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Abstract 

Background: Heart failure (HF) is a major cause of morbidity in adults with congenital heart disease 
(ACHD), who may also have limited access to transplant. Intermittent levosimendan has shown 
benefit in advanced HF due to acquired heart disease, but currently there are no data in ACHD. 
Methods: We conducted a retrospective analysis of ACHD patients aged >18 years with advanced 
HF who received ≥3 intermittent levosimendan infusions between March 2020 and January 2026 at a 
tertiary ACHD centre. Clinical outcomes during follow-up were compared with those in the year 
preceding treatment. Primary endpoints included safety and HF-related adverse events, particularly 
HF hospitalizations. Secondary endpoints included changes in New York Heart Association (NYHA) 
class, NT-proBNP levels, and ventricular systolic function assessed by echocardiography. Results: 
Twelve patients (median age 44.6 years, 25% female) were included, with heterogeneous congenital 
diagnoses and advanced HF. Five patients had a systemic right ventricle (sRV) and one had a single 
ventricle with previous Fontan palliation. During a median follow-up of 1.3 years, intermittent 
levosimendan was generally well tolerated, with no treatment-limiting adverse events. HF 
hospitalization incidence significantly decreased from 0.83 events/person-year before treatment to 
0.20 events/person-year during follow-up (p=0.03). NYHA functional class improved significantly 
(p=0.005). While no significant changes were observed in NT-proBNP or left ventricular ejection 
fraction, patients with an sRV demonstrated a significant improvement in right ventricular fractional 
area change (27±7.4% to 30.6±7%, p=0.02). Two deaths occurred, consistent with the severity of 
underlying disease and not directly attributable to levosimendan. Conclusions: In this real-world 
cohort of ACHD patients with advanced HF, intermittent levosimendan administration was safe and 
associated with improved symptoms, reduced HF hospitalizations, and enhanced systemic right 
ventricular function. These findings support the potential role of intermittent levosimendan as a 
therapeutic option in selected ACHD patients and underscore the need for prospective, adequately 
powered studies to confirm efficacy and define optimal patient selection. 

Keywords: heart failure; levosimendan; ACHD; congenital heart disease; advance heart failure 
 

1. Introduction 

Heart failure (HF) is highly prevalent among adults with congenital heart disease (ACHD) and 
its treatment in this complex population presents unique challenges that differ substantially from 
acquired heart disease. The underlying congenital anatomy, prior surgical repairs, heterogeneous 
hemodynamics, and frequent comorbidities complicate HF management in this population, and 
evidence for HF therapies is limited due to exclusion from most randomized trials and the absence 
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of large dedicated studies. Timing of referral for advanced therapies such as cardiac transplantation 
is also difficult, with many patients deemed ineligible due to complex anatomy, prior surgical history, 
elevated immunologic sensitization, or end-organ dysfunction — contributing to high waitlist 
mortality in ACHD candidates [1,2]. Mechanical circulatory support, is often underutilized in ACHD, 
partly due to the lack of devices tailored to diverse anatomies and the technical challenges posed by 
complex anatomies [3]. In patients with refractory HF, intermittent administration of levosimendan—
a calcium-sensitizing inotrope with vasodilatory properties—has been reported to improve 
haemodynamic status and quality of life, reduce HF hospitalizations [4], and facilitate optimization 
of background heart failure therapy [5]. In selected patients with acquired heart disease, intermittent 
levosimendan has been recommended as a viable option for bridge to cardiac transplantation by the 
2024 Guidelines for the Evaluation and Care of Cardiac Transplant Candidates of the International 
Society for Heart and Lung Transplantation [6]. However, in patients with congenital heart disease, 
evidence remains extremely limited. To date, data are largely confined to reports of potential benefit 
in the perioperative setting in pediatric populations [7] and to a single case series describing three 
adults with advanced disease [8]. 

Therefore, the present study aimed to describe the experience of our tertiary adult congenital 
heart disease centre with intermittent levosimendan administration in ACHD patients with advanced 
heart failure. 

