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Symposium agenda

Presentation topic Time Speaker 

Welcome 2 min Bassem Yamout (Chair)

Immune reconstitution therapies in MS treatment 5 min Bassem Yamout

Durable efficacy of B - and T - cell targeting IRT: 

focus on Cladribine Tablets
10 min Gavin Giovannoni

Safety profile of IRT: what did we learn from 

Cladribine Tablets?
10 min Nikolaos Grigoriadis

Does the selectivity of Cladribine Tablets explain 

the long - term clinical outcomes? 
15 min Gavin Giovannoni

Concluding remarks 5 min Gavin Giovannoni
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Understanding the pathophysiology of RMS is essential to optimize 
decision - making

Graphic based on illustrations in: Li R et al. Front Immunol 2016;6:626; Michel L et al. Front Immunol 2015;6:636; Baker D et al . EBioMedicine 2017;16:41 ï50; 
Bittner S et al. Ther Adv Neurol Disord 2017;10:51 ï6; Jelcic I et al. Cell 2018;175:85 ï100 

RMS, relapsing MS; Th, T helper cell
1. Michel L et al. Front Immunol 2015;6:636; 2. Li R et al. Front Immunol 2016;6:626; 3. Bittner S et al. Ther Adv Neurol Dis ord 2017;10:51 ï6; 4. Baker D et al. EBioMedicine 
2017;16:41 ï50; 5. Jelcic I et al. Cell 2018;175:85 ï100 

B and T cells both play critical roles in the pathophysiology of MS 1ï5
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Multiple factors exist in a complex web of relationships, which complicates 
the management of RMS

MoA, mechanism of action; RMS, relapsing MS
1. Marrie RA. Nat Rev Neurol 2017;13:375 ï82; 2. Riñon A et al. Patient Prefer Adherence 2011;5:629 ï43; 3. Torkildsen Ø et al. Eur J Neurol 2015;23:18 ï27; 
4. Giovannoni G. Neurotherapeutics 2017;14:874 ï87; 5. Remington G et al. Int J MS Care 2013;15:36 ï45; 6. Coleman CI et al. J Man ag Care Pharm 2012;18:527 ï39; 
7. Utz KS et al. Ther Adv Neurol Disord 2014;7:263 ï75; 8. Correale J et al. Ann Neurol 2012;72:682 ï94 

MoA may be related
to dosing regimen 4

Dosing regimen may affect 
adherence and persistence 5

MoA is related to type and 
severity of side effects 3

Patient preference for 
administration mode

may affect adherence 6,7

Low adherence may 
impact efficacy 2

Comorbidity is associated with severity 
of disability at diagnosis 1

Increased disease activity
observed after assisted 

reproductive treatment 8
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Currently, most MS DMDs can be classified as maintenance therapies given 
how they are utilized

Modulation of one or more
immune functions

Inhibition or reduction of one
or more immune functions

MAINTENANCE THERAPIES

Continuous administration 1ï3

Clinical efficacy tightly linked to the period of dosing 1ï3

Disease activity anticipated to recur
on treatment discontinuation 1ï3

Immunomodulation 4 Immunosuppression 5

DMD, disease -modifying drug
1. Pardo G, Jones DE. J Neurol 2017;264:2351 ï74 ; 2. Giovannoni G. Curr Opin Neurol 2018;31:233 ï43; 3. Wiendl H. Nat Rev Neurol 2017;3:573 ï4; 
4. Finkelsztejn A. Perspect Medicin Chem 2014;6:65 ï72; 5. Kovarik J. Pathobiology 2013;80:275 ï81 
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1. Winkelmann A et al. Clin Exp Immunol 2014;175:425 ï38; 2. Dendrou CA et al. Nat Rev Immunol 2015;15:545 ï58; 3. Nath A, Berger JR. Curr Treat Options Neurol 
2012;14:241 ï55; 4. Stokmaier D et al. EAN 2018 [POD399]; 5. Pakpoor J et al. Neurol Neuroimmunol Neuroinflamm 2015;2:e158

Potential risks of continuous immunosuppression 1ï4

The immune 
system defends 

against infections 
and tumours

Neutrophil deficits

T- cell or monocyte 
abnormalities

Humoral immunity 
disorders

Bacteria, fungi

Bacteria, parasites, 
viruses, fungi

Bacteria

Immunosuppression increases infection risk

Some lymphocyte - targeting therapies are associated with an increased risk of 
malignancy, which varies between therapies and individual studies 2,5

Immunosuppression may decrease efficacy of vaccines 4

Continual B - cell 
suppression

Decreased humoral 
response to vaccination
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1. Pardo G et al. J Neurol 2017;264:2351 ï74; 2. Giovannoni G. Curr Opin Neurol 2018;31:233 ï43; 3. Finkelsztejn A. Perspect Medic in Chem 2014;6:65 ï72; 
4. Kovarik J. Pathobiology 2013;80:275 ï81; 5. Havrdova E et al. Neurology 2017;89:1107 ï16; 6. Giovannoni G et al. Mult Scler 201 7; 1 August [Epub ahead of print]. 
doi: 10.1177/1352458517727603; 7. Hamidi V et al. J Clin Med Res 2018;10:88 ï105; 8. Sørensen PS et al. ACTRIMS 2018 [P084]; 9. B aker D et al. J Neurol 
Neuroimmunol Neuroinflamm 2017;4:e360

Immune reconstitution therapies can expand MS management strategies 
beyond continuous immunosuppression or immunomodulation

MAINTENANCE THERAPIES

Continuous administration 1,2

Clinical efficacy tightly linked 
to the period of dosing 1,2

Immunomodulation 3 Immunosuppression 4

IMMUNE RECONSTITUTION
THERAPIES

Clinical efficacy that extends well
beyond the dosing period 6,7

Non - continuous administration 5,6

Transient immunosuppression
followed by immune reconstitution 8,9
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Å By definition, an IRT is given as a 
short course and not continuously 1

