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Safety of Iron Chelation Therapies in Kidney Disease
Timothy Nguyen, PharmD, MBA, BCPS, CCP, FASCP; Zhe Amy Wang, PharmD, MBA, BCPS

Abstract:

Background: Iron chelation medications (deferoxamine, 
deferasirox, deferiprone) are used to manage iron overload. 
These medications are partially excreted via the kidneys, 
and their use in severe kidney disease and dialysis patients 
is listed as “avoid”; however, there are reports of safe use. 
This manuscript reviews the literature in this population.

Summary: This is a review of deferoxamine, deferasirox, 
and deferiprone use in kidney disease. Using Pubmed 
search: deferasirox, deferiprone, deferoxamine, kidney 
disease, end stage kidney disease (ESKD), dialysis, 
included case reports and case series describe experiences 
with using iron chelation medications in ESKD patients. 
These are mostly reports and brief descriptions of the 
experiences used in severe kidney disease and dialysis, 
with a lack of randomized control trials and small number of 
participants.

Key Messages: Iron chelation medications are important 
for treating iron overload, but there are concerns with 
adverse effects. Despite those concerns, the limited 
medications available to treat iron overload in patients with 
severe kidney disease have reported safety of use. This is 
an area that warrants further research.

Keywords: Iron chelation; iron overload; kidney disease; 
deferoxamine; deferasirox; deferiprone

Introduction:

Iron chelation medications are used to manage iron 
overload. The goal of iron chelation therapy is to preserve 
organ function (eg, liver, heart, and endocrine), improve 
survival, and minimize production of reactive oxygen 
species.[1] There are three Food and Drug Administration 
(FDA) approved iron chelation medications in the U.S.: 
Deferoxamine (Desferal®, DFO), Deferasirox (Exjade, 
Jadenu, DFX), and Deferiprone (Ferriprox).[2] Deferoxamine 
was the first medication introduced decades ago and it is 
usually administered intravenous (IV).[2] Deferasirox is an 
oral iron chelation medication that is administered once a 
day and available as two formulations (Exjade and 
Jadenu).[2] Deferiprone (Ferriprox) is an oral iron chelation 
medication, which is available as tablet and oral solution.[2] 

These iron chelation medications are partially excreted via 
the kidneys. Deferoxamine and deferiprone are excreted 
primarily in the urine. About 8% of deferasirox is excreted in 
the urine.[2] Due to the potential of adverse effects (AEs) 
associated with these medications, their use in severe 
kidney disease and/or dialysis patients were to be avoided 
based on recommendations.[2] The data on its use and 

safety in severe kidney disease and dialysis are lacking. 
This manuscript reviews the literature on these iron 
chelation medications and their use in patients with severe 
kidney disease and dialysis.

Materials and Methods:

Pubmed Search during academic year 2024: deferasirox, 
deferiprone, deferoxamine, kidney disease, ESKD, Dialysis. 
Case reports and case series that describe experiences 
with using iron chelation medications in ESKD or dialysis 
patients are included. Data is also gathered from relevant 
references from those articles, and performed by two 
independent academic clinicians.

Results:

Table 1 provides a summary of findings on the use of iron 
chelation medications use in chronic kidney disease 
(CKD)/dialysis.[3-32] The information presented on DFO and 
DFX use in severe kidney disease and ESKD. These are 
mostly reports and brief descriptions of the experiences of 
using DFO and DFX in severe kidney disease and 
ESKD/dialysis. There is a lack of properly powered 
randomized control trials due to small participant 
populations involved in these reports.

Discussion:

Kidney disease patients often experience anemia as a 
common complication, especially in severe stages of CKD 
and ESKD.[33] Blood transfusion is often used to manage 
anemia. However, iron accumulation can also occur in 
patients who receive multiple transfusions.[33-36] Iron 
chelation medication is usually started in patients who have 
received 10 units of packed red blood cell (RBC) 
transfusions and possess a serum ferritin level >1000 ng/dL 
or liver iron concentration >3 mg/kg/dry weight or cardiac 
T2* <20 milliseconds.[1] In hematology and oncology 
practice settings, iron chelation medications are used in 
transfusion-dependent patients, including myelodysplastic 
syndromes (MDS), sickle cell anemia, aplastic anemia, 
post-hematopoietic cell transplantation (HCT) and beta 
thalassemia.[37-45]  

Deferoxamine (DFO) is a chelation medication used 
principally in the treatment of iron overload and iron 
poisoning.[2] It has a high affinity for loosely bound ferric 
ions, which are then excreted in the urine with DFO and its 
metabolites.[2] It has a lower affinity for aluminum and a low 
affinity for ferrous ion and other divalent ions.[2] By 
deferoxamine infusion, the successful removal of iron from 
the liver of a long-term dialysis patient suggested the use of 
a similar procedure for removal of aluminum in dialysis
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encephalopathy.[13-17] It has been reported to help dialysis 
dementia in association with loss of aluminum into the 
dialysate.[2,11,13,14,15,17]

DFO was the first medication introduced decades ago and it 
is usually administered intravenously (IV).[2] It is usually 
administered by continuous subcutaneous infusion over 8 
to12 hours per day for 5 days per week using a small 
portable pump due to its short half-life of 30 minutes.[2] DFO 
has side effects such as hypotension, infections, allergic 
reactions, pulmonary, kidney, and neurological effects.[2] It 
has a kidney disease related warning include acute kidney 
injury (AKI), and to avoid in patients with low creatinine 
clearance <40 mL/min, or serum creatinine >2-fold upper 
limit of normal.[2] Due to its inconvenient and cumbersome 
administration requirement, patient compliance has shown 
to be low.

