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Background: Chemotherapy-induced cardiotoxicity is a significant problem, ranking as the second most frequent cause of mortality
in cancer patients. This adverse outcome encompasses many cardiovascular problems, such as heart failure. Sacubitril/valsartan has
shown potential in the management of heart failure, however, its effectiveness in treating chemotherapy-induced heart failure has not
been extensively explored. We performed a case series to investigate the safety and effectiveness of sacubitril/valsartan in treating
chemotherapy-induced cardiomyopathy in Saudi Arabia.

Methods: The case series was conducted at a single medical center in Makkah, Saudi Arabia. The data gathered included patient
demographics, clinical features, laboratory results, echocardiographic findings, and medication information. The data underwent
analysis using descriptive statistics.

Results: Out of the total of eight patients who were part of the investigation, a notable majority of six individuals exhibited substantial
enhancements in their ejection fraction (EF) after receiving sacubitril/valsartan medication.

Conclusion: Our case series provides significant insights by revealing improvements in ejection fraction (EF) in six out of eight
patients who had chemotherapy-induced cardiomyopathy after receiving sacubitril/valsartan treatment.
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Introduction

The primary concern associated with chemotherapy is the occurrence of cardiotoxicity, a serious medical complication.
Chemotherapy-induced cardiotoxicity is the second leading cause of mortality among cancer patients.' There is diversity in
the occurrence of chemotherapy-induced cardiotoxicity among various chemotherapeutic drugs. Anthracyclines, for example,
are recognized to be associated with a cardiotoxicity development rate of approximately 9%, although this rate can escalate to
as much as 30% with certain specific agents.> ™ This adverse effect encompasses a spectrum of cardiovascular problems,
including ischemic heart disease, stroke, heart failure, hypertension, and thromboembolic events.” Several commonly
administered chemotherapeutic agents, such as anthracyclines, cisplatin, cyclophosphamide, ifosfamide, and taxanes, have
been identified as culprits in inducing cardiotoxicity. The manifestation of these cardiotoxic effects can vary in timing, from
early to late after exposure to specific chemotherapy agents. The incidence and impact of cardiotoxicity differ from one
chemotherapeutic agent to another, depending on the intensity and mechanism of action of the chemotherapy.® One such
mechanism involved in chemotherapy-induced cardiotoxicities is the generation of reactive oxygen species and subsequent
lipid peroxidation of cell membranes, which can lead to irreversible cardiac damage.” Heart failure is a prevalent and
consequential complication that often arises as a result of chemotherapy.® Therefore, it is recommended to diligently observe
patients receiving chemotherapy by conducting frequent follow-up sessions, performing physical exams, and establishing
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baseline cardiac function evaluations.® According to the guidelines set forth by the European Society of Cardiology (ESC), the
use of angiotensin converting enzyme inhibitors (ACEI) and beta-blockers (BB) is recommended for patients experiencing
chemotherapy-induced cardiomyopathy.” More recently, the use of sacubitril/valsartan has become more prominent in the
management of patients with symptomatic heart failure, as recommended by heart failure guidelines.® Sacubitril is
a pharmacological agent that While valsartan acts by exerting a blocking action on angiotensin II type 1 (AT1) receptors.”
The therapeutic use of sacubitril/valsartan in heart failure has been shown to provide significant advantages, including
enhanced left ventricular ejection fraction (LVEF), lower levels of N-terminal pro-brain natriuretic peptide (NT-proBNP) in
the bloodstream, and a reduced occurrence of left ventricular remodeling.’ The current body of literature provides limited and
inconclusive information pertaining to the efficacy and safety of sacubitril/valsartan in individuals diagnosed with heart failure
resulting from chemotherapy treatment.'® A recently reported case series of significance featured two elderly cancer patients
who were diagnosed with cardiomyopathy as a result of anthracycline treatment. In these cases, ACEI was replaced with
sacubitril/valsartan as a consequence of persistent symptoms. The results revealed a beneficial benefit in terms of minimizing
hospitalizations related to heart failure, while also showing minor adverse effects. Similar studies have shown improvements
in echocardiographic parameters and an improvement in heart failure symptoms.'®'" Recent investigations that examined
people who developed cardiotoxicity as a result of chemotherapy have shown notable improvements in left ventricular
ejection fraction. Furthermore, favorable impacts of sacubitril/valsartan were observed to persist regardless of the dosage
administered.>'? To the author’s knowledge, there is a lack of investigation carried out in Saudi Arabia pertaining to studies of
this kind. Therefore, the objective of our investigation is to produce a detailed evaluation of the safety and effectiveness of
sacubitril/valsartan in individuals who experience heart failure as a result of chemotherapy.