Å Clinical efficacy that extends well
beyond the dosing period 2

Å IRT may have the ability to induce 
remission 1

Å Additional courses of the therapy are 
only given if there is a recurrence 
of inflammatory activity a,1

IRT represents a treatment approach that is conceptually different from 
that of maintenance therapies

aIn MS, inflammatory activity typically refers to clinical relapses and/or focal MRI activity (new T2 lesions and/or Gd+ lesio ns)
IRT, immune reconstitution therapy
1. Giovannoni G. Curr Opin Neurol 2018;31:233 ï43; 2. Havrdova E et al. Neurology 2017;89:1107 ï16 

RECONSTITUTION

Long - term 
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Long - term 
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efficacy
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IRTs may produce long - term qualitative changes 
in immune function

IRTs lead to transient immunosuppression 
followed by immune reconstitution 6,7

DMD, disease -modifying drug; IRT, immune reconstitution therapy
1. Pardo G, Jones DE. J Neurol 2017;264:2351 ï74; 2. Giovannoni G. Curr Opin Neurol 2018;31:233 ï43; 3. Wiendl H. Nat Rev Neurol 2017;3:573 ï4; 
4. Havrdova E et al. Neurology 2017;89:1107 ï16; 5. Hamidi V et al. J Clin Med Res 2018;10:88 ï105 ; 6. Sørensen PS et al. ACTRIMS 2018 [P084] ; 
7. Baker D et al. Neurol Neuroimmunol Neuroinflamm 2017;4:e360 

Summary

Most DMDs can be classified as maintenance therapies

IRTs require non -continuous administration and have 
clinical efficacy extending beyond the dosing period 4,5

Clinical efficacy linked to continuous administration; anticipated 
recurrence of disease activity on treatment discontinuation 1ï3
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Cladribine Tablets are administered as two courses separated 
by 1 year (a maximum of 20 days of treatment) a,b,2

16

Cladribine Tablets have achieved regulatory approval in 41 countries 
to date and been filed for FDA approval a,1

No further treatment with 
Cladribine Tablets required

Indication: 
Cladribine Tablets 

is indicated for 
the treatment of 

adult patients with 
highly active RMS, as 
defined by clinical or 

imaging features 2

aBased on EU SmPC, for local guidance please refer to country -specific SmPC; bThe recommended cumulative dose of MAVENCLAD ® is 3.5 mg/kg body weight over 2 
years, administered as one treatment course of 1.75 mg/kg per year. Each treatment course consists of two treatment weeks, on e a t the beginning of the first month 
and one at the beginning of the second month of the respective treatment year. Each treatment week consists of 4 or 5 days on wh ich a patient receives 10 mg or 
20 mg (one or two tablets) as a single daily dose, depending on body weight . RMS, relapsing MS
1. Cladribine Tablets FDA filing press release by Merck, url available on request [Accessed October 2018]; 2. MAVENCLAD® EU SmPC, July 2018

Month 1 Month 2

4ï5 days
treatment 

4ï5 days
treatment 

Month 1 Month 2

4ï5 days
treatment 

4ï5 days
treatment 

Illustrative representation of dosing. On treatment days, patient receives one or two 
tablets as a single daily dose, depending on body weight. 



Patients who received Cladribine Tablets 5.25 mg/kg in CLARITY were also investigated but are not shown here
aCLARITY EXT was initiated after 723 of the subjects enrolled in CLARITY (54%) had completed that trial, resulting in a bridgi ng period in prospective data collection of varying 
length between these subjectsô final visits in CLARITY and their first visits in CLARITY EXT. The bridging interval length for e ach patient varied due to administrative reasons 
(median bridging interval length 41 weeks); bDue to a protocol amendment, some patients experienced a delay before entering the SUPF after CLARITY EXT; c7.0 mg/kg is not 
an approved dose. The recommended cumulative dose of MAVENCLAD ® is 3.5 mg/kg body weight over 2 years. No further treatment is required in Years 3 and 4. 
AE, adverse event; ARR, annualized relapse rate; CC, Cladribine Tablets 3.5 mg/kg in CLARITY, Cladribine Tablets 3.5 mg/kg in CLARITY EXT; CP, Cladribine Tablets 3.5 mg/kg 
in CLARITY, placebo in CLARITY EXT; PC, placebo in CLARITY, Cladribine Tablets 3.5 mg/kg in CLARITY EXT; SAE, serious AE; SUP F, supplementary follow -up
1. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 2. Giovannoni G et al. Mult Scler 2017;August 1 [Epub ahead of print]. doi:10.1177/1352458517727603

The safety and efficacy of Cladribine Tablets were further examined in 
CLARITY EXT

CLARITY 1

Placebo

n=437

n=433

CLARITY 
EXT 2

Total dose

7.0 mg/kg c

CC (n=186)

3.5 mg/kg
CP (n=98)

3.5 mg/kg
PC (n=244)

Year 2:
2nd 48 weeks

6-month 
SUPFb

Year 1: 
1st 48 weeks

2 - year extension

Year 2:
2nd 48 weeks

Year 1: 
1st 48 weeks

2 - year double - blind period

Cladribine 
Tablets 

3.5 mg/kg

Bridging 
interval a

Placebo

Cladribine 
Tablets 

3.5 mg/kg

Cladribine 
Tablets 

3.5 mg/kg

1184 patients completed 
the 2 -year CLARITY study: 2

380 (placebo)

398 (Cladribine Tablets 
3.5 mg/kg)

