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Overview

* Four seminal research questions
e Limitations / opportunities

* One practical example

* Conclusion & perspectives
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Natural history studies: four seminal research questions
> 2 9 o

1) Disease awareness: how long does it take to make the
diagnosis?
2) Survival: how long do patients live?

3) Disease outcome: can we identify any factors that are
associated with mild or severe disease ?

— genotypes,
— particular signs/symptomes,
— biomarker?

4) Epidemiology: in order to recruit subjects into clinical
studies: where do patients live?
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Natural history studies: patient population

TABLE 1 Retrospective quantitative natural history modeling: patient population analyzed (N = 8449)

Number of patients (families) available for

quantitative retrospective natural history Estimated prevalence/

Rare disease modeling [N] %~ = 849 incidence'”
Alpha-mannosidosis 111 (82) 0.1/100000 (prevalence)
Farber discasc 96 (81) 06 cascs
Galactosialidosis 142 (123) 100 cascs
Krabbe discasc 24% (198) 1.0/ 100000 (prevalence)
Molybdenum cofactor 82 (/7) Unknown

deficiency
Mucopolysaccharidosis type 53 (49) 0.1/100000 (prevalence)

VIl
Sialic acid storage disorder 116 (94) 130 cascs

Recelved: 17 February 2020 | Revised: 5 August 2020 | Accepted: 25 August 2020
DOL: 10.1002/jirmd. 12304
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Methods

https://www.madiba.de/blog/die-endlose-namib-aelteste-wueste-der-welt/
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Methods

PmeEd.gﬂu
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b years

10 years
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Species
Humans
Other Animals

Clear all

Show additional filters

| PubMed v| |galactosialidosis |
Create R55 Create alert  Advanced
clear Format: Summary ~ Sort by: Publication Date ~ Per page: 20 - Send to -

Best matches for galactosialidosis:

Galactosialidosis: historic aspects and overview of investigated and emerging treaiment options.
Annunziata | et al. Expert Opin Orphan Drugs. (2017)

Galactosialidosis in a Newborn with a Novel Mutation in the <i=CTS5A</1= Gene Presenting with
Transient Hy perparathyroidism.

E O M.D et al Balkan J Med Genet. (2017)

Chemical chaperone treatment for galactosialidosis: Effect of NOEV on pB-galactosidase activities
in fibroblasts.

Hossain MA et al. Brain Dev. (2016)

Switch to our new best match sort order

Search results
Items: 1 to 20 of 66 Page [1 |of4 MNext> Last=>

o Filters activated: Case Reports. Clear all to show 233 items.

[] New CTSA mutation in early infantile galactosialidosis.

1.

Aldamiz-Echevarria L, Couce ML, Villate O, Fernandez-Marmiesse A, Pifian MA.
Pediatr Int. 2018 Auwg;60{3).761-762. doi: 10.1111/ped.13604. Epub 2013 Jul 10. Mo abstract available.

PMID: 29937836
Similar articles




Disease awareness: how long does it take to

make the diaghosis?

* Age of onset and diagnostic delay
(interval between age at onset of
first signs or symptoms and the age
at diagnosis) can provide insight
into disease awareness in the
medical community. In this
example, 49 patients with
molybdenum cofactor deficiency
are shown. Horizontal lines
indicate the median. The slope of
the connecting lines represent the
diagnostic delay in each patient
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01F

1 day

0.01 | L L
Age of onset Age at diagnosis

Figure 3 Age at onset (in months) of molybdenum cofactor deficiency
and age at diagnosis. Data were available for n = 49 patients. Horizontal
lines indicate the median. The slopes of the connecting lines represent the
diagnostic delay between onset of the disease and making the diagnosis.

Mechler et al., Genetics in Medicine 2015
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Survival: how long do patients live?

e Survival analysis is helpful for
clinical counseling of afflicted
families and informs planning of
future therapeutic trials. The
impact of clinical subtype on
survival: this example shows the
estimated survival distribution
in galactosialidosis (GS) patients
(N =111) by clinical subtype.
Median survival for early
infantile (El) was 6 months. El
patients N = 27, late infantile (LI)
patients N = 27, juvenile/adult
(J/A) patients N =57

Proportion of patients alive
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Slama et al., J Inherit Metab Dis 2019
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Can genotype predict mild or severe disease

Product-limit survival estimate
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0.0203, Log-rank test).