Deferasirox (DFX) has a high affinity for iron ions and 
selective affinity for Fe3+.[2] It is primarily metabolized by 
glucuronidation with subsequent hepatobiliary excretion, 
predominantly via the fecal route.[2] DFX is an oral iron 
chelation medication that is administered once a day and 
available as two formulations (Exjade and Jadenu).[2] 
Deferasirox (Exjade®) is a dispersible tablet form that must 
be dissolved in juice or water and taken by mouth once a 
day, while deferasirox (Jadenu®) is a newer film-coated 
tablet formulation of deferasirox.[2] It is to be taken on an 
empty stomach or with a light meal once a day with water or 
other liquids. This formulation has an improved 
bioavailability and is associated with less gastrointestinal 
(GI) toxicities (eg, nausea, vomiting, diarrhea, and 
abdominal pain), hence an improved adherence.[2] 
Deferasirox is the most widely used iron chelation 
medication due to its availability in oral formulation, 
convenient dosing schedule (once a day), and favorable 
safety profile. Its most common adverse event is GI 
toxicities, and it has also been associated with kidney and 
liver toxicities.[2] Deferiprone (Ferriprox) is also an oral iron 
chelation medication which is available as tablet and oral 
solution. It is usually administered 2 to 3 times daily and      
carries a black box warning for agranulocytosis.[2]

This review manuscript provides an overview of the iron 
chelation medication information in the literature (Table 1). 
Table 1 provides a summary of these iron chelation 
medications used in severe kidney disease and 
ESKD/dialysis. Overall, there is a lack of sufficient evidence 
regarding pharmacokinetics properties of iron chelation 
medications in patients with CKD and/or ESKD on dialysis. 
The majority of these reports are cases and experiences on 
small number of subjects on the use of these iron chelation 
therapies with minimal adverse effects reported, although a 
couple cases of adverse events also reported. These 
reports include the use of iron chelation medications for 
elevated iron, aluminum, and calcium levels in severe 
kidney disease and ESKD in hemodialysis 
(HD),[3,5-12,14-24,26-32] peritoneal dialysis (PD)[13], continuous 

ambulatory PD (CAPD)[4,23,24,27,28], and continuous cyclic PD 
(CCPD)[24]. Please refer to Table 1 for brief information 
provided on these reports and the following are some 
examples of these reports from the study.

A pharmacokinetic study conducted by Maker and 
colleagues assigned 8 patients who were dependent on HD 
to receive DFX.[9] No patients in either group experienced 
any significant adverse events.[9] However, the study was 
conducted on a small group of patients who were not at 
high risk for iron overload. Safety of iron chelation 
medication may vary based on different products. In a study 
by Huang et al when compared with DFO, patients who 
received DFX were at higher risks of experiencing acute 
kidney injury (AKI) (HR 2.18, 95% CI 1.18–4.02, p = 
0.01).[46] Clinical efficacy and safety of iron chelation 
medication in CKD and/or ESKD are uncertain. 

In the Falk et al paper, patients on maintenance HD and 
CAPD were treated with deferoxamine in different doses.[27] 
Smaller doses removed less iron, while larger doses did not 
improve iron removal.[27] A study was conducted by Chen et 
al on 8 Taiwanese ESKD patients on HD with iron 
overload.[6] The author concluded DFX is considered safe in 
patients with ESKD receiving HD without concern about AKI 
complications.[6] Additionally, DFX therapy reduced doses of 
epoetin alfa therapy necessary to maintain hematocrit within 
normal limits.[6] This is potentially due to improved balance 
of serum iron levels.

Based on the data gathering reported in Table 1 on the use 
of these iron chelation medications in severe kidney 
disease and ESKD/dialysis the risks of adverse events and 
further worsening of kidney function seem to be minimal, 
while consideration for the small population size                
There is insufficient evidence available regarding 
pharmacokinetics and pharmacodynamic properties to 
definitely confirm safety. However, these data provide 
clinicians with a summary of the clinical experiences of 
using these medications in CKD and ESKD/dialysis. 

Conclusion:

Iron chelation medications are important for treating iron 
overload; however, there is limited literature on treating iron 
overload in patients with severe kidney disease and ESKD 
on dialysis. An overview of clinical experiences associated 
with its use have been reported is summarized in this 
research study. This is an area that warrants
further research.
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Table 1.

Summary of findings on iron chelation medications use in chronic kidney
disease (CKD)/Dialysis.[3-32]

Hiraga et al.
Int J Hematology. 2011

HD (N=1)

Iron

DFX 10 mg/kg/day then 
increased to 20 mg/kg/day

Serum ferritin level remained >3000 ng/mL, 
but 6 months later, decreased to <1000 
ng/mL. Safely used for transfusion-depen-
dent patients. No significant adverse events 
were identified. 

Kan et al. Nephrol Dial
Transplant. 2010

HD (N=42)

Aluminum

DFO Standard-dose (5 
mg/kg/week) vs low-dose (2.5 
mg/kg/week) groups

Low-dose offered similar therapeutic effects 
as standard-dose.

Yusuf et al. AJKD. 2008 PD (N=1)

Hypercalcemia

DFX 1500 mg/day (20 mg/kg) Ca decreased to 5.9 mg/dL (ironized Ca 3 
mEq/L)

Barata et al. Nephrol Dial
Transplant. 1996

Dialysis (N=11)

Aluminum

DFO 5 mg/kg, once weekly 
given 5 hr prior to high-ex-
traction dialysis 

Serum ferritin levels significantly decreased. 
No side effects were observed. Safe & 
adequate therapy. 

Vogelsang U. Chweiz
Rundsch Med Prax. 1994

HD (N=10)

Aluminum

DFO 10 mg/kg per week x 2 
months

Marked amounts of aluminum were convert-
ed to a dialyzable form, & can thus be 
eliminated.

Bornsdorff et al. Scand J
Urol Nephrol Suppl. 1990

HD (N=17)

Aluminum

DFO 2 g IV weekly during the 
last hour of HD

Clinical manifestations of aluminum & iron 
overload disappeared.
Improved quality of life.
No major side effects.

McCarthy et al. Q J Med. 1990 Dialysis (N=50)

Aluminum

DFO infusion test, 36.9 +/- 11.2 
mg/kg 

Significant decrease in aluminum levels.
Significant side effects occurring during 
long-term DFO administration were hypoten-
sion (11), GI upset (7), porphyria cutaneous 
tarda-like lesions (3), & transient visual 
disturbance (1).

Felsenfeld et al. Kidney
Int. 1989

HD (N=18)

Aluminum

DFO 1-6 gms per week given 
during last 1-2 hours of HD

Significant decrease in trabecular stainable 
bone aluminum levels

Stivelman et al. Kidney
Int. 1989

HD (N=12)

Iron

Acute: Single dose DFO 24.3 
+/- 2.5 mg/kg
Chronic: 42.8 + 4.2 mg/kg after 
each dialysis session three 
times weekly

Doses <40 mg/kg are appropriate, but the 
amount of iron removed is small.