867/1184 (73%) 
patients enrolled in 

CLARITY EXT 2

Primary endpoints

CLARITY 1

ARR at Year 2

CLARITY EXT 2

ÅAEs/SAEs

ÅGrade 3/4 
lymphopenia and 
time to recovery

ÅRates of herpes 
zoster and 
malignancies

Approved dose:                
3.5 mg/kg

17
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Consistently high efficacy across clinical and radiological endpoints 
observed in patients treated with Cladribine Tablets vs placebo at 2 years

aA relapse was defined as an increase of two points in at least one functional system of the EDSS or an increase of one point in at least two functional systems (excluding changes in 
bowel or bladder function or cognition) in the absence of fever, lasting for at least 24 hours and to have been preceded by a t l east 30 days of clinical stability or improvement; 
bConfirmed EDSS progression over 2 years; cNew or enlarging lesions
ARR, annualized relapse rate; CDP, confirmed disability progression; CI, confidence interval; HR, hazard ratio; RR, relative ris k
1. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 2. Schippling S et al. ECTRIMS 2018 [P549]; 3. Cook S et al. AAN 2016 [P3.058]

Cladribine Tablets (n=433): 0.14 
vs placebo (n=437): 0.33

(RR 0.42; 95% CI 0.34, 0.53)

Cladribine Tablets (n=433)
vs placebo (n=437);

(HR 0.53; 95% CI 0.36, 0.79)

Cladribine Tablets (n=433): 0.12 
vs placebo (n=437): 0.91

Cladribine Tablets (n=433): 0.38 
vs placebo (n=437): 1.43

Post hoc analysis

p=0.0016

Primary endpoint

p<0.001

Secondary endpoint

p<0.001

Secondary endpoint

p<0.001

Reduction in 
ARR 1,2,a

Reduction in 
6 - month 

CDP 3,b

Reduction in 
T1 Gd+ 
lesions 1

Reduction in 
T2 lesions 1,c

CLARITY
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Clinical efficacy of Cladribine Tablets was observed as early as 24 weeks
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Number of 
patients 
with relapse

Qualifying relapse rates a

aQualifying relapses as defined by Kurtzke Functional Score status and specified clinical parameters 
Schippling S et al. ECTRIMS 2018 [P549]

Placebo (n=437)

Cladribine Tablets 3.5 mg/kg 
(n=433)

24 weeks 48 weeks 96 weeks

75 34 111 60 165 85

RR=0.41
95% CI 0.27, 0.61

p<0.0001

RR=0.46
95% CI 0.34, 0.61

p<0.0001

RR=0.42
95% CI 0.34, 0.53

p<0.0001
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Lower proportion of patients needed corticosteroid treatment during 
treatment with Cladribine Tablets vs placebo ( post hoc analyses)

aQualifying relapses as defined by Kurtzke Functional Score status and specified clinical parameters 
CI, confidence interval; OR, odds ratio; RR, relative risk
1. Ali S et al. Clin Drug Investig 2012;32:15 ï27; 2. Schippling S et al. ECTRIMS 2018 [P549]

Patients receiving corticosteroids for 
relapses during CLARITY (%) 1

CLARITY

OR=0.34
95% CI 0.26, 0.46

p<0.001

46%

23%

0%
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40%

50%

Placebo
(n=437)

Cladribine Tablets 
3.5 mg/kg (n=433)

P
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n

ts
 (

%
)

66%

Risk of qualifying relapse with 
Cladribine Tablets a,2

Overall 
risk 95% CI 0.34, 0.53

p<0.0001

Relapses 
leading to 

hospitalization
95% CI 0.29, 0.57

p<0.0001

Relapses 
leading to 

steroid 
treatment

95% CI 0.32, 0.53

p<0.0001

Figure developed from Ali S et al. Clin Drug Investig 2012;32:15 ï27

85/433 
patients 
relapsed
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Consistent treatment effects of Cladribine Tablets vs placebo in patients 
with high disease activity ( post hoc analyses) a

aAll high disease activity analyses were post hoc upon specific request from EMA and not prespecified; no multiplicity adjustments were done to the resulting p -values; 
bConfirmed EDSS progression over 2 years. ARR, annualized relapse rate; CDP, confirmed disease progression; CI, confidence interval; DAT, disease activity on treatment; 
DMD, disease -modifying drug; HR, hazard ratio; HRA, high relapse activity; RR, relative risk
1. Giovannoni G et al. Mult Scler J 2018 doi:10.1177/1352458518771875 p 1 ï9; 2. Giovannoni G et al. Mult Scler J 2018 doi:10.1177/1352458518771875 p 1 ï9 Supplemental information

DAT

Patients with one relapse in the previous year and at 
least one T1 Gd+ lesion or nine or more T2 lesions, 

while on therapy with other DMDs 

HRA

Patients with two or more relapses in 
the previous year, whether on DMD 

treatment or not

or

RR vs placebo: 0.33
95% CI 0.23, 0.48

n=289

HR vs placebo: 0.18
95% CI 0.07, 0.43

n=289

RR vs placebo: 0.077
95% CI 0.046, 0.128

n=281

RR vs placebo: 0.254
95% CI 0.178, 0.363

n=281

HRA+DAT HRA+DAT HRA+DAT HRA+DAT

Reduction in 
ARR

Reduction in 
6 - month CDP b

Reduction in 
T1 Gd+ lesions

Reduction in 
T2 lesions

CLARITY

High disease
activity was
defined as:
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n=330n=319 n=103n=118

0.37
(0.32 0.43)

0.28
(0.21, 0.36)

0.15
(0.12, 0.18)

0.14
(0.09, 0.20)

CI, confidence interval; RR, relative risk
Giovannoni G et al. ECTRIMS 2018 [P1204]

Improvement in 
both age groups 
was also observed 

for the MRI 
outcomes50%

61%

Cladribine Tablets was clinically efficacious in both younger (Ò45 years) 
and older (>45 years) patients ( post hoc exploratory analysis)

Placebo Cladribine Tablets 3.5 mg/kg

CLARITY

Figure adapted from Giovannoni G et al. ECTRIMS 2018 [P1204]

p=0.0040

p<0.0001
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In CLARITY and ONWARD a (pooled analysis), Cladribine Tablets improved 
relapse outcomes vs placebo in both EDSS subgroups ( post hoc analysis)

aIn ONWARD, a Phase II randomized, double -blind, placebo -controlled study, all patients received IFN ȁ-1a plus Cladribine Tablets or placebo; efficacy was explored as secondary endpoint. 
The combination therapy of Cladribine Tablets + IFN ȁ-1a is not approved and not recommended. 2 ARR, annualized relapse rate; CI, confidence interval; HR, hazard ratio; RR, risk ratio
1. Giovannoni G et al. EAN 2018 [EPR1099]; 2. MAVENCLAD ® EU SmPC, July 2018

