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Una historia de investigación traslacional en cerebroprotección: 
de los estudios preclínicos a los ensayos clínicos



1. Identify the problem: STROKE

2. Study the problem in depth

3. Generate new ideas – hypothesis and results

4. Contrast my hypothesis - safety and efficacy studies

4.1 Non-regulatory animal studies

4.2 Funding and intellectual property 

4.3 Regulatory animal studies

4.4 Clinical trials

What do we need to develop a pharmacological treatment?



2. Study the problem in depth

Thrombolysis
(t-PA)

Endovascular thrombectomy

Therapeutic window Limitations

0 - 4.5 hours

0 – 24 hours

• Large vessel occlusion
• Qualif interventional neuroradiologist
• High cost infrastructure

(Henderson, Weitz & Yim, 2018)

• Hemorrhagic Transformation (HT)
• Low recanalization rates (<50%)

(Joung-Ho & Jeffrey, 2007)

ISCHEMIC STROKE TREATMENT
Cerebral Perfusion



Innate immunity (TLR4)
is involved in the evolution of stroke 

3. Generate new ideas – HYPOTHESIS



3. Generate new ideas – RESULTS



TLR4 in circulating monocytes 
participates in acute damage after 

stroke in patients

3. Generate new ideas – RESULTS



HAEMORRHAGIC
TRANSFORMATION

HI: hemorrhagic infarction
PH: parenchymal hemorrhage

3. Generate new ideas – RESULTS
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control t-PA DNase-I

NETs are involved in thrombus formation in 
human stroke and may account for t-PA 

resistance 

Response to DNAse depends on platelet 
(CD41) content



TLR4

Brain damage
Hemorrhagic

Transformation
t-PA resistance and NETs

APTAMER



Biopharmaceutical Focused on the development of 
therapeutic aptamers



4.1 Non-regulatory animal studies





European Stroke Conference 2021



Non-Regulatory 
Preclinical

Regulatory 
Preclinical

Clinical Trials
Phase-I

2005....                  2017                     2019                 2020                     2021                    2022

Clinical Trials
Phase-IIa

No preclinical
safety

Safety issues in 
healthy 

volunteers

No signs of 
clinical efficacy

¿?

Investment

Valorization of the molecule

500K +2.0 M
+2.5 M

+5.0 M
€€€

1-5 M
10 M

+100 M????

Non-real amounts



4.2 FUNDING and intellectual property

International

- Venture capital
BioPharma
General

- Business angels
- FF

One-to-one partnering meetings (30-min): 
funds, venture capital, pharma industry, 
providers, CROs, consultants, recruiters, 
vendors, universities… everyone is there.

Local

Investor’s roadshow takes 
time (>1-2 yrs!!!!)

Public and Private 
funding

CROs: Contract Research Organization
CMOs: Contract Manufacturing Organization



4.2 Funding and intellectual property



4.3 Regulatory animal studies

Non-Regulatory 
Preclinical

Regulatory 
Preclinical

Clinical Trials
Phase-I

Clinical Trials
Phase-IIa

Regulatory preclinical studies 
• Pharmacokinetics 
• Safety/toxicology: identification of safe starting 

dose and dose-escalation in humans
• Rodent and gyrencephalic species

In vitro pharmacodynamics: receptor 
binding, affinity, antagonistic activity, 

etc…

In vivo pharmacodynamics: efficacy in 
stroke animal models, dose-response, 
administration regimen, therapeutic 

window, long-term efficacy, etc…

In vitro approaches: half-life in 
presence of nucleases, half-life in 

plasma ex-vivo, etc…

In vivo pharmacokinetics: distribution
of drug in target organs (brain), half-life

in plasma, tissue distribution, PK 
parameters, etc…

In vitro toxicology: cell toxicity assays

In vivo toxicology: toxicokinetics, 
histopathology, immunotoxicity, CNS 

respiratory and cardiovascular toxicity, 
genotoxicity, etc…

Pharmacodynamics Pharmacokinetics Toxicity



4.4 Clinical trials

Non-Regulatory 
Preclinical

Regulatory 
Preclinical

Clinical Trials
Phase-I

2005....                           2017                        2019                     2020                     2021        2022

Clinical Trials
Phase-IIa

Safety issues in 
healthy

volunteers

No signs of 
clinical efficacy

¿?

