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Abstract
Background: Cardiotoxicity is a signi�cant adverse event of trastuzumab, which is used in human epidermal growth
factor receptor 2 (HER2)-positive breast cancer patients. Lapatinib (Lap) is a small molecule tyrosine kinase inhibitor of
HER1 and HER2, serving as an anti-HER2 treatment. Lap reportedly causes lesser cardiotoxicity than does trastuzumab.
In clinical practice, Lap is often administered to patients with cardiac disorder (CD) induced by trastuzumab. However,
there are only a few reports on the safety of Lap administration and subsequent evaluation of CDs in such patients. We
evaluated whether there was a difference in cardiac toxicity due to Lap administration based on the presence or absence
of previous cardiotoxicity induced by trastuzumab.

Methods: Ten patients who received Lap for the treatment of metastatic or recurrent and HER2-positive breast cancer at
the National Center for Global Health and Medicine, Tokyo, Japan, between April 1, 2016 and August 31, 2020, were
included in this study. All patients had a history of trastuzumab administration, and two had developed CD after
trastuzumab administration. Lap was carefully administered to these two patients after consultation with a cardiologist.
Left ventricular ejection fraction (LVEF) and other clinical information before and after Lap treatment were retrieved from
electronic medical records.

Results: All patients other than the two with CD after trastuzumab treatment had a baseline LVEF of >55%, and there was
no clinically relevant decrease in LVEF after the initiation of Lap. The two patients with CD after trastuzumab treatment
exhibited LVEF of 38% and 51% after Lap treatment, respectively.

Conclusion: Our data indicate that Lap can be administered without causing further deterioration of cardiac function in
patients with CD induced by anti-HER2 monoclonal antibodies. The number of cases must be expanded for further
investigation.

Background
Lapatinib (Lap) is an HER1- and HER2-receptor small molecule tyrosine kinase inhibitor approved for use as anti-HER2
therapy. It is used in combination with chemotherapy after treatment with the monoclonal antibody trastuzumab for
metastatic or recurrent breast cancer or in combination with an aromatase inhibitor or exemestane as �rst-line therapy
for HER2-positive breast cancer. Lap reportedly has lesser cardiotoxicity than does trastuzumab1). In clinical practice,
Lap is usually administered under appropriate safety management, including consultation with cardiologists for patients
with cardiac disorder (CD) or cardiotoxicity due to the use of trastuzumab. However, there are only a few reports1) on the
safety of Lap administration in patients with previous CD and the subsequent evaluation of cardiotoxicity in these
patients.

In this case series, we evaluated whether there was a difference in cardiotoxicity after Lap administration based on the
presence or absence of previous cardiotoxicity, such as cardiac disease or trastuzumab-induced CD.

Methods
All patients who received Lap for the treatment of metastatic or recurrent and HER2-positive breast cancer at the National
Center for Global Health and Medicine, Tokyo, Japan, between April 1, 2016 and August 31, 2020, were included in this
study. All patients received anti-HER2 agents (trastuzumab with/without pertuzumab and trastuzumab emtansine) prior
to Lap, and two developed drug-induced cardiotoxicity due to chemotherapy, prior to Lap administration. Data were
retrieved from electronic medical records. We evaluated the duration of the Lap treatment, age, comorbidities, presence
of cardiotoxicity (history of cardiac disease, presence of cardiotoxicity after anthracycline/trastuzumab treatment)
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before Lap treatment, changes in the left ventricular ejection fraction (LVEF) before and after Lap treatment, and history
of anthracycline administration.

This study was approved by the Ethical Review Committee of our hospital (project number: NCGM-G-003652-00) and
complied with the ethical guidelines for medical and health research involving human subjects.

Results
A total of 13 patients were treated with Lap during the study period, and three patients with missing data were excluded.
Eventually, 10 patients were included in the study. The background characteristics of the patients are shown in Table 1.
The changes in LVEF before and after Lap treatment are shown in Fig. 1. Two patients had cardiotoxicity after
trastuzumab administration; they had no signi�cant decrease in LVEF after lapatinib administration.

Table 1 Background characteristics of patients who received lapatinib treatment

(Case 1 represents patient number 4, while case 2 represents patient number 5.)

