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Objective: This study tested the hypothesis that a neuroprotective combined therapy based on epidermal growth factor (EGF) and growth hormone-releasing hexapeptide (GHRP6) could be safe for acute ischemic stroke patients, admitting up to 30% of serious adverse events (SAE) with proven causality.

Methods: A multi-centric, randomized, open-label, controlled, phase I-II clinical trial with parallel groups was conducted (July 2017 to January 2018). Patients aged 18–80 years with a computed tomography-confirmed ischemic stroke and less than 12 h from the onset of symptoms were randomly assigned to the study groups I (75 μg rEGF + 3.5 mg GHRP6 i.v., n=10), II (75 μg rEGF + 5 mg GHRP6 i.v., n=10), or III (standard care control, n=16). Combined therapy was given BID for 7 days. The primary endpoint was safety over 6 months. Secondary endpoints included neurological (NIHSS) and functional [Barthel index and modified Rankin scale (mRS)] outcomes.

Results: The study population had a mean age of 66 ± 11 years, with 21 men (58.3%), a baseline median NIHSS score of 9 (95% CI: 8–11), and a mean time to treatment of 7.3 ± 2.8 h. Analyses were conducted on an intention-to-treat basis. SAEs were reported in 9 of 16 (56.2%) patients in the control group, 3 of 10 (30%) patients in Group I (odds ratio (OR): 0.33; 95% CI: 0.06–1.78), and 2 of 10 (20%) patients in Group II (OR: 0.19; 95% CI: 0.03–1.22); only two events in one patient in Group I were attributed to the intervention treatment. Compliance with the study hypothesis was greater than 0.90 in each group. Patients treated with EGF + GHRP6 had a favorable neurological and functional evolution at both 90 and 180 days, as evidenced by the inferential analysis of NIHSS, Barthel, and mRS and by their moderate to strong effect size. At 6 months, proportion analysis evidenced a higher survival rate for patients treated with the combined therapy. Ancillary analysis including merged treated groups and utility-weighted mRS also showed a benefit of this combined therapy.

Conclusion: EGF + GHRP6 therapy was safe. The functional benefits of treatment in this study supported a Phase III study.

Clinical Trial Registration: RPCEC00000214 of the Cuban Public Registry of Clinical Trials, Unique identifier: IG/CIGB-845I/IC/1601.
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1 Introduction

Ischemic stroke remains an important target for novel preventive and therapeutic strategies. It is estimated that 15 million people worldwide are affected by stroke every year, 5 million of them die and another 5 million of them suffer from long-term disability (1). The global population aged 65 years and over is growing faster than all other age groups, with a concomitant increase in stroke incidence (2). Furthermore, stroke among COVID-19 patients is associated with a significant risk of early mortality (3).

Currently, reperfusion therapy with thrombolytic drugs or endovascular thrombectomy represents the only approved therapeutic approach for acute stroke (4, 5). However, these approaches are associated with a narrow therapeutic window, increased risk of hemorrhagic transformation, and the high cost required to deliver these treatments (6), which limit their suitability for patients (~3%−6%), particularly in low-income countries (7). Moreover, despite treatment, recovery may be incomplete in a significant proportion of patients (8), as the vascular dynamics following recanalization do not invariably reduce tissue injury or reverse functional deficits (9, 10), and there remains scope for additional pharmacological-based neuroprotective interventions in addition to recanalization in acute ischemic stroke.

Considering the strong interdependence of elements in the neurovascular unit (11) and the limitations of neuron-protective strategies in clinical trials (12, 13), the scientific community has moved to combination strategies that seek to enhance endogenous mechanisms of neuroprotection (14). Combined therapies for stroke are likely to be more effective as they simultaneously target multiple levels of the ischemic pathophysiological cascade. However, few clinical trials have been published to date (2).

