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As for other tyrosine kinase inhibitors, a prolongation of ECG-recorded QTc intervals may be observed
during lenvatinib treatment; a warning on this phenomenon has been stated. However, methods and
frequency of ECG recordings have seldom been reported in this context. We present two cases of patients
treated with lenvatinib for radioiodine-refractory differentiated thyroid cancer in whom the QTc interval
was long monitored through a weekly 12-lead ECG registration. Overall, the maximum QTc increase above
baseline was 3 and 31 ms in the first and second patient, respectively. QTc interval did not reach the toxicity
value for drug withdrawal in either of the patients. These data may provide further information on cardiac
safety profile of lenvatinib in a real-life practice.
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Lenvatinib is an oral multitarget tyrosine kinase inhibitor (TKI). Its major sites of action are represented by
VEGFR1–3, RET, FGFR1–4, PDGFR-α and KIT [1–3].

In the Phase III, randomized, double-blind, multicenter study, SELECT, it was found that patients with
radioiodine-refractory differentiated thyroid cancer (RR-DTC) treated with lenvatinib significantly prolonged
progression-free survival compared with placebo [4]. These results represent a very important step in order to
consider lenvatinib as a fundamental drug for RR-DTC.

The recent American Thyroid Association guidelines [5] state TKI therapy should be considered for the treatment
of RR-DTC patients with metastatic, rapidly progressive, symptomatic and/or imminently threatening disease not
otherwise amenable to local control by other approaches, but that patients should be counseled on the risks and
benefits of TKI therapy. Among TKI-related adverse events, the prolongation of ECG-recorded QTc interval
has been listed, and warning has been made on the possible occurrence of such phenomenon, especially when
electrolyte modifications should concomitantly occur during such treatment. Most studies do not report QTc
interval prolongation among the most frequently observed adverse events in patients with lenvatinib treatment;
however, the description of ECG recording is seldom reported in those studies. On the other hand, warnings have
been made by several scientific societies and medicine agencies, stating that patients should be monitored in this
regard. Therefore, information is still required regarding the real-life-impact of lenvatinib on QTc interval in the
follow-up of these patients.

In this study, we report data on QTc interval monitoring in two patients with RR-DTC treated with lenvatinib
and followed through a weekly ECG recording.
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Figure 1. Values of QTc interval (ms) in patient number 1, weekly recorded during the 56 weeks of observation.

Case number 1
A 51-year-old male patient was initially evaluated in November 2012.

The history of the patient was consistent with carcinoma of the bladder, which was diagnosed 5-years earlier,
treated with a partial removal of the bladder and subsequent local administration of Bacillus Calmette–Guérin. A
local recurrence of the tumor was treated by a further excision.

He underwent a surgical biopsy of a mediastinal mass, which was positive for FDG-PET with the result of
tall-cell papillary thyroid cancer. Three lung masses of the medial and inferior right lobe were also biopsied with
the histology consistent with tall-cell variant papillary thyroid cancer. Enlargement of several mediastinal lymph
nodes was found on the CT scan. A near total thyroidectomy was performed with an incomplete excision of the
large mediastinal mass. The right innominate vein was found to be infiltrated. Histological diagnosis was papillary
thyroid cancer with positivity for BRAF V600E mutation and for p53.