Boelaert et al. Clin Nephrol.
1988

HD (N=3)

Aluminum

DFO Association between DFO & mucormycosis

Siefert et al. J Med. 1987 HD (N=39)

Aluminum (N=23)

Iron (N=16)

DFO Treatment may not be favorable in the setting 
of septicemia or bacterial infection without 
iron overload.
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Praga et al. Nephrol Dial
Transplant. 1987

HD (N=7)

Aluminum

DFO 2 g IV after every HD 
session x 6 months

Tolerance was excellent. 
DFO therapy may be considered in HD 
patients with severe anaemia & increased 
blood transfusion requirements.

Molitoris et al. Kidney Int.
1987

CAPD

Aluminum

DFO 2 g IV & IP Significant removal of aluminum over 24 
hours. Aluminum clearance over 48 hours 
was twice that of for 24 hours. 

Hercz et al. Kidney Int. 1986 CAPD & CCPD (N=7)

Aluminum

DFO 40 mg/kg IV & IP The efficacy & safety of long-term treatment 
with DFO IP requires further study.

Kovarik et al. Contrib
Nephrol. 1985

HD (N=7)

Iron 

30 mg/kg DFO were given after 
the end of HD. 

DFO was able to remove more than 500 
mg/dL of iron/month. 

Payton et al. Lancet. 1984 HD (N=1) 

Aluminum

DFO IP Substantial improvement.
IP administration is an effective alternative to 
IV treatment when vascular access is 
difficult.

Falk et al. Kidney Int. 1983 HD / CAPD (N=1)

Iron

Between 1978 & 1980, DFO IV 
1.5 g per HD session & 1250 
mg per CAPD

No toxicity was apparent

Kingswood C, et al. Lancet.
1983

CAPD (N=1)

Aluminum

A 14 day course of DFO IM 
(cumulative dose 1 gm).

Effectively treated with IM DFO. 

Brown et al. Lancet. 1982 HD (N=2)

Osteomalacia 

DFO 6 gm once a week during 
HD. 

Ca levels began to fall soon after DFO was 
started.
Dramatic improvement in the clinical 
condition.

Simon et al. Nephrologie.
1981

CKD & HD (N=33)

Iron 

DFO 2 gm IV g at each dialysis. Body iron stores fell and organ dysfunction 
improved. 
Chelated iron was readily removed by 
dialysis. 

Ackrill et al. Lancet. 1980 HD (N=1)

Aluminum

DFO 6 gm during the first 2 
hours of a dialysis, once 
weekly.

DFO effectively removed aluminum.

Baker et al. Clin Nephrol
1976.

HD (N=1)

Iron

DFO 2, 3 or 4 g IV during 
dialysis. 

Body iron stores decreased by~50%.

Abbreviations: AE (adverse effect), Al (aluminum), AKI (acute kidney injury); CAPD (continuous ambulatory peritoneal 
dialysis), CCPD (continuous cyclic peritoneal dialysis), CKD (chronic kidney disease), DFO (deferoxamine), DFX 
(deferasirox), ESKD (end stage kidney disease); GI (gastrointestinal), gm (gram); HD (hemodialysis); IM (intramuscular); IP 
(intraperitoneal); IV (intravenous); PD (peritoneal dialysis). 
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ABSTRACT

Background: Hypertrophic cardiomyopathy (HCM) is a 
genetic cardiovascular disorder characterized by left 
ventricular hypertrophy (LVH) in the absence of other 
causes such as hypertension or aortic stenosis. HCM is one 
of the most common genetic cardiac disorders, affecting 
approximately 1 in 500 individuals. The clinical 
manifestations range from asymptomatic to severe 
obstructive disease, which can cause heart failure or 
sudden cardiac death. New advances, particularly the 
introduction of mavacamten, have broadened therapeutic 
options for patients with obstructive HCM. This review 
focuses on the current treatment landscape, including 
updates from the 2024 AHA/ACC guidelines.

Methods: This review is based on an analysis of clinical 
trials, guideline recommendations, and current literature, 
including the 2024 AHA/ACC Guideline for the Management 
of Hypertrophic Cardiomyopathy. Key studies such as 
EXPLORER-HCM and VALOR-HCM were reviewed to 
assess the efficacy and safety of mavacamten. 

Discussion: The primary management of HCM involves 
symptom control and risk reduction for sudden cardiac 
death. Beta blockers are the first-line therapy for 
symptomatic patients, while calcium channel blockers and 
newer agents like mavacamten provide alternatives for 
those who fail initial treatment. Mavacamten has 
demonstrated significant improvements in reducing left 
ventricular outflow tract obstruction and improving 
symptoms. However, its use is limited by heart failure, 
requiring REMS program monitoring. Non-obstructive HCM, 

while less understood, follows similar pharmacological 
management, but with fewer established therapies. Surgical 
options, such as septal reduction therapy, offer a curative 
approach for some patients.

Conclusion: HCM is a complex genetic disorder with 
varying presentations. Advances in pharmacological 
treatments, particularly with the approval of mavacamten, 
offer promising new options for obstructive HCM 
management. However, non-obstructive HCM remains less 
well-defined, and further research is needed to address this 
subset of patients.

INTRODUCTION

Definition: Hypertrophic cardiomyopathy (HCM) is a 
cardiovascular disease characterized by left ventricular 
hypertrophy (LVH). 1 It is diagnosed in the absence of other 
underlying conditions that could cause thickening such as 
hypertension or arterial stenosis. 1-2 HCM is often linked to 
genetic abnormalities caused by a sarcomere variant.1 

Etiology: The most commonly affected region of LV 
thickening is the basal anterior septum. Other features, 
such as systolic anterior motion (SAM) of the mitral valve, 
hyperdynamic LV function, hypertrophied papillary muscles, 
myocardial crypts, or elongated mitral valve leaflets may 
also be present in HCM. 1

Epidemiology: HCM has a prevalence of one in five 
hundred individuals and is one of the most common genetic 
cardiac disorders.  A claims analysis released in 2019 
studying obstructive HCM patients found that this
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population experiences a $35k increase in healthcare costs 
and significantly more all-cause hospitalizations. 
Symptomatic patients were also approximately 8 times 
more likely to require inpatient stay and seek emergent 
care. As such, management strategies are imperative in 
alleviating healthcare burden. 3-4