Molecules that trigger cytoprotective effects can be considered candidates for combined therapies (8). Particularly, a combined therapy based on epidermal growth factor (EGF) and growth hormone-releasing hexapeptide (GHRP6) has demonstrated benefit in preclinical contexts by activating pleiotropic endogenous mechanisms of survival and brain protection (15–19). Both molecules cross the blood-brain barrier (20–23), and their receptors are widely distributed in brain tissues (24, 25). EGF and GHRP6 share common properties such as anti-apoptotic (26, 27) and anti-excitotoxic effects (28, 29). In addition, both molecules have independent biological effects. Specifically, EGF promotes neurogenesis and remyelination (30), while GHRP6 induces endogenous neuroprotective factors such as growth hormone and insulin, like growth factor 1 (31).

Previous results of our group demonstrated the therapeutic benefits of this combination in animal models of multiple sclerosis (15), proximal axonopathy mimicking ALS, and focal and global ischemic stroke (16). Later, EGF+GHRP6 combined therapy improved both clinical and pathological aspects as it reduced neurological symptoms and brain infarct volume, preserving neuronal density (17). Additionally, EGF+GHRP6 combined therapy achieved similar results in a preclinical context when compared to therapeutic hypothermia (18). Moreover, both active ingredients exhibited a high safety profile in preclinical and clinical trials (32, 33).

Supported by these data, a phase I/II randomized clinical trial was designed to test the hypothesis that administration of a combined therapy based on rEGF and GHRP6 at two dose levels is safe for acute ischemic stroke (AIS) patients, admitting up to 30% of serious adverse events (SAE) in relation to proven causality. The therapeutic effect was assessed as a secondary endpoint. The current report has been written in compliance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines for randomized controlled trials (34, 35).



2 Patients and methods


2.1 Drugs and reagents

Growth hormone-releasing hexapeptide (GHRP6) (His-d-Trp-Ala-Trp-d-Phe-Lys-NH2) was synthesized by BCN peptide (Barcelona, Spain). Saccharomyces cerevisiae is the host organism that expresses recombinant epidermal growth factor (rEGF). Both ingredients were formulated separately in lyophilized preparation for intravenous administration at the facilities of the Center for Genetic Engineering and Biotechnology (Havana, Cuba).

EGF and GHRP6 were retained at 2–8°C at all times to guarantee the cold chain. Packages containing 14 kits, corresponding to the 14 administrations for each patient, were sent to the pharmacy of each clinical site. Trained personnel, under researcher supervision, carried out the preparation and administration of the study drugs.



2.2 Ethics approval and consent to participate

This study was conducted according to the ethical principles of protection of participants in biomedical research stated in the Guidelines of Good Clinical Practice (CECMED 2000, Cuba) (36), the Guide of Good Clinical Practices of the International Conference on Harmonization (ICH E6) (37), and the Declaration of Helsinki (38).

The study protocol (Code: IG/CIGB-845I/IC/1601) was approved by the Ethics and Review Committee of every hospital involved in this trial and by the Cuban Center for State Control of Drugs, Medical Devices, and Equipment (CECMED, in Spanish). The Ethics and Review Committees also supervised the study execution, ensuring the protection of the rights, safety, and well-being of the participants involved in the study and verifying the progress of the clinical trial and the investigators' adherence to the protocol. This clinical trial was also registered at the Cuban Clinical Trial Public Registry No. RPCEC00000214 (https://rpcec.sld.cu/en/trials/RPCEC00000214-En).

Verbal and written informed consent was obtained from all patients or their legally authorized representatives regarding interventions, clinical assessments, and all features related to the current research (see below).



2.3 Trial design

This was a multicenter, open-label, controlled, phase I/II clinical trial with centralized randomization and parallel groups. The primary endpoint was the assessment of the safety of two dose levels of EGF+GHRP6 combined therapy in patients with acute ischemic stroke, in addition to secondary endpoints of therapeutic effects.

The trial was performed in stroke units of 11 hospitals from eight provinces of Cuba from July 2017 to January 2018. The participating researchers were internists, neurologists, and emergency room physicians.

The sample size was estimated according to a specific method for pilot studies of transition therapies to estimate an upper limit to the related serious adverse event rate of 30% (39). Assuming a type I error of 0.05, a sample size of 10 subjects per group was estimated.

However, a protocol deviation occurred at the beginning of the study because a delay in enrollment and treatment procedures led to unmet therapeutic window criteria for the first six patients. Thus, it was decided to include them in the control group. On completion of the study, a total of 36 patients were included (Figure 1).


