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Abstract

Background Trastuzumab-related cardiotoxicity (TRC) has been considered as reversible. However, recent studies have raised
concern against reversibility of left ventricular (LV) systolic dysfunction in breast cancer patients treated with trastuzumab.
In addition, the efficacy of medical treatment for heart failure (HF) including renin—angiotensin inhibitors and p-blockers
has not been defined in TRC.

Methods and results We retrospectively studied 160 patients with breast cancer receiving trastuzumab in the adjuvant
(n=129) as well as metastatic (n=31) settings in our institution from 2006 to 2015. During the median follow-up of 3.5 years,
20 patients (15.5%) receiving adjuvant trastuzumab and 7 patients (22.6%) with metastatic breast cancer developed TRC
with a mean decrease in LV ejection fraction (EF) of 19.8%. By the multivariate analysis, lower LVEF before trastuzumab
(OR 1.30;95% CI 1.16-1.48; P=0.0001) independently predicted subsequent development of TRC. LV systolic dysfunction
was reversible in 20 patients (74.1%) with a median time to recovery of 7 months, which was independently associated with
lower dose of anthracyclines (OR 1.03; 95% CI 1.01-1.07, P=0.020) and an introduction of renin—angiotensin inhibitors
and p-blockers (OR 19.0; 95% CI 1.00-592.2, P=0.034).

Conclusions Irreversible decline in LVEF occurred in patients who underwent trastuzumab in combination with anthracy-
clines with a relatively high frequency. The lower cumulative dose of anthracyclines and HF treatment including renin—angio-
tensin inhibitors and p-blockers were both independent predictors to enhance LV functional reversibility in patients with TRC.

Keywords f-blockers - Cardiotoxicity - Reversibility - Heart failure - Renin—angiotensin inhibitors - Trastuzumab

Introduction of recurrence [1, 2]. Trastuzumab, a monoclonal antibody

targeting against HER?2, has achieved a major breakthrough

Breast cancer is the most common and frequently diag-
nosed cancer among women in the world. Approximately
25-30% of breast cancers have overexpression of human
epidermal growth factor receptor 2 (HER2), which confers
an aggressive clinical phenotype including increased growth
and proliferation, early systemic metastasis, and high risk
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in the treatment of early-stage and metastatic HER2-positive
breast cancer that reduced cancer recurrence and improved
survival [3-6]. It, alone and in combination with anthracy-
cline-based chemotherapy, has become a mainstay in the
treatment of HER2-positive breast cancer for both curative
adjuvant and metastatic settings [4, 5, 7].

Despite its adoption in the management of breast cancer,
the use of trastuzumab, especially when given with anthra-
cyclines, has led to an unexpectedly high incidence of car-
diotoxicity, usually manifested as congestive heart failure
(HF) or asymptomatic decrease in left ventricular ejection
fraction (LVEF). The incidence of trastuzumab-related car-
diotoxicity (TRC) has been reported as high as 43.6%, which
varies depending on the definition used, patient comorbid-
ity, and different regimens [8]. Its mechanisms remain to be
clarified; however, cardiac dysfunction can be attributed to
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cardioprotective HER2 signaling blockade [9] and increased
oxidative stress in cardiomyocytes [10, 11]. In contrast to the
cardiotoxicity induced by anthracyclines, TRC constitutes
an entity known as a type II chemotherapy-related cardiac
dysfunction, characterized by a largely reversible cardiac
damage with benign myocardial structural change and no
cumulative dose relationship [12]. Despite the reversibility
of TRC, this cardiotoxicity frequently leads to premature
discontinuation of trastuzumab therapy which resulted in
suboptimal cancer treatment and thereby may increase the
chance of cancer recurrence [13]. This is a particular con-
cern in the metastatic setting where benefits of prolonged
trastuzumab administration may weigh cardiac harms.
Additionally, the recent reports raise fundamental doubts
about the reversibility of TRC by showing that 40% of TRC
patients represented sustained systolic dysfunction [14-16]
and failed reversibility of systolic dysfunction was associ-
ated with adverse cardiac events [14].

Despite a high incidence of TRC, knowledge about early
diagnosis and optimal treatment is limited. Although sev-
eral risk factors for TRC have been described [8, 17], it
remains uncertain whether those are consistently applied
to all patients with various clinical backgrounds. Advances
have been made in reducing anthracyline-induced cardiotox-
icity [18, 19], but little is known about optimal management
for TRC. Recent randomized studies provided a potential of
HF medical treatment including renin—angiotensin inhibi-
tors and B-blockers to prevent TRC. However, the role of
HF treatment in TRC was not established and predictors of
LV function reversibility were poorly characterized. Defin-
ing the consequences of TRC is mandatory as physicians
are encountered to weigh the risks versus benefits of trastu-
zumab therapy in patients with breast cancer. Accordingly,
we examined the demographic and clinical characteristics,
the incidence of TRC, the clinical parameters which may
predispose patients to adverse cardiac events and irrevers-
ibility in both adjuvant and metastatic settings.

