved, in combination with 

capecitabine,32 for the treatment of advanced or metastatic 

breast cancer (MBC) in overexpressed HER2 patients who 

received a prior treatment that included an anthracycline, a 

taxane, and trastuzumab (Table 1). It is also approved for 

postmenopausal women, in combination with letrozole, in 

treating HER2-positive MBC.33 Lapatinib is a dual kinase 

inhibitor for both endothelium growth factor receptor (EGFR 
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or ERbB1) and HER2 (ERbB2).34 The emergence of car-

diotoxicity with trastuzumab, the standard antibody therapy 

for HER2-positive MBC, prompted early investigation into 

lapatinib for the same adverse effects, although the data do 

not appear to support serious risk.35 A pooled analysis of 

3,558 patients in 18 Phase I to Phase III trials was conducted 

to evaluate lapatinib for cardiac safety. Lapatinib was used 

as monotherapy or in combination with other chemothera-

peutics, and in some patients following treatment with agents 

such as trastuzumab or an anthracycline. The analysis identi-

fied a decrease in left ventricular ejection fraction (LVEF) in 

1.6% of patients, with only 0.2% of this being symptomatic. 

These rates are lower than that would be expected in trastu-

zumab-treated patients.36 The results suggest a niche in the 

therapy of lapatinib for HER2-positive patients with a risk 

for cardiovascular complications.

Another Phase III study evaluated lapatinib in combina-

tion with capecitabine in HER2-positive, locally advanced, 

or MBC patients. In this study, patients who were previously 

treated with an anthracycline, a taxane, and trastuzumab were 

randomized to receive a combination therapy of 1,250 mg/day 

lapatinib plus 2,000 mg/m2/day capecitabine or capecitabine 

monotherapy. The only cardiotoxicity seen was an asymp-

tomatic decrease in LVEF in four women (2.5%) in the com-

bination therapy group; this did not occur at a rate statistically 

greater than the monotherapy group and LVEF decreases 

did not require discontinuation of lapatinib.37 Similar results 

were seen in another Phase III trial that combined lapatinib 

1,500 mg/day with paclitaxel 175 mg/m2 every 3 weeks. 

Six patients (2%) in the combination treatment arm expe-

rienced a decrease in LVEF, with five being asymptomatic 

and only three of the six being considered treatment related. 

None of the six patients required dosage adjustment.38

A subset analysis of the LEAP trial, an expansive global 

program treating patients with lapatinib 1,250 mg/day 

plus capecitabine 2,000 mg/m2 also agrees with the above 

studies. The subset involved 293 patients from 12 central 

and eastern European countries. Results showed 71 patients 

with an LVEF decrease of ,20% from baseline, which was 

not outside institutional normal limits. Only three patients 

(1%) experienced a serious decline over 20% from baseline 

and below institutional normal limits. This low incidence 

was reflected in the global results, where only 21 of 4,283 

(0.5%) patients met the same serious definition of LVEF 

decline.39 Similarity in results was seen in a Phase III trial 

treating 399 patients with the same aforementioned lapatinib 

plus capecitabine regimen; reversible LVEF decline was seen 

in 2% of patients.32

A more recently published Phase I dose escalation study 

saw no evidence of cardiotoxicity at all in the 40 patients 

evaluated, using measurements of ejection fraction and 

troponin 1.40 The recent Phase III ALTTO trial is perhaps the 

best evidence of the relatively low risk in lapatinib. The trial 

featured four study arms testing trastuzumab and lapatinib as 

monotherapies or in combination. The lapatinib monotherapy 

group followed safety events for 2,057 patients who were 

treated with lapatinib 1,500 mg/day for 52 weeks. Symp-

tomatic heart failure was seen in only 2% of patients. LVEF 

decrease $10% and below the lower limit of normal was seen 

in 3% of patients.41 An anomaly to the trend set by these studies 

was seen in a small observational study treating patients with 

lapatinib 1,250 mg/day plus capecitabine 2,000 mg/m2. The 

study reported that five of 25 eligible patients experienced a 

cardiac event attributable to treatment, which included LVEF 

decline, QT prolongation, and sinus tachycardia.42

Mechanism of lapatinib cardiotoxicity
Data on the cellular mechanism of lapatinib cardiotoxicity 