[ Classification of Mutation
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Hinderhofer and Mechler et al., J Inherit Metab Dis 2017
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Can biomarkers predict
mild or severe disease ?

e Biomarker-phenotype association, in this case in
Krabbe disease. Elevated CSF protein which
probably indicates a disruption of the blood-
brain barrier in this neurogenerative condition
was associated with earlier onset of disease and
shorter survival. Again, threshold of CSF protein
concentration separating the two survival
groups (b) was modeled by unbiased recursive
partitioning.

Komatsuzaki and Zielonka et al., Genetics in Medicine 2019
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Can biomarkers predict mild or severe disease ?

Biomarkers of substrate storage a b

can be associated with mild or ] e A i e

severe disease outcome. In this 2% £

example, the overall estimated %‘”" %“'6‘

survival distribution of the study § 04 go4

population of individuals with sialic oz §0.2—

acid storage disease is shown in 00 00

(a). Patients with a higher I pgo s yors ® 4 oo AgJ:inmED =

excretion of storage material (i.e., c

urinary sialic acid (b) and fibroblast = §i ot = Tamb bt on ot )

sialic acid (c)) - which indicates a EM

higher biochemical disease burden £°°]

- lived significantly shorter than ; 041

patients with lower urinary sialic £ 02

acid excretion or lower fibroblast o0l -

sialic acid storage. The threshold of O ey

sialic acid concentrations in urine D o8 Come btk v b e e e S o SASH s i oy st o s S
(d) and fibroblasts which separates Foaank 165 p<0.001 ¢ stmated sunhel Ao on for SASD et wilh Fracelar storage of fee s acd above 7.57-1old (v 37, blck )
the response Varlable (i.e. SUI"VIV3|) :?edr:?i‘gdo\;,ietiu,:lfij iz;izr\:nﬁft:g{n;a\:cg?;‘lrils (N =9, gray line). Intracellular free sialic acid storage was measured in fibroblasts. Censored individuals

in two groups was determined by

unbiased recursive partitioning. Zielonka et al, Genetics in Medicine 2019
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Are there distinct disease subtypes or is there a
continuous spectrum of phenotype

. A cluster analysis allows the
determination whether there exist
distinct disease subtypes or
whether, instead, thereis a
continuous spectrum of
phenotype.

. The dendrogram (A) shows clinical
symptom clustering in Farber
disease. Relative frequency of
symptoms per group is depicted in
(B). Groups 1 and 2 exhibit similar
generalized disease features, with
more frequent phenotypical
manifestations in group 1 thanin
group 2. Group 3 appeared more
exclusive, with epilepsy and
amyotrophy. There was no clear-
cut exclusive delineation of
phenotypical features across
patients with Farber disease

!

Dendrogram of clustered pasents
a Agglomecative coefficient: 0.91
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Figure 4 Oinicadl featue dustening of patients with Farber disease. (a) Dendrogam: dinical sympom custering. Eadh number indicates assgnment 10
a specfic grow. Analsis was perfommed using a Ward fusion algonthm. (b) Relative frequency of sympons per growp. Growps 1 and 2 exhitet smilar
generadized dsease features, with more frequent phenotypical manifestations in growp 1 than in graup 2. Group 3 appeared more exclusve, with
eplepsy and amyotroghy. There was no dear-cut exdusive delneation of phenotypical faatures acrass patients.



Study recruitment: geographical distribution

*  The knowledge of the
geographical distribution
patients with ophan
disorders can help
recruiting subject into
clinical studies. In this
example, the countries of
origin of patients with
galactosialidosis (GS) are
shown. Blue scale
indicates the number of
identified patients with GS
per country. Dark blue
represents 1to 10 S
patients; medium blue 20 g™
to 40 patients; light blue
represents more than 50
patients.
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Slama et al., J Inherit Metab Dis 2019
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Limitations / Opportunities

e Survival data may be in part historic and may change over
time which may go into both directions: improved supportive
medical care would prolong life whereas a more palliative,
medically less aggressive approach centered on quality of life
may decrease survival time

 Method can detect the changing publication pattern over
time.