Methods
Study cohort

All consecutive patients with HER2-positive breast cancer
received trastuzumab in the adjuvant (stage I through III) or
metastatic (stage IV) settings from January 1, 2006, to Decem-
ber 31, 2015, were included in our institution. Patients were
excluded if breast cancer was not the initial primary cancer or
serial echocardiographic assessments were not performed to
assess diagnostic accuracy over time. Previous chemotherapy
included regimens with or without anthracyclines. The typical
adjuvant regimen consisted of FEC100 (epirubicin 100 mg/
m?, 5-FU 500 mg/m?, and cyclophosphamide 500 mg/m?)

followed by four cycles of weekly paclitaxel (80 mg/m?) and
trastuzumab (initial dose of 4 mg/kg, followed by 2 mg/kg).
Adjuvant trastuzumab therapy was conducted for 12 months.
Maintenance trastuzumab therapy was conducted for meta-
static setting depending on the disease progression. Irradiation
of the mediastinal internal mammary node was received if
applicable. All patient data were encrypted and de-identified
before the statistical analysis and this protocol was approved
by Kyushu University Hospital Institutional Review Board.

Definition of TRC

The cardiotoxicity was defined and graded according to the
expert consensus statement [20] and the National Cancer
Institute Common Toxicity Criteria for Adverse Event, ver-
sion 4.0 (CTCAE4), respectively. In brief, TRC was defined
as a decrease in the LVEF of 10% points from baseline, to
a value <53%. In patients with a reduced LVEF (< 53%)
at baseline, a drop in LVEF of more than 10% points was
defined as TRC. This decrease was confirmed by repeated
echocardiography 3—-4 weeks after the diagnostic study.
Severity grading systems of TRC were as follows; Grade I
asymptomatic decline in LVEF of 10% points from baseline,
Grade II asymptomatic decline in LVEF of <50% or <20%
points compared with baseline, Grade III symptomatic
decline in LVEF of <40% or >20% points compared with
baseline, Grade IV severe heart failure requiring intensive
therapy, Grade V death.

Cardiac evaluation

Patients with serial echocardiographic assessments per-
formed before chemotherapy, at baseline (before trastu-
zumab initiation), during trastuzumab therapy, yearly after
drug discontinuation were identified. The LV cavity dimen-
sions and LVEF were measured from the modified biplane
Simpson’s method. Tissue Doppler Imaging velocities were
measured from the septal annulus in the apical four-chamber
view. All echocardiograms were reviewed by two independ-
ent investigators.

Reversibility of cardiac dysfunction

Reversibility of cardiac dysfunction was defined as an
increase in LVEF > 10% points from the nadir, and irrevers-
ibility when an increase in LVEF < 10% points from the

nadir and remaining > 5% points below the baseline [20].

Discontinuation of trastuzumab and introduction
of HF medical treatment

Trastuzumab was discontinued in patients who developed
an asymptomatic decrease in LVEF or overt HF according
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to the discretion of oncologists. HF therapy including
renin—angiotensin inhibitors or 3-blockers was instituted and
up-titrated in patients who were referred to cardiologists.
Additional cardiac treatment including diuretics or antico-
agulants was given based on the clinical situation. The deci-
sion to resume trastuzumab was left to the discretion of the
oncologists after careful evaluation of the risks and potential
benefits of trastuzumab therapy.

Data extraction

Data were obtained for enrolled patients regarding demo-
graphics, comorbidities, cardiac diseases including ischemic
heart disease, valvular heart disease, arrhythmia, and con-
genital heart disease, breast cancer features including stage
at diagnosis, tumor size, histology, hormone receptor, con-
current chemotherapy regimens, surgery, and site of radia-
tion therapy, and clinical status.

Statistical analysis

Categorical data are presented as numbers with percent-
ages. Continuous data which are non-normally distributed
are presented as medians with first and third quartiles, and
data which are normally distributed are presented as a mean
and standard deviation. Normality was analyzed by the
D’Agostino-Pearson test. Comparison between continuous
variables was assessed using the Mann—Whitney U test or
Student’s ¢ test as appropriate. Comparison between categor-
ical variables was analyzed using Fisher’s exact test. Time-
to-TRC was calculated using the Kaplan—-Meier method and
compared by log-rank test. Independent correlates of TRC
were identified by multivariable logistic regression analysis,
adjusting for confounders. Covariates with a P value of less
than 0.10 in the univariate analysis and predefined baseline
covariates were entered in the multivariate model, and non-
significant factors were removed by a stepwise selection pro-
cedure. All-probability values were two-tailed, and P < 0.05
was considered statistically significant. Statistical analyses
were performed with the use of JMP statistical package and
GraphPad Prism.

