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What is drug repositioning?

Developing therapies for rare conditions
Develop advances therapies like gene editing, chaperones, new
molecules,…

Identify new uses for existing drugs

Developing therapies for rare conditions
Develop advances therapies like gene editing, chaperones, new
molecules,…

Of the more than 7,000 recognised rare diseases,
near 400 have licensed therapies.
At the current rate of drug development,
it would take 500 years to get a therapy for all the conditions

Developing therapies for rare conditions
Develop advances therapies like gene editing, chaperones, new
molecules,…

Identify new uses for existing drugs

Is a less sexy way of research in therapies!
No exciting new molecules!

Is fast
Is cheap

Drug repositioning constitutes an alternative and fast approach for the development of therapies
in rare diseases.
The identification of repurposing opportunities can be based on:


Serendipity



Physician’s knowledge on clinical picture and disease progress: Expert driven repurposing



Drug screens

AZATAX
-

Phase II clinical trial to evaluate the effectiveness and
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syndrome in patients with PMM2-CDG deficiency
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Previous evidences

PMM2-CDG: Among the acute neurological complications, stroke-like episodes
(SLEs) are the most frightening events.
The underlying mechanism is unknown.

There are no guidelines on management and prevention.
SLEs may complicate the course of other neurological diseases such as
channelopathies related to familial hemiplegic migraine (FHM) caused by mutations
in CACNA1A coding for the CaV2.1 channel.
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Deficient N-glycosylation of the CaV2.1 channel leads to
dysfunction: too open.

 Similar to those induced by CACNA1A pathogenic variants
linked to FHM (SLE-like events) and ataxia).

Deficient CaV2.1 N-glycosylation may participate in both
cerebellar syndrome and SLEs, in PMM2-CDG patients.
Izquierdo-Serra et al 2018
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In patients with CACNA1A-linked FHM, acetazolamide (AZA) may improve symptoms and prevent recurrence.

NO clinical trials (CT) have been conducted in children.
AZA is a carbonic anhydrase inhibitor that probably changes the intracellular
pH, and thereby the transmembrane potential.

pH

Lower pH values reduce the potassium conductance of the neuron
membrane and have an effect on the inactivation of Ca2+channels.

… which show a gain of function in deficient CaV2.1 N-glycosylation.

Hypothesis
PMM2-CDG
deficiency

AZA

AZA may restore the excitability and resting
activity of neurons (Purkinje cells).

AZATAX
Design of a phase II CT to establish
whether AZA is safe and
whether it has beneficial effects on motor and
cognitive aspects of the cerebellar syndrome
in PMM2-CDG patients.

1

Off label (AZA came into medical use in 1952)
2

Safety
Efficacy
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Phase II Randomized withdrawal
Treatment period: 25 weeks (6 months)
Followed by a randomized withdrawal
phase: 5 weeks

Design & Methods

Dosage and safety protocol
AZA is widely used in pediatrics: diuretic, refractory epilepsy, intracraneal hypertension, glaucoma

Safety was
assessed based
on adverse
events (AEs) &
serious AEs

Clinical laboratory tests
PMM2-CDG = multisystem disorder
Biomarkers at weeks 3, 6, 14, 25, and 30:

Vital signs
Systolic and
diastolic
pressure.
Heart frequency

Outcome measure
1A

The natural history of the cerebellar syndrome in

children with PMM2-CDG assessed through the ICARS

*

showed a mean natural improvement of 2.64 points
per year (standard deviation [SD] 1.97), which is an
improvement of 1.32 points in 6 months.

Responder (at the end of the initial period, 25 weeks, 6 months) =
A patient presenting one of the following:
(1) an improvement of three points compared with basal ICARS or
*
Serrano M et al 2015, Serrano NL et al 2017

p<0.001

(2) for patients with very low ICARS at the beginning (15 points or less), a clinically
relevant improvement, defined as at least 20% compared to basal ICARS.