Method

This study was carried out at an institution located in Makkah, Saudi Arabia. The primary objective of this research was to
examine a cohort of adult patients, aged over 17 years, who had been diagnosed with chemotherapy-induced cardiotoxicity and
were concomitantly using sacubitril/valsartan. The data collection included the acquisition of medical histories, demographic
information, clinical features, laboratory measurements (such as NT-proBNP and potassium levels, as indicators of well as renal
function), and the recording of echocardiograms with the purpose of finding the left ventricular ejection fraction (LVEF). It’s
calculated by comparing the volume of blood in the heart at the end of filling diastole to the volume of blood remaining in the
heart after contraction systole. To calculate EF, the following formula is used: EF = (EDV—ESV)/EDV) x 100%, where EDV is
the end-diastolic volume and ESV is the end-systolic volume. These volumes are usually measured in milliliters (mL). The
collection of prescribed medications at discharge was also included.

Result

Table 1 presents the main result, which illustrates the ejection fraction (EF) before and after the administration of
sacubitril/valsartan. The results indicate that of eight patients, six exhibited improvements after therapy. In the case series
we conducted, it was determined that none of the patients featured in the study had any history of alcoholism or
a diagnosis of obstructive sleep apnea.

Case A

A 54-year-old woman with high-grade metastatic uterine leiomyosarcoma received doxorubicin-based chemotherapy.
Subsequently, her EF dropped precipitously from 55% to 20-25%. This decline in cardiac function prompted cardiology
follow-up. Following the diagnosis of chemotherapy-induced cardiomyopathy, the patient was started on sacubitril/
valsartan, with a remarkable response. Her EF showed a steady increase over the course of nine months, ultimately
reaching 45%. Additionally, the patient was prescribed a tailored combination of medications, including beta-blockers,
aldosterone antagonists, anti-coagulants, and diuretics, to optimize her heart function and manage concomitant condi-
tions. Notably, her NT-proBNP levels decreased from 7011 pg/mL to 440 pg/mL, and Troponin-I levels were recorded at
0.29 ng/mL. This case underscores the importance of vigilance in monitoring cardiac function during and after
chemotherapy, especially in patients receiving potentially cardiotoxic agents such as doxorubicin. Sacubitril/valsartan
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Table | Primary Outcome of Ejection Fraction (EF) Before and After Receiving Sacubitril / Valsartan (Sac/Val)
Case Age Baseline EF Type of Type of Chemotherapy EF Prior EF After Time of EF Change First Last Dose
Prior Cancer Sac/Val Sac/Val Reading After the in EF Dose (mg)
Chemotherapy Use Use Sac/Val Use (%) (mg)
(Month)

A 54-year-old 55% Metastatic high- Doxorubicin 20-25% 45% 12 80 97/103 BID | 49/51 BID

female grade uterine
leiomyosarcoma

B 70-year-old 45% Stage IV non- Rituximab, Cyclophosphamide, 20% 30% 12 50 24/26 BID | 97/103 BID

male Hodgkin Doxorubicin, Vincristine, and Prednisone
lymphoma (R-CHOP) chemotherapy