Results
Study population

This study included 160 breast cancer patients that received
trastuzumab as adjuvant (n=129) or metastatic mainte-
nance (n=31) therapy. Their mean age at diagnosis was
56 years. The median time of trastuzumab treatment was
12 months [interquartile range (IQR) 11-14 months] and 18
cycles (IQR 17-18 cycles). The majority of patients (76.4%)
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received anthracycline-based chemotherapy prior to trastu-
zumab therapy. Median time from the last anthracycline
administration to the initiation of trastuzumab was 32 days
(IQR 21-66 days).

Trastuzumab-related cardiotoxicity (TRC)

During the median follow-up of 18 months (IQR
14-30 months) from the start of chemotherapy to last echo-
cardiography, 27 patients (16.9%) developed TRC (Table 1).
Twenty patients (12.5%) experienced Grade I and II asymp-
tomatic LVEF decrease and 7 patients (4.4%) developed
Grade III symptomatic HF (Table 1). Overall, 7 out of the
27 patients (25.9%) diagnosed as TRC were symptomatic.
Figure 1a shows the Kaplan—Meier curve of onset of TRC
after trastuzumab therapy and the median time to develop
TRC was 4 months (IQR 3-6 months). Maximum LVEF
decline was 19.8 +9.8% (Fig. 1b).

Table 2 summarizes the clinical characteristics of patients
who developed TRC or not. Univariate analysis showed that
there was no difference in the stage and phenotype of breast
cancer, cumulative dose of prior anthracyclines, time from
last anthracyclines to trastuzumab administration, tras-
tuzumab cycle, concomitant chemotherapy, or left chest
radiation therapy between the groups. The prevalence of
underlying cardiovascular risk factors and cardiac comor-
bidities also did not differ between groups. In contrast,
LVDs, LVEDVI, and LVESVI before trastuzumab therapy
were significantly larger in patients with TRC than those
with No TRC. Corresponding with these findings, LVEF
and §' before trastuzumab therapy were significantly lower
in patients with TRC. By multivariate analysis, lower LVEF
before trastuzumab independently predicted subsequent
development of TRC (Table 3).

At the last follow-up of 3.5 years, 14 (8.8%) patients
had died. All the patients died of tumor-related causes, and
no cardiac death was identified. When stratified by TRC,
cumulative all-cause mortality rates were not significantly
different between patients who developed TRC and those
who did not.

Table 1 Trastuzumab-related cardiotoxicity

Characteristics No. of patients %

Trastuzumab-related cardio- 27 16.9
toxicity

Grade
I 10 6.3
1T 10 6.3
11 7 44
v 0 0
\Y% 0 0
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Fig.1 a Cumulative incidence of trastuzumab-related cardiotoxic-
ity (TRC) after trastuzumab therapy. b Time-dependent changes of
left ventricular ejection fraction (LVEF) at baseline and after trastu-
zumab therapy for patients with TRC or No TRC. Box-plot values are
expressed as the median (horizontal line in each box) and 25th and
75th percentiles (top and bottom of each box), with whiskers (top and
bottom of each bar) drawn to the minimum and maximum values

Reversibility of LV systolic dysfunction

Among the patients who experienced TRC, 19 patients
(70.4%) had trastuzumab therapy withheld due to the
decrease in LVEF or the development of clinical HF. The
median interruption period was 69 days (IQR 44-84 days).
Among 15 patients, trastuzumab therapy was conducted
again after LVEF recovery; however, 8§ patients experienced
further decrease in LVEEF, leading to the second discontinua-
tion of trastuzumab therapy. On the other hand, trastuzumab
therapy was permanently discontinued in 4 patients (14.8%)
owing to the sustained decrease in LVEF even after the dis-
continuation of trastuzumab.