Clinical Presentation: Symptomatic HCM patients 
experience exertional dyspnea, or at-rest due to increased 
filling pressures at rest. However, most patients are 
asymptomatic and experience an objective incidental 
finding during screenings via systolic murmur abnormalities. 
To assess the degree of outflow obstruction, provocation 
should be deployed by having the patient go from a squat to 
standing or conducting the Valsalva maneuver to produce a 
pronounced murmur. The Valsalva maneuver is done by 
having the patient take a breath in and closing their mouth, 
then exhaling with the closed mouth for 15 to 20 seconds 
before reopening the mouth and breathing out. 5

Diagnosis: HCM in adults is typically diagnosed with 
imaging such as 2D echocardiography. Cardiovascular 
magnetic resonance (CMR) may also provide 
supplementary imaging. A left ventricular wall thickness of 
15 mm or more is diagnostic of HCM. A thickness between 
13 and 14 mm is diagnostic of HCM only in patients with a 
family history or positive genetic testing. 6-8

PATHOPHYSIOLOGY OF HCM

HCM is a genetic disorder with autosomal dominant 
inheritance that impacts heart contractility, with obstructive 
or non-obstructive disease subtypes. Key features of HCM 
include left ventricular outflow tract obstruction, diastolic 
dysfunction, mitral regurgitation, myocardial ischemia, and 
autonomic dysfunction. Left ventricular thickening is the key 
characteristic for HCM, with obstructive HCM being defined 
as involvement of the septum leading to abnormal mitral 
valve leaflet movements or mitral valve structure alterations. 
The resulting mechanical impedance from the thickened 
heart muscle impacts the pressure gradient of outflow.1 In 
contrast to obstructive HCM, non-obstructive HCM’s key 
characteristic is unknown. Clinical trials assessing 
pathophysiologic-targeted management are needed for this 
subset of HCM. 3

PREVENTION & NON-PHARMACOLOGICAL 
MANAGEMENT OF HCM

In patients with HCM, risk of sudden cardiac death should 
be evaluated at baseline, and then re-evaluated every one 
to two years. For cases where implantable 
cardioverter-defibrillator (ICD) placement eligibility is 
unclear, cardiac MRI can be considered for accurate 
measurement of wall thickness and myocardial mass.9 
Lifestyle modifications should also be encouraged, including 
mild-to-moderate recreational physical activity. This can be 
beneficial in improving quality of life, overall health, physical 

functioning, and cardiorespiratory fitness. Overweight HCM 
patients should work towards achieving and maintaining 
weight loss to decrease the risk of left ventricular outflow 
obstruction, heart failure, and atrial fibrillation.  For athletes, 
it is recommended that the patient is comprehensively 
evaluated based on shared decision-making.  In cases 
where a patient is experiencing disordered breathing during 
their sleep, they should be referred to a sleep specialist for 
evaluation and further treatment recommendations. 6-8

PHARMACOLOGICAL MANAGEMENT OF HCM

Pharmacological management is defined by obstructive and 
nonobstructive subsets of HCM. Treatment will also vary 
depending on the patient’s comorbidities, including 
advanced heart failure, atrial fibrillation, and ventricular 
arrhythmias.1 For the purposes of this publication, we will 
only cover obstructive and nonobstructive HCM without 
comorbidities.

OBSTRUCTIVE HCM

First-Line Therapy

Beta blockers are the initial treatment of choice for most 
patients with obstructive HCM. These medications are 
titrated to a dose that provides symptom relief, with 
treatment failure only determined after evidence of 
beta-blockade (such as suppression of resting heart rate) is 
confirmed. 10-11

Alternate Therapy

If beta blockers are ineffective, calcium channel blockers 
such as diltiazem and verapamil may be second line, which 
also provides symptom relief. However, their vasodilatory 
effect and negative inotropic and chronotropic effects can 
be limiting. Calcium channel blockers should not be 
combined with beta blockers specifically for HCM treatment 
but may be used for managing hypertension. 10-11

Escalation of Therapy

The success of a medication is determined by symptom 
reduction. For patients who do not respond to first or 
second-line therapy, escalation options include:

• Mavacamten: A recently approved cardiac myosin 
inhibitor that improves Left Ventricular Outflow Tract 
(LVOT) gradients and symptoms in 30-60% of patients. 
This medication increases the risk of reduced LVEF 
(<50%) in some cases. Mavacamten will be discussed 
in further detail below.12
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• Disopyramide: A class 1a anti-arrhythmic agent that can 
provide symptomatic relief but must be combined with a 
beta blocker or calcium channel blocker to prevent 
rapid conduction during atrial fibrillation.1 Disopyramide 
has several mechanisms including a reduction in rate of 
diastolic polarization and upstroke velocity, increase in 
cardiac cell action potential duration, and a reduction in 
the disparity of refractoriness between infarcted and 
adjacent myocardium. The recommended total daily 
dose for adults is 600mg/day.13-14

• Septal Reduction Therapy (SRT): SRT is a surgical 
option that reduces the thickness of the septum. There 
are two types of SRT, alcohol septal ablation and septal 
myectomy. This option is highly effective for relieving 
LVOT obstruction and may be done at an HCM center 
instead of mavacamten or disopyramide.

Symptom Management

Further management of obstructive HCM would depend on 
the patient’s symptoms and problems that arise, such as:

• Acute Hypotension: This symptom is considered a 
medical emergency in patients with obstructive HCM 
and can be managed with intravenous vasoconstrictors, 
such as phenylephrine.

• Congestion: Low-dose diuretics can be used cautiously 
to provide symptoms relief, however, should be dosed 
carefully to avoid massively shifting the preload.

• Coexisting Conditions: Patients with coexisting 
conditions should be properly managed according to 
their current medications and renal considerations.