2. Methods 

2.1. Patients’ Selection and Data Collection 

We retrospectively reviewed the digitally stored medical records at our tertiary centre for all 
patients with a diagnosis of congenital heart disease, aged >18 years with HF who received at least 3 
levosimendan infusions between March 2020 and January 2026. Exclusion criteria were absence of a 
congenital heart disease, age ≤18 years, receipt of fewer than three levosimendan infusions, 
incomplete medical records, peri-operative only or emergency use of levosimendan, non–HF 
indications (e.g. patients undergoing Levosimendan treatment before cardiac catheterization only to 
verify improvement of baseline data allowing transplant listing). Patients’ medical records were 
reviewed to collect data on the previous medical history, previous surgeries, medical treatment and 
clinical status at latest follow-up. Adverse events recorded during follow-up included any 
hospitalization for cardiac causes; acute heart failure, defined as the rapid onset or worsening of 
symptoms and signs of fluid overload requiring urgent medical evaluation and treatment; sustained 
arrhythmias, defined as abnormal heart rhythms persisting for >30 seconds or requiring immediate 
medical intervention (electrical cardioversion or pharmacological treatment) due to haemodynamic 
instability; appropriate implantable cardioverter-defibrillator (ICD) therapies (antitachycardia 
pacing or shocks); acute kidney injury (AKI), defined as a clinical syndrome characterized by a rapid 
decline in renal function occurring within hours or days; death; and the need for heart 
transplantation. 

The study was performed in line with the principles of the Declaration of Helsinki and approval 
was granted by institutional ethics committee. As the present study involved the retrospective 
analysis of data collected during clinical activity, the institutional review board waived the need for 
written patient informed consent. 

2.2. Levosimendan Administration Protocol 

At our institution, the decision to initiate periodic levosimendan administration is made 
following a multidisciplinary case review, with a shared agreement that no alternative therapeutic 
options are available for the patient. 

Patients considered for intermittent levosimendan infusion may include those with: 

• Heart failure with reduced ejection fraction (HFrEF; EF <35%) refractory to guideline-directed 
medical therapy 
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• HFrEF patients already listed for heart transplantation with ongoing clinical instability 
• HFrEF patients on optimized medical therapy with worsening symptoms with New York Heart 

Association (NYHA) functional class>2, or recent HF hospitalization, prior to listing for 
transplantation, as a last attempt to achieve clinical recovery 

• Heart failure with preserved ejection fraction (HFpEF) unresponsive to conventional therapy. 

All patients evaluated for levosimendan administration at our institution undergo a 
comprehensive baseline assessment, including electrocardiography, physical examination, NYHA 
functional class evaluation, transthoracic echocardiography, and laboratory testing. Levosimendan 
was administered according to a standardized protocol based on periodic infusions. The first 
administration is usually a full dose (12.5 mg) over a 24-48 hours period and was performed in naïve 
patients during inpatient hospitalization to allow close monitoring for potential adverse events, 
particularly symptomatic hypotension and ventricular arrhythmias, as well as symptom evolution 
during infusion. Patients with a baseline systolic blood pressure (SBP) <80 mmHg are generally 
considered ineligible for levosimendan therapy. In patients with baseline SBP between 80 and 90 
mmHg, infusion is generally initiated at a reduced rate of 0.05 µg/kg/min. During infusion, patients 
undergo continuous ECG monitoring and periodic non-invasive blood pressure measurements. If 
SBP remains stable or within safety limits, the infusion rate might be increased after the first 60 
minutes, up to a maximum of 0.2 µg/kg/min. Patients who tolerate the initial infusion subsequently 
receive outpatient treatment, consisting of levosimendan 6.25 mg administered every two weeks over 
a 6-hour infusion. More fragile patients, or those with significant hypotension who are unable to 
tolerate an infusion rate of at least 0.1 µg/kg/min, continue treatment with 12.5 mg once monthly 
during inpatient hospitalization. 

2.3. Echocardiography 

Comprehensive echocardiographic exams were periodically performed utilizing a GE Vivid-E80 
machine (GE Healthcare, Wauwatosa, WI, USA). Standard M-mode, 2-dimensional, color, pulsed and 
continuous-wave Doppler images were acquired according to the European Association of 
Cardiovascular Imaging guidelines [9]. Left ventricular (LV) EF was assessed with biplane Simpson’s 
method and global longitudinal strain (GLS). For patients with a systemic right ventricle (sRV), 
systolic function was assessed using a multiparametric approach with a combination of rigjht 
ventricular (RV) systolic function parameters: TAPSE, S-wave, fractional area change (FAC), RVGLS. 
Diastolic function was evaluated with E/A and E/E’measurements. Systolic pulmonary artery 
pressure (SPAP) was measured from the tricuspid regurgitation jet velocity applying the modified 
Bernoulli equation [9], as recommended. Analogously, in patients with a sRV ventricular pressure 
was estimated from the mitral regurgitation jet. Valvular regurgitation/stenosis severity was assessed 
using multiparametric evaluation in agreement with guidelines [9]. Right atrial pressure was derived 
from the inferior vena cava diameter and collapsibility [9]. 

