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Abstract

Objective—To determine the prevalence of American Heart Association and American College
of Cardiology Foundation (AHA/ACCF) heart failure (HF) Stages after initiating potentially
cardiotoxic chemotherapy.

Background—*For individuals receiving potentially cardiotoxic chemotherapy, the frequency of
transitioning from Stage A to more advanced HF Stages is not well described.

Methods—In 143 Stage A HF patients with breast cancer, lymphoma/leukemia, renal cell
carcinoma, or sarcoma prior to and then three, six, and 12-24 months after initiating potentially
cardiotoxic chemotherapy, we obtained blinded cardiovascular magnetic resonance measures of
left ventricular ejection fraction (LVEF).

Results—Three months after initiating potentially cardiotoxic chemotherapy, 18.9% of patients
transitioned from Stage A to Stage B HF. Eight-three percent and 80% of patients with Stage A
HF at three months respectively exhibited Stage A HF at six and 12—-24 months; 68% and 56% of
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those with Stage B HF at three months respectively exhibited Stage B HF at six and 12—24 months
(p<0.0001 and p=0.026, respectively).

Conclusions—Transition from Stage A to Stage B or remaining in Stage A HF three months
after initiating potentially cardiotoxic chemotherapy relates to longer term (six to 24-month post-
treatment) assessments of HF Stage.

Condensed Abstract

This study was performed to determine the prevalence of AHA/ACCF Stages A, B, C, and D HF
three, six, and 12-24 months after initiating potentially cardiotoxic chemotherapy. In the first three
months after initiating chemotherapy, nearly one-fifth of individuals transitioned from Stage A to
Stage B HF, and the HF Stage at three months was likely to stay the same out to 24 months.
Circumstances in addition to LVEF decline may be responsible for HF symptomatology, as these
did not correlate well.
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Introduction

Heart failure (HF) may occur after receipt of potentially cardiotoxic chemotherapy (1-14).
The American Heart Association and American College of Cardiology Foundation (AHA/
ACCEF) identify those with cancer receiving treatment with potentially cardiotoxic agents as
having Stage A HF, a designation indicating one is at risk for developing more advanced
Stages (B-D) of HF (13). Although individuals receiving potentially cardiotoxic
chemotherapy are classified as Stage A HF, the rate has not been well-described for
progression to more advanced HF Stages for which other etiologies of HF often receive a
therapeutic intervention (15).

Accordingly, this study was performed in individuals scheduled to receive potentially
cardiotoxic chemotherapy to assess the change in HF Stage from pre-treatment to three, six,
and 12-24 months post-initiation of treatment.

Methods

Study population and design

This study was approved by the Institutional Review Board of the Wake Forest School of
Medicine, and all participants provided witnessed and written informed consent. The study
was funded by the National Institutes of Health grants R33CA12196 and RO1CA167821 and
the Susan G. Komen Foundation grant BCTR07007769. Participants scheduled to receive
potentially cardiotoxic chemotherapy for treatment of their cancer were recruited from the
hematology/oncology outpatient clinics at the Comprehensive Cancer Center of the Wake
Forest School of Medicine. We consecutively recruited 144 individuals with Stage A HF at
baseline without a contraindication to CMR who agreed to participate for serial
examinations prior to and three months after initiation of chemotherapy. Based on pre-
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designed lengths of longitudinal follow-up, 73 patients also were scheduled for a six-month
follow-up visit, and 67 patients were scheduled for a visit one to two years after initiating
their cancer treatment.

At the time of enrollment, demographic data including age, race, and gender were collected;
height and weight were used to calculate body mass index (BMI). Prior cancer treatment and
the cumulative doses of chemotherapy agents were recorded. Medication data (the use of
potentially cardioprotective medications such as angiotensin-converting enzyme [ACE]
inhibitors, beta-blockers, or statins), the presence of cardiovascular risk factors (coronary
artery disease, hypertension, hyperlipidemia, diabetes, smoking history [current or
previous]), and the type of cancer were recorded. The number of risk factors for each
participant was calculated by assessing one point each for: BMI = 30, hypertension,
diabetes, coronary artery disease, hyperlipidemia, or smoking. For age, participants received
zero points for age < 40, one point for age 40-60, and two points for age > 60. The
maximum risk factor score was eight.

