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Management of QT prolongation induced by anti-cancer drugs: target therapy 

and old agents. Different algorithms for different drugs. 

 

 

Prolongation of the corrected QT (QTc) and cardiac arrhythmias 

QT interval recorded by electrocardiogram (ECG) reflects the overall duration of ventricular 

activation and recovery [2]. QT prolongation is almost always subsequent to cardiac repolarization 

abnormalities. Many drugs, making dysfunctional subunits of voltage-gated channels can cause a 

wide spectrum of events, from QT prolongation, to ventricular tachycardia, until his sudden death. 

Various correction formulas have been developed to improve QT measurement accuracy (fig.1), 

among these the most widely used in clinical practice are the Balzett and the Fredericia formulas [2-

7]. In fact, in case of altered cardiac frequencies, heart rates higher than 100 beats per minute (bpm) 

or lower than 60 bpm, the correction according to Bazett is not ideal because the value is 

overestimated or underestimated, respectively, and the use of the Fridericia's formula is preferred. 

QT prolongation can be associated to a ventricular tachycardia, known as torsades de pointes (TdP), 

that can degenerate into a ventricular fibrillation, usually with a fatal outcome. Torsades de Pointes 

is characterized by QRS complexes that oscillate around the isoelectric and vary in morphology and 

continuous voltage. 

The NCI classification of the 4 degrees of QT prolongation associated with anticancer drugs is as 

follows: grade 1, QTc 450-480 ms; grade 2, QTc 481-500 ms; grade 3 QTc > 501 ms on at least two 

separate electrocardiograms; grade 4 QTc > 501 ms or a change of > 60 ms from baseline and TdP, 

polymorphic ventricular tachycardia, or signs or symptoms of severe arrhythmia [8]. 

It is difficult to assess the risk of developing life-threatening arrhythmias from QTc prolongation 

syndrome [9-10], although there is a clear correlation among prolonged QTc interval, incidence of 

TdP and sudden death. In each case, the total risk of potential fatal ventricular tachycardia is low 

[9]. 

Several factors can cause QT prolongation in patients with cancer [11,12]: 

1. Anti-cancer drugs: arsenic trioxide (ATO), ceritinib, crizotinib, dasatinib, nilotinib, lapatinib, 

panobinostat, pazopanib, romidepsin, sorafenib, sunitinib, vandetanib, vemurafenib, vorinostat; the 

algorithms of QT prolongation induced by some of these drugs have been reported by Yeh on 

Onco-Cardiology [12]; 

2. Co-existing risk factors (among the non-cardiac: hypothyroidism; among the cardiac: congenital 

long QT syndrome, left ventricular dysfunction, myocardial ischemia); 

3. Concomitant treatments: antidepressants, antiemetics, antibiotics, antipsychotics, anti-fungal 

syndrome, anti-histamines and methadone; 

4. Side effects associated with cancer therapy: nausea and vomiting, dehydration followed by 

electrolyte imbalances like hypokalaemia, hypomagnesaemia, hypocalcaemia; other effects are 

kidney failure, liver dysfunction and poorly controlled diabetes. 

Therefore, it is mandatory that patient care is improved by knowledge of the different classes of 

anti-cancer drugs associated with QTc prolongation (arsenic trioxide-ATO, anthracyclines, 

angiogenesis inhibitors, epidermal growth factor receptor 2-HER2/ErbB2 inhibitors, Abelson 

murine leukaemia viral oncogene homolog 1-ABL inhibitors, histone deacetylase–HDAC inhibitors 

and other various agents), a careful data collection using the "tangent" method for the measurement 

of the QT interval and the Balzett and Fredericia formulas for heart rate correction (fig.2); the 

identification of risk factors and correction of electrolyte abnormalities, particularly for potassium 



  

and magnesium as well as careful evaluation of concomitant drug treatment, cardiac or not, that 

prolong the QT interval (eg, antiarrhythmic agents, diuretics, anti-anginal, antifungals, antibiotics, 

antiemetics, psychotropic drugs, etc.) [11-14]. In figure 3 is shown the algorithm for the 

management of the QT prolongation during antineoplastic therapy in use in our centre [14].  