[image: Figure 1]
FIGURE 1
 CONSORT flow diagram of the study. Allocation of patients and causes of non-compliance. A total of 36 patients were randomized and included in the final analysis. SC, standard care.


The randomization procedure was carried out through a randomized, centralized list based on three-subject blocks using the “2N” computer tool (University of Arkansas). After verbal consent was obtained, clinician researchers enrolled patients without previous knowledge of their group assignment and then phoned the central trial coordinator (HBF), who assigned the identification code and the study group. Subsequently, the study drugs were prescribed accordingly and requested at the hospital's pharmacy.

Patients assigned to the control group (n = 16) only received standard care for stroke in the acute phase, which did not include recanalization (40). Two other groups were treated with standard care plus EGF 75 μg + GHRP6 3.5 mg (Group I, n=10) or EGF 75 μg + GHRP6 5 mg (Group II, n=10). Dose selection was based on previous preclinical and clinical studies and two methods of dose extrapolation from rodents to humans, which considered body surface and body weight (41). Both substances were slowly injected intravenously twice a day, 12 h apart, and over the course of 7 days, with EGF being administered first.

Standard care for all groups included symptomatic control of comorbidities such as hypertension and diabetes. Patient stabilization, including airways, breathing, and circulation, was achieved through continued vital sign monitoring, hydration, and adequate oxygenation, among other measures included in the Cuban National Program of Care for patients with cerebrovascular disease (40). In the case of those with impaired consciousness or a large mass effect with midline displacement in the CT scan, 20% mannitol (0.25–0.5 g/kg) was administered every 4 h, and hyperventilation therapy was considered. Any concomitant medication was delivered according to the medical criteria. Recanalization interventions were not applied.

Treatment was completed in the hospital admission regime. Hospital discharge occurred at least 12–24 h after the last administration of the combined therapy.



2.4 Inclusion criteria

Eligible participants were adults aged 18–80 years with a focal acute neurological defect caused by an acute ischemic stroke (a hemorrhagic event was excluded by computed tomography), with less than 12 h between the onset of symptoms and therapy initiation. Verbal consent was obtained from the patient or their legal representative. Once patients were stabilized, in the following days, they were asked for a written and signed consent form to continue participating.



2.5 Exclusion criteria

Exclusion criteria were coma state (Glasgow scale less than 8), NIHSS scale score < 5 or > 20, a neurological defect explainable by a condition other than ischemic stroke, patients with quickly resolving neurological symptoms, severe and uncontrolled arterial hypertension (systolic > 185 mmHg or diastolic > 110 mmHg) or arterial hypotension (systolic < 95 mmHg) both unresponsive to standard treatment, seizures, and patients with a diagnosis of malignant neoplasms, pregnancy, puerperium, or mental disorders.



2.6 Stopping rules

If a related serious adverse event rate higher than that allowed in the hypothesis (30%) with a high probability (> 0.90) occurred in the highest dose group of GHRP6 (5.0 mg), inclusion and treatment would be stopped in that specific group. If this phenomenon occurred in Group I (3.5 mg GHRP6), the clinical trial would be stopped. Safety and primary data were assessed and reviewed by an independent data monitoring committee consisting of a statistician, a clinician, an epidemiologist, and a neurologist. None of the treatment groups in the present study were closed.



2.7 Primary and secondary endpoints

As a phase I/II clinical trial, the primary endpoint was the safety of intravenously administered EGF+GHRP6 combined therapy in the setting of an acute stroke. Clinical adverse events [type, intensity, evolutionary outcome, and causal relationship (42)], vital signs, and electrocardiographic monitoring were recorded during the 7-day in-hospital stay and in outpatient visits at 1, 3, and 6 months after discharge. Patients were instructed to observe adverse events during the study period and report them to their attending physician.

Combined therapy was considered safe if not associated with an adverse event degree ≥ 3. The treating physicians determined causality at the time of the event based on their expertise and previously reported adverse events for each independent component, which was further reviewed by the data monitoring committee. Considering that both EGF and GHRP6 had previous clinical studies focused on other conditions, the expected adverse effects were mainly fever, shivering, and vomiting for the former (43), and sweating and bradycardia for the latter (32). The causes of death were registered based on clinical evidence and necropsy findings.