Among the 27 patients who developed TRC, 19 (70.4%)
patients were referred to cardiologists and HF treatment
including renin—angiotensin inhibitors and/or B-blocker was
introduced in 14 (51.9%) patients. In 20 (74.1%) patients
who developed TRC, LV systolic dysfunction was reversible
by trastuzumab discontinuation or initiation of HF treatment
after a median time of 7 months (IQR 4-9 months). The

mean LVEF of those with reversibility or irreversibility at
last follow-up was 60.6% and 48.1% (P=0.0007, Fig. 2),
respectively. Of note, the LVEF of those with reversibil-
ity did not fully restore to the pre-chemotherapy baseline
level (P=0.024). Table 4 shows the clinical characteristics
of patients who had reversibility of cardiac dysfunction and
those who had an irreversible cardiac dysfunction. LVEF
before trastuzumab, at TRC, and at the lowest value were
not different between reversibility and irreversibility. By
univariate analysis, lower cumulative doxorubicin dose
and HF treatment including renin—angiotensin inhibitors
and p-blockers were associated with reversibility of cardiac
dysfunction (Table 4). By multivariate analysis, lower cumu-
lative doxorubicin dose and HF treatment independently pre-
dicted reversibility of cardiac dysfunction (Table 5).

There was no difference in the clinical characteristics of
patients who received HF treatment or not. LVEF signifi-
cantly increased after discontinuation of trastuzumab without
HF treatment (47.8 £9.7-56.6 + 11.4%, P <0.0004, Fig. 3).
The lowest LVEF in patients who received HF treatment
was lower than that in patients who did not (38.5 £11.4% vs
47.8+9.7%, P=0.032); however, the LVEF at last follow-
up was not significantly different between the patients with
HF treatment or not (58.0+5.9% vs 56.6 +11.4%, P=0.64,
Fig. 3). Discontinuation of trastuzumab therapy as a result
of LV dysfunction was not observed in patients with the
introduction of HF treatment.

Discussion

This retrospective analysis demonstrated that cardiotoxicity
developed in 16.9% of patients treated with trastuzumab,
with or without preceding anthracycline therapy and lower
LVEF before trastuzumab therapy was independently asso-
ciated with the development of TRC. In addition, LV sys-
tolic dysfunction was reversible in 74.1% of patients who
developed TRC, which was independently associated with
the lower anthracycline dose and the introduction of HF
treatment.

In our study, 15.5% of patients received trastuzumab with
adjuvant chemotherapy and 22.6% of those with palliative
chemotherapy developed TRC. Overall, symptomatic HF and
asymptomatic decline of LVEF occurred among 4.4% and
12.5% of patients who received trastuzumab, respectively.
The incidence of TRC in previous reports varied according
to its definition, study types, study populations, and con-
comitant chemotherapy regimens. Randomized controlled
trials (RCTs) including only patients who met stringent
cardiac eligibility criteria and received rigorous monitoring
of cardiac function reported symptomatic HF in 0.8-14.2%
of patients, and total TRC in 5.7-35.4% of patients. Com-
munity-based cohort studies including more heterogeneous
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Table 2 Baseline characteristics

; . . Characteristics Total TRC No TRC P value
of studied patients according to N=160 N=27 N=133
the occurrence of TRC
Demographics
Age at diagnosis, year 56+12 52+12 57+12 0.51
Body mass index 22.6+4.6 21.8+4.9 22.8+4.5 0.31
Breast cancer stage 0.41
Early 95 (59.4) 13 (48.1) 82 (65.4)
Advanced 34 (21.3) 7(25.9) 27 (20.3)
Metastatic 31(19.4) 7(25.9) 24 (18.0)
Affected breast 0.73
Right 74 (46.3) 11 (40.7) 63 (47.4)
Left 83 (51.9) 16 (59.3) 67 (50.4)
Bilateral 3(1.9) 0(0) 3(2.3)
Tumor grade
Estrogen receptor+ 90 (56.3) 17 (63.0) 73 (54.9) 0.53
Progesterone receptor+ 65 (40.6) 12 (44.4) 53 (39.8) 0.67
HER2+ 100 (160) 27 (100) 133 (100) 1.00
Cancer type 0.36
Invasive ductal carcinoma 146 (91.3) 26 (96.3) 120 (90.2)
Invasive lobular carcinoma 2(1.3) 1 (3.7 1(0.8)
Invasive micropapillary carcinoma 2(1.3) 0(0) 2(1.5)
Medullary carcinoma 2(1.3) 0(0) 2(1.5)
Others 8 (5.0) 0(0) 8 (6.0)
Prior chemotherapy
Anthracyclines 125 (76.4) 23 (85.2) 102 (76.7) 0.45
Doxorubicin 7 (4.4) 0(0) 7(5.3) 0.60
Epirubicin 118 (73.8) 23 (85.2) 95 (71.4) 0.16
Cumulative dose
Doxorubicin, mg/m? 240+0 0 240+0
Epirubicin, mg/m> 393 +66 423491 386+56
Doxorubicin equivalents, mg/m? 199 +34 212+45 198 +30 0.095
Time from last anthracycline administration 32 (21-66) 39 (28-85) 31 (21-61) 0.32
to trastuzumab initiation, days
Trastuzumab cycle 18 (17-18) 17 (17-18) 18 (17-18) 0.098
Concomitant anti-cancer agent
Microtubule-targeting agent 129 (80.6) 20 (74.1) 109 (82..0) 0.42
Antimetabolites 93 (58.1) 13 (48.1) 80 (60.1) 0.29
Alkylating agent 119 (74.4) 21(77.8) 98 (73.7) 0.81
Selective estrogen-receptor modulators 29 (18.1) 5(18.5) 24 (18.0) >0.99
Left chest radiation therapy 38 (23.8) 6(22.2) 32 (24.1) >0.99
Cardiovascular risk factors
Hypertension 30 (18.8) 3(11.1) 27 (20.3) 0.42
Diabetes mellitus 11 (6.9) 1(3.7) 10 (7.5) 0.69
Hypercholesterolemia 1509.4) 2(7.4) 13 (9.8) >0.99
Smoking 30 (18.8) 4(14.8) 26 (19.5) 0.79
Cardiac disease 11 (6.9) 1(3.7) 10 (7.5) 0.69
Echocardiographic data before trastuzumab therapy
LVDd, mm 45.5+4.4 46.7+4.7 45.3+4.3 0.20
LVDs, mm 27.7+3.8 30.9+4.6 27.1+3.3 <0.0001
LVEDVI, mL/m? 63.5+13.5 69.1+18.2 62.5+12.1 0.040
LVESVI, mL/m? 19.7+6.8 26.9+9.0 18.5+5.1 <0.0001
LVEF, % 69.3+6.6 61.6+69 70.4+5.5 <0.0001
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Table 2 (continued) Characteristics Total TRC No TRC P value
N=160 N=27 N=133