 

 

 

 

 

Angiogenic inhibitors 

 
Angiogenesis inhibitors work by blocking vascular endothelial growth factor (VEGF) and its 

receptors. For their lower binding specificity, tyrosine kinase inhibitors (TKIs), are multi-target 

agents and consequently they exhibit pronounced cardiotoxic effects [15,16]. 

Among these drugs, vandetanib and sunitinib are the ones that more often have been associated with 

QT prolongation, while the risk associated with other vascular endothelial growth factor receptors 

(VEGFRs) TKIs, including sorafenib, is less certain [16]. In a meta-analysis that included 18 

randomized controlled trials with a total of 6548 patients, it was assessed the risk of QTc 

prolongation associated with VEGFR TKIs (sunitinib, axitinib, vandetanib, cabozantinib, sorafenib, 

pazopanib, ponatinib and regorafenib) [17]. Overall, 4.4% of patients had some QTc prolongation, 

of every NCI classification degree, while only in the 0,83% of exposed patients occurred a severe 

lengthening of the QTc interval. In the subgroup analyses, sunitinib and vandetanib were both 

associated with a statistically significant risk of QTc prolongation, while the increase of RR risk 

observed was not statistically significant [16]. Higher doses of vandetanib were associated with an 

increased risk (RR 10.60 against 4.83 for lower doses). The rate of serious arrhythmias, including 

TdP does not seem to be greater in patients who have developed a high degree of QTc prolongation. 

The risk of QTc prolongation was independent from the duration of therapy [17]. 

It is very important to check the possible inhibition of cytochrome P450 3A4 (CYP3A4) by 

concomitant medications that may increase plasma concentrations of many of the antiangiogenic 

TKIs and for which, for this reason, it may be required a dose reduction. There are evidences that 

the drug-induced QT prolongation is due to PI3K signalling inhibition, with effects on many ion 

channels and not only on those of potassium [18,19]. 

 

Vandetanib 

In several clinical trials, vandetanib was associated with QTc prolongation, TdP and sudden death 

[16,20,21]. A meta-analysis including nine clinical studies, phase II or III, for a total of 2,188 

cancer patients, showed that treatment with vandetanib is associated with a significant increase in 

overall incidence and risk of QTc prolongation. This is true for thyroid cancer and other cancers 

such as breast cancer and lung cancer [21]. Typically QT prolongation is dose-dependent and 

occurs frequently at the beginning of three months of treatment [22]. 

Because of its cardiovascular risk, vandetanib requires careful correction of hypocalcaemia, and / or 

hypomagnesaemia. Moreover, since drug half-life is very long (19 days), it is recommended to 

perform a basic ECG at 2, 4, 8 and 12 weeks after initiation of treatment and every three months. 

Monitoring of electrolytes and calcium, as well as thyroid stimulating hormone (TSH) is 

recommended [22]. Vandetanib is not advisable in patients with QTc > 480msec. 



  

Patients, in which QTc interval prolongation is greater than 500 ms during treatment, should stop 

the medication until the QTc interval returns to values less than 450 ms; you can then re-

administering the drug at a reduced dose [22]. 

 

Pazopanib 

Pazopanib is a powerful multi-targeted TKI that targets VEGFRs, platelet-derived growth factor 

receptors (PDGFRs) and c-Kit receptor [23]. Pazopanib is mainly approved for the treatment of 

advanced renal cell carcinoma and, in adult patients, for subtypes of sarcoma [24,25]. 

Pazopanib determines QT prolongation (> 500 ms) in 2% of cases. The incidence of TdP is <1% 

[26]. It must be used with caution in patients with heart disease or who are taking antiarrhythmics or 

other drugs known to prolong the QT. 

  

 

 

Sunitinib and sorafenib 

Sunitinib is a multi-targeted TKI that bind and inhibits VEGFRs 1-3, c-Kit, PDGFRs A and B, 

rearranged during transfection (RET) receptor, Fms-like tyrosine kinase 3 (FLT3) receptor and 

colony stimulating factor receptor (CSF1R), indicated for the first-line treatment in renal cell 

carcinoma and second-line in patients with GastroIntestinal Stromal Tumors GIST [27]. 

Sorafenib is another multitarget TKI against VEGFRs 2-3, PDGFRs b, c-Kit, FLT3, and BRAF 

RAF1 indicated for the second-line treatment against renal cancer and hepatocellular carcinoma 

[28]. 