Other efficacy measures
The Nijmegen Pediatric CDG Rating Scale (NPCRS)
The PATA test, to assess dysarthria: the patient is asked to repeat the syllables “PATA” for 10 seconds in 3
tests
1942, Conrad H Waddington
For quality of life (QoL) assessment, the Neuro-QoL measures (Neuro-QOL Item Bank v1.0) using the
validated translation into Spanish were used
Transferrin glycoforms
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Results

Adverse events & toxicity
The final sample included 9 girls and 15 boys, ranging in age from 5.8 to 20.0 years old (mean 12.3 years, SD 4.5 yr).

No serious AEs were recorded.
During the study, 9 patients showed abnormally low bicarbonate or pH, doses needed
to be changed.

Cholesterol (mg/dL)
[95-201]
Triglycerides(mg/dL)
[40-201]

129.41 (25.65)

122.73 (32.09)

0.804

[-17.61 - 3.79]

-0.279

56.45 (27.97)

46.73 (23.41)

0.055

[-21.21 - 1.73]

-0.367

Thyroid

TSH (mU/L) [0.3-4.5]

1.96 (1.04)

2.27 (0.92)

0.042

[0.04 - 0.57]

0.506

function

T4 (pmol/L) [9.1-25]

12.15 (0.98)

11.87 (1.10)

0.130

[-0.84 - 0.21]

-0.268

T cells (%) [56-84]

70.45 (8.27)

69.35 (13.53)

0.346

[-5.51 - 3.31]

-0.117

B cells (%) [6-23]

15.85 (7.21)

15.50 (12.31)

0.046

[-4.97 - 4.27]

-0.035

CD4 (%) [31-52]

38.10 (9.54)

39.50 (8.71)

0.059

[-0.94 - 3.74]

0.279

CD8 (%) [18-35]

24.95 (7.91)

25.25 (9.30)

0.81

[-1.55 - 2.15]

0.076

Ratio CD4/CD8 [1.1-1.4]

1.78 (1.10)

1.86 (1.15)

0.491

[-0.19 - 0.35]

0.137

Natural killers (%) [3-22]

12.00 (4.66)

12.45 (5.00)

0.637

[-1.10 - 2.00]

0.136

Immunoglobulin M (mg/L)
[400-3450]
Immunoglobulin G (mg/L)
[6500-15000]
Immunoglobulin A (mg/L)
[760-3900]

1121.6 (573.0)

1060.8 (528.5)

0.670

[-235.6 - 114.1]

-0.154

9938.2 (3398.8)

10442.8 (2995.0)

0.394

[-243.9 - 1253.1]

0.299

1745.7 (918.7)

1892.4 (1053.4)

0.016

[-949.5 - 548.2]

-0.119

Prothrombin time (%)
[80-120]

80.99 (17.22)

92.52 (10.16)

0.007

[1.35 - 21.73]

0.530

Coagulation factor IX (%)
[80-120]

93.45 (22.2)

87.52 (16.24)

1.000

[-16.89 - 5.04]

-0.253

Coagulation factor X (%)
[80-120]
Coagulation factor XI (%)
[80-130]
Antithrombin III (%)
[60-120]

80.20 (22.27)

84.01 (18.84)

0.025

[-5.93 - 13.55]

0.183

60.98 (29.01)

61.86 (27.61)

0.074

[-10.80 - 12.56]

0.035

67.40 (23.27)

72.32 (20.62)

0.025

[-2.20-12.05]

0.324

Lipid
metabolism

AZA Safety

White

blood

cells

Immunoglobulins

Coagulation
factors

AZA Efficacy
V0 values
(mean (SD))

V25 values
(mean (SD))

95% CI

Effect
size

P
value

Total ICARS*

40.7 (24.8)

34.9 (23.2)

[-7.60 – -4.02]

-1.477

<0.001

Posture and gait

17.27 (12.7)

15.73 (2.6)

[-2.44 – -0.65]

-0.766

<0.001

Kinetic functions

18.81 (1.0)

15.00 (9.3)

[-5.57 – -2.03]

-0.985

<0.001

Speech abnormalities

3.73 (2.0)