The patient was submitted to 150 mCi radioactive 131I (RAI) treatment after thyroid hormone withdrawal with
a post-dose whole-body scan (WBS) consistent with thyroid remnants, uptake in the mediastinum corresponding
to the area of the incompletely removed mass, and uptake in the Barety’s space. In 2014, a constant increase in
thyroglobulin was noted together with an increment in the number and volume of lung metastases. This led to a
further 200 mCi RAI treatment. The post-dose WBS revealed one more mediastinal uptake compared with the
previous WBS. In October 2014, the CT scan demonstrated enlargement of cervical lymph nodes and a volume
increase of the mediastinal mass with sternum infiltration, and enlargement of several mediastinal lymph nodes;
new lung nodules were also demonstrated. Zolendronic acid and fentanyl were started. In June 2015, lesions
had increased in volume, especially the mediastinal mass with an increase of more than 20% compared with the
previous CT findings. Despite 131I avidity, the tumor was defined as radioiodine-refractory and, according to
the Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 criteria, it was defined as a progressive
disease. In January 2016, a treatment with the TKI sorafenib was started with a daily dose of 800 mg. After
6 months, a CT scan revealed a stability of the disease but after 1 year, a further progression was documented with
an increase in number and size of the metastatic lesions. Sorafenib was stopped and after a 1-month wash-out, a
further treatment with lenvatinib was started with a dramatic improvement of the clinical status and CT scans at
the 6-month follow-up. Cardiac ultrasonography and 12-lead ECG recording were performed prior to beginning
lenvatinib treatment. ECG was recorded in a supine position after a 30 min rest by a MAC 1600 machine (GE
Medical Systems, WI, USA). Subsequently, ECG was recorded weekly during the clinical follow-up by the same
modality as described for basal recording. This led us to tightly monitor the QTc interval. The results of this QTc
monitoring are demonstrated in Figure 1. The QTc interval was found to be 453 ms before lenvatinib was started
and ranged from 388 to 456 ms during the 56-week observation period. Sinus rhythm was always documented.
Heart rate ranged from 57 to 97 bpm. A 1-month blood sampling revealed that sodium, potassium and calcium
serum concentrations were constantly within the reference range during the entire period of observation. Serum
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thyroid-stimulating hormone (TSH) was monthly monitored and was almost constantly maintained ≤0.1 mIU/l.
This required an increase in l-thyroxine dose during the follow-up.
Echocardiographic analysis performed after 1 year of lenvatinib treatment showed normal left ventricular mass and
volume with an ejection fraction (EF) of 68%. The results of cardiac ultrasound examination performed prior to
lenvatinib treatment were not available.

The ACE inhibitor ramipril was also administered to treat hypertension, which was successfully controlled. The
patient was also treated with alendronic acid and oxycodone, after fentanyl discontinuation, as analgesic therapy.
Furosemide was also added after the diagnosis of metastatic plural effusion.

The disease was stable until the thirteenth month of lenvatinib treatment. Afterward, an increase in the size
and number of metastatic lesions, especially at the lung and mediastinum, was documented with a subsequent
occurrence of dysphagia, dyspnea and, eventually, cachexia. For this reason, the patient was hospitalized, and the
ECG was no longer recorded weekly. Owing to this we displayed the QTc profile for the first 56 weeks of lenvatinib
treatment in the results, because this was the interval in which ECG was regularly recorded weekly. The patient
died because of disease progression in June 2018.

Case number 2
A 52-year-old male patient was initially evaluated in June 2016.

The history of the patient was characterized by noninsulin-dependent diabetes, hyperuricemia and hypertension.
The treatment consisted of metformin, allopurinol and atenolol.

In 2003, he underwent a thyroidectomy for follicular carcinoma with multiple bone metastases. When he was
referred to our unit, he had been submitted to nine RAI treatments for a total of 1810 mCi 131I. The patient
was also submitted to a surgical orthopedic procedure for stabilizing vertebral fractures. After being referred to
our unit, he was operated for a loco-regional recurrence of follicular thyroid carcinoma. In February 2017, the
FDG-PET and CT scans revealed an increase in the number and size of bone metastases and the occurrence of
new lung and thorax soft tissue metastases. The tumor was defined as radiorefractory and a progressive disease
was defined, based on the RECIST criteria. In March 2017, treatment with lenvatinib was started at 24 mg per
day. After 2 months, the dose was reduced at 14 mg per day because of oral mucositis. A significant relief was
obtained, and the treatment was maintained at that dose. A temporary discontinuation of treatment was observed
for dental surgery. Anti-hypertensive therapy was modified because of poor blood pressure control and amlodipine,
telmisartan and hydrochlorothiazide were started with good blood pressure control.