Time to first qualifying relapse

was longer with Cladribine
Tablets vs placebo for both EDSS 

subgroups

EDSS Ò3.0

HR: 0.43
95% CI 0.32, 0.59

p<0.0001

EDSS Ó3.5

HR: 0.50
95% CI 0.34, 0.72

p=0.0002

This analysis suggests that Cladribine Tablets may be effective at reducing relapses 
and slowing disability progression in patients with SPMS and ongoing relapses 1,2
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Cladribine Tablets 
3.5 mg/kg

0.33

0.13

0.36

0.17

ARR 1

n=292 n=361 n=202 n=212

RR=0.40
95% CI 0.31, 0.53

p<0.0001

60%

RR=0.47
95% CI 0.34, 0.64

p<0.0001

53%

Figure adapted from Giovannoni G et al. EAN 2018 [EPR1099]



Patients who received Cladribine Tablets 5.25 mg/kg in CLARITY were also investigated but are not shown here
aCLARITY EXT was initiated after 723 of the subjects enrolled in CLARITY (54%) had completed that trial, resulting in a bridging perio d in prospective data collection of varying 
length between these subjectsô final visits in CLARITY and their first visits in CLARITY EXT. The bridging interval length for e ach patient varied due to administrative reasons 
(median bridging interval length 41 weeks); bDue to a protocol amendment, some patients experienced a delay before entering the SUPF after CLARITY EXT; c7.0 mg/kg is not 
an approved dose. The recommended cumulative dose of MAVENCLAD ® is 3.5 mg/kg body weight over 2 years. No further treatment is required in Years 3 and 4. 
AE, adverse event; ARR, annualized relapse rate; CC, Cladribine Tablets 3.5 mg/kg in CLARITY, Cladribine Tablets 3.5 mg/kg in CLARITY EXT; CP, Cladribine Tablets 3.5 mg/kg 
in CLARITY, placebo in CLARITY EXT; PC, placebo in CLARITY, Cladribine Tablets 3.5 mg/kg in CLARITY EXT; SAE, serious AE; SUPF, supplementary follow -up
1. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 2. Giovannoni G et al. Mult Scler 2017;August 1 [ Epub ahead of print]. doi:10.1177/1352458517727603

The safety and efficacy of Cladribine Tablets was further examined in 
CLARITY EXT

CLARITY 1

Placebo

n=437

n=433

CLARITY 
EXT 2

Total dose

7.0 mg/ kg c

CC (n=186)

3.5 mg/kg
CP (n=98)

3.5 mg/kg
PC (n=244)

Year 2:
2nd 48 weeks

6-month 
SUPFb

Year 1: 
1st 48 weeks

2 - year extension

Year 2:
2nd 48 weeks

Year 1: 
1st 48 weeks

2 - year double - blind period

Cladribine 
Tablets 

3.5 mg/kg

Bridging 
interval a

Placebo

Cladribine 
Tablets 

3.5 mg/kg

Cladribine 
Tablets 

3.5 mg/kg

1184 patients completed 
the 2 -year CLARITY study: 2

380 (placebo)

398 (Cladribine Tablets 
3.5 mg/kg)

867/1184 (73%) 
patients enrolled in 

CLARITY EXT 2

Primary endpoints

CLARITY 1

ARR at Year 2

CLARITY EXT 2

ÅAEs/SAEs

ÅGrade 3/4 
lymphopenia and 
time to recovery

ÅRates of herpes 
zoster and 
malignancies

Approved dose:                
3.5 mg/kg
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aAs these data are exploratory only, no conclusions can be drawn regarding clinical efficacy. Further randomized controlled clini cal trials are necessary to validate the findings; bThis value is 
derived from an estimate of the Kaplan ïMeier curve data
1. Giovannoni G et al. Mult Scler 2017;August 1 [Epub ahead of print]. doi:10.1177/1352458517727603 ; 2. Giovannoni G et al. Mult Scler 2017:August 1 [Epub ahead of print]. 
doi:10.1177/1352458517727603 (suppl. information)

Clinical efficacy was sustained for up to 4 years in patients treated with 
Cladribine Tablets (exploratory endpoint) a,1,2

Includes bridging interval between CLARITY and CLARITY EXT 2

Time to first qualifying relapse (years)

Time to first qualifying relapse in CLARITY and CLARITY EXT 2

No. patients
at risk

Giovannoni G et al, Mult Scler ; August 1 [ Epub ahead of print]. 
doi : 10.1177/1352458517727603 (suppl. information), 

copyright © 2017 SAGE Publications. 
Reprinted by permission of SAGE Publications, Ltd

At 4 years

71.2%
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3.5 mg/kg
Placebo

CLARITY EXT

Administration of Cladribine Tablets
3.5 mg/kg over 8 ï10 days
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aAs these data are exploratory only, no conclusions can be drawn regarding clinical efficacy. Further randomized controlled clini cal trials are necessary to validate the findings; bThe
recommended dose is 3.5 mg/kg body weight over 2 years, administered as one treatment course of 1.75 mg/kg per year. Followin g c ompletion of the two treatment courses, no further 
cladribine treatment is required in Years 3 and 4; cThis value is derived from an estimate of the Kaplan ïMeier curve data
1. Giovannoni G et al. Mult Scler 2017:August 1 [Epub ahead of print]. doi:10.1177/1352458517727603 ; 2. Giovannoni G et al. Mult Scler 2017; August 1 [Epub ahead of print]. 
doi:10.1177/1352458517727603 (suppl. information)

Clinical efficacy was sustained for up to 4 years in patients treated with 
Cladribine Tablets (exploratory endpoint) a,1,2