Although the use of these medications has revolutionized the treatment of certain malignancies, 

during the last years we have gathered enough evidence on their potentially fatal adverse 

cardiovascular effects [29-32]. 

While sunitinib has a dose-dependent effect on QTc interval, the effect of sorafenib on the 

performance of QTc appears modest and is unlikely to be of clinical relevance [2,16,33,34,35]. 

However, since the prolongation can cause an increased risk of ventricular arrhythmias, although 

minimal, sunitinib must be used with caution in patients treated with drugs known to prolong the 

QT, as well as in patients with bradycardia, or electrolyte abnormalities [36].  

In general, in patients treated with sunitinib we perform ECG at baseline and during treatment only 

if patients are also receiving other potential QTc prolonging drugs [33,34]. 

 

 

ErbB2 inhibitors 

 
Lapatinib 

Lapatinib is a TKI used in the treatment of HER2-positive metastatic breast cancer [37]. 

Lapatinib is the only ErbB2 inhibitor associated with QTc prolongation. In one study, uncontrolled, 

open-label, in patients with advanced cancer there was an increasing of the QTc interval dependent 

on the concentration of the drug [37]. 

Lapatinib must be administered with caution under conditions that may favour QT prolongation, as 

electrolyte disorders (hypokalaemia, hypomagnesaemia), congenital long QT syndrome and 

concomitant administration of QT prolonging drugs [36]. In any case, before and during the 

administration of lapatinib, we recommend to correct any hypokalaemia and hypomagnesaemia and 

to perform ECG with QT measurement (fig.4) [37]. 

 

ABL inhibitors 



  

 

Dasatinib and Nilotinib 

The BCR-ABL inhibitors currently approved by the Food and Drug Administration (FDA) for the 

treatment of chronic myeloid leukaemia (CML) are imatinib, dasatinib and nilotinib. CML is a 

blood disorder that rushes in 15-20% of adults with leukaemia. This disorder is characterized by the 

presence of the Philadelphia chromosome (Ph + CML) that arises from a reciprocal translocation 

between chromosome 9 and 22 [38]. Nilotinib and dasatinib are BCR / ABL1 second-generation 

multitarget TKI, both associated with QT prolongation [2]. Recommendations on the use of 

nilotinib and dasatinib are the following [39-40]: 

- If QTc > 480 msec and serum electrolytes are not within normal limits, we must correct the 

electrolyte abnormalities that may be present and verify the possible use of QT prolonging drugs; 

- If QTc > 480 msec and serum electrolytes are within normal limits you can begin treatment by 

repeating the ECG and re-evaluating serum electrolytes after 7 days. 

After this time: 

If QTc > 480 msec it is recommended to discontinue treatment, correct the disionia and check for 

the concomitant use of QT prolonging drugs; 

- If QTc (QT) returns < 450 msec, resume the drug at the previous dosage; 

- If QTc returns to 450-480 msec, reduce the dose to 400 mg once daily; 

- If QTc interval > 480 msec even after the reduction of the dosage to 400 mg once a day, treatment 

must be interrupted. 

 

Histone deacetylase inhibitors  

Histone deacetylase inhibitors (HDACi) are a family of nuclear proteins that interact with the DNA 
by blocking the activity of histone deacetylase, involved in the activation and deactivation of genes, 
through the removal of acetyl groups that stabilizes the interaction between DNA and histones.  
HDACi, an emergency class of drugs with potential anti-neoplastic activity, have multiple effects in 

vivo and in vitro specific for each cell type, like: growth arrest, cell differentiation interference and 
induction of apoptosis of malignant cells.  
Both vorinostat and romidepsin, two HDACi approved in the US for the treatment of cutaneous T-
cell lymphoma, can cause ECG changes and QTc prolongation [41-43]. This occurs in some, but 
not all, of the reviewed studies. Vorinostat that turn-off genes involved in the cellular division, is 
also designed for other types of cancers including advanced lung cancer and no small cell lung 
cancer (NSCLC).  

