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Abstract
Background: Trastuzumab reduces risk of breast cancer recurrence but carries risk of cardiotoxicity that may be
reversible upon treatment cessation and institution of left ventricular (LV) enhancement therapies (LVETx). We
assessed management patterns of trastuzumab-induced cardiotoxicity (TIC) in a contemporary real-world setting.
Methods: We reviewed charts of all breast cancer patients who received adjuvant trastuzumab in British Columbia
between January 2010 and December 2013, spanning the opening of a cardio-oncology clinic. LV dysfunction (LVD)
was classified as minimal (LVEF nadir 45–49%), mild (40–44%) or moderate-severe (< 40%). Charts were reviewed for
baseline characteristics, management strategies, and outcomes. Multivariable analysis was performed to identify
patient characteristics associated with trastuzumab completion and cardiology referral.
Results: Of 967 patients receiving trastuzumab, 171 (17.7%) developed LVD, including 114 patients (11.8%) with
LVEF declines of ≥10 to < 50%. Proportions of patients receiving cardiology referrals and LVETx increased and wait
times to consultation decreased after a dedicated cardio-oncology clinic opened. LVETx was used more frequently
in patients with moderate-severe LVD compared to minimal or mild LVD. Factors associated with completion of
trastuzumab included mastectomy (OR 5.1, 95% CI 1.1–23.0) and proximity to quaternary care centre (OR 7.7, 95%
CI 2.2–26.2). Moderate-severe LVD was associated with a lower probability of completing trastuzumab (OR 0.07 vs.
minimal LVD, 95% CI 0.01–0.74). Factors associated with cardiology referral included heart failure symptoms (OR 8.0,
95% CI 1.5–42.9), proximity to quaternary care centre (OR 6.8, 95% CI 1.3–34.2), later year of cancer diagnosis (OR 2.4
per year, 95% CI 1.4–4.3), node-positive disease (OR 0.18, 95% CI 0.06–0.56), mastectomy (OR 0.05, 95% CI 0.01–0.52),
and minimal LVD (OR 0.14, 95% CI 0.05–0.46). LVEF recovered to > 50% in 90.7% of patients.
Conclusions: Management strategies in patients with TIC are associated with cancer characteristics and severity of
cardiotoxicity. Access to dedicated cardio-oncology clinics may facilitate optimal care of this complex patient
population.
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Introduction
Trastuzumab is a recombinant humanized monoclonal
antibody directed against the human epidermal growth
factor receptor-2 (HER2) receptor, which is overexpressed in 20–30% of breast cancers and associated with
aggressive tumour activity [1]. Trastuzumab induces cell
death through antibody-dependent cellular cytotoxicity
in cells overexpressing HER2, and has revolutionized the
care of breast cancer patients by demonstrated marked
survival benefit in adjuvant and metastatic settings [2, 3].
In landmark trials of trastuzumab in combination with
chemotherapy in operable breast cancer, this agent was
associated with a 50% reduction in risk of recurrence
and a 33% reduction in the risk of death [4].
While trastuzumab improves breast cancer outcomes,
it is also associated with a risk of trastuzumab-induced
cardiotoxicity (TIC). The landmark HERA trial of adjuvant trastuzumab therapy reported a 7.1% incidence of
LVD, defined as a decrease in LVEF of 10% or more to
an LVEF < 50, 1.7% incidence of symptomatic heart failure, and 0.5% incidence of severe heart failure, defined
as New York Heart Association (NYHA) class III-IV
symptoms [2]. Retrospective observational studies have
reported a higher incidence of TIC ranging from 16 to
21% [5–9].
The mechanism of TIC is thought to be secondary to
the temporary interruption of cardiomyocyte signalling
pathways [10]. In contrast to anthracycline-induced cardiotoxicity, TIC may be reversible upon cessation of
therapy [11]. An early study in a small cohort of patients
with TIC showed that LVEF improved upon discontinuation of trastuzumab and introduction of LV enhancement therapy (LVETx), which included a combination of
β blockers and angiotensin converting enzyme (ACE) inhibitors [12].
The reversibility of TIC highlights the importance of
early cardiology consultation to improve both cardiac
and oncologic outcomes through the institution of
LVETx that may allow for continuation or early reintroduction of trastuzumab therapy. This is especially
relevant in the context of emerging evidence suggesting
that interruption of trastuzumab therapy may be associated with inferior oncologic outcomes [13].
With the emergence of the field of cardio-oncology
and in the context of increasing demand for timely access to cardiology consultation in this unique population, dedicated cardio-oncology clinics have opened at
centres across Canada, including the Vancouver General Hospital Cardio-Oncology Clinic, which opened
in 2011. An important objective for cardio-oncology
clinics, in general, is to enhance timely access to cardiology expertise for patients with cancer therapyrelated cardiotoxicity and thus minimize treatment
interruptions.
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In this context, we designed a study aiming to describe
the incidence of TIC in patients receiving adjuvant trastuzumab in the province of British Columbia (BC), explore the management strategies employed for these
patients, and describe cardiovascular outcomes among
patients experiencing cardiotoxicity over a 4 year period
spanning the launch of a Cardio-Oncology Clinic.