3.41 (2.1)

[-0.53 – -0.11]

-0.667

<0.001

Oculomotor function

1.64 (1.0)

1.55 (0.9)

[-0.39 – 0.21]

-0.133

0.053

NPCRS

16.09 (7.20)

15.13 (7.03)

[-1,61 – -0.30]

-0.629

0.013

PATA rate

18.58 (4.02)

20.34 (4.83)

[0.54 – 2.98]

0.802

0.006

Pediatric Anger

17.73 (7.58)

16.09 (6.85)

[-4.03 – 0.76]

-0.303

0.276

Pediatric Fatigue

15.05 (4.85)

14.59 (5.61)

[-2.36 – 1.45]

-0.106

0.652

ICARS

Higher values, worse QoL

Serum transferrin isoforms
showed no significant
percentage changes.
Neuropsychological evaluation:

1. Improvements in the
conceptual and social domains
of the ABAS-II.
2. Changes in attention:
significant improvement in
sustained attention, evaluated
through the omissions in the
CPT-II.

Mean/%

Positive effect predictors
Positive correlation between ICARS at the baseline evaluation and ICARS improvement
The more severely affected patients improved more (P = 0.035)

Patients with a higher baseline NPCRS improved more (P = 0.001)
Patients with a more pronounced cerebellar atrophy showed greater improvements
(P = 0.002)
As for qualitative variables, the presence of epilepsy predicted greater improvement
in ICARS (effect size 0.77, 95% CI [1.54–10.44]; P = 0.033), and so did the presence of
lipodystrophy (effect size 0.86, 95% CI [1.02–6.98]; P = 0.007).

There was no correlation between improvement and the age at baseline
evaluation, serum transferrin isoforms, attained plasma pH, or bicarbonate levels.

Number of

Predictive

patients

value

Age

12 yrs 4 mo

NO

Gender

9 F / 15 M

NO

Neurological and clinical scores
ICARS

40.7

22/24

P = 0.035

NPCR

16.6

24/24

P = 0.001

MVRD (%)

44.1

21/24

P = 0.002

PATA rate

18.6

15/24

NO

Tetrasialotransferrin (%)

55.7

24/24

NO

Clinical findings and personal history
Typical face*

75.0 %

18/24

NO

Inverted nipples

54.2 %

13/24

NO

Long fingers

62.5 %

15/24

NO

Lipodystrophy

70.3 %

17/24

P = 0.019

Epilepsy

29.2 %

7/24

P = 0.027

Vascular events

8.3 %

2/24

NO

20.8 %

5/24

NO

(hemorrhagic or thrombotic)

Stroke-like episodes
Adverse events

Other findings
No SLEs were registered during the 30 weeks of CT.
Short episodes (<24 hours, hyperthermia, irritability, and somnolence, and without any
explanation other than occasional mild cranial traumatisms). The episodes presented once a
week and were clinically classified as mild SLE. These episodes disappeared
during
the CT.
1942, Conrad
H Waddington
Stereotypies were prevalent in five children, including head rocking, hand flapping, putting hands on the
neck, and sniffing. Parents reported an improvement during the therapy.
One patient had frequent apnea-hyperventilation spells (interfering severely with his ability to maintain
attention). These spells totally disappeared during the therapy and reappeared with the withdrawal.

Other parents- or teacher-reported benefits: Better concentration and school, increased fluency and
clarity of speech.
Improvement in drooling in the only patient who previously drooled, disappearance of aphthae in one
patient, and improved photophobia in another patient.

_
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Withdrawal phase
In the AZA group: 7 patients demonstrated an ICARS improvement,
2 patients remained the same, and 1 patient worsened.
In the withdrawal group, 9 patients worsened and 0 improved
(The other 1 worsened but was assessed by a partial ICARS, not included in statistical studies)

_
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Conclusion

Safety
The first aim of AZATAX was to establish whether AZA is safe in this essentially multisystem
disease. It can be used safely when individual tolerance is taken into account.