Routine ECG monitoring is recommended for both drugs, although they must be used with caution 

in patients with pre-existing cardiovascular disease, congenital long QT syndrome, and in those 

receiving concomitant QTc prolonging drugs or that inhibit the cytochrome P450 (CYP450), which 

is the main enzyme responsible for the metabolism of vorinostat and romidepsin [44,45]. Even in 

this particular case, we recommend attention to potassium and magnesium levels [44,45]. 

Another HDACi, panobinostat, used in the treatment of refractory multiple myeloma, is known to 

have a potential cardiotoxic effect, including QTc prolongation [46]. The same considerations on 

electrolytes and concomitant drugs are valid also for panobinostat. Moreover, it is contraindicated 

in patients with a recent history of myocardial infarction or unstable angina, and in patients with a 

QTc interval> 480 msec or significant abnormalities of ST or T-wave [45, 47]. In figure 5 is 

reported the algorithm for the management of QTc prolongation induced by panobinostat. 

 

 

Various agents 
 



  

Arsenic trioxide 

Arsenic trioxide (ATO) is an effective agent for the treatment of patients with acute promyelocytic 

leukaemia (APL) who are relapsed or refractory to trans retinoic acid and chemotherapy with 

anthracyclines. Recent data have demonstrated its efficacy, as single agent, in primary therapy 

(APL) [48-50]. However, ATO can cause QT prolongation and lead to potentially fatal ventricular 

arrhythmia, as TDP [51-54]. 

The risk of TdP is related to various conditions: co-administration of drugs known to prolong QT, 

TdP history, pre-existing QT interval prolongation, or other conditions that lead to hypokalaemia or 

hypomagnesaemia [55,56]. 

In a retrospective analysis conducted to determine the degree of QT prolongation in 99 patients with 

advanced cancer treated with ATO, 35.4% of patients experienced QT prolongation > 60msec [55-

57], one patient, affected by hypokalaemia, developed asymptomatic TdP, which resolved 

spontaneously and is not relapsed after electrolyte correction. No case of sudden death and/or 

arrhythmia-related deaths was found. In conclusion, this analysis shows that ATO can prolong the 

QTc interval. However, by a proper ECG monitoring and electrolytes check, it can be safely 

administered in patients with APL. 

 

Vemurafenib 

Vemurafenib, an oral inhibitor of the mutant BRAF protein (V-raf murine sarcoma viral oncogene 

homolog B1), is approved for the treatment of metastatic melanoma with BRAF V600E mutation 

[58]. Vemurafenib is associated with QTc prolongation, so ECG and electrolytes monitoring are 

recommended before treatment and after any dose modification. For patients treated with 

vemurafenib, ECG should be carried out at baseline, after 15 days of treatment, every month during 

the first three months of treatment and every three months, more often if clinically indicated. If the 

QTc interval exceeds 500 msec, treatment should be temporarily interrupted with correction of any 

electrolyte abnormalities [36].  Therefore, a dose of 720 mg can be taken twice a day (or 480 mg 

twice daily if the dose has already been lowered). In case of a third manifestation of QT> 500msec, 

treatment suspension is recommended. 

 

Crizotinib and ceritinib 

Crizotinib and ceritinib are oral inhibitors of anaplastic lymphoma kinase (ALK), and they have 

been approved for the treatment of advanced cancer or metastatic NSCLC [59,60]. Only in some 

cases, it has been observed QTc prolongation, and therefore this anomaly is not frequent. Only in 

the 3% of 255 patients treated with ceritinib it was observed an increase of the QTc interval by 60 

msec from baseline. While in another study conducted on 304 patients treated with the same drug, 

there was a lengthening of QTc interval > 500 msec in only one patient (<1 percent) [61,62].  

Treatment suspension and dose reduction are indicated if QTc prolongation is greater than 500 

msec, while discontinuation is mandatory in case of recurrence or arrhythmia, HF, hypotension, 

shock, syncope or TdP [62,63]. 

Even crizotinib is associated with QTc prolongation with a feasible risk of ventricular 

tachyarrhythmia event. For this reason, before starting the treatment is necessary to consider 

benefits and potential risks, paying particular attention to patients with pre-existing bradycardia, 

taking anti-arrhythmic medicines or other drugs known to prolong QT interval and in patients with 

significant heart disease pre- existing and/or electrolyte disturbances [62,63]. In figure 6 is shows 

the algorithm for the management of crizotinib.  