Includes bridging interval between CLARITY and CLARITY EXT 2

Time to first qualifying relapse (years)

Time to first qualifying relapse in CLARITY and CLARITY EXT 2

No. patients
at risk

Cladribine
Tablets 

3.5 mg/ kg b

Cladribine
Tablets 

3.5 mg/kg

At 4 years

71.2%
relapse - free c
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Cladribine
Tablets 

3.5 mg/kg
Placebo

CLARITY EXT

Giovannoni G et al, Mult Scler ; August 1 [ Epub ahead of print]. 
doi : 10.1177/1352458517727603 (suppl. information), 

copyright © 2017 SAGE Publications. 
Reprinted by permission of SAGE Publications, Ltd
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Figure developed from Giovannoni G et al. Lancet Neurol 2011;10:329 ï37

aNEDA was defined as no relapses, no 6 -month confirmed EDSS progression, no new T1 Gd+ lesions and no active T2 lesions on cranial MRI. Post hoc analysis; bAs post hoc , these data are exploratory 
only and no conclusions can be drawn regarding clinical efficacy. Further randomized controlled clinical trials are necessary to validate the findings; cDue to administrative reasons, there was a varying 
period of time (bridging interval; median 41 weeks) between a patient completing CLARITY and starting CLARITY EXT. The variable bridging interval was used as a proxy to determine NEDA in a 12 -month 
observation up to the end of Year 4; dThe recommended dose is 3.5 mg/kg body weight over 2 years, administered as one treatment course of 1.75 mg/kg per year. Followin g completion of the two 
treatment courses, no further cladribine treatment is required in Years 3 and 4
CC, Cladribine Tablets 3.5 mg/kg in CLARITY followed by Cladribine Tablets 3.5 mg/kg in CLARITY EXT; CI, confidence interval; CP, Cladribine Tablets 3.5 mg/kg in CLARITY followed by placebo in 
CLARITY EXT; NEDA, n o evidence of disease activity      
1. Giovannoni G et al. Lancet Neurol 2011;10:329 ï37; 2. Giovannoni G et al. ECTRIMS 2018 [P894]

Placebo

(n=366)

Cladribine Tablets

(n=393)

CLARITY

Annual NEDA a status was sustained over 2 years in CLARITY and up to 
Year 4 in CLARITY EXT ( post hoc analyses) b,1,2
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How does the long - term efficacy of Cladribine Tablets relate to the need for 
further treatment with DMDs? 

4 years after last dose 
of Cladribine Tablets 
3.5 mg/kg, 73.2% of 

observed patients had 
not switched to 
another DMD b,c,1

aAnalysis of data from CLARITY, CLARITY EXT, ORACLE and PREMIERE studies; bBased on Kaplan ïMeier estimate; cThe main drawback of this analysis is the high proportion of 
patients who were censored. DMD, disease -modifying drug 
1. Harty G et al. ABN 2018 [P191]; 2. MAVENCLAD ® European Public Assessment Report, June 2017; 3. PREMIERE Registry, url available on request [Accessed October 2018] 
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Cladribine Tablets 
3.5 mg/kg

No unexpected safety 
findings in patients 

switching from 
Cladribine Tablets 

(any dose) to other 
treatments 2,3

Time from last dose of Cladribine Tablets
to subsequent DMD treatment a

Figure adapted from Harty G et al. ABN 2018 [P191]

Time from first 
dose (Year 1) to 

last dose (Year 2)
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Patients with lower (EDSS Ò3) and higher (EDSS Ó3.5) disability level7

Younger (Ò45 years) and older (>45 years) patients6

Patients with high disease activity 4,5

aDisease control refers to 75.6% of patients who remained relapse - free without further treatment in Years 3 and 4 3

RMS, relapsing MS
1. MAVENCLAD ® EU SmPC, July 2018; 2. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 3. Giovannoni G et al. Mult Scler 2017;August 1 [ Epub ahead of print]. 
doi:10.1177/1352458517727603; 4. Giovannoni G et al . Mult Scler 2018;May 2 [ Epub ahead of print]. doi:10.1177/1352458518771875; 
5. Vermersch J et al. ECTRIMS 2018 [P564]; 6. Giovannoni G et al. ECTRIMS 2018 [P1204]; 7. Giovannoni G et al. EAN 2018 [EPR1099]

Summary

Cladribine Tablets can deliver and sustain up to 4 years of disease 
control a with a maximum 20 days of oral therapy in the first 2 years in 
patients with highly active RMS 1ï3

Post hoc analyses suggested consistent clinical and radiological 
efficacy of Cladribine Tablets across specific patient subgroups: 
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Many factors influence the benefit:risk balance of DMDs in MS 1ï5

Dosing
regimen

Immuno -
senescence

Mechanism
of action

Opportunistic 
infections

Pregnancy 
planning

Patient

1. Grebenciucova E, Berger JR. Curr Neurol Neurosci Rep 2017;17:61; 2. Giovannoni G. Neurotherapeutics 2017;14:874 ï87; 
3. Giovannoni G. Curr Opin Neurol 2018;31:233 ï43; 4. Coyle PK. Ther Adv Neurol Disord 2016;9:198 ï210 ; 5. Berger JR. Mult Scler Relat Disord 2017;12:59 ï63
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Currently available therapies can be classified as maintenance therapies or 
immune reconstitution therapies (IRTs) 1

MAINTENANCE THERAPIES

Continuous administration 1,2

Clinical efficacy tightly linked 
to the period of dosing 1,2

Immunomodulation 3 Immunosuppression 4

IMMUNE RECONSTITUTION
THERAPIES

Clinical efficacy that extends well
beyond the dosing period 6,7

Non - continuous administration 5,6

Transient immunosuppression
followed by immune reconstitution 8,9

1. Pardo G et al. J Neurol 2017;264:2351 ï74; 2. Giovannoni G. Curr Opin Neurol 2018;31:233 ï43; 3. Finkelsztejn A. Perspect Medicin Chem 2014;6:65 ï72; 
4. Kovarik J. Pathobiology 2013;80:275 ï81; 5. Havrdova E et al. Neurology 2017;89:1107 ï16; 6. Giovannoni G et al. Mult Scler 2017; 1 August 
[Epub ahead of print]. doi: 10.1177/1352458517727603; 7. Hamidi V et al. J Clin Med Res 2018;10:88 ï105; 8. Sørensen PS et al. ACTRIMS 2018 [P084] ; 
9. Baker D et al. J Neurol Neuroimmunol Neuroinflamm 2017;4:e360
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Short - course dosing 
with Cladribine Tablets