LAD, mm 345+6.0 33.1+4.8 34.7+6.2 0.27
LAVI 29.1+8.5 30.3+10.7 29.0+8.3 0.66
S’ 74+1.5 6.4+1.3 75+1.5 0.0022
E/A 1.1+0.4 1.1+0.5 1.0+0.4 0.86
E' 7.3+2.2 73+2.6 73+2.2 0.96
E/IE 10.2+3.3 9.7+3.8 10.3+3.2 0.50

Data are presented as number (%) of patients, mean + SD, or median (quartiles 1-3)

HER?2, human epidermal growth factor receptor type2; LVDd, left ventricular diameter diastole; LVDs, left
ventricular diameter systole; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricu-
lar end-systolic volume index; LVEF, left ventricular ejection fraction; LAD, left atrial diameter; LAVI,

left atrial volume index

Table 3 Multivariate logistic model for the development of TRC

Variable OR CI P value
Age at diagnosis, year 1.00  0.96-1.05 0.84
Body mass index 1.02  090-1.15 0.77
Doxorubicin equivalent dose, mg/m2 1.00 0.99-1.01 0.16
LVEF before trastuzumab, % 1.30 1.16-1.48 0.0001

OR, odds ratio; CI, per 1 unit change of continuous variable; LVEF,
left ventricular ejection fraction

‘ P=0.0007
‘ P=0.68 ‘
‘ P=0.68 ‘
P=0.024 P=0.0035
~P<0.0001__ P<0.0001 _ P00 P=0043
80
62.7£6.0 60.6+5.7 60.5%4.6
70 +
48.1£10.0
445%125

60
Q
50 A
N
3
= 40 -
=

30

20 +

10 -

Baseline TRC Follow-up Baseline TRC  Follow-up
Reversibility Irreversibility

Fig.2 Left ventricular ejection fraction for the individual patient with
TRC who showed reversibility or irreversibility of LV systolic dys-
function at baseline, lowest LVEF, and last follow-up

population reported symptomatic HF in 0-6.7% of patients,
and total TRC in 11.4-43.6% of patients [8]. Our data were
almost comparable to these previous reports.

TRC occurred relatively early after the initiation of tras-
tuzumab at the median time of 4 months, which was also

consistent with previous reports [3, 17, 21]. Importantly,
the incidence of all TRC was confined to the period dur-
ing trastuzumab treatment and did not increase after com-
pletion of treatment, which was consistent with long-term
follow-up RCT data [22]. These features are distinct from
anthracycline-related cardiotoxicity which usually manifest
following to treatment [23, 24].