Secondary endpoints included neurological (National Institutes of Health Stroke Scale, NIHSS) and functional (modified Rankin scale (mRS) and Barthel index) outcomes at discharge, 3 and 6 months later, and survival 6 months after treatment. At the time of enrollment, patients were evaluated according to the NIHSS (44) to register baseline stroke severity. This scale assesses the degree of neurological deficit in 11 categories, wherein a normal function level without neurological deficit has a zero score and the maximum score is 42 points.

mRS, which is a simplified evaluation of functionality, was used at discharge and during the follow-up period (3 and 6 months). mRS values range from 0 (to indicate no residual symptoms) to 6 (to indicate death). The Barthel Index ranged from 0 to 100, wherein a 100 score indicates no deficit and a 0 score indicates complete dependence or death. Based on these assessments, ordinal and dichotomous data analyses were conducted. mRS ≤ 2 and Barthel index ≥ 85 were considered favorable outcomes (45, 46).

Hematological and biochemical assays were carried out at the beginning of the study, 72 h at hospital discharge, and 1, 3, and 6 months later. The Isotope Center (CENTIS) laboratories performed hormonal assays (for growth hormone (hGH), ACTH, aldosterone, cortisol, prolactin, and insulin), for which sera were collected at the beginning of the study, 72 h, at hospital discharge, and 1, 3, and 6 months later.



2.8 Quality assurance

Before study initiation, a workshop took place to unify criteria with researchers involved in this trial. Trained personnel carried out visits and quality monitoring in 100% of the hospitals participating in the study to verify compliance with the Good Clinical Practices.



2.9 Data handling and statistical analysis

The primary objective was to establish that the intervention was safe, admitting up to 30% of serious adverse events with a proven causal relationship.

For the purposes of this study, a data entry system was created in OpenClinica software (www.openclinica.com), with Data Collecting Notebook (DCN) as a primary data source. After review and query resolution, information was double-entered for subsequent automatic comparisons and corrections until no differences between databases were found. After completion, databases were closed and exported for the corresponding statistical analyses; no modification of primary data was allowed. SPSS software version 26.0 and EPIDAT v. 4.1 were used for statistical analyses. All analyses were done on an intention-to-treat (ITT) basis.

Adverse events were reported as descriptive statistics. Recurrent events were counted as separate events. The effect size was calculated based on the odds ratio (OR) with a 95% CI. The probability of treatment-related serious adverse events was evaluated iteratively with a Bayesian algorithm, as well as the criterion for stopping due to an unacceptable related serious adverse event rate with Beta (0.5, 0.5) as a priori distribution (47).

Categorical data were compared using the χ2 and Fisher's exact tests. For quantitative variables, the mean and standard deviation, minimum and maximum values, and confidence intervals for the mean were determined. For group differences, ANOVA or the Kruskal-Wallis tests were used according to the variable's nature. In the cases of normal approximation, groups were compared using the Bayesian method for independent samples by means of the Bayes factor, assuming diffuse priors for unequal variance between groups (Rouder method) (48). When applicable, the effect size was reported as the mean difference with a 95% CI accompanied by the Hedges' g (49, 50). Deceased patients were given the highest possible score on the previously mentioned scales.

Survival of both treated groups vs. control was analyzed using a log-rank (Mantel-Cox) test and a Cox regression model using the hazard ratio and 95% CI as effect sizes.

Ancillary analyses included the ordinal assessment of mRS and the survival of merged treated groups. Spearman's correlation coefficients were calculated in order to assess the likeness between the EGF+GHRP6-treated groups. In addition, utility-weighted mRS (UW-mRS) (51) and quality-adjusted life-years (QALY) gained by the intervention were calculated (52). For UW-mRS data, the utility weights proposed by Chaisinanunkul N. et al. (51) (mRS 0–1.0; mRS 1–0.91; mRS 2–0.76; mRS 3–0.65; mRS 4–0.33; mRS 5–0; mRS 6–0) were adopted. To determine the exact QALYs, the utility value associated with a given state of health was multiplied by the specific time (3 and 6 months) lived in that state (52).