C 62-year-old 55% Advanced colon Folinic acid, fluorouracil, and irinotecan 10-15% 15-25% 15 50 24/26 BID 24/26 BID
female cancer (FOLFIRI) and panitumumab

D 66-year-old 50% Advanced AC (doxorubicin, cyclophosphamide) 25% 35% 12 40 24/26 BID | 97/103 BID
female breast cancer

E 67-year-old 55% Advanced Doxorubicin, Cyclophosphamide (AC) 25% 27% 12 8 24/26 BID 24/26 BID
female breast cancer were followed by four cycles of

docetaxel, Pertuzumab, and trastuzumab

F 45-year-old 50-55% Advanced Doxorubicin, Cyclophosphamide (AC) 20% 51% 7 155 97/103 BID | 97/103 BID
female breast cancer

G 62-year-old 30% Rectal cancer 5- fluorouracil 30% 30% 7 0 24/26 BID | 97/103 BID
male

H 67-year-old 30% Diffuse large Cyclophosphamide, Etoposide, 20-25% 20-25% 17 0 49/51 OD 49/51 OD
male B-cell Prednisolone, Rituximab Vincristine

lymphoma (R-CEOP) chemotherapy

Abbreviations: BID, twice a day; OD, once a day.
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has shown promise in improving cardiac outcomes in heart failure patients with reduced EF. Our case demonstrates its
potential efficacy in mitigating chemotherapy-induced cardiomyopathy.

Case B

A 70-year-old male was diagnosed with stage IV non-Hodgkin lymphoma and underwent six cycles of R-CHOP
chemotherapy. Unfortunately, his LVEF deteriorated significantly, dropping from 45% to 20%. Cardiac dysfunction,
notably chemotherapy-induced cardiomyopathy, was evident. In response to the cardiomyopathy, sacubitril/valsartan
therapy was initiated. Over time, the patient showed a substantial improvement in EF, with a remarkable 50% increase,
ultimately reaching 30%. The patient also received a tailored combination of medications, including beta-blockers,
aldosterone antagonists, and diuretics, to optimize heart function and manage concurrent conditions like chronic
obstructive pulmonary disease (COPD) and right-sided pleural effusion. During his treatment, the patient’s NT-
proBNP levels changed from 230 pg/mL to 242 pg/mL, and his Troponin-I level was recorded at 0.016 ng/mL. This
case highlights the importance of monitoring cardiac function during and after chemotherapy, especially when using
potentially cardiotoxic agents such as anthracyclines. In this case, it demonstrated the potential efficacy of sacubitril/
valsartan reversing chemotherapy-induced cardiomyopathy-induced LV systolic dysfunction.

Case C

A 62-year-old female was diagnosed with locally advanced colon cancer in October 2012. She received radiation and
neoadjuvant FOLFOX, followed by a left hemicolectomy and adjuvant XELOX chemotherapy. After that, she was
diagnosed with dilated cardiomyopathy, which progressed, leading to an EF of 10-15%. The patient started sacubitril/
valsartan therapy. Furthermore, the patient received a customized medication regimen that included beta-blockers and
aldosterone antagonists. Over 15 months, her EF improved to 15-25%, resulting in a 50% increase. The patient had
resumed chemotherapy during this time, and sacubitril/valsartan helped stabilize her cardiac function without further
deterioration. This case demonstrates the potential of sacubitril/valsartan in managing chemotherapy-induced cardiomyo-
pathy, allowing cancer patients to continue with potentially life-saving treatments without compromising cardiac function
further. It emphasizes the importance of cardiac monitoring during chemotherapy and the need for prompt intervention
when cardiotoxicity is detected.