Methods
We conducted a retrospective cohort study of breast
cancer patients in the province of BC treated with initial
curative intent with Trastuzumab over a four-year
period between January 1, 2010 and December 31, 2013.
This period from 2010 to 2013 included the year prior
to clinic opening, the year of the clinic’s soft opening,
and the 2 years immediately after the cardio-oncology
clinic opening in Vancouver. This clinic serves patients
from all over the province both directly and by telehealth. The BC Cancer Agency’s institutional pharmacy
database was utilized to identify patients who received at
least one dose of Trastuzumab in BC during this time
period. Patients were included in this study if they had a
histologically confirmed diagnosis of HER2+ breast cancer, completed all of their therapy in BC, and were
treated with initial curative intent. Patients with known
metastases prior to trastuzumab initiation were excluded
from our study. Patients were excluded if they did not
have a baseline assessment of LV function and at least
one subsequent measurement of LV function during
trastuzumab therapy.
These charts were then audited for left ventricular
function measurements to identify patients who experienced declines in left ventricular ejection fraction
(LVEF) during trastuzumab therapy. The proportion of
patients experiencing decline in LVEF was determined
and reported descriptively. The degree of LVEF decline
was also recorded.
Charts for patients who experienced a decline by
greater than 10% to an absolute LVEF of < 50% were
then reviewed more extensively for demographic information, breast cancer characteristics, cardiac comorbidities, anthracycline and trastuzumab dosing regimen,
subsequent cardiac events breast cancer outcomes, cardiology referral, and heart failure management. Symptomatic left ventricular dysfunction was defined as
having the presence of significant new onset dyspnea,
orthopnea, paroxysmal nocturnal dyspnea, peripheral
edema and/or pulmonary edema documented in clinical
assessments. Minimal LVD was defined as LVEF nadir
45–49%, mild LVD was defined as LVEF nadir 40–44%
and moderate-severe LVD defined as LVEF nadir < 40%.
Completion of planned trastuzumab therapy was defined
as receiving 17 cycles of trastuzumab, in keeping with
local standard adjuvant treatment regimens. Treatment
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interruption was defined as delay of 6 weeks or more between trastuzumab doses.
It was not possible, using data available, to determine
which patients were referred to the dedicated CardioOncology Clinic vs. other cardiology practices. To approximate this in an exploratory analysis, patients
treated in the health authority in which the clinic is located and referred to cardiology from 2011 onward were
considered most likely to have been referred here, and
were analysed as a “presumed cardio-oncology referral
group”.
Baseline characteristics were compared between patients with differing severities of LVD, between those referred vs. not referred to cardiology, and between those
completing vs. not completing trastuzumab using the
Student’s t-test, Wilcoxon rank sum test, ANOVA, or
Kruskall-Wallace ANOVA for continuous variables and
the Chi square test or Fisher’s exact test for categorical
variables. Continuous variables that were normally distributed were summarized as mean +/− standard deviation for normally distributed variables and with median
values and interquartile ranges if not normally distributed. Continuous variables were tested for normality
using the Shapiro-Wilk test. Paired t-tests or repeated
measures ANOVA were used for comparisons involving
changes in LVEF. Logistic regression was used to identify associations between patient characteristics and the
outcomes of cardiology referral and completion of
planned trastuzumab therapy, using variables felt a priori
to be likely to influence these outcomes (including treatment setting, risk factors for cardiotoxicity, and markers
of cancer risk). Mastectomy was used in regression
models as a surrogate for tumor size and risk; sensitivity
analyses were performed using T stage as an alternate
marker of size and risk. Statistical analysis was performed using SAS 9.4 (SAS Institute Inc., Cary, NC).
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Results
Patient characteristics