Determination of left ventricular ejection fraction

All participants underwent CMR imaging with 1.5-Tesla Magnetom Avanto Scanner
(Siemens, Erlangen, Germany) prior to and a combination of three, six, and 12 to 24 months
after initiating chemotherapy. CMR imaging was chosen to assess LVEF due to its accuracy
and prior use in NIH funded initiatives such as the Multi-Ethnic Study of Atherosclerosis
(16). LVEF measurements were obtained via previously published methods using cine white
blood steady-state free precession techniques with a 256 x 128 matrix, a 40-cm field of view,
a 10-ms repetition time (TR), a 4-ms echo time (TE), a 20-degree flip angle, an 8-mm thick
slice with a 2-mm gap, and a 40-ms temporal resolution (16). All images were analyzed by
readers blinded to all identifiers via an unpaired-blinded read.

Definition of HF Stages

All participants were Stage A HF, by definition, at enrollment and stratified into Stages A
through D HF at each subsequent visit. Stage A HF was defined as those participants at risk
for HF with a preserved left ventricular ejection fraction (i.e., an LVEF = 53%) (2,13,15).
Stage B HF was defined as CMR imaging evidence of LV dysfunction as seen by a LVEF
decline to an absolute value <50% or a LVEF decline to <53% due to an absolute drop in
LVEF of at least 10%. Stage C HF was defined as CMR evidence of LV dysfunction as
defined in Stage B and current or past symptoms of HF requiring the new administration of
heart failure therapy that included a) angiotensin converting enzyme or receptor blockers, b)
beta-blockers, or c¢) oral or intravenous diuretics administered during a hospitalization,
within an observation unit, or in an outpatient setting. Stage D HF was defined as those who
met criteria for Stage C but required specialized advanced HF treatment during a
hospitalization, including device therapy for support of LV performance (2,13,15).

Heart failure quality of life determination

At each visit, participants were asked to complete the Minnesota Living with Heart Failure
Questionnaire (MLHFQ), a well-studied survey to assess quality of life in HF outpatients
with questions rated on a six-point Likert scale where a score of zero signifies no impact and
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a score of five has a very significant impact on quality of life (17). We evaluated a five-
question subset from the 21 questions asked during the MLHFQ survey that specifically
inquired about symptoms of HF including: a) leg swelling, b) fatigue, c) low energy, d)
dyspnea on exertion, and e) shortness of breath. As a result, participants could experience a
maximum score of 25.

Statistical Analysis

Results

Counts and percentages were reported for all categorical variables. Means and standard
errors were reported for all continuous variables. Chi square and Fisher’s exact tests were
used to test for associations between categorical variables (risk factors) and the transition
from Stage A to other Stages of HF. From these tests, odds ratios (OR) were estimated to
examine the relationship between each risk factor and the transition from Stage A to Stage B
HF. These ORs and corresponding 95% confidence intervals were calculated and compared
by creating Forest plots that examined each risk factor independently. Two sample Student’s
t-tests were performed to examine the associations between continuous variables and the
transition from Stage A to Stage B HF. All analyses assessed HF transition from baseline to
three, six, and 12-24 months after initiating chemotherapy. Next, correlation analyses were
performed to examine the relationship between changes in LVEF and MLHFQ subset scores
at each time point. Logistic regression models were fit to assess longitudinally the
relationship between the transistion from HF stage from baseline to 3 months predicted the
HF stage observed at 6 months or 12—-24 months. P-values < 0.05 were considered to be
statistically significant. Statistical analyses were completed using SAS version 9.4 (SAS
Institute, Cary, NC).

Of the 144 subjects enrolled, one individual did not return for the three-month visit;
demographic data for the 143 remaining subjects are shown in Table 1.