NON-OBSTRUCTIVE HCM

Pharmacological therapies for symptomatic non-obstructive 
HCM in patients with no comorbidities and preserved 
ejection fraction are less studied, and there are no 
prospective trials evaluating the long-term effects of 
medication therapy in this population alone. Data is derived 
from trials with both obstructive and non-obstructive patient 
populations and follows a similar algorithm to obstructive 
HCM management. Beta-blockers and non-dihydropyridine 
calcium channel blockers remain the first line option in this 
HCM subset, with a goal to decrease LV filling pressures 
and resting heart rate to 60-65bpm.10-11 Oral diuretics can be 
added to these therapies if patients experience exertional 
dyspnea and decrease volume overload if present. For 
asymptomatic patients, the benefits of these 
pharmacological therapies lack data are not 
well-established with primary literature to support a strong 
recommendation. ACE inhibitors and ARBs have also not 
been established for use in this setting—a controlled trial 
found that losartan did not prove superior benefit in 
comparison to placebo for both obstructive and 

non-obstructive patients.15 Pertinent monitoring parameters 
for patients with non-obstructive HCM on beta-blockers or 
non-dihydropyridine calcium channel blockers include 
regular ECG and stress tests to track heart rate 
response.10-11

Considerations for Special Populations

Pharmacological management of pregnant patients with 
HCM varies. If an HCM patient is pregnant with atrial 
fibrillation or other conditions that require anticoagulation, 
low molecular weight heparins are recommended. When 
symptoms of outflow tract obstruction or arrhythmias are 
present, the following selected beta-blockers are 
recommended for use in the pregnant population with close 
monitoring of fetal growth and bradycardia: metoprolol, 
bisoprolol, labetalol, pindolol, propranolol. Mavacamten is 
contraindicated in this population due to possible 
teratogenicity.12, 16-17

Further Discussion of Mavacamten 

Mavacamten was approved for the treatment of adults with 
symptomatic class II-III obstructive HCM. It is an allosteric 
and reversible inhibitor of cardiac myosin, a protein involved 
with heart muscle contraction. Mavacamten shifts myosin 
populations to an energy-sparing state, reducing LVOT and 
improving cardiac filling pressures. Its dosing is 
individualized based on clinical status and findings; 
however, the recommended starting dose is 5 mg orally 
once daily. The dose can be titrated down to 2.5mg orally 
once daily, remain the same, or titrated up to 15mg orally 
once daily based on LVEF, Valsalva LVOT gradient 
assessment, and patient clinical status. LVOT quantifies the 
degree of left ventricular obstruction which can be 
measured using echocardiography at rest or by provocation 
such as the Valsalva maneuver. A gradient of ≥50 mm Hg is 
typically associated with symptoms. 12

Mavacamten has a boxed warning for heart failure caused 
by systolic dysfunction in the event of excessive cardiac 
relaxation. Therefore, availability is restricted through a 
REMS program. REMS Program requirements include 
prescriber enrollment, patient enrollment and compliance 
with ongoing monitoring, pharmacy enrollment, pharmacy 
dispensing to only authorized patients, and distributors only 
distributing to certified pharmacies. As of 2024, updates to 
the Prescribing Information include guidance on 
embryo-fetal toxicity. Mavacamten may cause fetal toxicity 
and therefore should be used cautiously in females of 
reproductive potential. Contraindications include moderate 
to strong CYPC19 inhibitors and inducers or strong 
CYP3A4 inhibitors and inducers. This medication may also 
reduce the effectiveness of certain combined hormonal 
contraceptives. Key safety and efficacy mavacamten 
studies include the following:12
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• EXPLORER-HCM: A phase 3, double-blind, 
randomized, placebo-controlled trial that evaluated the 
efficacy of mavacamten. The primary endpoint was the 
improvement of peak oxygen consumption by ≥1.5 
mL/kg/min and improvement of the New York Heart 
Association (NYHA) class by at least 1, or a peak 
oxygen consumption improvement of ≥3.0 mL/kg/min 
and no worsening in NYHA class. 37% of patients met 
the primary endpoint compared to 17% of placebo 
patients. Secondary endpoints included changes in 
LVOT obstruction, functional capacity, and health 
status. After 30 weeks of treatment, patients receiving 
mavacamten had improvements in all secondary 
endpoints. This trial also evaluated the safety of 
mavacamten for a median of 30 weeks. Syncope 
(0.8%) was the only adverse event that led to 
discontinuation of the regimen.18

• VALOR-HCM: A phase 3, double-blind, randomized, 
placebo-controlled trial that evaluated the proportion of 
patients that proceeded with SRT or met criteria for 
SRT, which includes LVOT gradient of ≥50 mmHg and 
NYHA class III-IV, or class II with exertional syncope or 
near syncope. Secondary endpoints included the effect 
on LVOT obstruction, functional capacity, and health 
status. Both endpoints revealed mavacamten 
superiority to placebo in reducing the need for patients 
to progress to SRT. This study also did not identify any 
new adverse reactions in the median duration of 17 
weeks.19

CONCLUSION:

HCM is a genetic cardiovascular disorder that is 
characterized by LV thickening. The current treatment 
landscape addresses symptom management and reducing 
left ventricular outflow tract (LVOT) obstruction, with 
beta-blockers as first-line therapy and newer agents like 
mavacamten offering significant benefits for some patients. 
Mavacamten, while effective in reducing LVOT gradients 
and improving symptoms, carries risks such as heart failure 
and fetal toxicity, making its use subject to strict REMS 
program monitoring. Future research, particularly for 
non-obstructive HCM, is crucial to better understand and 
treat all subsets of the disease.
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Pharmacovigilance Analysis of Paxlovid Rebound:
Insights from Recent FAERS Data

ABSTRACT

Concerns have emerged about the persistence or 
recurrence of COVID-19 symptoms following treatment with 
the FDA-approved therapeutics nirmatrelvir/ritonavir 
(Paxlovid) and molnupiravir (Lagevrio). We analyzed data 
from the FDA Adverse Event Reporting System (FAERS) 
database from January 1st, 2022 to March 31th, 2023. The 
FAERS database was searched for adverse event reports 
where nirmatrelvir/ritonavir or molnupiravir were identified 
as the 'primary suspect' drugs. Only the most recent version 
of each report was included, while reports related to 
medication errors, product quality complaints, and other 
irrelevant categories were excluded. Descriptive analysis 
was performed using SAS 9.4 software. Among 1,358,143 
cases, 27,143 involved nirmatrelvir/ritonavir and 1,484 
involved molnupiravir. Disease recurrence in both products 
combined occurred in 6,386 cases, symptom recurrence in 
702 cases, and rebound effects in 392 cases. Common 
adverse events for nirmatrelvir/ritonavir included COVID-19 
(6,441 cases, 23.7%), disease recurrence (5,476 cases, 
20.2%), dysgeusia (2,486 cases, 9.2%), and diarrhea 
(1,054 cases, 3.9%). For molnupiravir, common adverse 
events included COVID-19 (202 cases, 13.6%), diarrhea 
(72 cases, 4.9%), rash (67 cases, 4.5%), and death (54 
cases, 3.6%). Our findings highlight the importance of 
ongoing monitoring and evaluation of the drug’s safety 
profile in real-world settings, providing valuable insights that 
can inform public health policies and regulatory decisions. 