Weekly 12-lead-ECG recordings were started immediately before lenvatinib treatment with the same modalities
as described for patient #1. The QTc interval was found to be 434 ms before lenvatinib was started and ranged
from 389 to 465 ms during the 65-week observation period (Figure 2). Sinus rhythm was always documented.
Heart rate ranged from 59 to 111 bpm during the whole period of observation.
The echocardiographic analysis performed before the beginning of lenvatinib treatment showed normal left ventric-
ular mass and volume with an EF of 65%. Sectal hypertrophy (14 mm) was documented. After 1 year of lenvatinib
treatment, the EF was 60% with the remaining parameters being comparable with those documented at the first
echocardiographic analysis performed prior to lenvatinib treatment.

A 1-month blood sampling performed during the treatment revealed that sodium, potassium and calcium serum
concentrations were constantly within the reference range. Serum TSH was monitored every month and was almost
constantly ≤0.1 mIU/l, provided the dose of l-thyroxin was increased during the follow-up. The patient is alive
with a stable disease, and lenvatinib is still maintained at 14 mg per day.

Discussion
The data from the present case reports demonstrate the lack of critical prolongation of the QTc interval during
lenvatinib treatment in quite narrow intervals of evaluation.

TKIs are associated with important side effects, which may require a modification or interruption of treatment
and, for some cases, drug withdrawal. The prevention of TKI toxicities is therefore mandatory and is principally
brought about by clinical, laboratory and instrumental patient monitoring.

The most important cardiac side effect is represented by the prolongation of the electrocardiographic QTc
interval [6].

The ECG-recorded QT interval gives information on the total duration of ventricular activation and recovery [6].
The International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals

future science group 10.2217/fon-2019-0096



Supplement Marina, Serra, Del Rio & Ceresini

Q
T

c 
(m

s)

480

460

440

420

400

380

360

340
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 65636159575553

Weeks of observation

Figure 2. Values of QTc interval (ms) in patient number 2, weekly recorded during the 65 weeks of observation.

for Human Use considers QTc prolongation >500 ms (and deltaQT [change from baseline] of >60 ms) to be
of particular concern because torsades de pointes may arise in this condition, whereas it rarely occurs when QTc
is <500 ms [7]. A Phase III trial has shown a QTc prolongation in 8% of patients affected by medullary thyroid
carcinoma treated with vandetanib [8]. In addition, cabozantinib and ceritinib have been shown to induce a mild to
moderate degree of QTc interval prolongation [9]. No QTc prolongation has been listed among the adverse events
in a Phase II trial of lenvatinib in RR-DTC [10]. Similarly, other studies do not report QTc prolongation among the
most frequent side effects during lenvatinib treatment [11–14] and considering cardiovascular adverse events, grade
3 (according to the adverse events scale) hypertension has been shown to represent the principal reason for early
lenvatinib dose reduction in a retrospective study [15]. In the Phase III SELECT study on lenvatinib treatment in
RR-DTC, QTc prolongation was found to occur in 8 and 1.5% of patients when any grade or a grade ≥3 were
considered, respectively [4]. Nevertheless, although with a low-frequency occurrence, this phenomenon still remains
a life-threatening event and warnings have been made in this regard [16], including an indication for ECG and
electrolyte monitoring should be considered at baseline, 7 and 15 days after initiation of a TKI or dose changes,
monthly during the first 3 months and then periodically during treatment depending on patient status [17]. A general
recommendation from the US FDA and EMA is to temporarily interrupt treatment in case of QTc prolongation
above 500 ms (or if QTc prolongation is >60 ms above baseline). In this case, electrolyte abnormalities should be
corrected and cardiac risk factors for QT prolongation controlled [18]. Treatment can then be resumed at a reduced
dose once the QTc normalizes [17]. In this context, it is important to note that, overall, the maximum QTc increases
above baseline we observed in our patients were 3 and 31 ms in the first and second patient, respectively. QTc
interval did not reach the toxicity value for drug withdrawal in either of the patients.