We identified 967 patients with HER2+ breast cancer
treated with adjuvant trastuzumab during the study
period. Of these, 796 (82.3%) did not experience TIC
and 114 (11.8%) patients experienced a decline of greater
than 10% to a LVEF of < 50% during trastuzumab therapy and made up our study cohort (Fig. 1). The median
number of LVEF measurements per patient was 8 (range
3–19). Six patients did not have further LVEF measurements after their initial decline and were therefore excluded from the analysis of LV recovery. LV function
was measured using echocardiography or multiple gated
acquisition (MUGA) scan in various hospital-based laboratories in British Columbia.
Our final cohort included 114 patients. Of these, 113
were female and one was male. The mean age was 56.6 ±
10.6 years. The median number of trastuzumab cycles received was 15 (IQR 8,17). One hundred one patients (89%)
received anthracyclines with a median doxorubicin dose (or
equivalent) of 240 mg/m2 (IQR 150,240). A history of cardiovascular disease was present in 5 patients (6%), and 57
patients (50%) had at least one cardiovascular risk factor
(hypertension, dyslipidemia, diabetes, or cigarette smoking).
The mean baseline LVEF of our cohort was 60.9%.
The lowest recorded LVEF value was 45–49% (“minimal
LVD”) in 72 (63%) of patients, 40–44% (“mild LVD”) in 27
(24%), and < 40% (“moderate-severe LVD”) in 15 (13%).
There were no significant differences in baseline clinical
characteristics (including cardiovascular risk factors), cancer
characteristics, or proportions of patients who underwent
mastectomy or received radiation therapy between groups
who developed minimal, mild and moderate-severe LVD
(Table 1). Doses of anthracyclines were significantly higher
among patients with moderate-severe LVD compared to
other groups. Compared to those with minimal-mild LVD,

Fig. 1 Flow chart of patients receiving adjuvant trastuzumab at BCCA from 2010 to 2013 based on the degree of left ventricular dysfunction and
rate of referral to cardiology
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Table 1 Characteristics and outcomes of study population by severity of LV dysfunction
Moderate-severe (n = 15)

Mild (n = 27)

Minimal (n = 72)

P value

55.7 ± 12.4

59.0 ± 9.6

55.9 ± 10.6

0.39

Clinical characteristics
Age
Post-menopausal

9 (60%)

22 (81%)

50 (69%)

0.40

Hypertension

4 (27%)

10 (37%)

25 (35%)

0.79

Diabetes

1 (7%)

2 (7%)

12 (17%)

0.42

Hyperlipidemia

1 (7%)

3 (11%)

9 (13%)

1.00

Cigarette smoking (current)

2 (13%)

8 (30%)

10 (14%)

0.19

Congestive heart failure

0

0

1 (1%)

1.00

Valve disease

0

0

1 (1%)

1.00

Arrhythmia

0

0

2 (3%)

1.00

Coronary artery disease

0

1 (4%)

1 (1%)

0.60

Stroke

0

0

0

N/A

HF symptoms with LVEF decline

8 (53%)

4(15%)

15 (21%)

0.01

Left-sided cancer

9 (60%)

14 (52%)

39 (54%)

0.10

Lymph node involvement

7 (47%)

14 (52%)

37 (51%)

0.94

Mastectomy

11 (73%)

24 (89%)

61 (85%)

0.42

Radiation

13 (87%)

21 (78%)

53 (74%)

0.55

55 (42.5,90)

80 (40,98.4)

53.75 (0,87.25)

0.45

15 (100%)

25 (93%)

61 (85%)

0.23

240 (240,240)

240 (150,240)

240 (150,240)

0.04

Trastuzumab cycles received

7 (4,11)

14 (10,17)

16 (10,17)

0.002

Trastuzumab interruption

15 (100%)

27 (100%)

67 (93%)

0.10

Trastuzumab re-started

6 (40%)

16 (59%)

43 (60%)

0.36

Completed planned trastuzumab

1 (7%)

10 (37%)

35 (49%)

0.01

Cardiology referral

14 (93%)