RECONSTITUTION 4,5

Long - term 
efficacy

Long - term 
qualitative

immune changes

Transient
lymphocyte 

reduction

Short - term
efficacy

REDUCTION 2,3

Cladribine Tablets as an immune reconstitution therapy (IRT)

(maximum of 20 days of 
oral treatment in the 

first 2 years) 1

Safety?

1. MAVENCLAD ® EU SmPC, July 2018; 2. Sørensen PS et al. ACTRIMS 2018 [P084]; 3. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 
4. Ceronie B et al. J Neurol 2018;265:1199 ï209; 5. Giovannoni G et al. Mult Scler 2017; 1 August [Epub ahead of print]. doi: 10.1177/1352458517727603
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The characterization of benefit:risk for Cladribine Tablets is supported by 
over 13 years of clinical study experience in MS a, 1ï7

CLARITY (2 years)
Phase III, RRMS (N=1326) 1

2005

ONWARD (2 years)
Phase IIb, active RMS (N=172) 4

ORACLE - MS (2 years)
Phase III, first demyelinating 

event (N=616) 3

CLARITY EXT (2 years)
Phase IIIb, RRMS (N=806) 2

PREMIERE (8 years)
Safety registry, patients from Cladribine Tablets clinical studies (N=1183) d,6

2007 2009 2011 2013 2015 2017

aThe first patient in the CLARITY study began treatment in April 2005. The interval between the last visit date in the CLARITY tr eatment period and the randomization date for CLARITY EXT ranged from 0 to 
~2.5 years; bOver 2000 patients derived from CLARITY, ONWARD and ORACLE -MS; cIn total, 21 clinical studies have been conducted with cladribine ï12 involving oral cladribine and 9 involving parenteral 
cladribine, consisting of over 10,000 patient -years of exposure; dThe estimated completion date for the PREMIERE study is October 2018; eAs of August 2018 
DMD, disease -modifying drug; RMS, relapsing MS; RRMS, relapsing ïremitting MS
1. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 2. Giovannoni G et al. Mult Scler 2017; 1 August [Epub ahead of print]. doi: 10.1177/1352458517727603 ; 3. Leist TP et al. Lancet Neurol 
2014;13:257 ï67; 4. Montalban X et al. Neurol Neuroimmunol Neuroinflamm 2018;5:e477; 5. Cook S et al. ECTRIMS 2016 [P635]; 6. PREMIERE registry, URL available on request [accessed October 2018]; 
7. MAVENCLAD ® EU SmPC, July 2018; 8. Tysabri ® EU SmPC, August 2018; 9. Gilenya ® EU SmPC, July 2018; 10. Tecfidera ® EU SmPC, November 2017; 11. Lemtrada ® EU SmPC, July 2018

were included in the Cladribine Tablets 
clinical programme b,1ï4

OVER

2000
PATIENTS

The clinical programme for cladribine includes 

over 12,000 patient -years of experience c,5

This represents one of the largest breadths of clinical evidence prior to launch of any DMDs in RMS e,7 ï11

2019



Study completion rate for 
Cladribine Tablets:

91.9% 1

43

aListed are symptoms that were reported by at least 10% of the patients in each group; bBenign, malignant and unspecified. Includes 5 patients with benign uterine 
leiomyoma and 1 each of Stage 0 cervical in situ carcinoma (considered precancerous), melanoma, ovarian carcinoma, pancreatic carcinoma and myelodysplastic 
syndrome; the last was probably reactive bone marrow changes caused by tuberculosis infection and not true myelodysplasia
AE, adverse event
1. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 2. MAVENCLAD® EU SmPC, July 2018

Cladribine Tablets were well tolerated with an AE profile similar to placebo, 
except for lymphopenia

No cell lysis - mediated reactions 
during administration 2

AE (%) 1
Cladribine Tablets

n=430
Placebo 
n=435

Any AE 80.7 73.3

Most frequently reported AEs a

Headache 24.2 17.2

Lymphopenia 21.6 1.8

Nasopharyngitis 14.4 12.9

Upper respiratory tract infection 12.6 9.7

Nausea 10.0 9.0

Any serious AEs 8.4 6.4

Infections and infestations 2.3 1.6

Neoplasms b 1.4 0.0

Death 0.5 0.5

Discontinuation rate due to AEs:

3.5% 1

CLARITY
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aListed are symptoms that were reported by at least 10% of the patients in each group; bBenign, malignant and unspecified. Includes 5 patients with benign uterine 
leiomyoma and 1 each of Stage 0 cervical in situ carcinoma (considered precancerous), melanoma, ovarian carcinoma, pancreatic carcinoma and myelodysplastic 
syndrome; the last was probably reactive bone marrow changes caused by tuberculosis infection and not true myelodysplasia
CTCAE, Common Terminology Criteria for Adverse Events

1. Giovannoni G et al. N Engl J Med 2010;362:416 ï26; 2. Giovannoni G et al. N Engl J Med 2010;362:416 ï26 (supplementary informat ion); 
3. Common Terminology Criteria for Adverse Events, v5.0 (27 November 2017) 

Transient, mostly mild - to - moderate lymphopenia was observed following 
dosing with Cladribine Tablets