At three months, 18.9% of participants transitioned to Stage B HF. This number slightly
increased to 30.1% at six months and was 23.9% at 12—24 months (Figure 1). No participant
met criteria for Stage C or D HF throughout the study (at three, six, or 12-24 months). The
distribution of HF Stages and risk factors across the study times points are shown in Table 2.
With the exception of a history of smoking (p=0.001 at 12—-24 months), age, gender, race,
and the risk factor score that included BMI = 30, coronary artery disease, hypertension,
diabetes, hyperlipidemia (p=0.053 to 1.0) were not clearly associated with the transition
from Stage A to B HF. Patients concurrently receiving cardioprotective medications for
conditions like hypertension or pre-existing coronary artery disease, such as ACE inhibitors,
statins, and beta-blockers did not experience an increased association with a transition from
Stage A to a more advanced HF Stage at any time point (p = 0.365 to 1.0).

On average, the LVEF declined from 60.6+0.5% at baseline to 56.7+0.6%, 53.7+0.8%, and
56.9+0.9% at three, six, and 12—24 months, respectively (p<0.001 for all; Figure 2A-C).
Averaged scores from the MLHFQ subset increased from 4.3+0.4 at baseline to 7.6+0.5 at
three months (p<0.001) and 7.0£0.7 at six months (p<0.001), but then were similar at
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4.0+0.6 at 12-24 months (p=0.748). Change in MLHFQ subset scores correlated poorly with
change in LVEF at any time point (R? = 0.0028 to 0.0216 for all; Figure 3A—C).

For participants who remained in Stage A HF three months after initiating chemotherapy,
83.3% remained in Stage A HF at six months and 79.7% at 12—-24 months. Of those who
developed Stage B HF at three months, 68% and 56% respectively remained in Stage B HF
at six or 12-24 months. The odds ratio of remaining in Stage A or transitioning to Stage B
HF at 3 months predicting Stage A or B HF was 10.8 (confidence interval from 3.3 to 36.1).
This suggests nearly an 11 fold higher odds that the Stage at 3 months predicts an
individual’s HF Stage at 6 months (p=0.0001). Similarly, the HF Stage at 3 months exhibited
an odds ratio of 5.3 (confidence interval from 1.2 to 23.2) for forecasting the HF Stage at 12
to 24 months (p=0.026). Thus, these data indicate that for those with Stage A HF prior to
initiating potentially cardiotoxic chemotherapy, there was a nearly 5.3 fold higher odds that
a person’s HF Stage at 3 months would forecast their HF Stage at 12 to 24 months (Figure
4).

Table 3 displays the treatment-related changes in the Stage of HF between baseline and
three, six, and 12-24 months. Five out of nine (56%) participants with acute myelogenous
leukemia (AML) progressed from Stage A to Stage B HF (p=0.012) at three months. By six
months, this change was no longer present. Cumulative trastuzumab dose and the
combination of an anthracycline plus trastuzumab contributed to transition to a more
advanced HF Stage at the six month time point (p=0.014 for anthracycline plus trastuzumab;
p=0.022 for cumulative trastuzumab dose). Patients receiving anthracyclines identified a rate
of 22.0% transitioning to Stage B HF three months into treatment. Thirty-three percent of
patients specifically receiving anthracycline and trastuzumab combination chemotherapy
regimens transitioned to Stage B HF at three months.

Figure 5 shows the ORs for various factors that could influence an individual’s transition
from Stage A to Stage B HF at three, six, and 12-24 months after initiating chemotherapy.
At three months (Figure 5A), participants who received combination anthracycline and
trastuzumab chemotherapy were more likely to transition to Stage B HF (OR 3.37, 95% ClI
[1.28-8.85]). This remained significant at six months (OR 4.35, 95% CI [1.36-13.96])
(Figure 5B). At both six and 12—-24 months (Figure 5B and C), initiating a potentially
cardiotoxic chemotherapeutic regimen with an LVEF in the bottom quartile of the study
group was associated with progression to a more advanced HF Stage (OR 5.12, 95% ClI
[1.75-14.96]) at six months and (OR 3.77, 95% CI [1.04-13.68]) at 12—-24 months.