21 (78%)

40 (56%)

0.006

Beta blocker

15 (100%)

14 (52%)

28 (39%)

< 0.0001

ACE inhibitor

15 (100%)

18 (67%)

38 (53%)

0.002

Loop diuretic

9 (60%)

7 (26%)

8 (11%)

0.0001

Mineralocorticoid receptor antagonist

9 (60%)

1 (4%)

1 (1%)

< 0.0001

Breast cancer recurrence

3 (20%)

5 (19%)

12 (17%)

0.88

All cause mortality

1 (7%)

4 (15%)

6 (8%)

0.64

Cancer characteristics

Treatment characteristics

Radiation dose (Gy)
Anthracycline
Cumulative dose (mg/m2)

Other management

Outcomes

Values shown are counts (percentages), mean ± SD, or median (Q1,Q3). Abbreviations: ACE Angiotensin converting enzyme, HF Heart failure, LVEF Left ventricular
ejection fraction

patients who developed moderate-severe LVD were significantly more likely to be symptomatic.
Management and outcomes among patients referred to
cardiology vs. not referred

Of 114 patients in our study cohort, 75 (66%) were referred to cardiology. In the entire study cohort, increasing severity of LVD was associated with significantly

increased probability of being referred to cardiology
(Table 1). Cardiology clinic referral rate ranged from
56% in patients with minimal LVD to 93% in patients
with moderate-severe LVD. Referred patients were seen
at a mean of 4.2 clinic visits over a median follow-up of
698 days.
Patients who were referred to cardiology were more
likely to be prescribed LVETx and diuretics (Table 2).
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Table 2 Management of patients who were or were not referred to cardiology
Cardiology referral (n = 75)

No referral (n = 39)

P value

55 (73%)

2 (5%)

< 0.0001

Medications
β blockers
ACE inhibitors

66 (88%)

5 (13%)

< 0.0001

MRA

10 (13%)

1 (3%)

0.06

Loop diuretic
Trastuzumab interruption

21 (28%)

3 (8%)

0.01

74 (99%)

35 (90%)

0.03

Trastuzumab re-started

40 (53%)

25 (64%)

0.27

Completed planned trastuzumab

26 (35%)

20 (51%)

0.09

Values shown are counts (percentages). Abreviations: ACE Angiotensin converting enzyme, MRA Mineralocorticoid receptor antagonist

There were no significant differences in the proportions
of patients taking any of these medications at baseline
between those subsequently referred to cardiology and
those who were not. Increasing severity of LVD was also
associated with significantly increased probability of being prescribed β blockers, ACE inhibitors, mineralocorticoid receptor antagonists (MRA), and loop diuretics.
All patients with moderate-severe LVD were started on
both β blockers and ACE inhibitors, while β blockers
and ACE inhibitors were started in 39 and 53%, respectively, of patients with minimal LVD.
After adjusting for severity of LV dysfunction and history of hypertension, patients referred to cardiology were
more likely to be prescribed β blockers (adjusted OR
50.8, 95% CI 9.8–262.8), and ACE inhibitors (adjusted
OR 132.8, 95% CI 16.5- > 999.99) compared with those
who were not referred, but not more likely to be prescribed MRAs.
Although patients referred to a cardiologist had a
slightly lower mean LVEF nadir (43.0% vs. 45.9%, P =
0.0005), the mean LVEF at last follow-up did not differ
between the two groups (54.7% vs. 55.2%, P = 0.96). The
mean LVEF change from nadir to last-follow-up also did
not differ between the two groups (P = 0.073).
Patterns of cardiology referral associated with launch of
cardio-oncology clinic

The frequency of cardiology referral for LVD changed
over the study period; of note, a cardio-oncology clinic
opened in the quaternary care hospital associated with
the cancer centre studied in 2011. In 2010, 45% of patients with treatment-emergent LVD were referred to a
cardiologist for assessment. This proportion steadily rose
to a peak of 80% by 2013 (adjusted p = 0.002 for change
with time; Fig. 2). A non-significant decrease in time to
cardiology consultation from the time of LVEF decline
was observed, from 55.3 days in 2010 to 28.8 days in
2013 (p = 0.18, Fig. 3). Non-significant changes were also
observed in the frequency of β blocker use (45% in 2010
to 81% in 2013) and ACE inhibitor use (73% in 2010 to
94% in 2013).