3 Results

Of the 49 stroke patients screened for participation in the trial, 73.5% (n=36) fulfilled the inclusion criteria. The most common reasons for exclusion were time to treatment longer than 12 h, older than 80 years, and patients' will. In the present study, there was no closure of any treatment group.


3.1 Demographic and clinical characteristics

A total of 36 patients were included in the study (Figure 1). One out of 36 patients (from Group I) voluntarily withdrew from the trial after receiving 7 of 14 scheduled injections. This withdrawal was not associated with any risk concerns.

The mean time elapsed from the onset of symptoms to the start of treatment was 7.3 ± 2.8 h overall. No ECG changes were noted in more than 50% of patients in each group. Acute cerebral infarcts had a CT scan-confirmed ischemic etiology at baseline in 100% of cases. Two patients had subsequent hemorrhagic transformations (one patient in Group I with a 6-month survival and one deceased patient in Group III). The most frequent infarct locations were the left parietal (11.1%), left temporal (8.3%), and left temporoparietal (8.3%) zones.

Demographic and baseline characteristics were similar between groups. The mean age was 66 ± 11 years, and 21 were men (58.3%). Other clinical characteristics were also similar between groups, based on comparable grades of infarct symptoms and signs according to the NIHSS scale (Table 1).


TABLE 1 Baseline characteristics of the patients.

[image: Table 1]

In general, the laboratory parameters evaluated over time remained within the normal ranges; any variations had no clinical relevance. The hormonal profiles, in all cases, were similar between the three groups and were within the reference values for each hormone (data not shown).



3.2 Harms or unintended effects (primary endpoint)

The frequency of adverse events (AE) and serious AEs (SAEs) in the ITT population was similar among all groups (Table 2). In total, 23% of AE (in three and four patients in Groups I and II, respectively) had a probable or definite causal relationship with the intervention therapy. The intensity of these AEs was mainly mild or moderate (Table 3). Additionally, these AEs were completely solved.


TABLE 2 Frequency of patients with serious and total adverse events.
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TABLE 3 Relevant expected adverse events in this study.

[image: Table 3]

A total of 19 serious AEs were reported in 14 of 36 patients (three, two, and nine patients in Groups I, II, and III, respectively; see Table 2). In terms of causality with the interventional drug, only two serious AEs occurred in one patient in Group I (vomiting and dyspnea). In Group II, neither of the two SAEs (respiratory infection and brain reinfarction) reported (leading to death in both cases) had a causal relationship with the therapy under study. A higher probability of related AEs is detected in Group II with respect to Group III (lower limit of 95% CI for OR>1). No other significant association was detected (Table 2). The probability of confirming the study hypothesis (a limit to related serious adverse event rates lower than 30%) was greater than 0.90 in each group (globally greater than 0.99), with a related serious adverse event rate expected between 0 and 0.18 (95% CI).

The most relevant AEs with any causal relationship to investigational drugs are listed in Table 3. Bradycardia, which was one of the expected AEs associated with GHRP6, was not reported in any EGF+GHRP6-treated patients.

A total of seven deaths in Group III (control) and two deaths in Group II were reported. The lowest-dose group reported no mortality. Causes of mortality in Group III were arterial hypotension (1), bronchopneumonia (2), pulmonary embolism (1), acute pulmonary edema (1), respiratory distress (1), and brain edema (1). Deaths in Group II were due to respiratory infection and brain reinfarction. These were not associated with the interventional drugs.



3.3 Neurological and functional outcomes


3.3.1 Neurological outcome at discharge and after 3 and 6 months

The increased stroke severity over time in the control group, observed in Figure 2, was consistent with the worst possible score assigned to dead patients. This fact was influenced equally in all groups and in both neurological and functional assessment tools.


[image: Figure 2]
FIGURE 2
 Functional recovery of patients assessed by NIHSS. The data depict the mean ± SEM. Bayesian analysis: * indicates differences vs. the baseline score. Dead patients receive the worst possible score.