Discussion

There are several important findings related to this study. First, 18.9% of individuals
receiving potentially cardiotoxic chemotherapy transition from Stage A to Stage B HF three
months after initiating their treatment (Figure 1). Second, those who remain classified as
Stage A HF three months after initiation of chemotherapy are more likely to remain
classified as Stage A HF six and 12-24 months after initiating potentially cardiotoxic
chemotherapy (Figure 4). In contrast, for participants who transition to Stage B HF three
months after starting chemotherapy, the majority remain in Stage B HF at six and 12-24
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months after initiating their therapy (Figure 4). This suggests that an early assignment of HF
Stage, as early as three months after starting chemotherapy, may be predictive of future HF
Stages. Finally, and somewhat surprisingly, change in LVEF and HF symptom scores from
MLHFQ subset of 5 questions did not correlate with one another (Figure 3).

Currently, LVEF represents one of the key components of the current American Society of
Echocardiography Consensus Statements and American Society of Clinical Oncology
Statements on monitoring patients for cardiac injury after receipt of potentially cardiotoxic
chemotherapy (1,2,11,15,18). Cardinale et al. found that 82% of those started on guideline-
based HF therapy for an LVEF decline of more than ten absolute percentage points or a
LVEF decline to <50% three to four months into treatment experienced a future
improvement in LVEF (19). Results from our study indicate that early monitoring of patients
receiving a regimen that contains an anthracycline identifies 21.0% of those that transition to
Stage B HF three months into treatment. Based on Cardinale’s data, it is plausible that these
patients may be candidates for guideline-based HF treatment. Furthermore, as shown in
Figure 4, participants who remain with Stage A HF three months after initiating
chemotherapy are more likely to remain in Stage A HF at both six and 12—24 months after
initiating their treatment. At the same time, those who progress to Stage B HF at three
months are more likely to remain with Stage B HF at six and 12-24 months rather than
return to Stage A HF.

With regard to cancer type, there was a high percentage (55.6%) of individuals with AML
who transitioned from Stage A to Stage B HF three months after initiating chemotherapy.
This could be related to the fact that these individuals receive relatively large doses of
chemotherapy (usually anthracycline-based) over three days during their induction. We did
not observe a relationship between the number of risk factors for cardiovascular disease and
transition from Stage A to Stage B HF (Table 2) (6,16,20-22). These findings may be related
to our relatively small sample size.

In this study, the OR for transitioning from Stage A to Stage B HF after receipt of
anthracycline and trastuzumab chemotherapy regimen during this study was 3.37 (95% CI
[1.28-8.85]) at three months and 4.35 (95% CI [1.36-13.96]) at six months (Figure 5). This
is mostly consistent with previously published results which have established the incidence
of LV systolic dysfunction with trastuzumab ranging from 21-34% at some point during
receipt of trastuzumab (3,4,9,12,23). Also interestingly, those participants who entered the
study with their LVEF in the bottom quartile of participants were more likely to exhibit
Stage B HF at later time points. This finding was particularly noticeable at six and 12-24
months; OR 5.12 (95% CI 1.75-14.96) at six months and OR 3.77 (95% CI 1.04-13.68) at
12-24 months (Figure 5). Further testing and data collection is required to determine the
cause of this phenomenon.

In an additional analysis, as shown in Figure 3A—C, our observed increase in MLHFQ subset
scores did not correlate with LVEF decline even though roughly one-fifth of participants
showed declines in LVEF to qualify their classification of Stage B HF at each time point.
This finding could be due to: a) many of the symptoms included in the MLHFQ are similar
to chemotherapy-related side effects but not necessarily indicative of “true HF;” b) HF is
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occurring but not necessarily related to a perceptible LVEF decline — similar to the
syndrome of HF with “preserved” LVEF; ¢) some of the decline in LVEF may have been
related to isolated decrements in LV end diastolic volume as a result of decreased oral intake
as opposed to impaired LV systolic function; or d) a combination of the above (24,25).
While our data do not allow us to determine the reason for the lack of a correlation between
LVEF and MLHFQ scores, they underscore the need for additional research to clarify the
relationship between LVEF and HF symptomatology among patients receiving treatment for
cancer with potentially cardiotoxic agents.