Patients in the “presumed cardio-oncology clinic referral” group had a significantly shorter time to cardiology
consultation than those referred to other cardiology
clinics (22.5 days vs. 38.0 days, p = 0.0098). Although this
patient group was more likely to be prescribed β
blockers (p = 0.048) and ACE inhibitors (p = 0.0049)
compared to other patients overall, patients in the “presumed cardio-oncology clinic referral” group were not
more likely to be prescribed β blockers, ACE inhibitors,
or MRA compared to other patients who were referred
to cardiology.
Factors associated with cardiology referral

On univariable analysis, treatment centre (proximity to
quaternary care centre vs. peripheral centre), nonmastectomy surgery (i.e. lumpectomy), lower LVEF at
time of deterioration, and presence of symptoms were
associated with increased probability of cardiology referral (Table 3). There were no significant differences in
demographic characteristics, prevalence of baseline cardiovascular disease or risk factors, total number of trastuzumab cycles administered, anthracycline dose, or
frequency of trastuzumab interruption between patients
who were referred to cardiology and those who were
not. On multivariable analysis, the strongest independent
predictor of cardiology referral was the presence of
symptoms (OR 8.0, 95% CI 1.5–42.9). Additional factors
independently associated with cardiology referral included treatment in proximity to a quaternary care
centre (OR 6.8, 95% CI 1.3–34.2) and later year of cancer diagnosis (OR 2.4 per year, 95% CI 1.4–4.3), while
node positive disease (OR 0.18, 95% CI 0.06–0.56), mastectomy (OR 0.05, 95% CI 0.01–0.52), and LVEF nadir
≥45% (OR 0.14, 95% CI 0.05–0.46) were associated with
a lower probability of referral. On sensitivity analysis,
higher T stage was not associated with cardiology referral (OR 0.70, 95% CI 0.24–2.00).
Management of Trastuzumab

The vast majority (94%) of patients in in the study cohort had an interruption in trastuzumab therapy at the
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Fig. 2 Temporal trend in cardiology referral rates for patients with LVEF drop to < 50%

time of decline in LVEF, with no difference between
groups based on severity of LVD. More severe LVD was
not associated with a lower probability of restarting trastuzumab but it was associated with a lower probability
of receiving a complete course of trastuzumab and with
receiving fewer cycles of trastuzumab overall. Overall,
only 46 (40%) patients completed planned trastuzumab
therapy, and only 26% of patients with LVEF nadir <
45% completed planned therapy.
On univariable analysis, treatment centre (proximity to
quaternary care centre vs. peripheral centre), lymph
node involvement, mastectomy, higher LVEF at time of

deterioration, and higher LVEF nadir were associated
with increased probability of receiving a full course of
trastuzumab (Table 4). On multivariable analysis, an increased probability of receiving a full course of trastuzumab was independently associated with mastectomy (OR
5.1, 95% CI 1.1–23.0) and treatment in proximity to a
quaternary care centre (OR 7.7, 95% CI 2.2–26.2), while
moderate-severe LVD was associated with a reduced
probability of receiving a full course (OR 0.07 vs. minimal LVD, 95% CI 0.01–0.74). Completion of trastuzumab was not significantly associated with referral to
cardiology, age, or presence of heart failure symptoms.

Fig. 3 Temporal trend in waiting time from time of LVEF drop < 50% to cardiology consultation
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Table 3 Characteristics of patients who were or were not referred to cardiology
Cardiology referral (n = 75)

No referral (n = 39)

Year of diagnosis
2010

11 (15%)

9 (23%)

2011

24 (32%)

15 (38%)

2012

24 (32%)

11 (28%)

2013

16 (21%)

4 (10%)

Location
o

0.041

4 care centre

20 (26%)

4 (10%)

Peripheral centre

55 (73%)

35 (90%)

57 ± 10

56 ± 12

Age at diagnosis (y)

P value
0.076

T

0.714
0.877

0

1 (1%)

0

1

27 (37%)

14 (36%)

2

33 (45%)

20 (51%)

3

3 (4%)

2 (5%)

4

10 (14%)

3 (8%)

N

0.143
0

40 (54%)

13 (34%)

1

24 (32%)

19 (50%)

2

6 (8%)

2 (5%)

3

4 (5%)