Background

Since the COVID-19 pandemic began in December 2019, 
the development and authorization of antiviral treatments 
have played a crucial role in mitigating the negative impact 
on public health. The U.S. Food and Drug Administration 
(FDA) has granted approvals for several antiviral treatments 
remdesivir (Veklury), monupiravir (Lagevrio), and 
nirmatrelvir-ritonavir (Paxlovid), hereafter referred to as 
N-R, for individuals who have contracted COVID-19 and are 
at an elevated risk of developing severe symptoms.1 
N-R, a protease inhibitor, was the first antiviral oral 
medication to receive emergency use authorization (EUA) 
on December 22, 2021, and full approval on May 25, 2023, 
based on clinical benefits in reducing mortality and 
hospitalization rates. It is authorized for adults (18 years 
and older) with a current diagnosis of mild to moderate 
COVID-19 who are at high risk for progression to severe 
COVID-19.2

N-R has also gained attention for its potential to treat 
so-called “long COVID.” The World Health Organization 

(WHO) defines “long COVID” as new symptoms occurring 
three months after the initial infection and persisting for at 
least two months without any other identifiable cause.3  In 
2022, a Centers for Disease Control and Prevention (CDC) 
survey found that 6.9% of adults diagnosed with COVID-19 
experienced long-lasting COVID-19 symptoms, with the 
occurrence varying by age, race/ethnicity, income, and 
geographical location.4

However, multiple studies have reported the occurrence of 
viral and/or symptom rebound after N-R treatment, raising 
questions about its use in treating long Covid. 5,6 A small 
observation study by Pandit et al. (2022) reported that viral 
rebound occurred in 14.2% of patients taking N-R 
compared to 9.3% in those not taking it. The study also 
reported symptom rebound in 18.9% of patients taking N-R 
compared to 7.0% in those not taking it.5 The rebound 
phenomenon was even more prominent in a 
pharmacovigilance study using the FDA Adverse Event 
Reporting System (FAERS) database. Li et al. (2022) 
reported that disease recurrence accounted for about 40% 
of the total adverse event reports for N-R based on data 
until July 2022.6 These studies support the CDC Health 
Alert Network Advisory’s acknowledgement of Paxlovid 
rebound, defined as either the reemergence of 
COVID-19-related symptoms or a new positive viral test 
after a negative result.7

While many earlier studies presented evidence of Paxlovid 
rebound, the recent EPIC-SR clinical trial suggested that 
N-R and placebo groups did not have statistically significant 
difference in the rebound outcomes,8 underscoring the 
need for studies with the latest data. 

Objectives

This study evaluated the side effects of N-R using recent 
FAERS data, with a focus on disease or symptom 
recurrence. Additionally, the study examined the side effects 
of another FDA-approved COVID-19 therapeutic, 
monupiravir, to determine if the rebound phenomenon is 
unique to N-R. This information is crucial for healthcare 
professionals to make informed decisions about N-R 
treatment and to guide patients regarding the safety of this 
drug. 

By Mansi Shahgandhi, PharmD candidate, Vy Giang, PharmD candidate, Lan To, PharmD candidate,
Mackillana Henry, PharmD candidate , Jayoung Han, MS, PhD*
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METHODS

Data source: Safety data for N-R and monupiravir were 
assessed using the FAERS database from January 2022 to 
March 2023. The FAERS is a highly interactive web-based 
tool that allows users to search and access information 
relating to adverse events due to any drug or biologic 
reported to the FDA by pharmaceutical industries, 
healthcare providers, and consumers.9 The study analyzed 
the ASCII format data package downloaded from FAERS, 
including demographic information (DEMO), drug 
information (DRUG), and adverse events (REAC).

Statistical Analysis: Only drugs labeled as “primary 
suspect” in the DRUG dataset were included, with the 
incorporation of the most recent version of each report. 
Adverse events that occurred three times or less were 
excluded. Reports relating to medication errors, poor 
product quality, off-label use, drug ineffective, social 
reasons were also excluded. Reports with the same case ID 
were carefully examined to determine if they were 
duplicates, based on a comparison of key details such as 
demographics, reported reactions, and timelines. When 
sufficient similarities were found, the cases were considered 
duplicates and excluded. The sample selection process is 
summarized in Figure 1. The descriptive data analysis was 
performed using SAS 9.4.  

Results: Out of 9,626,843 total cases documented in the 
FAERS database from January 2022 to March 2023, 
2,751,156 cases were labeled as the ‘primary suspect’ for a 
reported adverse event. Of these, 1,659,528 cases were 
the most recent report for each case. After removing 
duplicate entries, the final number of cases, is 1,358,143.

In the case of N-R, the most frequently reported adverse 
events were COVID-19 (23.7%), followed by disease 
recurrence (20.2%), dysgeusia (9.2%), and diarrhea (3.9%) 
out of a total of 27,143 cases. For monupiravir, the most 
frequently reported adverse events were COVID-19 
(13.6%), diarrhea (4.9%), and rash (4.5%). There were 54 
reported cases of death (3.6%) for monupiravir out of a total 
of 1,484 cases (Table 1). 

The majority of cases for N-R were reported by consumers 
(75.4%), while for molnupiravir, cases were reported by 
pharmacists (38.6%) and physicians (33.4%). Disease 
recurrence (0.5%) or symptom recurrence (0.1%) 
accounted for only a minor share of all side effects reported 
during the study period (Table 2). 

Discussion

The study found that nearly 44% of the adverse events 
reports related to N-R were recurrence of disease, 
compared to  only 13% of such reports were associated with 
monupiravir. These findings support concerns regarding 
Paxlovid rebound, using a large set of real-world data. 