 

 

 



  

Immunotherapy 
QT prolongation can be induced by the block of rapidly activating delayed rectifier potassium 

channel, encoded by the human ether-a-go-go-related gene (hERG) [64,65]. Usually drugs 

associated with Qtc prolongation are small molecules, but also biologic anticancer agents, with high 

molecular weights (> 140 kDa), seem to have an interaction with hERG. Among these, the most 

promising is nivolumab, a fully human IgG4 (S228P) monoclonal antibody that binds and blocks 

the programmed cell death 1 (PD-1) receptor [65]. It is used in the treatment of melanoma, NSCLC, 

renal cell carcinoma (RCC), relapsed or refractory Hodgkin lymphoma and in a growing list of 

other tumours [65].  

A recent study on patients receiving nivolumab showed that this agent has no clinically meaningful 

effect on QTc interval when administered at doses up to 10.0mg / kg.  

 

 

PARP Inhibitors 
Polymers (ADP-ribose) polymerases 1 and 2 (PARP-1 and PARP-2) are very abundant enzymes in 

the cells, with nuclear localization. They have a catalytic activity NAD+ dependent that determines 

the synthesis of a negatively charged polymer called poly-ADP-ribose (PAR) and transfers it to the 

target proteins. Such enzymes are involved in many biochemical activities that control structural 

and regulatory functions and thus processes such as DNA transcription and repair, cycle regulation, 

and cell death. In particular, PARP-1 and PARP-2 are essential components of the Base Excision 

Repair (BER) which is involved in the repair of DNA-induced radiation and methylating agents 

damages. Inhibition of PARP activity causes cell death for apoptosis. In recent years, PARP 

inhibition highlighted to potentiate the cytotoxicity of Dna-damaging chemotherapy and ionizing 

radiation and represents a good strategy for the treatment of cancer with homologous recombination 

deficiency (eg. BRCA mutation) [66]. 

 

Rucaparib 

Rucaparib was the first approved PARP inhibitor used in the treatment of patients with deleterious 

BRCA mutation (germline and/or somatic) associated advanced ovarian cancer that have been 

treated with two or more chemotherapies (Study 42, ClinicalTrials.gov NCT01078662) [67,68]. The 

safety of rucaparib was evaluated in 377 patients with advanced ovarian cancer [69]. The most 

common side effects reported by patients were nausea, fatigue/asthenia, vomiting, anemia, 

abdominal pain, dysgeusia, constipation, decreased appetite, diarrhea, thrombocytopenia, and 

dyspnea.  No clinically relevant effect on QTc prolongation has been observed, when rucaparib was 

administered at a dose of 600mg orally twice daily as monotherapy [69].  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Niraparib 

Niraparib is a PARP inhibitor indicated in the maintenance treatment of adult patients with 

recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer that are in a complete or 

partial response to platinum-based chemotherapy [70]. 

Treatment with niraparib is not associated with any clinically relevant effect on QTc prolongation. 

In the NOVA study, grade 3-4 hypertension occurred in 9% of niraparib patients compared to 2% of 

placebo patients [71].  

 

Veliparib 

Veliparib (ABT-888) is an orally bioavailable potent PARP inhibitor. In the Phase I study 

conducted by Munasinghe et al, patients with advanced solid tumors treated with single doses of 



  

veliparib (200mg or 400mg) did not experienced any clinically relevant effect on QTcF 

prolongation [72].  

 

 

 

 

CEP-9722 

CEP-9722 is a pro-drug of CEP-8983, a potent PARP-1/-2 inhibitor. The Phase 1 dose-escalation 

study demonstrated that CEP-9722, used as monotherapy or in combination with temozolomide in 

patients with solid tumor, was well tolerated and no clinically significant abnormalities were 

showed [73]. Central review of ECGS showed no clinically significant abnormalities. 