4 (11%)

Mastectomy

58 (77%)

38 (97%)

0.005

Radiation

58 (77%)

29 (74%)

0.723

Radiation dose (Gy)

55 (42.5,90)

80 (0,92.5)

0.667

Anthracycline dose (mg/m2)

240 (150,240)

240 (150,240)

0.298

Pre-existing CVD

4 (5%)

2 (5%)

0.963

CV risk factors

39 (52%)

18 (46%)

0.554

Baseline LVEF

61% ±6

60% ±7

0.435

LVEF at time of deterioration

45% (42,47)

47% (45,48)

0.003

Symptoms of HF

24 (32%)

3 (8%)

0.004

Values shown are counts (percentages), mean ± SD, or median (Q1, Q3). Abbreviations: CV Cardiovascular, CVD Cardiovascular disease, HF Heart failure, LVEF Left
ventricular ejection fraction, N Nodal stage, T Tumour stage

Sensitivity analysis was performed to test the assumption
that mastectomy was a marker of larger tumor size. On
multivariable analysis, a non-significant trend towards
increased likelihood of receiving a full course was associated with T stage > 1 (OR 2.0, 95% CI 0.8–4.8).

Clinical outcomes

There were no significant differences in all-cause mortality, cardiac mortality, or cardiac events among patients
with minimal, mild, and moderate-severe LVD. There
were four cardiac events: two patients (LVEF nadir 30 and
35%) were admitted for decompensated CHF, one patient
with LVEF nadir 48% was treated in the emergency department for symptomatic CHF, and one patient with

LVEF nadir 39% had an acute coronary syndrome and
underwent percutaneous revascularization.
For all patients with LVEF drop < 50%, the mean pretreatment LVEF was 60.9% and mean post-treatment
LVEF was 55.2%, with a mean decrease of 5.8% (p <
0.0001). At last follow up, the LVEF had recovered to >
50% in 98/108 (90.7%) of patients. No patients had a
final LVEF < 45%. There were no differences in the
probability of recovery between those who were referred
to cardiology and those who were not, or between those
with minimal LVD, mild LVD, or moderate-severe LVD
(Fig. 4). Among patients who were started on both β
blocker and ACE inhibitor, one of β blocker or ACE inhibitor, or neither, there was no statistical difference in
the mean post-recovery LVEF between the three groups
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Table 4 Characteristics of patients who did or did not receive full course of trastuzumab
Full course received (n = 46)

Incomplete course (n = 68)

Year of diagnosis
2010

6 (13%)

14 (21%)

2011

18 (39%)

21 (31%)

2012

14 (30%)

21 (31%)

2013

8 (17%)

12 (18%)

Location
o

0.003

4 care centre

16 (35%)

8 (12%)

Peripheral centre

30 (65%)

60 (88%)

56 years ±11

57 years ±10

Age at diagnosis

P value
0.725

T

0.556
0.395

0

1 (2%)

0

1

13 (28%)

28 (42%)

2

23 (50%)

30 (45%)

3

3 (7%)

2 (3%)

4

6 (13%)

7 (10%)

N

0.0002
0

14 (31%)

39 (58%)

1

23 (51%)

20 (30%)

2

3 (7%)

5 (7%)

3

5 (11%)

3 (4%)

Mastectomy

43 (93%)

53 (78%)

0.026

Radiation

37 (80%)

50 (74%)

0.395

Radiation dose (Gy)

80 (42.5,95)

52.5 (0,85.25)

0.074

Anthracycline dose

240 mg/m2 (240,240)

240 mg/m2 (150,240)

0.148

Pre-existing CVD

2 (4%)

4 (6%)

1.0

CV risk factors

21 (46%)

36 (53%)

0.445

Baseline LVEF

62% ±6

60% ±6

0.251

LVEF at time of deterioration

47% (45,48)

45% (42,47.5)

0.005

Symptoms of HF

7 (15%)

20 (30%)

0.080

Cardiology consult

26 (57%)

49 (72%)

0.086

Values shown are counts (percentages), mean ± SD, or median (Q1, Q3). Abbreviations: CV Cardiovascular, CVD Cardiovascular disease, HF Heart failure, LVEF Left
ventricular ejection fraction, N Nodal stage, T Tumour stage

and all three groups had mean LVEF > 50% by the end
of follow up.