ITT analysis showed a reduction in neurological deficit at 90 and 180 days in patients receiving EGF 75 μg + GHRP6 3.5 mg (Group I) compared to baseline NIHSS score. This reduction is also observed regarding Group III at the same assessment times (probabilities of difference greater than 0.95). In Group II, a reduction in the NIHSS score was recorded only at discharge compared to baseline (Figure 2).

As a measure of changes over the entire period, the areas under the individual curves (AUC) were calculated. The Bayes Factor1 − 0 in favor of the difference between Group I and Group III was 2.14 (p = 0.031), indicating sufficient evidence to reject the equality hypothesis.



3.3.2 Functional outcome at discharge and after 3 and 6 months

Dichotomized analyses of the mRS scale and Barthel index showed an improved functional outcome in EGF+GHRP6-treated groups vs. Group III (control) at 90 days and 180 days, respectively. Notably, this benefit was seen at both ends of the scale (Figure 3).


[image: Figure 3]
FIGURE 3
 Clinical outcomes in the ITT population: modified Rankin scale (A) and Barthel index (B) at discharge (7 days), 3 and 6 months after stroke onset. * indicates significant differences between Group III and the EGF+GHRP6-treated groups, according to χ2 test (p < 0.05). ††indicates probabilities of difference with respect to Group III >0.95; †probabilities of difference >0.90, based on Bayesian analysis. Dashed lines demarcate the boundaries between the strata considered favorable (0–2 for the Rankin scale and ≥ 85 for the Barthel index) and not favorable. Dead patients received the worst possible score.


Effect size analysis based on mean difference and Hedges' g for NIHSS and mRS scores showed a strong effect in Group I from 90 to 180 days. Barthel index analysis indicated a moderate effect in both EGF+GHRP6-treated groups (Table 4).


TABLE 4 Summary of the effect size of neurological and functional outcomes.
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3.4 Survival

At 6 months, proportion analysis evidenced a higher survival of patients treated with the combined therapy (Figure 4A). At this time, Group I treated with EGF 75 μg + GHRP6 3.5 mg showed the highest overall survival (HR=0; p = 0.02). Group II (EGF 75 μg + GHRP6 5 mg) achieved an HR of 0.42 (95% CI: 0.111–1.597) at the end of the study. However, the log-rank test showed no statistical differences (Figure 4B).


[image: Figure 4]
FIGURE 4
 Survival of experimental groups analyzed by (A) χ2 test at 6 months (*p = 0.03) and (B) Kaplan-Meier curves and log-rank test (p = 0.053).




3.5 Ancillary analysis

An analysis of weight-based dosing revealed significant differences between the mean dosages of both groups (p < 0.0001, t-test). Additionally, the relationship between dosing and mRS showed a probability of differences between Group I and Group II less than 0.6, with symmetrical confidence intervals around 0, suggesting similarity between both treated groups (data not shown).

Thus, for an additional purpose in terms of therapeutic effects, an ordinal analysis of mRS was conducted, in which merged treated groups showed a significant reduction of disability at 90 and 180 days vs. control (p = 0.01). This evidence was also confirmed using the AUC calculation, wherein the difference between the global change and the control group was in favor of the merged treated groups (Bayes Factor1 − 0 =1.44, p = 0.046). Regarding effect size, a mRS mean difference of 2 was associated with a Hedges' g equivalent to 0.821 (95% CI: 0.13–1.50) (Figure 5A). Survival assessment showed a significant reduction of mortality risk in the merged treated groups against Group III (p = 0.024) with a hazard ratio (HR) of 0.21 (95% CI: 0.06–0.82) at the end of the study (Figure 5B). Additionally, mRS of merged treated groups at 180 days positively correlated to time to treatment (r=0.55, 95% CI: 0.12–0.80, p = 0.01).


[image: Figure 5]
FIGURE 5
 (A) mRS score of EGF+GHRP6-treated patients (Groups I and II; empty circle) and Group III (filled circle) at 180 days (*: p = 0.015, according to the Mann-Whitney U test). MD, mean difference. (B) Survival Kaplan-Meier curves in groups analyzed [δ: p = 0.024, HR 0.21 (95% CI: 0.06–0.82) according to log-rank test].