2.4. Endpoints 

Primary endpoints included safety of levosimendan treatment and efficacy in reducing the 
number of adverse events in ACHD patients. Events at follow-up were compared to those occurring 
in the year before treatment initiation. Primary efficacy endpoints included: 

(a) Death for any reason 
(b) New transplant listing/necessity of mechanical circulatory support (MCS) 
(c) Unscheduled hospital admission for HF 
(d) Occurrence of sustained ventricular tachycardia(VT), defined as VT>30s or non-sustained VT 

with symptoms, or ICD appropriate therapies 
(e) A composite of both all the previous 

Safety was defined as the absence of adverse events. Both efficacy and safety events were 
adjudicated by a consensus of the investigators. 
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Secondary endpoints were quantifiable parameters, including nt-pro B natriuretic peptide (nt-
proBNP) and LV and sRV systolic function assessed by echocardiography. Additional endpoint was 
improvement in New York Heart Association (NYHA) class. 

2.5. Statistical Analysis 

Statistical analysis was performed using R (version 4.0.5). Continuous variables were reported 
as mean±SD or median [IQR], according to data distribution. Comparisons between baseline and 
follow-up data were assessed with the Student t-test or with Wilcoxon rank-sum test for paired 
samples. Categorical variables were presented as frequencies (percentage of total). Differences in 
proportions were evaluated with McNemar’s test. Incidence rates were calculated as events per 
person-year and compared between the pre-treatment period and follow-up using incidence rate 
differences. P-value< 0.05 was considered statistically significant. 

3. Results 

3.1. Study Population 

Twelve patients met the inclusion criteria: 3 (25%) female, median age 44.6[35-61.3] years. 
Demographic data, diagnosis and baseline characteristics of the study population are summarized in 
Table 1. Half of patients had a biventricular physiology with a LV sustaining the systemic circulation 
(7 patients=58%), while a systemic right ventricle (sRV), was present in 5 (41%) patients (4 due to 
congenitally corrected transposition of the great arteries and 1 due to transposition of the great 
arteries following atrial switch repair), and 1 one patient had univentricular heart with LV 
morphology and received Fontan palliation with an extracardiac conduit. Half of patients had severe 
disease complexity according to the Anatomical Classification [11]. Before starting levosimendan, all 
patients had a history of at least 1 HF-related hospitalizations, with 50% with multiple previous acute 
HF decompensation episodes. Six patients had at least 2 surgical and/or percutaneous procedures 
and 4 (33%) had an implantable defibrillator. The Fontan-palliated patient was already in heart and 
live transplant list at baseline All patients had symptoms, as demonstrated by NYHA class≥2. Median 
nt-proBNP was 1576[706-3023] pg/ml. Baseline EF among patients with a sLV (including the single 
ventricle patients) was 37.6±8%, while among patients with a sRV baseline FAC was 27±7.4%. 
However, 4(66%) out of the 6 patients with sLV had biventricular failure with 3 showing 
predominantly RV failure (FAC of 25±11%). Median systolic pulmonary pressure estimated by 
echocardiography in patients with sLV was 38[29.5-62]mmHg. Cardiac catheterization data were 
available for 5(42%) patients (Table 2): two patients showed pulmonary arterial hypertension, one 
following atrial switch procedure and one with previous Tetralogy of Fallot repair. 

Table 1. Demographic data and baseline characteristic in the study population. 