The value of LVEF measured before trastuzumab therapy
was independently associated with the development of TRC,
which was in line with a large clinical study [25]. This obser-
vation suggests the double-hit phenomenon in patients with
cardiomyocyte made vulnerable by the preceding anthracy-
cline therapy and susceptible to further cardiac insults by
trastuzumab [26]. In our study, 76.4% of patients received
preceding anthracycline therapy and a 5.8% decrease in
LVEF at the completion of anthracycline therapy was
detected in patients developing subsequent TRC. Anthra-
cyclines and trastuzumab act synergistically to develop
cardiotoxicity. When anthracycline causes subclinical LV
dysfunction, the ability of cardiomyocytes to repair the dam-
age might be impaired by following administration of trastu-
zumab by interfering HER2/Neuregulin signaling pathways
essential for cardiomyocyte survival and protection against
cardiac injury [27]. This hypothesis is supported by the fact
that the incidence of TRC had an inverse correlation with the
time from last anthracycline administration to trastuzumab
initiation [12]. Recent studies reported that cardiac troponins
and systolic deformation indices measured by longitudinal
strain echocardiography after the completion of anthracy-
cline therapy predicted subsequent development of TRC [14,
28] and cumulative anthracycline dose increased the risk of
TRC [29]. The present study failed to observe anthracycline
dose as an independent predictor of TRC and the lack of
association might be the result of the lower dose of anthracy-
clines administered compared with the prior studies. Large-
scale cohort studies showed that the cumulative incidence
of symptomatic HF or asymptomatic decline of LVEF was
higher in patients treated with trastuzumab in combination
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Table 4 Characteristics of
patients with reversibility of LV
dysfunction
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Characteristics Reversibility  Irreversibility P value
N=20 N=7
Demographics
Age at diagnosis, year 52+12 S51+11 0.63
Body mass index 22.7+5.3 19.1+2.5 0.094
Breast cancer stage 0.62
Early 10 (50.0) 3(42.9)
Advanced 6 (30.0) 1(14.3)
Metastatic 4 (20.0) 3(42.9)
Affected breast >0.99
Right 8 (0.0) 3(42.9)
Left 12 (60.0) 4 (57.1)
Tumor grade
Estrogen receptor+ 12 (60.0) 5(71.4) 0.68
Progesterone receptor+ 8 (40.0) 4(57.1) 0.66
HER2+ 20 (100) 7 (100) 1.00
Left radiation therapy 4(20.0) 2 (28.6) 0.63
Prior chemotherapy 0.31
Anthracycline chemotherapy 16 (81.0) 7 (100) 0.55
Cumulative doxorubicin equivalent dose, mg/m? 199+36 240+55 0.032
Concomitant anti-cancer agent
Microtubule-targeting agent 15 (75.0) 7 (100) 0.28
Antimetabolites 8 (40.0) 6 (85.7) 0.077
Alkylating agent 15 (75.0) 6 (85.7) >0.99
Selective estrogen-receptor modulators 2(10.0) 3(42.9) 0.091
Cardiovascular risk factors
Hypertension 3 (15.0) 0 (0) 0.55
Diabetes 1(5.0) 0(0) >0.99
Hypercholesterolemia 2(10.0) 00 >0.99
Smoker 2 (10.0) 2 (28.6) 0.27
Cardiac disease 1(5.0) 0(0) >0.99
TRC 0.74
I 7(35.0) 3(42.9)
I 7(35.0) 3(42.9)
1 6 (30.0) 1(14.3)
Time from last anthracycline administration to trastuzumab 34 (24-67) 54 (38-128) 0.23
initiation, days
Time from trastuzumab initiation to TRC, months 4.0(2.0-6.3) 6.0 (4.0-6.0) 0.50
Medication
HF treatment (renin—angiotensin inhibitors and/or B-blocker) 13 (65.0) 1(14.3) 0.033
Statin 2 (10.0) 0(0) >0.99
Echocardiographic data before trastuzumab therapy
LVDd, mm 46.5+4.3 45.0+4.0 0.47
LVDs, mm 30.9+4.7 30.0+3.7 0.65
LVEDVI, mL/m’ 67.8+17.3 643+14.8 0.70
LVESVI, mL/m? 25.7+9.0 252+7.0 0.78
LVEF, % 63.8+9.6 60.7+6.8 0.59
LAD, mm 33.2+4.2 28.7+4.6 0.051
N 62+1.0 72+1.8 0.10
E/A 1.0£0.5 1.1+0.5 0.78
E' 69+2.8 85+1.6 0.48
E/IE 9.9+4.2 7.6+1.0 0.18
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Table 4 (continued)