3.5.1 Utility-weighted mRS

Adopting a patient-centered approach by using utility-weighted mRS, a higher utility mean was demonstrated for merged treated groups when compared to Group III. This effect was evident at 3 months and continued until the last assessment (Table 5).


TABLE 5 Measures of effect size using utility-weight analysis of the mRS.
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4 Discussion

The phrase “combination therapy” for stroke usually refers to the use of recanalization approaches along with other therapeutics (13). Few published studies have combined pure neuroprotective drugs under the combined therapy concept (2). Indeed, generally, the use of agents with clear neuroprotective effects appears under the expression of “adjuvant therapy” (53). Our proposal, based on the combination of two pharmacological components with neuroprotective properties, represents a “combination therapy” that does not target the re-opening of the occluded vessel but the protection of remaining viable cells and the strengthening of endogenous regenerative and plasticity mechanisms that might enhance functional recovery. The promising results of this trial showed that EGF+GHRP6 combined therapy is safe. Although not powered for efficacy, this study revealed a significantly better outcome for EGF+GHRP6-treated patients relative to the clinical endpoints of stroke.

The Courage study population had typical risk factors for stroke (54), including older participants, high body mass index, and hypertension. The groups were well balanced with respect to these risk factors and admission stroke scores (Table 1, Figure 2). This baseline balance guarantees the reliability of the results (55).

In this study, the positive and significant correlation between time to treatment and mRS suggests that earlier intervention with EGF+GHRP6 may decrease disability 6 months after the onset of symptoms. This finding is also consistent with our pre-clinical studies (19). Although the immediate intervention is likely to enhance the therapeutic effects, we anticipate that components of this combination therapy will also target later secondary events, promoting survival of the neurovascular unit and activating endogenous neuroprotective pathways, which would predict a longer-lasting effect (56, 57).

The Courage trial based on intravenous delivery of EGF+GHRP6 for acute ischemic stroke was successful in terms of the prespecified primary endpoint concerning safety (Tables 2, 3), confirmed by less than 30% of serious AEs with a causal relationship to treatment, as stated in the hypothesis. Although some AEs, known to be elicited by EGF and GHRP6, were reported, the lack of statistical significance of the relative risks associated with total and serious AEs (Table 2) supports the expected safety profile for this therapeutic approach. At the end of the study, the ethical committees and the independent data monitoring committee issued a favorable assessment in terms of the safety of the therapeutic combination under investigation, endorsing the continuity of the clinical development of the project.

The association between increased survival and combined therapy detected in the prespecified analyses (Figure 4A) is further demonstrated when the two treatment groups are merged (Figure 5B). The hazard ratio indicates a 79% decreased risk of death in patients who received the combined therapy. The survival outcome of this study was consistent with the robust preclinical evidence obtained in animal models of acute focal and global brain ischemia (17, 18). This suggests local and systemic cytoprotection induced by EGF+GHRP6 that eventually preserves organs and systems vulnerable to dysautonomies typical of stroke (58–60).

The additional beneficial effect on functional assessments at 90 and 180 days, as evidenced by dichotomous (Figure 3) and ordinal analyses of merged treated groups (Figure 5A), further supports the likely therapeutic effects of this combination therapy.

Considering that examination of the full range of scores has statistical superiority vs. dichotomous analysis (61), ordinal approaches were also performed along with their associated effect size (mean differences and Hedges' g) (Table 4). Our results were consistent across dichotomous and ordinal approaches. The inclusion of effect size analysis not only implies compliance with the CONSORT guidelines (35) but also overcomes the limitations of sample size (62). The moderate to strong effect size of EGF+GHRP6 in the reduction of both stroke severity and resulting disability in treated patients provides additional evidence in favor of this therapeutic approach. Furthermore, the effect size of the mRS at 90 days, which is maintained until 180 days, confirms that the ordinal form of the 3-month mRS correlates better with long-term outcomes (63).