1942, Conrad H Waddington

Long-term effects of AZA on kidney function and lithiasis formation should be addressed in
long-term studies (AZA increases calcium in urine and lowers citrate excretion).

However, studies evaluating long-term effectiveness and side effects of AZA in the treatment of refractory epilepsies
have not shown renal calculi formation or any other serious side effects after periods of treatment of up to 14 years
using a similar daily dose.

In addition, the predisposition to osteopenia in PMM2-CDG patients under the effect of a sustained mild
plasma acidosis and increased bone resorption should be also studied.

Efficacy
In 20 out of 23 PMM2-CDG patients, AZA lead to an important improvement in motor cerebellar syndrome
ICARS at V30, after the withdrawal phase, showed deterioration in the group without therapy.

Positive responses were already achieved at 6 weeks (V6) in most responder
patients,
meaning that a 61942, Conrad
H Waddington
week trial may be enough to test whether a patient would benefit from the treatment.

Initial clinical features were identified as positive predictors for response:

1942, Conrad H Waddington



Higher ICARS, higher NPCRS, and greater cerebellar atrophy at the beginning = Severely affected patients improve more
Patients suffering from epilepsy or those showing lipodystrophy, a marker of severity in PMM2-CDG.

Interestingly, clinical improvement was also evident in other scales, such as the NPCRS and the PATA rate, yielding consistency from
our results at different clinical levels.

White

blood

cells

Efficacy (III)
Immunoglobulins

T cells (%) [56-84]

70.45 (8.27)

69.35 (13.53)

0.346

[-5.51 - 3.31]

-0.117

B cells (%) [6-23]

15.85 (7.21)

15.50 (12.31)

0.046

[-4.97 - 4.27]

-0.035

CD4 (%) [31-52]

38.10 (9.54)

39.50 (8.71)

0.059

[-0.94 - 3.74]

0.279

CD8 (%) [18-35]

24.95 (7.91)

25.25 (9.30)

0.81

[-1.55 - 2.15]

0.076

Ratio CD4/CD8 [1.1-1.4]

1.78 (1.10)

1.86 (1.15)

0.491

[-0.19 - 0.35]

0.137

Natural killers (%) [3-22]

12.00 (4.66)

12.45 (5.00)

0.637

[-1.10 - 2.00]

0.136

Immunoglobulin M (mg/L)
[400-3450]
Immunoglobulin G (mg/L)
[6500-15000]
Immunoglobulin A (mg/L)
[760-3900]

1121.6 (573.0)

1060.8 (528.5)

0.670

[-235.6 - 114.1]

-0.154

9938.2 (3398.8)

10442.8 (2995.0)

0.394

[-243.9 - 1253.1]

0.299

AZA treatment significantly increased prothrombin time, coagulation
factor1892.4
X, and
despite
0.016
1745.7 (918.7)
(1053.4)antithrombin,
[-949.5 - 548.2]
-0.119
a decrease in pH.
Prothrombin time (%)
0.007
80.99 (17.22)
92.52 (10.16)
[1.35 - 21.73]
0.530
[80-120]

Coagulation
factors

Coagulation factor IX (%)
[80-120]

93.45 (22.2)

87.52 (16.24)

Coagulation factor X (%)
[80-120]
Coagulation factor XI (%)
[80-130]
Antithrombin III (%)
[60-120]

80.20 (22.27)

1942,
Waddington
0.025 H
84.01 (18.84)Conrad
[-5.93
- 13.55]
0.183

60.98 (29.01)

61.86 (27.61)

0.074

[-10.80 - 12.56]

0.035

67.40 (23.27)

72.32 (20.62)

0.025

[-2.20-12.05]

0.324

1.000

[-16.89 - 5.04]

AZA is a potent antithrombotic in vivo, although the signaling pathway involved might include the
regulation of reactive oxygen species.
However, at the moment, there is no evidence in the literature of the effect found in our CT
More studies and long-term design protocols are needed to confirm and explain the improvement of
some coagulation factors during AZA treatment.

-0.253
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