Case D

A 66-year-old woman with a history of heart failure was diagnosed with breast cancer. She received chemotherapy with
doxorubicin and cyclophosphamide, leading to a significant decrease in her EF. Chemotherapy was stopped and
hormonal therapy was started. The patient had a complex medical history, including obesity, chronic kidney disease,
hypertension, hyperlipidemia, ischemic heart disease, and steroid-induced diabetes. The patient underwent
a percutaneous coronary intervention (PCI) due to coronary artery disease. Her EF was severely reduced to 25% and
sacubitril/valsartan therapy began. Over the following year, the medication was titrated to target doses. Additionally, the
patient was put on a specifically designed treatment plan which comprised beta-blockers and aldosterone antagonists. In
April 2023, her EF improved to 35%, marking a 40% increase from the initial value after chemotherapy. Moreover, the
patient’s treatment outcomes included a notable improvement in biomarkers, with NT-proBNP levels decreasing from
139 pg/mL to 34 pg/mL, and Troponin-I measured at 0.11 ng/mL. This case underscores the potential benefit of
sacubitril/valsartan in managing chemotherapy-induced cardiomyopathy and improving EF in breast cancer patients
with preexisting heart conditions. The successful outcome allowed for cardiac intervention and better heart function.

Case E

A 67-year-old woman with right breast cancer and lymph node metastases underwent chemotherapy, including doxor-
ubicin, cyclophosphamide, docetaxel, pertuzumab, and trastuzumab. The treatments led to a significant decline in her EF,
from 55% to 25%. She also had comorbidities, including diabetes mellitus, hypertension, and hypothyroidism. After
chemotherapy, the patient developed dilated cardiomyopathy and was also diagnosed with venous thromboembolism
(VTE). Sacubitril/valsartan therapy was initiated to address chemotherapy-induced cardiomyopathy. In addition, the
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patient was placed on a specially tailored treatment regimen that included the use of beta-blockers and aldosterone
antagonists. Over time, her EF improved from 25% to 27%, representing an increase of 8%. This case highlights the
potential cardioprotective role of sacubitril/valsartan in breast cancer patients with chemotherapy-induced cardiomyo-
pathy and pre-existing comorbidities. Despite the modest improvement in EF, therapy allowed for the continuation of
oncological treatments and improved cardiac function.

Case F

A 45-year-old woman with metastatic breast cancer of the liver had a history of left breast cancer. She received adjuvant
treatments, including chemotherapy, radiation therapy, and hormonal therapy. However, the recurrence of cancer in her
right breast led to further treatment, including AC chemotherapy. During AC chemotherapy, the patient’s EF dropped to
20%, resulting in heart failure. Sacubitril/valsartan therapy was initiated, leading to a remarkable 155% increase in EF.
Moreover, the patient was prescribed a therapy plan that encompassed both beta-blockers and aldosterone antagonists.
Subsequently, she received paclitaxel, carboplatin, pertuzumab, and trastuzumab, which exacerbated cardiac function.
However, the addition of sacubitril/valsartan to her heart failure medications resulted in a significant improvement in
cardiac function, with her EF increasing from 30% to 53%. This case demonstrates the potential cardioprotective effects
of sacubitril/valsartan in patients with chemotherapy-induced cardiomyopathy, allowing the continuation of oncological
treatments. The remarkable improvement in EF suggests that sacubitril/valsartan may be a valuable addition to the
treatment of chemotherapy-induced cardiomyopathy in patients with breast cancer.

Case G

A 62-year-old individual with a history of myocardial infarction was diagnosed with rectal cancer and subsequently
underwent sigmoidoscopy and colorectal anastomosis and received the adjuvant 5-fluorouracil protocol. The patient’s EF
was determined to be 30%, rendering him ineligible for chemotherapy. The patient was also administered a personalized
treatment, incorporating beta-blockers and aldosterone antagonists. Given the patient’s compromised cardiac function,
ACE inhibitors were discontinued, and sacubitril/valsartan therapy was started. Although no substantial improvements in
EF were observed during the treatment period, the patient’s cardiac status remained stable This case highlights the
importance of managing chemotherapy-induced cardiomyopathy in cancer patients with preexisting cardiac conditions.
While sacubitril/valsartan therapy may not lead to significant improvements in EF, it can help to maintain cardiac
stability, allowing patients to receive necessary oncological treatments.