 

Olaparib  

Olaparib is an FDA approved drug for the maintenance treatment of adult patients with recurrent 

epithelial ovarian, fallopian tube, or primary peritoneal cancer, who are in a complete or partial 

response to platinum-based chemotherapy.  The antitumor efficacy of Olaparib has been 

demonstrated in fase II and III studies [74,75]. In the clinical trial conducted by Tutt et al, the 

efficacy, safety, and tolerability of olaparib were tested in women with BRCA1 or BRCA2 mutations 

and advanced breast cancer [76]. No significant changes in the ECG was observed during treatment 

with a lower dose (100 mg twice daily) of olaparib and a maximum tolerated dose (400 mg twice 

daily), compared to the baseline. In the Phase I study, Swaisland et al, confirmed that no clinically 

relevant effect of olaparib on QT interval was observed in 119 patients treated with a single dose of 

300mg and in 109 patients following multiple dosing of 300mg BID [77].  

 

 

CDK4/6 Inhibitors 
CDKs 4/6 (Cyclin-dependent kinases) are members of the protein kinase family. Their kinase 

activity is regulated by proteins called cyclins. The active kinase complex, cyclin-CDK4/6, 

regulates the cell cycle during G1/S transition. Cyclin binding, CAK phosphorylation, regulatory 

inhibitory phosphorylation and binding of CDK inhibitory subunits (CKIs) represent the main 

mechanisms of this protein kinase family. G1-to-S regulatory machinery is impaired in main cancer 

cells, due to the deregulated expression of D-type cyclins, resulting in a hyperactivation of CDKs 

4/6, or to an improper formation of cyclin D1 complexes with CDKs 4/6.  

CDKs inhibitors are molecules that prevent the formation of an active kinase complex, thus 

inhibiting their activity.  

 

Ribociclib  

Ribociclib is a cyclin dependent kinase 4 and 6 (CDK4/6) inhibitor used for the treatment of 

postmenopausal women hormone receptor positive (HR+), human epidermal receptor 2 negative 

(HER2-) advanced breast cancer [78].  

In the randomized, double-blind, placebo-controlled, Phase III study, MONALEESA-2, the events 

of QT prolongation experienced by patients were reversible and managed by dose interruptions and 

reductions, without any clinical consequences [79]. 

Recommendations for the management of treatment with ribociclib include ECG examination at 

baseline, on day 14 of cycle 1 and at the beginning of cycle 2, serum electrolytes (including 

potassium, magnesium, calcium, and phosphorous) monitoring prior to treatment and at the 

beginning of the first 6 cycles, as clinically indicated. Any electrolyte abnormalities must be 



  

corrected prior to treatment. Based on the severity of QT prolongation the treatment may require 

interruption, dose reduction and/or discontinuation [80].  

Treatment with ribociclib is recommended only in patients with QTcF <450 msec. The use of this 

drug in patients at high risk for developing QTc prolongation, including patients with long QT 

syndrome, uncontrolled or significant cardiac disease (eg, recent MI, HF, unstable angina, 

bradyarrhythmias) must be avoid. Moreover, the concomitant use of ribociclib with any medications 

known to prolong the QTc interval and/or strong CYP3A inhibitors, which may prolong the QTcF 

interval, is severely discouraged. 

 

 

Palbociclib 

Palbociclib is a reversible, highly selective, CDK4/6 inhibitor developed by Pfizer. In 2015, it was 

approved by FDA in combination with letrozole, for the treatment of ER-positive advanced breast 

cancer [81,82]. The efficacy and safety of this drug was investigated in the PALOMA-1 (phase II) 

and PALOMA-2 (phase III) trials, where women with advanced or metastatic breast cancer, ER-

positive and HER2-negative, were treated with palbocinib in combination with an aromatase 

inhibitor as initial endocrine-based therapy in postmenopausal women, or fulvestrant in women 

with disease progression after endocrine therapy, respectively [83-86]. No evidence of QTc interval 

prolongation was observed either in the subgroup of 125 patients enrolled in the PALOMA-2, or in 

patients enrolled in the PALOMA-1 trial, at the recommended dosing regimen [87, 88].  

The randomized phase 3 trial, PALOMA-3, evaluated the combination of fulvestrant plus 

palbociclib versus fulvestrant plus placebo in pre- and postmenopausal women with HR-

positive/HER2-negative advanced breast cancer [89,90]. In the palbociclib plus fulvestrant arm, 1 

patient experienced QT prolongation (SAE of grade 3), which resolved within 2 days [91].  

In the phase 1/2 study on safety and efficacy of palbociclib with bortezomib and dexamethasone in 

relapsed/refractory multiple myeloma, none of the patients experienced QTc interval prolongation 

>500 msec and 3 patients had a maximum increase from baseline of ≥60 msec [92].  