are lacking, possibly because the threat is considered mild 

among the HER2 class of therapeutics. Presumptions are 

often drawn from studies on trastuzumab since it shares the 

ErbB2 target but is more widely studied and shows greater 

cardiotoxicity. For this reason, many studies seek to inves-

tigate why lapatinib appears safer rather than why it shows 

the minimal toxicity that it does. It is known that ErbB2 

function is essential for cardiomyocyte survival and that its 

inhibition by trastuzumab in cardiomyocytes likely leads to 

reduced contractility and cell death via the BCL-X protein 

family, which causes mitochondrial induced apoptosis.43 

Therefore, it is possible that lapatinib toxicity could also be 

a result of this mechanism.

A comparison of trastuzumab and a generic ErbB2 inhibi-

tor with a low cardiotoxic profile observed protein expression 

in cardiomyocytes treated with these drugs and found trastu-

zumab to inhibit the AMP-activated protein kinase (AMPK) 

pathway while the generic inhibitor activated it instead. 

AMPK is needed for mitochondrial energy production, and its 

inhibition could explain why trastuzumab is one of the more 

cardiotoxic TKIs. Cardiomyocytes subsist on low stores of 

ATP, supplied in part by the AMPK pathway, making them 

particularly sensitive to inhibition.1 These findings agree with 

the toxicity seen in trastuzumab, as a lack of ATP would 

hinder cardiac muscle cell contractility. Authors theorized 

that these results could be related to lapatinib, where like the 

generic inhibitor it activates the AMPK pathway and spares 

cardiomyocytes in this regard.44
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The low cardiac toxicity of lapatinib could also help 

explain by itself the mechanism of toxicity. Lapatinib is 

known to be one of the more selective TKIs, and therefore, 

it is possibly rendered safer than other agents in the class 

through minimal off-target binding. Researchers have sug-

gested that the current view on lapatinib cardiotoxicity is mis-

represented in one direction or another. Schools of thought 

include the theory that in the lapatinib treatment, there is no 

significant risk of cardiac dysfunction at all, pointing out that 

in published trials it is often employed following treatment 

with known cardiotoxins trastuzumab and anthracyclines. 

This would suggest that adverse effects only appear with 

lapatinib after cumulative insult to cardiomyocytes from 

other agents. Another observation follows that patients 

started on lapatinib in published trials were often those who 

had tolerated trastuzumab without cardiovascular complica-

tions or had a longer treatment free interval following an 

anthracycline regimen than those who started trastuzumab. 

The implication is that lapatinib-treated patients are sheltered 

from cumulative cardiotoxicity that would otherwise mani-

fest adverse effects and if its place in therapy were that of 

trastuzumab’s, toxicity would be more prominent.45

The earlier discussed ALTTO trial could help clarify the 

pathology. The study arms were lapatinib monotherapy, tras-

tuzumab monotherapy, trastuzumab followed by lapatinib in 

sequence, or lapatinib and trastuzumab in combination. These 

arms were applied in one of the three different chemothera-

peutic regimens. One regimen included these drugs alongside 

concomitant taxane therapy following adjuvant chemo with 

an anthracycline; this regimen represented about 40% of 

treated patients for each arm. Despite a significant portion 

of the overall study population having undergone adjuvant 

anthracycline treatment, the incidence of cardiac events was 

low and similar among all treatment arms. Symptomatic heart 

failure of any grade was 2% each in lapatinib monotherapy 

and sequential therapy, and 3% each in trastuzumab mono-

therapy and combination therapy. LVEF decrease of $10% 

and below the lower limit of normal was seen at a rate of 3% 

each in lapatinib monotherapy and sequential therapy, and 5% 

each in trastuzumab monotherapy and combination therapy.41 

The difference in events between arms is not strong enough 

to support the theory that cardiac events emerge as a result of 

cumulative toxicity, but would seem to support the hypothesis 

that the cardiotoxicity profile of these two drugs is similar 

when used in similar regimens. Based on these results, a final 

conclusion could be made that cardiotoxicity in both agents is 

primarily a result of ERbB2 inhibition but occurs in lapatinib 

with cardioprotective mechanisms not seen in trastuzumab.