Discussion
In this retrospective study of patients receiving adjuvant
trastuzumab therapy, we observed similar rates of TIC
to those reported in previous observational studies. As
expected, our data indicated that more severe LVD occurred in patients receiving higher doses of anthracyclines, and that patients with more severe LVD were
more likely to develop symptomatic heart failure. In
addition, our results provide a number of novel insights
regarding the management of TIC in a contemporary
real-world setting.

Referral to cardiology

To our knowledge, our data are the first to describe temporal changes in real-world management strategies
among patients with TIC and to demonstrate an association between access to a cardio-oncology clinic and
these changing clinical care practices. We observed an
increased cardiology referral rate, a decrease in wait time
to cardiology assessment, and increased LVETx use over
the study period, which spanned the time of establishment of a local dedicated cardio-oncology program.
Cardio-oncology clinics may improve quality of care by
improving ease of access to cardiology expertise and by
educating community cardiologists around the nuances
of treating this population [14].
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Fig. 4 Assessment of left ventricular function pre- and post-trastuzumab therapy

The observed difference in wait time to cardiology assessment among patients treated in proximity to a cardiooncology clinic (our “presumed cardio-oncology clinic referral” group) suggests an important benefit of specialized
clinics in terms of ease of access, potentially reducing delays in cancer therapy. While we did not observe a difference in the use of LVETx between patients presumed to
be referred to cardio-oncology and those referred to other
cardiology clinics, the increase in use of these agents over
time may indicate an increased awareness of cardiooncology best practices among community cardiologists
associated with the opening of the clinic. Furthermore,
our observation that patients with TIC referred to any cardiologist were more likely to receive β blockers and ACE
inhibitors compared with those who were not referred,
even after adjusting for severity of LV dysfunction and
hypertension, highlights the importance of facilitating
rapid access to cardiology consultation; cardio-oncology
clinics are often best able to achieve this.
To our knowledge, this is also the first study to examine the factors associated with cardiology referral in patients with TIC. As expected, severity of LVD and
presence of heart failure symptoms influenced clinical
decision making in patients with TIC. We had hypothesized that patients with pre-existing cardiovascular disease, cardiovascular risk factors, or more advanced age
would also be more likely to be referred to cardiology.
Surprisingly, none of these predictors of adverse cardiovascular outcomes was associated with referral. In fact,
we observed that this decision was driven strongly by
treatment setting (year and centre) and cancer characteristics. Our most surprising finding in this analysis was
the negative association between high-risk cancer characteristics (node-positivity, mastectomy) and cardiology
referral. Our data suggest that in the setting of high-risk
breast cancer, oncologists may be less concerned with
cardiotoxicity and prioritize completion of trastuzumab
over cardioprotection.

Use of LV enhancement therapy and clinical outcomes

While a large body of literature has described the incidence,
risk factors, and outcomes of TIC in real-world populations
[5–9], few studies have examined contemporary management strategies, particularly with respect to LVETx use. A
previous study of patients with LVD during or after anthracycline or trastuzumab therapy at Stanford University Medical Center found that 42% of patients with asymptomatic
cardiotoxicity and 89% of patients with symptomatic cardiotoxicity received a cardiology consultation [15]. These referral rates are similar to the referral rates observed in our
cohort prior to the establishment of a cardio-oncology
clinic. Similarly, the rates of LVETx use in our cohort were
approximately equivalent to the Stanford cohort, in whom
40% of asymptomatic patients received LVETx.
In contrast to guidelines for management of heart failure
patients in the general population, cardio-oncology guidelines [16–18] recommend LVETx with ACE inhibitors and
β blockers for asymptomatic and mild LVD in the setting
of cardiotoxic chemotherapy [17]. Extensive data support
the use of these agents in patients with cardiotoxicity after
anthracycline exposure [11, 19–23]. The evidence base for
cardioprotection against TIC is less well established; while
observational data have suggested that β blocker and ACE
inhibitor use are associated with recovery of LV function in
this population, other studies have demonstrated similar
rates of recovery with the cessation of trastuzumab alone.
Consistent with these latter studies, we did not observe an
association between LV recovery and the use of LVETx.
This may reflect the fact that trastuzumab therapy was
interrupted in 93% of patients with TIC. Trastuzumab
interruption alone may have been responsible for LV recovery in patients who did not receive ACE inhibitors or β
blockers. However, as all patients with severe LV dysfunction were started on ACE inhibitor and β blocker treatment, we are unable to assess if trastuzumab treatment
interruption alone would have been sufficient for LV
recovery.
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Completion of Trastuzumab therapy