In another phase 1 study on solid tumors, none of the patients had a QTc value of >500 msec 

[93,94]. 

 

Abemaciclib 

Abemaciclib is another CDK4/6 inhibitor, developed by Eli Lilly, used in the treatment of advanced 

or metastatic breast cancers [95]. 

The safety and efficacy of this drug, used as monotherapy in metastatic breast cancer, was evaluated 

in 132 women enrolled in the phase II study, Monarch 1 [96]. Only 1 patient discontinued the 

treatment due to QT prolongation.  

The phase 3 study, Monarch 2, compared the efficacy and safety of abemaciclib at a dose of 150 mg 

twice daily, plus fulvestrant, at a dose of 500 mg, with fulvestrant alone in patients with advanced 

breast cancer [17]. No QT prolongation event was reported from the study [87,97].  

 

 

 

Conclusions 
Patients undergoing chemotherapy have a higher risk of developing cardiovascular complications, 

and the risk is even greater if there is a history of heart disease. Moreover, anthracyclines, together 

with a wide range of biological molecules, such as trastuzumab and ErbB2 inhibitors, are well 

known to have cardiotoxic effects. 



  

Each anticancer drug could potentially have "on target" or "off target" cardiotoxic effect.  

Although the incidence of QT prolongation induced by drugs is generally low, it is one of the 

cardiovascular complications that oncologists and cardiologists have to deal with. 

The effect of these molecules on QT prolongation is variable, for example in the treatment with 

ATO, QT prolongation was observed 1-5 weeks after infusion, and this spontaneously returned to 

baseline values after 8 weeks from the begging of the therapy [54]. In contrast, for the treatment 

with vandetanib is recommended to monitor ECG and QT interval at baseline, at 2-4 weeks and at 

8-12 weeks after the start, and every three months [22]. 

Considering the high variability in the management, there are several ongoing clinical trials to 

evaluate how TKIs and other new drugs can affect the QT interval. 

A work recently published by Diemberger et al. confirms the high prevalence of QTc prolongation 

after chemotherapy [64]. Patient follow-up scheme proposed by the authors enable to identify with 

high sensitivity, based on the initial QTc values, those who must continue ECG monitoring and 

those who, being at low risk, should not necessarily repeat the ECG. The study identifies in the age 

and in the initial/post first cycle QTc, two independent predictors of prolongation, during treatment, 

QTc> 470/480msec. 

Moreover, Cuni et al. proposed a flow chart to determine the risk of developing arrhythmic 

complications for the oncologic patients undergoing targeted therapies treatment [65]. 

For an optimal management of QT prolongation, we believe it is necessary to maximize the 

prevention, optimize the QT interval measurements and modify and/or discontinue the therapy in 

relation to the degree of QT lengthening. We think that a specific algorithm for each drug or family 

drug could be particularly useful. These algorithms should contain information on management on 

the basis of the presence of correctable factors, for example: electrolyte imbalance, hypothyroidism, 

and concurrent use of QT prolonging drug. 

Finally, the management of major arrhythmias and TdP should be handled by cardiologists or 

intensivists who are aware of cancer drugs metabolism and half-life.  
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Fig.1 Correction formulas to improve QT measurement. 

Fig.2 Tangent method for QT interval measurement. 

Fig.3 Assessment and management scheme in course of chemotherapy with potential QTc effect. 

Fig.4 QT monitoring during lapatinib. 

Fig.5 Algorithm for the management of QT prolongation induced by panobinostat. 

Fig.6 QT monitoring during crizotinib. 
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 Although the recent progresses of cancer therapies have significantly improved the 

prognosis of oncologic patients, side effects of antineoplastic treatments are still responsible 

for the high mortality of cancer survivors. 

 

 Cardiovascular toxicity is the most dangerous adverse effect induced by anticancer 

therapies. 

 

 Although the incidence of QT prolongation induced by drugs is generally low, it is one of 

the cardiovascular complications that oncologists and cardiologists have to deal with. 

 

 

 The management of major arrhythmias and TdP should be handled by cardiologists or 

intensivists who are aware of cancer drugs metabolism and half-life.  
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