Our results align with an early pharmacovigilance study 
using the FAERS data  , which reported disease recurrence 
as the most commonly reported adverse event for N-R 
(based on data up to July 2022)6 and diarrhea for 
monupiravir (based on data up to March 2022),  excluding 
COVID-19 cases.10 Our study confirms this pattern with the 
FAERS data collected for one more year than previous 
studies but shows different distributions from previous 
studies. These changes in numbers are expected as more 
reports accumulate, with consumers reporting more minor 
side effects as they learn more about the disease and 
medication. Despite the numerical differences, the 
important thing is that the pattern (i.e., the difference 
between the two treatments in disease recurrence AEs) 
remains consistent.  

Our study reported the percentage of adverse event reports 
of COVID-19, disease recurrence, and symptom recurrence 
separately but interpreted COVID-19 as recurrences of 
disease or symptoms. COVID-19 as an adverse event can 
be understood in various ways, such as COVID-19 
pneumonia, therapeutic failure,10 data entry mistakes, 
original indication, and so on. It is unlikely that reporters 
referred to the original indication of the drugs because they 
either contacted the manufacturer or accessed the FDA 
reporting system with the understanding that these 
channels are intended for reporting adverse reactions.   
Also, COVID-19 pneumonia is unlikely because it is a 
clinically diagnosed condition that consumers would not 
easily recognize. Therefore, it is most reasonable to view 
COVID-19 in the context of disease recurrence or symptom 
recurrence, as patients who initially felt better may have 
worsened again, prompting them to report their experience, 
indicating recurrence. Unlike monupiravir, where most 
reports came from healthcare professionals, N-R reports 
were mostly from consumers. Hence, interpreting the 
results from a consumer perspective is reasonable. 

Our findings are also consistent with the observational 
studies analyzing individual-level data. Edelstein et al. 
(2023) analyzed multicenter healthcare system data and 
found that 20% of patients with acute COVID-19 taking N-R 
experienced virologic rebound (VR), compared to only 2% 
of patients who did not receive COVID-19 therapy.11 Their 
multivariable model showed only N-R use was a statistically 
significant factor associated with VR (adjusted OR=10.02). 
Only half of the patients with VR reported symptom 
rebound. While our study analyzed cases, making direct 
comparison with Edelstein’s individual-level data study 
difficult, both studies suggest “Paxlovid Rebound” is more 
common than observed in clinical trials. 11

In the recent EPIC-SR clinical trial (2024), data was 
collected from standard-risk individuals, evaluated viral load 
rebound on day 10 or 14, as well as symptom rebound 
defined as a worsening of symptoms. Viral load rebound 
occurred at similar rates in both the N-R and placebo 
groups,

15



but symptom rebound was less common in the N-R group 
compared to the placebo group. Viral rebound accompanied 
by symptom rebound in the N-R group was more than twice 
as high as in the placebo group.8 The N-R and placebo 
groups were not statistically significantly different in viral 
load rebound. 

A prospective cohort study conducted at a teaching hospital 
in Korea from August to November 2022 examined 
symptom rebound in patients taking either N-R or 
monupiravir. The study showed patients taking monupiravir 
were twice as likely to experience symptom rebound than 
those taking N-R, but this difference was not statistically 
significant.12 

For monupiravir, it is noteworthy that our study results show 
death as the fourth common side effect, accounting for 4% 
of all monupiravir reports, which increased from 1% 
reported by Laurini et al. (2022).
 
Our findings diverge from those of a retrospective cohort 
study using Electronic Health Records (EHRs) for six 
months in 2022. 13 The study examined rebound in three 
outcomes – COVID-19 infection, symptoms, and 
hospitalization - and concluded all three rebound outcomes 
were not specific to the use of N-R; instead, the risks 
seemed comparable between N-R and monupiravir. 13 
However, Wang’s study evaluated the side effects reported 
only by healthcare professionals, which may significantly 
underreport N-R adverse events since most FAERS 
data-based pharmacovigilance studies reported the majority 
of adverse events reported from consumers. Given that our 
study extended to the first quarter of 2023, the adverse 
event profile of COVID-19 therapeutics is more current, 
accounting for newer variants and updated treatment 
guidelines that may not have been fully represented at the 
time of the earlier cohort studies.

Conclusion

This pharmacovigilance study supports the presence of 
Paxlovid rebound phenomenon using real-world data. The 
majority of adverse event reports came from consumers, 
highlighting the importance of pharmacists counseling 
patients on this phenomenon. This information underscores 
the need for pharmacists to provide clear guidance on 
managing and monitoring potential rebound cases.
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All Cases
(2022Q1 - 2023Q1)
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Final
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Figure 1. Sampling Flowchart. The following diagram demonstrates how cases were chosen from 2022Q1 to 2023Q1. A total 
of 9,626,843 cases initially underwent screening, resulting in 1,358,143 cases after the sequential exclusion of non-primary 
suspects, older reports, and cases with specified exclusions such as off-label use, medication errors, poor product quality, 
drug ineffectiveness, and social reasons.

Table 1. Ten Most Frequent Adverse Events for nirmatrelvir-ritonavir and molnupiravir  

Adverse Event nirmatrelvir-ritonavir  (n=27,143)

COVID-19 

Disease recurrence 

Dysgeusia 

Diarrhea 

Nausea 

Symptom recurrence 

Headache 

Cough 

Fatigue 

Taste disorder 

6,441

n

5,476 

2,486 

1,054 

456 

414 

330 

329

291

290

23.7

%

20.2

9.2

3.9

1.7

1.5

1.2

1.2

1.1

1.1

Adverse Event molnupiravir (n=1,484) 

COVID-19 

Diarrhea 

Rash 

Death 

Urticaria 

Vomiting 

Accidental overdose 

Nausea 

COVID-19 pneumonia 

Adverse event 

202

n

72

67

54

34

33

32

30

28

22

13.6

%

4.9

4.5

3.6

2.3

2.2

2.2

2.0

1.9

1.5

Table 2. Case Characteristics 

Characteristics 

All

Female 

Person reported 

- Consumer 

- Physician 

- Health Professional 

- Pharmacist 

Disease recurrence cases 

Symptom recurrence cases 

Occurrence Country, US

Reporter Country, US

693,970

Frequency

593,458

375,842

266,723

65,069

6,386

702

810,865

906,243

51.5

%

43.7

27.7

19.6

4.8

0.5

0.1

59.7

66.7

Paxlovid (n=27,143)

15,946

Frequency

20,125

2,540

2,803

1227

5,476

414

22,872

25,515

64.2

%

75.4

9.5

10.5

4.6

20.2

1.5

93.4

94.0

Lagevrio (n=1,484)