Characteristics Reversibility  Irreversibility P value
N=20 N=17

Echocardiographic data at TRC
LVDd, mm 497458  47.7+38 0.60
LVDs, mm 37.4+6.8 33.1+22 0.15
LVEDVI, mL/m? 7844242  724x134 0.67
LVESVI, mL/m? 40.2+18.2 325+6.2 0.33
LVEF, % 50.3+7.8 53.8+5.0 0.68
LAD, mm 35.0+£5.7 31.3+6.3 0.15
N 59+14 6.4+0.8 0.26
E/A 1.2+0.5 1.2+0.3 0.79
E 7.0+£32 8.4+0.9 0.36
EIE 11.9+6.5 8.6+1.6 0.21
Lowest LVEF 422+11.8 43.9+15.7 0.68
Maximal LVEF decline, % 20.6+9.3 17.4+12.1 0.28

Data are presented as number (%) of patients, mean + SD, or median (quartiles 1-3)

HER?2, human epidermal growth factor receptor type2; LVDd, left ventricular diameter diastole; LVDs, left
ventricular diameter systole; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricu-
lar end-systolic volume index; LVEF, left ventricular ejection fraction; LAD, left atrial diameter

Table 5 Multivariate logistic model for reversibility of LV dysfunc-
tion

Variable OR CI P value
Doxorubicin equivalent dose, mg/m2 1.03 1.01-1.07 0.020
HF treatment (renin—angiotensin 19.0 1.00-592.2 0.034

inhibitors and/or B-blocker)
Body mass index
Lowest LVEF, %

143 0.85-2.38 0.14
1.06 092-1.25 0.36

LVEEF, left ventricular ejection fraction; OR, odds ratio; CI, per 1 unit
change of continuous variable

with anthracyclines than those that received trastuzumab
in monotherapy [30, 31]. In RCTs, 2-8% of patients were
excluded from candidates for trastuzumab therapy due to
LV dysfunction after the conclusion of anthracycline-based
therapy [21, 32]. These findings underline the essential role
of anthracyclines in the development of TRC and emphasize
the importance of cardiac assessment before the initiation of
trastuzumab, especially after anthracycline treatment.
Although the risk of symptomatic HF by trastuzumab
was relatively low, the development of TRC during chemo-
therapy has several potential consequences including pre-
mature trastuzumab discontinuation. In clinical practice,
discontinuation of trastuzumab is recommended when
LVEF declines > 16% from baseline value or when it
decreases lower than normal level and > 10% from base-
line value. Following these instructions, asymptomatic or
symptomatic TRC led to discontinuation or permanent ces-
sation of trastuzumab among 70.4% of TRC patients in our
study. Furthermore, 53.3% of patients who later received

P=0.64

f 1
P=0.0049 P=0.025
‘ P<0.0001 P=0.0004 ‘ ‘ P<0.0001 P<0.0001 !

80 - ‘ T 1 [ I !
64.3 £ 5.8 60.4 =49

56.6 = 11.4

58.0 £ 5.9

47.8 £9.7
385+ 114

50 -

40 -

LVEF (%)

30 -

20 -

Baseline TRC Follow-up Baseline

No HF treatment

TRC Follow-up
HF treatment

Fig.3 Left ventricular ejection fraction for the individual patient with
TRC who received HF treatment or not before chemotherapy, lowest
LVEEF, and last follow-up

trastuzumab therapy after LVEF recovery suffered further
LVEEF decline, resulting in the second discontinuation of
trastuzumab therapy. Recent studies suggest that early dis-
continuation of trastuzumab may elevate major adverse
cardiac events and cancer recurrence, leading to poor sur-
vival [33]. Additionally, shorter duration of trastuzumab
therapy failed to show non-inferiority compared to stand-
ard therapy [34, 35].
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Ewer and Lippman proposed to classify cardiotoxic-
ity as type I and II based on the structural abnormalities
and the potential reversibility of cardiac dysfunction [12].
Type I cardiotoxicity, defined as irreversible cardiac dam-
age which is accompanied by ultrastructural change, is
caused by anthracyclines. Type II cardiotoxicity induced
by trastuzumab has long been considered reversible after
the discontinuation of therapy and characterized as myo-
cardial stunning without structural myocardial change.
However, subsequent analyses showed that the decrease
in LVEF seen in patients treated with anthracyclines and
trastuzumab did not reverse to baseline values despite its
discontinuation [14, 15, 36]. Our results also support these
findings, and 25.9% of patients with TRC had a sustained
decrease in LVEF even after trastuzumab discontinuation.
Additionally, the LVEF of those with reversibility did not
fully recover to the pre-chemotherapy baseline level. Mul-
tivariate analysis in our study revealed that the cumula-
tive anthracycline dose was an independent predictor of
irreversible decline in LVEF. The previous study showed
that the reversibility of cardiac dysfunction occurred less
frequently in troponin-positive patients who were exposed
to prior anthracyclines [14]. These findings suggest that a
synergistic effect of anthracyclines and trastuzumab exists to
develop TRC as well as irreversibility of LV dysfunction. On
the other hand, preclinical studies showed that trastuzumab
itself induced apoptosis of cardiomyocyte thus leading to the
irreversible change observed by electron microscopy [11,
37]. The persistent decline in LVEF following trastuzumab
administration without anthracyclines has been reported
[38]. Large clinical studies revealed that cumulative inci-
dence of heart failure continued to increase with time in
patients who underwent trastuzumab in monotherapy or in
combination with anthracyclines [31, 39]. These findings
suggest that trastuzumab may cause long-lasting effects on
the myocardium and the cardiac damage associated with
anthracyclines or trastuzumab show considerable overlap.
In the clinical settings, anthracyclines and trastuzumab are
usually sequentially administered and the final manifestation
of cardiac dysfunction results from a synergic or combined
effect of both agents. Consequently, it is difficult to distin-
guish cardiac damages caused by anthracyclines from those
by trastuzumab in patients that received their combination.
Long-term follow-up data showed that subclinical LV dys-
function persisted for several years after the conclusion of
chemotherapy [21, 32]. Therefore, strategies to detect and
minimize TRC should be investigated to prevent sustained
LV dysfunction.