Our data did not indicate that concurrent receipt of ACE inhibitors, statins, or beta-blockers
for treatment of other cardiovascular risk factors such as hypertension influence the
transition from Stage A to more advanced HF Stages. While several research studies suggest
beneficial effects with renin-angiotensin inhibition and beta-blockade, other studies of those
without underlying heart disease, elderly patients, or large numbers of comorbidities are less
certain (16,22,26-29). Gulati et al. showed that candesartan, when used in healthy breast
cancer patients receiving adjuvant anthracycline- containing chemotherapy, showed a small
protective effect on LVEF decline as compared to placebo (30). Similarly, Cardinale et al.
showed that enalapril helped to prevent LV dysfunction after anthracycline chemotherapy
(31). Another study showed that breast cancer patients who were already taking statins had a
smaller decrease in LVEF after initiation of anthracycline-based chemotherapy as compared
to those not taking statins, though this was an observational study (32). Perhaps our small
sample size, and the fact that our study is observational (i.e., we did not randomize patients
to ACE inhibitors or other therapy) explains our findings.

The LVEF change used to identify Stage B-D HF included two criteria: drop in LVEF to
<50% or a 10% decline in LVEF to a value <53%. Based on our prior assessments, in this
study, we are reliably able to detect LVEF changes >3% (33). Of the 27 individuals who
transitioned from Stage A to Stage B, fifteen exhibited >10% declines in LVEF to values
<53%. The remaining patients who transitioned to Stage B experienced drops to <50%.
Among these twelve patients, one patient transitioned from Stage A to Stage B based on a
change in LVEF of 3% (the person dropped from a baseline of 52% to a follow-up of 49%
LVEF). Thus, it is possible that one patient out of 27 (3.7% of those transitioning) may have
been identified as more advanced HF due to chance. In addition, there were four patients
who remained Stage A whose final LVEF values were 51% with their change in LVEF from
baseline to follow-up <3%. This represents 3.4% (4/117) of the patients who were identified
as not transitioning. These patients (five total) comprised nearly equal proportions of
patients who did versus did not transition from Stage A HF to Stage B HF. Based on these
analyses, we conclude that there is a possibility that, at most, 3.5% (5/144) of patients may
have been misclassified at the follow-up visit due to the variability of our CMR
measurement of LVEF; however, four patients remained Stage A and one patient
transitioned from Stage A to Stage B HF, and we believe our findings are not due to chance
or measurement error.

Our study has the following limitations. First, to detect Stage B HF, we required a marked
drop in LVEF. Our LVEF metric was adopted from the consensus statement provided by the
American Society of Echocardiography. To date, there have been no cardio-oncology

JACC Heart Fail. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jones et al.

Page 8

guidelines for LVEF assessments using CMR imaging (2). Second, a small number of
patients underwent LV myocardial strain measurements (see Online Supplement A).
According to these data, there was a small difference in strain measurements, however, our
sample size was too small to make definite conclusions. We also did not assess LV diastolic
dysfunction. As such, we may have underestimated the incidence of Stage B HF in our study
population. Measuring strain in a larger sample size could be an important future research
study. Further studies incorporating more objective measurements with metrics like
cardiopulmonary exercise or six-minute walk testing may provide greater insight into
development of HF symptoms. Finally, due to sample size limitations and our study design
(cohort as opposed to randomized clinical trial), we were unable to assess whether
potentially cardioprotective medications, such as beta-blockers influenced the transition to
more advanced HF stage.

In conclusion, almost one-fifth of participants who receive potentially cardiotoxic
chemotherapy including anthracyclines and trastuzumab may transition from Stage A to
Stage B HF three months after initiation of their treatment regimens. Baseline to three month
changes in Stage of HF are associated with longer term HF stage assessments including
baseline to six or 12—-24 months after initiating potentially cardiotoxic chemotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ACE angiotensin converting enzyme

OR odds ratio
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Perspectives
Competency in Medical Knowledge

This study shows that there is evidence of transition from Stage A to Stage B HF early
after receipt of anthracycline- or trastuzumab-based chemotherapy that correlates with
HF Stage among survivors of these treatments. Additionally, the HF Stage assigned three
months after starting chemotherapy is associated with HF Stage at six and 12—-24 months
post-treatment.

