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Christian Teague has been involved in
radiology for over 20 years. It was over that
period of time that he was able to gain vast
experiences in diagnostic imaging as well
as research. He managed imaging data
throughout the world both in a  HIPPA
compliant, as well as Part 11 compliant
manner. After graduating from Loma Linda
Medical University with an emphasis in
Nuclear Medicine he began his career working
at large research hospitals such as UCLA
Medical Center where he became
accustomed to the world of research.

Cardiac Toxicity monitoring through imaging needs to be improved. Current trends show a new way
to solve an old problem. Patients who are at risk of dropout due to drug induced Cardiac Toxicity
should have access to new techniques.

Christian Teague and Jason Lin of Precision Image Analysis

May 11,2017

Thanks to the recent advancements in cancer treatment and research, the number of cancer
survivors continues to increase, allowing more patients improved outcomes and a better quality of
life. However, many of these cancer survivors are now at risk of developing cardiac disorders due to
cardiotoxicity as a side effect of the chemotherapeutic drugs used to treat these cancers
Cardiotoxicity is damage to the heart that reduces its ability to function normally, and can result in
cardiac complications such as a drop in left ventricular ejection fraction (LVEF),
cardiomyopathy, myocarditis, and congestive heart failure 2.

In the case of clinical trials, a significant decline in a patient’s LVEF, particularly below the lower
bound threshold of 50%, the patient may no longer be eligible to continue participation in the
clinical trial. Such patient dropouts not only deprive patients of the potential benefits of novel
therapeutic treatments, but also waste time, money, and effort of all stakeholders involved in the
trial. In the United States, the estimated total cost of patient recruitment is estimated at $1.89



billion3. However, the average
dropout rate across all clinical trials is
approximately 30%. Thus, the total
economic loss attributed to
recruitment by patient dropout alone
easily  exceeds $600 million3. For

cardiovascular clinical trials, the
estimated average cost per-patient in
2013 was $20 thousand®.

Accordingly, an economic imperative exists
to effectively address patient dropout rates
and more efficiently use critical resources.
More importantly, decreasing the dropout
rate would be beneficial for the patients as
well, enabling them to continue to receive
therapeutic treatment and enhancing their
chances of improved outcome.

To reduce the dropout rate in potential
cardiotoxic drug studies, it is important to
monitor the cardiac function of patients
and ensure that the LVEF is evaluated
accurately. The current standard of cardiac
monitoring is based on the assessment of
LVEF via multi -gated acquisition (MUGA)
scans or echocardiograms®. The advantages

of echocardiography include
itsnoninvasiveness and  perceived low
imaging cost. However, a critical
disadvantage lies in its high variability,
and low repreducibility of  LVEF
measurements. In clinical practice,
cardiotoxicity is defined as a 5 to 10%
decrease in LVEF from its baseline, which is
equivalent to the interobserver variability

of echocardiography, as shown in Figure
156,
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Recent clinical research investigations have shown that more advanced imaging modalities can
detect cardiotoxicity earlier and more accurately, potentially saving these patients from
developing irreversible cardiac complications’. In a study conducted by Schwartz et al, LVEF
assessed by highly reproducible methods resulted in significant improvements in outcome and
lower incidence of clinical heart failure as shown in Figure 7:%. In addition, many experts have
promoted the use of multi-modality imaging in the diagnosis and management of cardiotoxicity
during cancer therapy.

Figure 278, Utilizing imaging management recommendations published by Shwartz et al®, there
was a significant decrease in the development of clinical heart failure in patients treated with
anthracyclines.

0S5 "ﬁ
\x‘

0.8 1 -.L'H.
[ 1‘"- i
I D.l‘ - ---'
- 1
et
E -
r- vy | N ——— 2
k. i
g SR INNN IR
S 05 1 =
A
'E -
z M — EaEer] MANAEEMEN CONCOrdant
E b b pusce ey
E 0.3 1 = P A SNAEE T BT

L Pusatitlei §
0.2 9
0l 9
o
o 00 o i i] 1500 2000 00 3000

Time [days)

However, due to the additional costs, a routine multi-modality approach would not be feasible
as a clinical trial endpoint. A proposed alternative would be to use cardiac magnetic resonance
(CMR) imaging as a secondary endpoint in combination with echocardiography. CMR is
currently the gold standard for measuring LV volumes and LVEFs, as it has the greatest
accuracy and reproducibility determining LV function. In support of this approach, an expert
consensus report by the American Society of Echocardiography and the European Association of
Cardiovascular Imaging suggested that CMR be the preferred technique for LVEF quantification
when echocardiography approaches the 50% LVEF threshold®. With CMR as a secondary
endpoint for LV EF, clinical trials can maintain higher confidence in their LV functional
assessments for patients approaching the LVEF = 50% threshold. The greater accuracy of CMR
can ensure that patients are not needlessly dropped out of clinical trials, thus reducing costs
and the need to recruit more patients.



As well-established imaging modalities, echocardiography and MUGA are still most commonly
used primary diagnostic exams when assessing cardiotoxicity. However, the rapid
advancements in CMR have demonstrated its potential for earlier and more accurate detection
of cardiotoxicity, with CMR highly recommended as a complementary assessment to
echocardiography during clinical trials. An integrated approach of using both echocardiography,
and CMR in a subset of patients, will enable clinicians to make the appropriate choice regarding
the discontinuation of anti-cancer therapy for patients, thus potentially reducing cardiotoxicity
effects and improving patient outcomes.
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