The reversibility of LV systolic dysfunction was associ-
ated with the support of renin—angiotensin inhibitors and
B-blockers. Even granting that spontaneous reversibility of
cardiac dysfunction had occurred by cessation of trastu-
zumab, the rate of reversibility was greater in patients treated

@ Springer

with renin—angiotensin inhibitors and p-blockers than those
without them (92.9% vs 53.8%, P=0.033). These findings
were in agreement with the retrospective studies and the
recent RCT [17, 40-42]. The prophylactic administration of
renin—angiotensin inhibitors and -blockers to prevent car-
diotoxicity is the subject of recent clinical research. How-
ever, there have been conflicting results about which HF
treatment provides the best benefit. The Prevention of Car-
diac Dysfunction During Adjuvant Breast Cancer Therapy
(PRADA) trial showed the modest benefit of candesartan,
but not metoprolol, in preventing the decline in LVEF [42].
Another RCT failed to reproduce the beneficial effects of
candesartan [43]. The MANTICORE-101 (Multidiscipli-
nary Approach to Novel Therapies in Cardiology Oncology
Research) trial showed the modest benefit of bisoprolol com-
pared to perindopril in preventing the decline in LVEF [41].
However, all these clinical trials are limited by their small
sample size, different chemotherapy regimens, and different
timing of prophylactic administration. Furthermore, the end-
points of asymptomatic LV dysfunction or heart failure were
not evaluated. Therefore, there is currently insufficient data
to identify which HF treatment is superior. A re-challenge
with trastuzumab after recovery of LVEF following discon-
tinuation of trastuzumab or HF treatment has been well tol-
erated [44]. However, our study demonstrated that recurrent
decline of LVEF was observed among 53.3% of patients.
The discrepancy can be explained by all the patients who
underwent a second interruption of trastuzumab therapy did
not receive HF treatment. These findings suggest that even if
LVEEF recovers after discontinuation of trastuzumab, cardiac
damage may render the myocardium susceptible to subse-
quent insults and need to be protected by HF treatment. In
support of this hypothesis, HF treatment induced reversibil-
ity after the discontinuation of trastuzumab [44]. Formulated
guidelines for the treatment of TRC are not yet available, HF
treatment needs to be considered for patients who developed
TRC [45]. In contrast, the mechanisms underlying its ben-
eficial effect on LVEF reversibility have not been studied. A
recent study showed that HF treatment did not prevent LV
remodeling [41]. Further studies are warranted to investigate
its incremental benefit.

Study limitations

Our study was limited by the retrospective nature of the
available data at a single institution and the potential for
selection bias. The sample size was small and the duration
of follow-up was not long. The timing of echocardiograms
was not uniform in each patient. Cardiac MRI which has the
potential to detect early cardiotoxicity was not performed in
this study. Consequently, the incidences of TRC and cardiac
recovery were likely underestimated or overestimated. It is
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possible that further reversibility would be observed with
additional long-term follow-up.

Conclusions

TRC was a relatively frequent side effect that leads to dis-
continuation of life-saving trastuzumab therapies in breast
cancer patients particularly with reduced LVEF before
treatment. Cardiac dysfunction was reversible in 74.1% of
patients and the lack of HF treatment might fail to recover
from TRC. Early identification of patients who may develop
TRC and appropriate HF treatment might enhance cardiac
reversibility.
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