* Epidemiological data on geographic distribution of patients
may be of help in identifying study centers for future clinical
research.
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Limitations / Opportunities

* Classification of disease subtypes may vary across case
reports in the same disease -> transparent and careful
reclassification

e Case reports often focus on a specific aspect of the particular
disease. Therefore, standardized quantitative descriptions of
softer variables (e.g., quality of life, development of motor,
speech or cognitive functions, seizures, joint mobility, skin
nodules, etc.) are subject to ascertainment bias and missing
data.

* Published laboratory data — which were not analyzed in a
central laboratory - will have to be pooled in order to allow
some comparative analyses which introduce statistical noise.

UK
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Limitations/opportunities: comparison of
natural history study methods

TABLE 2 Comparison of advantages and limitations of methods to quantitate natural histories of ultra- orphan conditions (adapted

from Reference 28)

(Juantitative retrospective
natural history modeling

Prospective natural history study

Retrospective natural history
study (eg, chart review)

Time-to-availability of hard

endpoints (in particular
survival)

Fast @
Very long ®

Intermediate

Ability to define softer
clinical endpoints

Difficult ®
Easy @

Difficult

Ability to define
biomarkers

Difficult

Easy
Difficult

Logistic
burden

v 4
Very high ®

Intermediate

Note: Seminal rescarch questions include: (a) Disease awareness: how long does it take to make the diagnosis? (b) Survival: how long do
paticnts live? (c) Disease outcome: can we identify any factors that are associated with mild or severe discase (cg, genotypes, particular signs/
symptoms, biomarker)? (d) Epidemiology: in order to recruit subjects into clinical studies: where do patients live?
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FDA NEWS RELEASE

FDA Approves First Treatment for Molybdenur
. Cofactor Deficiency Type A
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Critical appraisal of genotype assessment in molybdenum
cofactor deficiency
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Product-Limit Survival Estimates

Discussion The severity of the genotype assessed by in silico
prediction and further classification explained survival in mo-
lybdenum cofactor deficiency and may therefore be consid-
ered a confounder for the outcome of therapeutic clinical trials
—_————— requiring adjustment in the clinical trial design or analysis.
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Figure 5. KM Survival Curves of the Treated Versus Untreated Groups (GMAS)
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Milestones of MoCD type A drug development

FDA approval 2021

Hinderhofer and Mechler et al., 2017
Genotype stratification as clinical-
regulatory strategy for drug approval
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Conclusion

* Quantitative retrospective history modeling can provide fast
information on hard clinical endpoints (i.e., survival,
diagnostic delay) with a lower logistic burden.

* The choice of method to quantitate the natural history of a
disease, e.g. within a particular drug development program,
may be driven by the research question in the particular
condition (e.g., organ manifestation, disease progression,
nature of endpoints, and the feasibility of assessment) and
may encompass a combinatory approach which includes
qguantitative natural history modeling based on published
cases
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Perspectives

* Expansion of the method into epilepsy genetics

— Schroter J, Doring JH, Garbade SF, Hoffmann GF, Kolker S, Ries M*, Syrbe S*.
Cross-sectional quantitative analysis of the natural history of TUBA1A and
TUBB2B tubulinopathies. Genet Med. 2021 Mar;23(3):516-523.

— A. Saffari A, Schroter J, Garbade S, Alecu JE, Ebrahimi-Fakhari D, Hoffmann GF,
Kblker S, Ries M*, Syrbe S*. Quantitative retrospective natural history
modeling of WDR45-related developmental and epileptic encephalopathy.
Autophagy, 2021 Nov 24:1-13

— Ongoing projects
e CDKL5
* Menke’s disease
* hemiconvulsion-hemiplegia-epilepsy syndrome
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