Sex (female) 3(25%) 
Age (years) 44.6[35-61.3] 
Weight (kg) 71±17 
Height (cm) 167±9 
BMI (kg/m2) 25±5 
BSA (m2) 2±0.3 
Main diagnosis 2 Aortic Coarctation 

2 Atrial septal defect 
1 Partial anomalous venous return 
1 Tetralogy of Fallot 
1 Atrioventricular septal defect with 
straddling valve 
1 Transposition of the great arteries 
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4 Congenitally corrected transposition of the 
great arteries 

Associated defects 1 Atrial septal defect 
1 Bicuspid aortic valve 
1 Right isomerism 
2 Ventricular septal defects 
1 Pulmonary stenosis 
1 Coarctation repair 

Surgical/percutaneous 
procedures 

2 Coarctation repair (2 end to end anastomosis, 
1 subclavian flap) 
3 Atrial septal defect closure (1 with a 
fenestrated device, 2 surgically) 
1 Glenn and Fontan procedure 
1 Tetralogy of Fallot repair 
1 Tricuspid valve annuloplasty and mitral 
valve edge-to-edge repair 
1 Correction of anomalous pulmonary veins 
drainage 
1 Percutaneous closure of left atrial appendage 
1 Mustard operation 
2 ventricular septal defect closure 
1 Pulmonary stenosis relief 
3 Blalock Taussing shunt 
1 Pulmonary artery banding 
1 Rashkind balloon atrial septostomy 
1 Fontan conduit stenting 
1 Fontan conduit replacement 

Total number of 
procedures 
0 
1 
2 
5 

 
2(17%) 
4(33%) 
5(42%) 
1(8%) 

Residual defects 2 Pulmonary arterial hypertension 
1 Severe aortic stenosis 
5 Severe tricuspid regurgitation 
1 Severe pulmonary regurgitation 
1 Mitral regurgitation 

Genetic disorder 1 Turner Syndrome 
Comorbidity 1(8%) Hepatocellular carcinoma 

2(17%) CKD 
4(33%) COPD 
2(17%) Hypothyroidism 

Cardiovascular risk 
factors 

1(8%) Diabetes 
2 (17%) Hypertension 
3(25%) Obesity 
3 (25%) Dyslipidemia 
2(17%) Stable coronary syndrome and 
previous PTCA 

PM 1(8%) 
ICD 4(33%) 
NYHA class (II/III/IV) 2(17%)/9(75%)/1(8%) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 February 2026 doi:10.20944/preprints202602.0999.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0999.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 11 

 

Previous 
hospitalization for HF 

12(100%) 

HF hospitalization >1 6(50%) 
History of 
supraventricular 
tachycardia 

4(33%) 

History of ventricular 
tachycardia 

5(42%) 

Baseline rhythm 8(66%) Sinus 
2(17%) Ventricular pacing 
2(17%) Atrial fibrillation  

Baseline SBP (mmHg) 108±10 
Baseline HR (bpm) 76±12 
Treatment  7(58%) ARNI 

8 (66%) Gliflozins 
3(25%) ACEi/ARB 
9 (75%) Beta-blockers 
7(58%) MRA  
8(66%) Diuretics 
2(17%) Ivabradine  
(25%) DOAC  
2(17%) Warfarin 
2(17%) Antiplateletes 
2(18%) Amiodaron 

Abbreviations: ACEi= angiotensin-converting enzyme inhibitors, ARB= angiotensin-receptor blockers, 
BMI=body mass index, BSA=body surface area, CKD= chronic kidney disease, COPD=Chronic Obstructive 
Pulmonary Disease, DOAC=direct oral anticoagulants, HF=heart failure, HR=heart rate, ICD=implantable 
cardioverter/defibrillator, NYHA=New York Heart Association, PMK=pacemaker, PTCA=Percutaneous 
Transluminal Coronary Angioplasty, SBP=systolic blood pressure, TGA=transposition of the great arteries. 
Continuous variables are expressed as mean±SD or median[IQR], according to data distribution. 

Table 2. Baseline cardiac catheterization data (N=5). 

PAPm (mmHg) 26±9 

PCWP (mmHg) 14±5 

PVRi (Wu) 3±1.9 

CI (l/min/m2) 3±1.8 
Abbreviations: CI=cardiac index, PAPm=mean pulmonary artery pressure, PCWP=pulmonary capillary wedge 
pressure, PVRi= indexed pulmonary vascular resistance. 