evolved over the years and with increased use of cardioprotective medications, the treatment interruptions reported in this study may have changed over time.
We utilized a “presumed cardio-oncology clinic referral” cohort in our analysis, but while we are confident
that there was broad use of the clinic among referring
breast oncologists from the time of clinic launch, we
cannot be certain that all of these patients were referred
to the cardio-oncology clinic as opposed to other local
cardiologists. The short time to consultation does, however, suggest that a majority of patients have been accurately classified. We used mastectomy as a surrogate for
tumor size and cancer risk; using T stage as an alternative did not lead to statistically significant associations.
Mastectomy status may therefore reflect a more complex
risk analysis than simply tumor size (perhaps incorporating patient preference, physician practice patterns, other
markers of tumor behavior, and/or surgical risk). Nonetheless, it was a consistent predictor of management decisions in our cohort. Finally, our small sample size and
retrospective methodology preclude us from making
conclusions regarding the efficacy of LVETx.
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A concerning proportion of patients in our study did
not complete planned trastuzumab therapy. We found
that completion of trastuzumab therapy was associated
with both oncologic and cardiac factors, including
markers of advanced cancer and severity of LVD. Interruptions in trastuzumab may be associated with worse
cancer outcomes [13], and it is therefore intuitive that
oncologists would be more likely to fully treat patients
with markers of higher risk cancer. Similarly, we were
not surprised that trastuzumab was less likely to be completed in patients with greater degrees of LVD.
An important emerging question in cardio-oncology is
whether it is safe to continue trastuzumab in patients
with mild asymptomatic treatment-emergent LVD, using
cardioprotective medications to support cardiac function
through therapy, with the goal of delivering optimal cancer therapy while minimizing cardiac risk [24]. Early
data suggest that aggressive use of β blockers and ACE
inhibitors may allow safe continuation of trastuzumab
therapy in breast cancer patients with treatmentemergent mild LVD [25]. Larger studies are needed to
determine the safety and efficacy of this approach, but if
confirmed, these findings suggest that the greatest benefit of cardiology referral may be among patients with
high-risk cancers to enable optimal oncologic therapy
while supporting cardiac function. This approach would
depend on access to cardiology expertise and the ability
to rapidly up-titrate cardioprotective medications. Consistent with this, patients referred to cardiology in our
study were not less likely to complete their planned trastuzumab therapy and were more likely to receive
LVETx.
Strengths and limitations

Strengths of our study include the detailed chart review
used for data collection in a field where many studies
rely on observational data, as well our access to charts
for over 85% of breast cancer patients treated in our
province through a provincial Cancer Agency electronic
medical record. There are also limitations to our study.
By relying on chart review, we may have missed cardiovascular events, medications, and visits that occurred
outside the Cancer Agency and that were not subsequently documented in charts. Our follow up was limited to a median of 2 years duration and did not capture
long term cardiovascular complications. However, most
cardiovascular events related to trastuzumab therapy
occur during or soon after therapy and would likely be
captured in our cardio-oncology clinic visit consultations
[26]. The changes in cardiovascular referral patterns and
medication use may simply reflect temporal trends as
opposed to being a result of access to a cardio-oncology
clinic. Contemporary cardio-oncology practice has

Conclusions
In conclusion, we observed a steady increase in the rate of
cardiology referral and use of LV enhancement therapies
in breast cancer patients with adjuvant trastuzumabinduced cardiotoxicity over a period spanning the launch
of a provincial cardio-oncology clinic. We identified opportunities for improvement in the management of this
population, while observing that the presence of a cardiooncology clinic was associated with greater likelihood of
referral to a cardiologist and improved adherence to
guideline-based management among patients with TIC.
Decisions to complete trastuzumab therapy and to refer
patients to cardiology were associated with treatment setting, cardiovascular factors, and cancer-related factors. Patients with higher-risk breast cancer may be less likely to
be referred to cardiology. This identifies an important care
gap, as referral to cardiology and timely initiation of cardioprotective therapies may offer opportunities for more
complete cancer therapy.
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