Patient
number

Age Duration
of
lapatinib
treatment

(days)

Presence of
cardiotoxicity

Comorbidities* Presence of
cardiotoxicity
after
chemotherapy

History of
trastuzumab
administration

History of
anthracycline

administration

1 50s 458 No No No Yes Yes

2 60s 596 No No No Yes Yes

3 70s 196 No No No Yes No

4 50s 245 No No Yes Yes Yes

5 70s 104 Yes Yes Yes Yes Yes

6 50s 224 No Yes No Yes No

7 50s 887 No No No Yes No

8 50s 919 No No No Yes No

9 60s 588 No No No Yes No

10 70s 2562 No No No Yes No

*presence or absence of risk factors for cardiotoxicity with the use of trastuzumab (other than cardiac disease such
as hypertension).

Case 1

A woman in her late 50s received four courses of AC (doxorubicin 60 mg/m2 and cyclophosphamide 600 mg/m2) every
3 weeks and 18 courses of trastuzumab (8 mg/kg during the �rst administration and 6 mg/kg after the second
administration) every 3 weeks as adjuvant chemotherapy for hormone-positive and HER2-positive right breast cancer.
The patient relapsed approximately 1 year and 7 months later.

After her relapse, she received PHD (pertuzumab 840 mg/body during the �rst administration, 420 mg/body after the
second administration; trastuzumab 8 mg/kg during the �rst administration, 6 mg/kg after the second administration;
and docetaxel 75 mg/m2) every 3 weeks. After 10 courses, PH (pertuzumab and trastuzumab alone) was continued.
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The LVEF was 62% before the initiation of PHD therapy and decreased to 54% after 5 courses of PH, which was then
continued with caution. After 11 courses of PH, her LVEF decreased to 25%, and she was diagnosed with drug-induced
CD. She was withdrawn from PH therapy and treated with 2.5 mg carvedilol, 2.5 mg enalapril maleic acid, and 25 mg
spironolactone. Approximately 3 months after PH withdrawal, the LVEF recovered to 33%. Two months later, after
consultation with a cardiologist, she received Lap and capecitabine (Lap 1250 mg/day daily, capecitabine 1250 mg/ m2

twice daily on days 1–14, every 3 weeks). At the end of the Lap and capecitabine therapy, the LVEF was at 51%.

Case 2

A woman in her late 70s had a baseline LVEF of approximately 45%, and she was taking a β-blocker and angiotensin-
converting enzyme inhibitor. She received four courses of FEC (�uorouracil 500 mg/m2, epirubicin 100 mg/m2,
cyclophosphamide 500 mg/m2) every 3 weeks and four courses of trastuzumab (8 mg/kg during the �rst administration,
6 mg/kg after the second administration) and nab-paclitaxel (260 mg/m2) as neoadjuvant chemotherapy for hormone
receptor-positive and HER2-positive left breast cancer. In the FEC, �uorouracil and cyclophosphamide were reduced to
70%, epirubicin to 60%, and nab-paclitaxel to 75% from the �rst course.

After treatment with neoadjuvant chemotherapy, the LVEF decreased to 32%, and she was diagnosed with suspected
drug-induced CD. New York Heart Association functional classi�cation remained class I, and brain natriuretic peptide
(BNP) levels ranged from 70 to 120 pg/mL. Trastuzumab was not administered as neoadjuvant chemotherapy owing to
the decreased LVEF. The patient then received 50 Gy of radiation postoperatively.

One year after surgery, LVEF had improved to 40%, but the breast cancer recurred at 1 year and 2 months. She was
initially treated with fulvestrant but developed intolerance after the second month. Since drug-induced CD was strongly
suspected during the initial treatment, administration of trastuzumab was deemed to be high-risk, and Lap and
capecitabine therapy was only initiated after a consultation with the cardiologist. After four courses of Lap and
capecitabine, the LVEF was found to be approximately 38%. Although there was a very mild decrease in cardiac function,
there was no signi�cant increase in BNP or the development of symptomatic cardiac disorders.

Other patients did not have clinically relevant values during the treatment period, which is indicated by < 50% or > 20%
LVEF reduction from baseline2).

Discussion
The results of this study showed no marked decrease in LVEF after Lap treatment, regardless of the presence or absence
of cardiotoxicity prior to Lap administration.

The difference in the incidence of cardiotoxicity between trastuzumab and Lap is unknown, but various factors have
been considered. One of these is mitochondrial dysfunction caused by trastuzumab3). Destabilization of the
mitochondrial membrane is thought to impair the contractile function of cardiomyocytes due to ATP depletion. AMP-
activated protein kinase (AMPK) contributes to mitochondrial activity. It has been reported that trastuzumab inhibits
AMPK, causing ATP depletion, while Lap increases ATP production by promoting AMPK activity4). It has been theorized
that this difference in the mechanisms of trastuzumab and Lap may contribute to the difference in the incidence of
cardiotoxicity.