3.2. Levosimendan Treatment 

The indication for treatment initiation was acute decompensation in four cases (33%). After the 
first in-hospital administration, only three patients (25%) were selected for outpatient treatment. 
However, one patient with single-ventricle physiology and a previous Fontan operation did not 
tolerate outpatient administration because of transient severe hypotension occurring two hours after 
infusion initiation; therefore, subsequent cycles were scheduled as in-hospital treatments at one-
month intervals. All other patient underwent monthly in-hospital administration of 12.5 mg. 

No severe adverse events requiring treatment interruption occurred during levosimendan 
infusions, and no episodes of sustained ventricular tachycardia were recorded. Two patients 
temporarily discontinued treatment: one due to patient preference related to difficulty in reaching 
the hospital, although this patient subsequently experienced clinical deterioration and treatment was 
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reinitiated; the second patient initially showed clinical improvement, leading to a planned treatment 
interruption, but developed fluid overload two months after suspension, prompting reinitiation of 
therapy. One patient continued treatment at local hospital after the first 7 dose administrations. 

3.3. Follow-Up and Secondary Endpoints 

Median follow-up after initiation was 1.3[0.7-2.3] years. Overall, patients received a median of 
8.5 [6.2-15] doses over a median of 10.7[5.8-16.7] months. Main findings at last evaluation and 
comparison with baseline data are showed in Table 3. At last evaluation, there was no significant 
improvement in ntproBNP values. However, patients reported significant symptoms reduction 
(Figure 1). Moreover, blood test did not demonstrate significant renal function changes. Patients with 
sLV did not demonstrate significant EF increase. Nevertheless, patients with a sRV showed 
significant improvement of FAC. 

Table 3. Comparison between baseline and follow-up data. 

 Baseline Follow-up p-value 
NtproBNP (pg/ml) 1576[705-3023] 967[241-2263] 0.3 
Creatinine (mg/dl) 0.84±0.25 0.88±0.17 0.4 
NYHA class III-IV 10(83%) 3(25%) 0.005 

LV EF* (%) 37.6±8 43.6±5 0.1 
RV FAC** (%) 27±7.4 30.6±7 0.02 

Abbreviations: EF=ejection fraction, FAC=fractional area change, LV=left ventricle, NYHA=New York Heart 
Association, RV=right ventricle, *=only patients with systemic left ventricle, **=only patients with systemic right 
ventricle. 

 

Figure 1. NYHA Class Change during follow-up. 

3.4. Outcome 

During follow-up, two deaths occurred: one patient with pulmonary hypertension died from an 
intercurrent pulmonary infection, and one patient experienced an arrhythmic death during 
hospitalization for routine levosimendan administration, occurring the day after treatment. No other 
ventricular tachycardia occurred. Three HF hospitalizations occurred in 2 patients, in one case 
accompanied by acute kidney injury, which recovered completely. Both patients were managed with 
i.v. diuretics and optimized medical therapy. Two patients are currently under evaluation for 
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transplant list inclusion. HF admission incidence significantly decreased from 0.83 (95% CI 0.39–1.50) 
events/person-year before treatment to 0.20 (95% CI 0.04–0.60) during follow-up (incidence rate 
difference, p = 0.03). 

4. Discussion 

In this real-world cohort of complex ACHD patients with advanced HF, intermittent 
levosimendan administration was safe and associated with significant symptom improvement, 
increased RV FAC in patients with a systemic right ventricle (sRV), and a reduction in HF admissions 
during follow-up compared with the year prior to treatment initiation. Deaths in our cohort were 
consistent with the severity of the underlying conditions, largely anticipated, and unrelated to 
treatment. The reduction in HF events is clinically meaningful, as recurrent hospitalizations 
substantially contribute to morbidity, healthcare utilization, and reduced quality of life in ACHD 
patients [10,11]. 

Adult survival in complex congenital heart disease has improved substantially, leading to a 
growing population with late-onset HF that often remains refractory to conventional therapies. 
Standard HF treatments, validated in acquired HF, have limited efficacy in ACHD, particularly in 
patients with Fontan physiology [12,13] or sRV [14], despite recent promising results from novel 
therapies [15–18]. In our cohort, a statistically significant improvement was observed only in FAC 
among patients with sRV, though the small sample size may have limited the ability to detect 
additional significant benefits. Favorable but non-significant trends were noted for NT-proBNP 
reduction and LV EF improvement. 