Regulatory Agencies: 
AEMPS, EMA, FDA



1. Cmax increases with dose in the 
first levels but remains stable 

thereafter

2. Half-life = 9.3h

3. No accumulation after multiple 
doses

PHARMACOKINETICS

1. No AEs or SAEs attributable to 
ApTOLL administration

2. No clinically significant laboratory, 
vital signs or ECGs findings related 

to ApTOLL injection

3. Safety profile confirmed both in 
part A and in part B  

SAFETY



Non-Regulatory 
Preclinical

Regulatory 
Preclinical

Clinical Trials
Phase-I

2005....                          2017                        2019                     2020                     2021         2022

Clinical Trials
Phase-IIa

No signs of
clinical efficacy

¿?

4.4 Clinical trials



tPA or not tPA?
Thrombectomy?

Time 
window?

Biomarkers?

Age?

Hospitals?

National or 
international?

Staff
Endpoints?

Male? 
Female?

Number of 
doses



APRIL TRIAL design

Predicted final infarct according to admission CBF<30% 5-70 ml

Imaging selection criteria

x x



LVO (TICA, M1, M2) 
within 6h of onset 
Baseline mRS 0-2

Presentation NIHSS ≥ 8 and ≤ 25

Excluded:
ASPECS < 6 or Infarct core 

volume ≤ 5 and ≥ 70cc 

APRIL trial

Endovascular 
Thrombectomy + ApTOLL

Endovascular 
Thrombectomy + Placebo

Randomized to

Receive CT/CTA/CTP or MRI
CT (ASPECTS 6 – 10)

Perfusion Imaging (Infarct core volume 5-
70cc (CBF<30% or DWI))

Candidate to thrombectomy

Enrollment period:
July 2020 to April 2022

Study conducted in 14 centers
11 centers in Spain
3 centers in FranceStudy drug administered as 30 min iv. infusion, initiated before groin

puncture. 



A Double Blind, Placebo-Controlled, Randomized, Phase Ib/IIa Clinical Study of 
ApTOLL for the Treatment of Acute Ischemic Stroke (NCT04734548)

Primary objective: evaluate safety and
pharmacokinetics of ApTOLL based on:
• Death
• Symptomatic intracranial hemorrhage
• Malignant stroke
• Recurrent stroke

Secondary efficacy objectives:
• Final infarct volume (MRI at 72 hours)
• National Institutes of Health Stroke Scale

Score (NIHSS) at 72 hours
• Disability at 90 days (modified Rankin

Score [mRS])

Phase Ib

0.025mg/kg                       0.05mg/kg 0.1mg/kg 0.2mg/kg

D4

D4-P

D1

D1-P

D3

D3-P

D2

D2-P

Phase IIa

0.05 mg/kg x36

x36

Placebo x47

0.2 mg/kg

x42 (+6PhIb)

x55 (+8PhIb)

x42 (+6PhIb)

DSMB
Selected
2 doses
(1:1:√2)



Primary endpoints: safety and pharmacokinetics

Placebo 0.05mg/kg 0.2mg/kg 
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Secondary endpoints

Baseline 72h
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Percentage

0.2mg/kg

Placebo

Secondary endpoints

mRS shift analysis:
Common OR: 2.5



CONCLUSION

In acute ischemic stroke, 0.2mg/kg of ApTOLL administered within 6h of
onset, in combination with EVT, was safe and associated with a
potential meaningful clinical effect reducing mortality and disability at
90 days as compared to placebo

These preliminary findings await confirmation from a larger pivotal trial
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