Worst post - baseline CTCAE 
lymphopenia grade at any time point 

over the 2 - year CLARITY study 2,3

Grade 0 ï2
>500 cells/ȉL

74.4%
Grade 3

500 ï200 cells/ȉL
24.9%

Grade 4
<200 cells/ȉL

0.7%

Adverse event (%) 1 Cladribine Tablets 
n=430

Placebo 
n=435

Any adverse event 80.7 73.3

Most frequently reported
adverse events a

Headache 24.2 17.2

Lymphopenia 21.6 1.8

Nasopharyngitis 14.4 12.9

Upper respiratory tract infection 12.6 9.7

Nausea 10.0 9.0

Any serious adverse events 8.4 6.4

Infections and infestations 2.3 1.6

Neoplasms b 1.4 0.0

Death 0.5 0.5

CLARITY
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Following Cladribine Tablets dosing, lymphocyte counts returned to within 
normal range

Median 
(Q1 - Q3)

lymphocyte
count

(10 9 /L) a,1

Number of     434      415       263      378     358              

patients 683     645       437      624     574       298      265      167      147      131      116      106       66       32 

Year 1 Year 2 Year 3 Year 4

Grade 1 b

Grade 2

Grade 3

Grade 4

LLN

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 24 48 72 96 120 144 168 192 216 240 264 288 312

Weeks

Cladribine Tablets

Placebo

CP

aPooled data from CLARITY, CLARITY EXT and PREMIERE; figure includes treatment gap. Visits with sample size Ó30 are displayed; 
bGraded according to the Common Terminology Criteria for Adverse Events
LLN, lower limit of normal
1. Sørensen PS et al. ACTRIMS 2018 [P084] ; 2. MAVENCLAD ® EU SmPC, July 2018

It is expected that most 

patients recover to either 

normal lymphocyte 

counts or Grade 1 

lymphopenia within 

9 months following the last 

dose of Cladribine Tablets 2

Figure adapted from Sørensen PS et al. ACTRIMS 2018 [P084]

Lymphocyte 

reconstitution in 

Years 3 and 4 was 

maintained at 

above the LLN 1

No additional active

treatment
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aIncludes patients who received IFN ȁas a rescue medication; bCLARITY, CLARITY EXT, ORACLE -MS, ONWARD + follow -up in PREMIERE, 
MS-001, Scripps -A, Scripps -B, Scripps -C and MS -Scripps
PY, patient -years
1. Cook S et al. ECTRIMS 2016 [P635]; 2. Cook S et al. ECTRIMS 2018 [P875]; 3. Cook S et al. EAN 2017 [EP1141]; 4. MAVENCLAD® EMA Assessment Report EMA/435731/2017

Integrated safety analyses have been conducted to assess the safety profile 
of cladribine in MS across the clinical trials programme

All studies that used Cladribine Tablets 
monotherapy, matching the 

recommended dose: a

CLARITY, CLARITY EXT, ORACLE -MS + 
follow -up in PREMIERE

Cladribine Tablets 
(N=923)

Å3433 PY of follow -up
ÅMean follow -up: 

3.7 years

Placebo 
(N=641)

Å2026 PY of follow -up 
ÅMean follow -up:

3.1 years 

Monotherapy oral 
patients (n=923)

Cladribine
(N=1976) 

Å8650 PY of follow -up
ÅMean follow -up: 

4.4 years 

Placebo 
(N=802)

Å2361 PY of follow -up
ÅMean follow -up:

2.3 years

All - exposed patients 
(n=1976)

All Phase II/III studies with 
all doses/formulations of cladribine, 

including sc or iv b

Two data cut - offs: 
Cumulative to February 2015 1 and cumulative to May 2017 (ECTRIMS update) 2
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aAll studies that used Cladribine Tablets monotherapy, matching the recommended dose: CLARITY, CLARITY EXT and ORACLE -MS + follow -up in PREMIERE; 
bVaccination of varicella zoster antibody -negative patients is recommended prior to initiation of Cladribine Tablets therapy. Initiation of treatment with 
Cladribine Tablets must be postponed for 4 ï6 weeks to allow for the full effect of vaccination to occur 4

Adj -AE, adjusted adverse event; AESI, adverse event of special interest; PY, patient -years 
1. Cook S et al. EAN 2017 [EP1141]; 2. Cook S et al. ECF 2017 [PID40]; 3. MAVENCLAD ® EMA Assessment Report EMA/435731/2017; 4. MAVENCLAD® EU SmPC, July 2018

27.05

0.9

0.2 0

24.93

0.8

0.83

0 5 10 15 20 25 30

Total infections and

infestations

AESI severe infections

Herpes zoster

Adj - AE per 100 PY

b ,1

2

1

Incidence of infections in monotherapy cohort a,1,2

Placebo (n=641)

Cladribine Tablets (n=923)
Figure adapted from data in Cook S et al. EAN 2017 [EP1141]

and Cook S et al. ECF 2017 [PID40]

No increased risk 
of infection 1

No cases of PML reported 
in patients receiving 

Cladribine Tablets for MS
(8650 PY) 3

0.6 additional cases of 
herpes zoster per 

100 PY 1

The overall risk of infection with Cladribine Tablets was similar to placebo, 
except for herpes zoster a

No increased risk 
of severe infection 2
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aIn clinical studies and long - term follow -up of patients treated with Cladribine Tablets 3.5 mg/kg, events of malignancies were o bserved more frequently in cladribine - treated 
patients compared with patients who received placebo 3; bSIR calculated against the GLOBOCAN reference population (URL available on request); NMSC was excluded due to 
inconsistent reporting in GLOBOCAN, and an epidemiological database from Denmark, a country with low NMSC incidence rates, wa s u sed for comparison; cMonotherapy oral 
cohort includes all studies that used Cladribine Tablets monotherapy, matching the recommended dose: CLARITY, CLARITY EXT and ORACLE-MS + follow -up in PREMIERE
CI, confidence interval; NMSC, non -melanoma skin cancer; SIR, standardized incidence ratio
1. MAVENCLAD ® EMA Assessment Report EMA/435731/2017; 2. Galazka A et al. EAN 2018 [EPO1083]; 3. MAVENCLAD ® EU SmPC, July 2018