Monitoring and management of lapatinib 
cardiotoxicity
Of the three TKIs discussed in this article, lapatinib appears 

to have the best cardiac safety profile. Overall, the studies 

above show that cardiotoxicity caused by lapatinib seems to 

be rare, and when it does occur, it is mild, easily managed, 

and does not often warrant discontinuation of treatment. 

Data from separate trials agree that an important monitoring 

parameter with this drug is LVEF. As with dasatinib and 

sorafenib, proper monitoring of patients during therapy is 

again important, but particular to lapatinib, measurement 

of baseline heart function is strongly recommended as a 

standard precaution. Lapatinib shares the ERbB2 target with 

monoclonal antibody trastuzumab, and literature suggests 

that both show LVEF declines in patients.46 Accordingly, 

monitoring guidelines have been proposed. The Cardiac 

Guidelines Consensus Committee recommends a baseline 

LVEF of $50% to initiate treatment, with follow-up evalu-

ations via echocardiogram or multigated acquisition scan 

one to two times during therapy and at the end of treatment. 

If these follow-ups identify an asymptomatic drop in LVEF, 

assessment should be repeated in 3–4 weeks. Treatment 

should be put on hold if the LVEF is ,40%, and the patient 

should then be referred to a cardiologist. The guidelines also 

strongly recommend monitoring of cardiac biomarkers such 

as CK, troponin, and brain natriuretic peptide. Clinically 

significant abnormalities in these labs would indicate a more 

acute problem than LVEF decline, although the guidelines 

do not propose a frequency for their monitoring; this will 

likely be left to professional judgment. An increase in these 

biomarkers would also warrant referral to a cardiologist.46 

The product labeling includes warnings for LVEF decline 

and QT prolongation and suggests monitoring in line with 

these guidelines, with a detailed collection of past medical 

history.

Conclusion
Our review of the literature finds that there is indeed vari-

ability in the cardiotoxic effects of the TKI class. While 

commonalities exist, the predominant adverse effects are 

different in the agents discussed. Studies showed fluid reten-

tion to be most common in dasatinib treatment, hypertension 

in sorafenib, and lowered LVEF in lapatinib. This implies 

that cardiotoxicity is not due to a single mechanism for the 

TKI class but varies among agents; this is supported by the 

studies reviewed in this article. Notably, the threat posed by 

some of the discussed TKIs is not as severe as many practi-

tioners might believe. Pooled safety data suggest a minimal 
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risk of cardiotoxicity for dasatinib and lapatinib. An analysis 

of guidelines and professional recommendations identifies 

routine monitoring of heart function during therapy and iden-

tification of at risk patients before therapy to be the key steps 

in preventing cardiovascular events, regardless of the agent 

used. Off-target tyrosine kinase binding is thought to have a 

role in the toxicities seen in dasatinib and sorafenib. A com-

plete understanding of their mechanisms of cardiotoxicity 

will therefore require further investigation to identify which 

of several possible kinases is at fault. On-target binding side 

effects have been implicated for each of the discussed drugs 

as well; targets such as Bcr-Abl, VEGFR, and ErbB2 are all 

thought to have a role in proper cardiovascular function. In 

addition, specific pro-survival or pro-apoptotic pathways are 

thought to be affected with each of the drugs. The result is 

that cardiotoxicity is likely explained as a combination of 

mechanisms specific to each TKI.
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