Taking into account that a statistically significant difference is not necessarily translated into a meaningful difference for both patients and clinicians, minimal clinically important differences (MCID) are a better point of reference than the traditional use of statistical significance (64). MCIDs for the NIHSS and mRS scales are 2 points (65) and 1 point (66), respectively. For the Barthel index, an MCID of 1.85 has been reported for a 15-point Likert-type scale (64). By analogy, this may be translated into an MCID of 12.3 change score for the 100-point Barthel index. In this study, the mean differences of NIHSS, Barthel index, and mRS exceeded their respective MCID in the subacute and chronic post-stroke phases (Table 4), showing enhanced outcomes in those patients receiving EGF+GHRP6 therapy. These significant score changes for the three assessment tools are an important finding of this trial as evidence of a real impact on patient perception beyond possible measurement errors (64). The largest MCIDs have such strong evidence that they have been considered the defining criteria for superior clinical trials (67).

In stroke, as in other disabling diseases, the most widely accepted patient-centered outcome measure is utility in terms of the desirability of a specific health outcome to the patient (68). In this study, the effect size of EGF+GHRP6 based on utility-weighted (UW) mRS was relatively large at 3 months and maintained until the last evaluation of the trial (6 months). The analysis of UW-mRS has been a strong recommendation of the Stroke Therapy Academic Industry Roundtable (STAIR) in stroke clinical trials (52), to rate disability outcomes with greater accuracy than unweighted approaches to mRS analysis (69).

An additional feature of UW-mRS is the ability to generate QALYs gained or lost by an intervention or treatment (52). If the current data were reproduced in a study designed for efficacy purposes, our therapeutic approach would confer 0.06 QALYs for every 6 months of survival. The concurrent inclusion of clinically interpretable and reliable mRS along with a contextually appropriate health utility scale allowed us to characterize favorable and meaningful differences in the patient's quality of life (70).

The EGF+GHRP6 combined therapy for stroke was designed to activate a cascade of endogenous neuroprotection mechanisms, including regeneration of adult neural stem cells and repair in the penumbra zone (26–31, 57, 71, 72). The activation of these pathways could explain the clinical (neurological, functional, and survival) outcomes evidenced in this study, which had been previously demonstrated in stroke animal models (17–19). The events induced by both active agents in this combined therapy have a scope that transcends beyond the acute phase of brain infarction (57, 71, 73, 74). The control of infarct core expansion also systemically influences the autonomous functioning of cardiovascular systems, usually affected by stroke (58–60).

The study was limited by a low sample size and a non-blinded design. This could lead to overestimated treatment effects from subjective measures (75). Another important limitation of this study was that imaging could only be used for diagnosis, specifically to rule out the presence of hemorrhagic stroke, and not as an evolutionary parameter together with the clinical outcomes. Additionally, standard therapy did not include thrombolysis, as this treatment is not currently widely available in Cuba for stroke therapy.

Furthermore, the exclusion of patients with NIHSS < 5 and > 20 rendered a more clinically homogeneous population, although the inclusion of only moderately affected patients (median stroke severity of 9) could reduce the discriminative power and the possibility of showing a beneficial effect of any therapy under study, as noted by Ehrenreich et al. (46).

In conclusion, EGF+GHRP6-based therapy is biologically plausible as a therapeutic intervention, given that both serum levels of EGF and insulin-like growth factor-1 (IGF-1) (as the main effect induced by GHRP6) were substantially lower in stroke patients and are determinant factors of ischemic stroke outcomes (76, 77). Thus, this combined therapy could also be considered as a replacement therapy.

For the purposes of stroke interventions, the neuroprotective properties of EGF and GHRP6, in addition to the molecular and cellular events they trigger, suggest a long-term effect, possibly generating trophic effects both in compromised tissue of the ischemic penumbra and in cells with regenerative potential. Intervention with EGF+GHRP6 demonstrates that the treatment is safe and provides encouraging evidence of therapeutic effects. These data provide support for the design of a large pivotal trial, ideally in combination with thrombolytic therapy.



5 Conclusion

Effective neuroprotective therapies remain an unmet clinical and social need, especially for patients not tributary to recanalization options. Advantageously, neuroprotective therapies with a high safety profile could always be combined with recanalization alternatives and even be used in subacute or chronic periods along with and after rehabilitation therapies.

This trial has demonstrated the safety of this combination therapy, and although underpowered, the data demonstrate robust evidence of therapeutic effects, both with respect to functional outcome and survival.
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