One of the risk factors for cardiotoxicity of trastuzumab is the history of anthracycline therapy. Both cases 1 and 2
received anthracyclines prior to trastuzumab administration. It has been reported that drug-induced CD is mainly
irreversible in anthracyclines and reversible in trastuzumab5). In case 1, recovery of LVEF was observed after
trastuzumab withdrawal, suggesting that the decrease in LVEF was due to trastuzumab use. In addition, trastuzumab
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emtansine was administered under the careful guidance of a cardiologist, wherein LVEF recovery was observed after Lap
administration. No decrease in LVEF was observed after the administration of trastuzumab emtansine. When
trastuzumab-induced cardiotoxicity appears, it may still be possible to safely administer the drug by discontinuing the
administration �rst and waiting for the LVEF to recover. Even in this case, careful monitoring of cardiac function in
collaboration with an onco-cardiologist with expertise in drug-induced CD is necessary. Since only case 2 had cardiac
disease in this study, we were unable to determine the extent to which trastuzumab treatment affects the reduction of
LVEF in patients with a low baseline LVEF. However, it is possible that Lap can be administered without worsening
cardiotoxicity in patients with an already low baseline LVEF.

In addition, adverse effects in oncology are often assessed by Common Terminology Criteria for Adverse Events
(CTCAE). CTCAE is assessed as changes of LVEF, systolic dysfunction, and heart failure, with each category classi�ed by
its own severity. However, the cardiac guidelines recommend the use of more subdivided indices for evaluation6).
Therefore, collaboration with cardiologists may be essential7).

This study has several limitations. First, the �rst incidence of cardiotoxicity observed in case 2 could not be attributed to
trastuzumab. The patient received anthracyclines and radiation to the breast during the initial treatment. Both of these
have been reported to cause cardiotoxicity, but the timing of the occurrence is variable. Therefore, we were unable to
declare that the present case was affected by the previous treatments. In addition, we cannot oppose the possibility that
the decrease in LVEF in the present case may be due to worsening of the initial cardiac disease.

Second, the variability in the timing of LVEF measurements during the Lap treatment period is another limitation. Since
all patients in this study had received trastuzumab, LVEF was measured in all patients prior to Lap administration.
However, cardiac function was re-evaluated immediately before Lap administration (within 1 month) in only two patients,
and the timing of follow-up during treatment was also varied. This study found that cardiac function monitoring was
sparse during Lap treatment, contrary to that during trastuzumab treatment, which was measured every 3 to 6 months.
One of the reasons for this is the lack of intervention by pharmacists.

At our hospital, con�rmation by a pharmacist is mandatory for use of injectable anticancer drugs before administration.
If cardiac function has not been assessed in an appropriate period of time in patients receiving trastuzumab, we seek
help from doctors who assess cardiac function. However, since Lap is an oral drug, its administration was not checked
by pharmacists, which might have led to the lower measurement rate. Prior reports7) have pointed out that without
baseline LVEF, accurate assessment of cardiotoxicity is not possible, so measurement of LVEF before the starting
therapy is essential. Although previous studies have reported a low incidence of cardiotoxicity with Lap1), cardiotoxicity
as a late adverse event of drug therapy can be a prognostic factor. As LVEF decline is asymptomatic it may not be
replaced by monitoring biomarkers such as BNP. Prior reports8–11) showed that LVEF decline can affect continuation of
cancer therapy and prognosis. Regular cardiac follow-up every 3–6 months may be necessary. Further investigation is
needed to �nd additional evaluation methods that provide a more sensitive alternative to LVEF. Global longitudinal strain
(GLS) has been reported12) to be more effective than LVEF as a method of detecting subtle changes. Furthermore, there
is a report13) that GLS helps to predict the development of cardiotoxicity in breast cancer patients treated with
anthracyclines and trastuzumab.

Third, there was an error in the LVEF measurement method. In the present study, most cases were measured using the
Teichholz method; measurement using the Simpson method, which is said to be more accurate, was performed only in
cases with drug-induced CD. The method used to measure the results at other hospitals was also unclear in this
retrospective study.

Conclusions
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Lap has been reported to be effective in patients with brain metastases14,15), and its failure to be used at the appropriate
time may limit patients’ treatment options and affect their ability to control their disease. From the results of this study,
we hypothesize that Lap can be administered without causing further cardiotoxicity in patients with trastuzumab-
induced CD; however, prospective observational studies are needed for further investigation.
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Figures

Figure 1

Change in LVEF before and after lapatinib administration (n=10)

The dashed line represents case 1, while the dotted line represents case 2.

LVEF: left ventricular ejection fraction