The demonstrated rate of malignancies with Cladribine Tablets was almost 
identical to that of a matched reference population a

8.27 8.00

0

1

2

3

4

5

6

7

8

9

Expected events
(GLOBOCAN 2012)

Observed events
(monotherapy oral cohort; c

N=923, patient -years=3432.65)

SIR: 0.97
(95% CI 0.44, 1.85) b

Unique events 
of malignancy 1,2

Figure adapted from data in 
European Public Assessment 
Report for MAVENCLAD ® , June 2017

No haematological 
malignancies 2

No pattern in type 
of malignancy 2

No clustering of 
malignancies in 
space or time 2

No increase in 
malignancy incidence 
observed over time 2



49

Pregnancy planning can begin 6 months after the last dose of treatment 
with Cladribine Tablets in Year 2 a,1

aWomen of childbearing potential must prevent pregnancy by use of effective contraception during Cladribine Tablets treatment and for at least 6 months after the last 
dose. Male patients must take precautions to prevent pregnancy of their female partner during Cladribine Tablets treatment and for at least 6 months after the last dose
1. MAVENCLAD ® EU SmPC, July 2018; 2. Leist TP, Weissert R. Clin Neuropharmacol 2011;34:28 ï35; 3. Lilliemark J. Clin Pharmacokinet 1997;32:120 ï31

Month 
1

Month 
2

Month 
3

Month 
4

Month 
5

Month 
6

Month 
7

Month 
8

Month 
9

Month 
10

Month 
11

Month 
12

Year 1

Year 2

Year 3

Year 4

Half - life 
<24 hours 2

Complete elimination 
<1 week 1,3

Time point at which contraception use could be stopped

Pregnancy is contraindicated during treatment 
with Cladribine Tablets 1

Women who become pregnant while 
undergoing therapy with Cladribine Tablets 

should discontinue treatment

Effective contraception use

Pregnancy planning opportunity 1
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aSafety data from studies with oral Cladribine Tablets (CLARITY, CLARITY EXT, ONWARD , ORACLE-MS and PREMIERE) and subcutaneous injection or intravenous 
cladribine (MS -001, Scripps -A, Scripps -B, Scripps -C and MS -Scripps) were used in the full integrated safety analysis; bPatientôs decision; 
cThe only medically indicated abortion due to congenital malformation was in the placebo group. Those in the Cladribine Tablet s g roup were due to ectopic pregnancy 
(n=2) and choriocarcinoma (n=1)
1. Galazka A et al. EAN 2018 [EPR1100]; 2. MAVENCLAD ® EU SmPC, July 2018

Pregnancy outcomes,
n (%)

Placebo
Number of pregnancies

(n=20)

Cladribine (oral and parenteral)

Number of pregnancies 
(n=44)

Pregnancies starting 
during treatment or 

within 6 months since 
most recent dose (n=16)

Live birth 9 (45) 18 (41) 3 (19)

Induced abortion b 4 (20) 14 (32) 10 (63)

Spontaneous abortion 5 (25) 9 (20) 2 (13)

Medically indicated abortion c 1 (5) 3 (7) 1 (6)

Unknown 1 (5) 0 0

Pregnancy outcomes in women who had been exposed to cladribine 1

Women of childbearing potential must prevent pregnancy by use of effective contraception 
during Cladribine Tablets treatment and for at least 6 months after the last dose 2

Pregnancy experience during the clinical development programme 
of cladribine a,1



aCorrect as of August 2018; bIf the lymphocyte count is <500 cells/mm³, it should be actively monitored until values increase again. If the lymphocyte cou nt is 
<200 cells/mm³, anti -herpes prophylaxis according to local standard practice should be considered during the time of Grade 4 lym phopenia; cThe schedule for 
initiation and continuing therapy with Cladribine Tablets may need to be adjusted based on absolute lymphocyte counts 1; dHIV infection, active TB and active 
hepatitis must be excluded before initiation of Cladribine Tablets in Years 1 and 2; eIf recovery takes >6 months, the patient should not receive further treatment 
with Cladribine Tablets. DMD, disease -modifying drug
1. MAVENCLAD® EU SmPC, July 2018; 2. Tecfidera ® EU SmPC, November 2017; 3. Gilenya ® EU SmPC, July 2018; 4. Lemtrada ® EU SmPC, July 2018; 
5. Tysabri ® EU SmPC, August 2018; 6. Ocrevus ® EU SmPC, August 2018; 7. Cook S et al. Mult Scler 2011;17:578 ï93

Cladribine Tablets has the lowest monitoring requirement of
all high - efficacy DMDs in a 4 - year horizon a,1 ï6

Year 1
Before initiation of therapy
Normal blood lymphocyte counts (Ó1000/mm3 ) 7

2 months
after initiation b

6 months
after initiation b

2 months 
after continuation b

6 months
after continuation b

Year 2
Before continuation of therapy
Lymphocyte count Ó800/mmį

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

Blood test c Infection screening d

Years 3 and 4
If lymphocyte counts are normal,
no further monitoring is required

Treatment course in Year 2 can be delayed for up to 6 months 
to allow for recovery of lymphocytes e

51

Months



Summary

Cladribine Tablets is an IRT with a manageable safety profile that 
may avoid the risks associated with continuous immunosuppression:

No increase in malignancies compared with 
background level as per epidemiological data 2

Pregnancy planning opportunity that may begin 
6 months after the last dose in Year 2 a,3

A well -characterized long - term safety profile that was similar to what 
was seen in the placebo arm, except for transient, mild - to -moderate 
lymphopenia and herpes zoster infection 1

52

aCladribine Tablets is contraindicated in pregnant women; bAs of August 2018
AE, adverse event; IRT, immune reconstitution therapy
1. Cook S et al. ECTRIMS 2018 [P875]; 2. Galazka A et al. EAN 2018 [EPO1083]; 3. MAVENCLAD ® EU SmPC, July 2018 
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