Mechanistically, levosimendan enhances cardiac performance by increasing contractility 
without raising myocardial oxygen demand and by reducing afterload through vasodilation, 
mediated by calcium sensitization and Ca²⁺-dependent opening of ATP-sensitive K⁺ channels in 
vascular smooth muscle cells [19]. These effects may be particularly beneficial in ACHD patients with 
failing sRV or longstanding pressure-overload conditions, where traditional inotropes can exacerbate 
arrhythmogenic risk and adverse remodeling. The prolonged action of levosimendan’s active 
metabolite allows intermittent outpatient administration, potentially sustaining clinical benefits 
between treatments. While intermittent levosimendan use is well documented in general advanced 
HF populations, evidence specific to ACHD remains limited. A recent case series of three ACHD 
patients with advanced HF demonstrated symptomatic improvement and avoidance of hospital 
admissions with pulsed levosimendan, supporting its potential role in clinical practice [8]. Other 
studies have shown levosimendan’s efficacy in treating postoperative low cardiac output syndrome 
(LCOS) [20] and in reducing LCOS incidence when administered prophylactically in children with 
congenital heart disease [7]. 

In broader HF populations, levosimendan’s unique pharmacologic properties have justified 
repeated intermittent use. The LION-HEART study, a double-blind, randomized, placebo-controlled 
trial, demonstrated reductions in NT-proBNP values and HF hospitalizations with intermittent 
levosimendan in outpatients with advanced chronic HF [21], with similar findings in a subsequent 
trial [22]. These data supported the level 2A recommendation for intermittent levosimendan in 
patients with organ hypoperfusion awaiting transplant, per the 2024 International Society for Heart 
and Lung Transplantation Guidelines [6]. A recent multicenter retrospective study also showed 
reduced HF admissions with intermittent levosimendan in patients not eligible for transplant, 
supporting its use as a destination therapy [23]. However, a randomized trial in patients with severe, 
potentially reversible cardiogenic shock on extracorporeal membrane oxygenation (ECMO) found 
that early levosimendan did not significantly shorten time to ECMO weaning compared with placebo 
[24]. In addition, a randomized controlled study in a small cohort of patients with HF with preserved 
ejection fraction (HFpEF) showed that pulsed levosimendan administration was associated with 
reductions in pulmonary capillary wedge pressure and improvements in exercise tolerance [25]. 
These preliminary findings have stimulated further investigation into HFpEF associated with 
pulmonary hypertension, including the development of an oral formulation of levosimendan [26]. 
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On this basis, and given the high prevalence of refractory HF with preserved systolic function in 
ACHD, at our Institution we started to considere levosimendan infusion also in selected ACHD 
patients with preserved ventricular systolic function. Notably, a meta-analysis of eight randomized 
studies demonstrated that levosimendan improves right ventricular systolic function and reduces 
pulmonary artery pressure [27], findings of particular relevance to the ACHD population, which 
encompasses a high proportion of RV failure. 

Unlike large trials in acquired HF, ACHD studies have largely been small cohorts or case series, 
limiting conclusions about benefit magnitude and optimal dosing. Our study has several limitations. 
First, its retrospective design and small sample size preclude definitive causal inference and increase 
selection bias risk. Second, the heterogeneity of congenital lesions and physiology complicates 
generalizability, as responses may differ between subgroups (e.g., sRV vs. sLV vs. single ventricle 
physiology). For this reason, we analyzed LV EF and sRV FAC separately, further reducing sample 
size and statistical power. Third, objective measures such as exercise capacity, biomarker trends, and 
formal quality-of-life instruments were not systematically collected, emphasizing the need for 
prospective evaluation. Finally, although levosimendan was generally well tolerated, rare adverse 
events may not be captured in small cohorts. 

5. Conclusion 

In this real-world cohort of ACHD patients with advanced HF, intermittent levosimendan was 
associated with significant symptom improvement, reduced HF admissions compared with the 
preceding year, and improved RV function in patients with sRV. These findings align with limited 
ACHD case series and broader registry data in acquired HF, suggesting that levosimendan may 
reduce hospitalization burden and improve clinical stability in selected patients. Prospective, 
adequately powered studies are needed to confirm these results, define optimal dosing, and identify 
patient subgroups most likely to benefit. 
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