743

Frequency

306

479

95

553

0

3

127

371

54.3

%

21.4

33.4

6.6

38.6

0.0

0.2

10.2

25.0
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Unlocking the Wonders of Black Seed:
Nature’s Miraculous Secret Revealed

Authors:

Preceptor: Dr. Ahmed Abu Fayyad

Preceptor: Belonging to the Ranunculaceae family, Nigella sativa (N. sativa) is an herb that contains active 
components like thymoquinone (TQ), alkaloids (nigellicines and nigelledine), and saponins (alpha-hederin) 
that have positive effects in the treatment of patients with different diseases. Thymoquinone (TQ) is the 
most abundant constituent of the volatile oil of N. sativa seeds. The therapeutic potentials most often 
attributed to TQ are many, including antimicrobial, analgesic, and antipyretic. The objective of this work is to 
investigate therapeutic potential of TQ in rheumatoid arthritis, COVID-19, and the three most common 
cancers (breast, lung, and prostate cancer) through a literature-based evaluation.

Mona Shadded, PharmD candidate 2027; Filzah Shafiq, PharmD candidate 2027
Arnold and Marie Schwartz College of Pharmacy and Health Sciences at Long Island University

1

Unlocking the Wonders of Black Seed:
Nature’s Miraculous Secret Revealed

Authors:

Preceptor: Dr Laura Finn, PharmD, BCGP, FASCP

Preceptor: As the older adult population continues to rise, it is more crucial than ever that healthcare students are 
capable of caring for these patients. The shortage of geriatric-trained providers can ultimately impact the 
level of compassionate patient care being provided. The purpose of this survey was to determine how 
healthcare providers perceive the older adult to further draw conclusions about how education and 
experiential training can correlate to one’s personal bias. The survey via Survey Monkey was distributed to 
both preceptors/faculty and students in a variety of accredited healthcare programs, including pharmacy, 
nursing, physical therapy, and occupational therapy, across two universities. Out of all the student 
respondents, a mere 54% of students had reported ever taking a course or didactic session in geriatrics. 
When comparing the programs’ curriculum and accreditation requirements, there is minimal 
recommendations for students being exposed to geriatric patients when attending experiential rotations. A 
discrepancy between pharmacy and nursing education can be shown since only 50% of pharmacy students 
could define both geriatrics and ageism compared to 71% of nursing students who could define both. There 
is also a lack of specification as to ageism being a topic of conversation during the lectures involving 
diversity, equity, inclusion, and social determinants of health. Further research focusing on how classroom 
teaching corresponds to patient care in a clinical setting is vital in determining if students are being biased 
towards older adults.

Serena Fasola, PharmD candidate
Philadelphia College of Pharmacy at St. Joseph ‘s University
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Transforming Care:
The Role of Deprescribing in Modern Healthcare

Authors:

Preceptor: Tamila Lakhman, RPh

Preceptor: Deprescribing medications has become an important approach to optimizing patient health outcomes and 
improving the quality of care, with the potential to transform care practices in pharmacy. This presentation 
will focus on opioid deprescribing, investigating how it may contribute to advancing pharmacy practice. By 
exploring deprescribing strategies, we aim to evaluate its potential to improve therapeutic outcomes and 
reduce adverse events associated with long-term opioid use. Understanding the long-term effects of opioids 
and their potential risks helps pharmacists recognize the role of deprescribing in modern healthcare.

We will review case studies, discuss practical strategies for implementing deprescribing, and highlight 
interdisciplinary collaboration to enhance patient care. By better understanding deprescribing, particularly 
for opioids, this approach has the potential to promote safer and more effective medication management, 
fostering a patient-centered model that emphasizes alternatives to opioids when appropriate, ultimately 
transforming the way care is delivered.

Samantha Tull, PharmD candidate 2025; Jasleen Virk, PharmD candidate; Shakhrizoda Muratova, 
PharmD candidate
Arnold and Marie Schwartz College of Pharmacy and Health Sciences at Long Island University
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My Experience as an IPSF Visiting Scholar:
Analysis of Novel Drug Testing and Drug Information
Creation for Canadian Supervised Consumption Sites

Authors:

Preceptor: Dr. Michael Beazely, PhD, BSc Pharmacy

Preceptor: The IPSF-SEP program provides pharmacy students globally opportunities to experience community 
practice, hospital practice, industry, and research in a different country through associated national partners. 
My placement at the University of Waterloo in Ontario, Canada consisted of researching the current 
elements of the Canadian drug supply from testing at supervised consumption sites (SCS) and other 
academic/provincial entities. Utilizing this information, 27 infographics and 6 quick reference guides were 
created for fentanyl analogues, non-fentanyl contaminants, and other illicit drugs based on their presence in 
the drug supply and novel attributes. These materials will be distributed free of charge to Sanguen 
consumption sites and online. American pharmacists learn from Canadian SCSs and advocate for the legal 
changes necessary for the institution of SCSs.

Hannah Pulliam, PharmD candidate 2027
Philadelphia College of Pharmacy at St. Joseph’s University
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Conference Program Schedule
Sunday, March 9th - Annunciation Center, St. Elizabeth University

REGISTRATION OPEN7:15AM to 12:00AM

CONTINENTAL BREAKFAST7:15AM to 08:00AM

8:00AM to 10:00AM

BREAK10:00AM to 10:15AM

March Immunization Madness: Slam Dunk Updates on Adult Vaccines10:15AM to 12:15PM

LUNCH & EXHIBITS12:15PM to 01:30PM

Legislative & Regulatory Update: Game Changer for Pharmacy01:30PM to 02:30PM

Advancing Medication Safety: Key Updates from ISPMs Best Practices 24-2502:30PM to 03:30PM

BREAK03:30PM to 03:45PM

Supporting Opioid Use Disorder Treatment: Essential Knowledge for Pharmacists

Register via the link on FB, LinkedIn, in our Instagram Bio,
NJPhA website or via the QR code to the right.
Reach out to Tracey Lawson for any questions.
tlawson@njpharma.org

Schedule as of 2.12.2025 Subject to Change

03:45PM to 04:45PM

A Comprehensive Review of State Laws, Bills & Regulations Concerning
the Practice of Pharmacy & PBMs

2 CEU

2 CEU

1 CEU

1 CEU

1 CEU
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