Case H

A 67-year-old man with a history of diabetes mellitus, hypertension, and ischemic heart disease was diagnosed with
diffuse large B-cell lymphoma. He received a treatment plan consisting of six cycles of R-CHOP chemotherapy, which
led to a decrease in EF from 30% to 20-25%. Due to the previous decline in EF, sacubitril/valsartan were introduced to
improve cardiac function. The patient’s treatment incorporated the use of beta-blockers. However, EF remained stable
throughout the 17-month follow-up period. NT-proBNP levels were initially recorded at 388 pg/mL and subsequently
decreased to 349 pg/mL. This case highlights the challenge of managing chemotherapy-induced cardiomyopathy in
lymphoma patients and the use of sacubitril/valsartan to mitigate cardiac dysfunction. Despite the long-term adminis-
tration of this medication, the patient’s EF did not significantly improve.

Discussion

Cardiovascular diseases have a large global influence on the mortality rate, while heart failure, a serious cardiovascular
disease, plays a considerable role in contributing to morbidity and mortality on a global basis." The existence of
ventricular dysfunction and heart failure in people with cancer poses considerable obstacles to therapy and has
a significant impact on clinical results." The combination drug sacubitril / valsartan has shown effectiveness in the
management of individuals with ventricular dysfunction and cardiovascular diseases. However, the efficacy of sacubitril/
valsartan in the management of chemotherapy-induced cardiomyopathy is still being actively investigated.
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Several studies have been conducted to investigate the possible advantages of sacubitril/valsartan in individuals
diagnosed with chemotherapy-induced cardiomyopathy, with a specific emphasis on patients with cancer. Some of these
studies and clinical cases have shown improvements in heart function within this specific patient population.”'? This
investigation provides a significant addition to the existing body of literature by assessing the effects of sacubitril/
valsartan on the treatment of chemotherapy-induced cardiomyopathy. Although the study sample was limited, the
findings provided offer significant evidence to support the effectiveness of sacubitril/valsartan. It is worth mentioning
that a considerable improvement in left ventricular ejection fraction (LVEF) was seen in six out of eight patients who had
treatment with sacubitril/valsartan, as shown by our study findings. The combination of sacubitril/valsartan is a promising
option for the management of chemotherapy-induced cardiomyopathy. This is supported by its ability to alleviate
symptoms, improve LVEF and diastolic function, and attenuate cardiac remodeling.'*'® Furthermore, the use of
sacubitril/valsartan demonstrated a reduction in chemotherapy-induced cardiac systolic dysfunction and remodelling.
This effect was attributed to the improvement of several factors, including oxidative stress, mitochondrial dysfunction,
endoplasmic reticulum stress, and the inflammatory response. Those processes have been identified as predictors of
toxicity in this context.'"* The aforementioned outcomes exhibit a notable distinction from conventional therapy
approaches, such as the utilization of beta-blockers and angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin
receptor blockers (ARBs).'? Although the current available data mainly comprises descriptive studies with small sample
sizes, our work contributes to the expanding body of knowledge in this field. In order to acquire more conclusive results
and enhance comprehension about the efficacy of sacubitril/valsartan in the treatment of chemotherapy-induced cardi-
omyopathy, it is crucial to conduct larger-scale prospective multicenter studies. In conclusion, more research is important
to thoroughly examine the effectiveness of sacubitril/valsartan in patients with chemotherapy-induced cardiomyopathy.

Conclusion

The cases presented in our study highlight the need to closely monitor cardiac function during and after chemotherapy
treatment, particularly when using potentially cardiotoxic medications. Sacubitril/valsartan has shown promise in
alleviating chemotherapy-induced cardiomyopathy, therefore enabling cancer patients to continue crucial oncological
therapies. However, more research, including larger multicenter trials, is essential in order to definitely demonstrate the
relevance of this intervention in the management of this particular condition.
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