To our knowledge, there are no reports on QTc interval during ECG monitoring in lenvatinib patients through
a weekly recording for such a long period of observation, as we did in our study. In this context, the lack of critical
prolongation of QTc over a frequent recording could add more information on such adverse effects of lenvatinib
in a real-life practice. In fact, most of the data on lenvatinib side effects come from clinical trials with patients who,
based on trial selection, may be clinically different from those routinely seen. Interestingly enough, our data agree
with other reports demonstrating the lack of QTc prolongation at high plasma lenvatinib concentrations obtained
after a single dose of 32 mg in healthy volunteers [19].

Patient number 1 had been treated with sorafenib for almost 1 year before the beginning of lenvatinib. We do not
have data on the QTc recording during such treatment and we therefore cannot compare the effects of these two
TKIs on QTc interval in this patient. The same patient had been submitted to echocardiography analysis elsewhere
before the beginning of lenvatinib treatment and for some unknown reasons, that report was not available. However,
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after 1 year of lenvatinib treatment, echocardiography revealed a normal EF and no significant echocardiographic
abnormalities. Interestingly, the QTc interval was found to be within the range even at the recording performed
during a hospital observation a few days before the fatal event.

In patient number 2, echocardiographic parameters were comparable in the recordings made prior to and after
lenvatinib treatment. Particularly, the EF did not substantially change, although a lower value was noted after
65 weeks of lenvatinib treatment. In a 2015 meta-analysis, Ghataliaa et al. reported an all-grade congestive heart
failure in 2.39% of cancer patients receiving VEGFR TKIs versus 0.75% patients in the non-TKI group. High-
grade congestive heart failure was reported in 1.19% patients receiving VEGFR TKIs and 0.65% of patients in
the non-TKI group. However, in that study, lenvatinib was not considered [20] and although cardiac dysfunction
has been reported with the use of afatinib, dabrafenib, lenvatinib, ponatinib and trametinib [8], heart failure is
not commonly reported among the most frequent adverse events of lenvatinib. The importance of a relationship
between TKIs and chronic heart failure is indeed emphasized in a recent metanalysis [21]; moreover, a >20%
reduction in EF among patients on lenvatinib treatment has been reported, although in a small percentage of
cases [9]. These data support the need for a continuous monitoring and reassessment of cardiac function in patients
treated with lenvatinib.

In conclusion, we have reported two cases of patients with RR-DTC in whom a weekly ECG recording for
56–65 weeks did not show any critical QTc prolongation. This QTc monitoring may substantially represent the
effects of lenvatinib on QTc interval in the real-world clinical practice and suggest that the frequency of ECG
monitoring in these patients could be prolonged with respect to the interval observed in the present cases. Overall,
based on our data, it could be reasonable to hypothesize that a monthly ECG monitoring would likely be sufficient
to diagnose any potential impact of lenvatinib on QTc.

These results may be useful in order to gain further information on the lenvatinib cardiological safety profile.
Although our data further support the notion that QTc prolongation represents an uncommon adverse event in
patients treated with lenvatinib, careful monitoring of these patients should be observed to prevent this phenomenon,
including electrolyte control and the avoidance of drugs of a proven or potential impact on QTc interval.

Executive summary

• As for other tyrosine kinase inhibitors, a prolongation of ECG-recorded QTc intervals may be observed during
lenvatinib treatment; a warning on this phenomenon has been stated.

• Methods and frequency of ECG recordings have seldom been reported in this context.

• The Author reported two cases of patients with radioiodine-refractory differentiated thyroid cancer in whom a
weekly ECG recording for 56–65 weeks did not show any critical QTc prolongation.

• Based on the literature and of this experience the author speculate that a monthly ECG monitoring would likely
be sufficient to diagnose any potential impact of lenvatinib on QTc.
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