Transitional Outlook

Further prospective research is needed to determine the factors that contribute to and
strategies that may prevent the development of HF in patients receiving potentially
cardiotoxic chemotherapy.
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Figure 1 —. Frequency of HF Stages at 3, 6, and 12-24 Months.
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This bar graph shows the percent of participants in each Stage of HF at baseline (left-most
bar), three months, six months, and 12-24 months (right-most bar).
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A LVEF: Baseline to 3 Months
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Baseline 3 Months

B LVEF: Baseline to 6 Months
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C  LVEF: Baseline to 12-24 Months
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Figure 2A-C —. Relationship of LVEF Score at Baseline and 3, 6, and 12-24 Months.
These spaghetti plots show change in LVEF and means at baseline and three months (Figure

2A), baseline and six months (Figure 2B), and baseline and 12—-24 months (Figure 2C).
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Figure 3A-C —. Change in LVEF vs Change in MLHFQ Subset Score at 3, 6, and 12-24 months

as compared to baseline.

The scatterplots graph the relationship between the change in LVEF (x-axis) from baseline
and three (A), six (B), or 12-24 (C) months and the change in modified MLHFQ score (y-

axis) in the same time period. Corresponding trendlines and R? values are shown.
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Figure 4 —. Frequency of transitioning within HF Stages from 3 to 6 or 12-24 Months.
Panel A indicates the numbers of individuals at three months transitioning between HF

Stage at six months, and Panel B demonstrates HF transitions from three to 12-24 months.
Circles indicate those with Stage A HF and triangles indicate those with Stage B HF. As
shown, HF Stage at three months predicts HF stage at six (p<0.0001) and 12—24 months
(p<0.026). Corresponding odds ratios for 3 month HF Stage transition predicting 6 month
HF stage is 10.8 (95% confidence interval 3.3 to 36.1) and for 3 month HF Stage transition
predicting 12-24 month HF stage is 5.3 (95% confidence interval 1.2 to 23.2).
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The Forest plots graph the ORs for various factors possibly contributing to transition to

Stage B HF at three (A), six (B), and 12—-24 months (C). Error bars represent 95%

confidence interval.
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Table 1.

Baseline Characteristics and Therapy Distribution

Age (years)
<40 26(18.2)
40-60 70 (49.0)
>60 47 (32.9)
Gender
Male 40 (28.0)
Female 103 (72.0)
Race

White 117 (81.8)
Black 25 (17.5)
Other 1(<1)
LVEF at baseline (%) 60.6 + 0.5
Risk factors for HF
BMI=30 63 (44.1)
HTN 60 (42.0)
Smoking  35(24.5)
HLD  35(24.5)
Diabetes 23 (16.1)
CAD  7(4.9)
Average number of risk factors 2.7 +0.1
Cardioprotective medications
Beta-blocker 21 (14.7)
ACE inhibitor or ARB 38 (26.6)
Statin 34 (23.8)
Type of cancer
Breast cancer 77 (53.8)
Lymphoma 47 (32.9)
AML  9(6.3)
Sarcoma 7(4.9)
Renal cell carcinoma 3(2.1)
Prior cancer treatment (all regimens) 24 (16.8)
Prior anthracycline treatment 17 (11.9)
Chemotherapy treatment regimen
Cyclophosphamide 90 (62.9)
Anthracycline 85 (59.4)
Trastuzumab 45 (31.5)
Paclitaxel 40 (28.0)
Docetaxel 23 (16.1)

Other™ 13(9.1)

Total participants, n = 143. Values are mean + SE or number n (%).
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*
Other includes lapatinib (n=4), sunitunib (n=3), bortezomib (n=2), bevacizumab (n=1), pertuzumab (n=1), gemtuzumab (n=1), mitomycin (n=1)

BMI = body mass index; HTN = hypertension; HLD = hyperlipidemia; CAD = coronary artery disease; ACE inhibitor = angiotensin-converting
enzyme inhibitor; ARB = angiotensin receptor blocker; AML = acute myelogenous leukemia.
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