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The CLAD-MAPET study aims to determine the 
effect of CladT on microglial activation using  
[F-18]PBR06-PET in people with multiple 
sclerosis (PwMS) experiencing disease worsening 
in the absence of relapse or MRI activity during 
treatment with anti-CD20 therapies.

OBJECTIVES

Microglial activation and innate immune activation in the 
central nervous system play a role in MS pathogenesis.1 

Previous pre-clinical studies have demonstrated that 
CladT can affect microglial activation.2,3

Our preliminary clinical experience demonstrated 
potential benefit of CladT in PwMS worsening during 
treatment with high efficacy disease modifying 
therapies, which may be partly due to a decrease in 
microglial activation.4 

[F-18]PBR06, a novel positron emission tomography (PET) 
ligand with improved imaging characteristics, could serve 
as an ideal marker for microglial activity in MS.5
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CONCLUSIONS
• The CLAD-MAPET study will report the potential effects of switching to CladT on microglial

activity in PwMS who are worsening despite receiving anti-CD20 therapy.
• Preliminary data from one patient shows a reduction in microglial activity across the

cortex, thalamus and cerebellum as early as 3 months after CladT initiation.

• CLAD-MAPET is an open-label, longitudinal cohort
study in PwMS with advanced disease who switched
to CladT from anti-CD20 therapies and will be
followed up for 14 months.

• Primary Outcome: Changes in cortical, lesional,
perilesional, and normal-appearing white matter
(NAWM) uptake of [F-18]PBR06-PET at 14 months
after initiating CladT vs baseline (BL).

• Secondary Outcomes: Changes in [F-18]PBR06-
PET uptake from BL to 3 and 6 months after CladT
initiation; and longitudinal interaction between
[F-18]PBR06-PET uptake and peripheral blood
markers, MRI and clinical disability measures from
BL over 14 months.

• Safety will be monitored throughout the study.

• PET imaging will be done using [F-18]PBR06. Ligand
uptake in perilesional WM, cortical WM, thalamus
and NAWM will be measured by calculating standard
uptake value (SUV).

• BL characteristics of 5 PwMS that are enrolled in the study are presented in Table 1.

Table 1. BL characteristics of enrolled patients

• The PET scan at BL indicated microglial activation across brain regions. Three months after initiating CladT, the
uptake of [F-18]PBR06-PET was reduced by 21.6%, 12.4%, and 16.9% in the cortex, thalamus, and cerebellum,
respectively, suggesting a decrease in microglial activation (Figure 1).

Figure 1. Reduction in microglial activation and neuroinflammation detected with [F-18]PBR06-PET in one 
patient completing the BL and 3 months follow-up after CladT initiation.

Figure 2. Lymphocyte count and clinical disability measures in one patient completing the BL and 3 months follow-up

Please refer to the Supplementary Materials 2 for the details on Study Design, Inclusion and 
Exclusion criteria and Exploratory outcomes.

aThe 9-HPT (for dominant and non-dominant hands) scores are from 4/5 patients. One patient could not undergo 9-HPT at BL due to logistical challenges.
Please refer to the Supplementary Material 2 for more details on the clinical disability measures.

Abbreviations: 9-HPT, 9-Hole Peg Test; ALC, Absolute Lymphocyte Count; BL, Baseline; CladT, Cladribine Tablets; EDSS, Expanded Disability Status Scale; HADS, Hospital Anxiety and Depression Scale; MFIS, Modified Fatigue Impact Scale; 
NeuroQoL, Quality of Life in Neurological Disorders; s, seconds; SUVR, Standardized Uptake Value Ratio; T25FW, Timed 25-Foot Walk; TSPO, translocator protein.

aThe SUVR is a ratio based on normalization of the individual brain region’s uptake of the [F-18]PBR06-PET ligand to global brain’s uptake of the [F-18]PBR06-PET ligand. [F-18]PBR06-PET ligand binds to translocator protein, 
which is expressed by activated microglia and astrocytes.

Numerical improvement after 3 months are marked by green boxes. Numerical worsening after 3 months are marked by red boxes. 
aDecrease in time indicates improvement in walking performance6, in this study, time improved by ~14% (below the 20% threshold for clinical improvement); bDecrease in time indicates improvement in manual dexterity 
performance7, in this study, time improved ~11% (dominant); ~0.9% (non-dominant) (both below the 20% threshold for clinical improvement); cMeasured on a scale of 0-21, 0-7 indicates normal range; higher scores indicate 
worsening of symptoms8; dMeasured on a scale of 0-84, higher scores indicate worsening of symptoms9; eHigher scores indicate better functioning10; fHigher scores indicate worse functioning10. 

Please refer to the Supplementary Material for more details on all clinical disability measures.
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• Data for one patient who completed BL and 3 months PET scan post CladT initiation
are presented here. This patient was previously treated with ocrelizumab and
experienced cognition deficits, fatigue, and balance issues before switching to CladT.

Characteristics N=5

Age (years), median (range)

Female, n (%)

Disease duration (years), median (range)

High TSPO binding, n (%)

ALC, cell/mm3, median (range)

EDSS, median (range)

T25FW time, s, median (range)

9-HPT (dominant hand) time, s, median (range)

9-HPT (non-dominant hand) time, s, median (range)
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The CLAD-MAPET study aims to 
evaluate whether cladribine tablets 
(CladT) can reduce microglial 
activation in patients previously 
treated with anti-CD20 therapy.

Microglial activation, a key driver of neuroinflammation 
in multiple sclerosis, may contribute to disease 
progression in patients experiencing progression 
independent of relapse and magnetic resonance 
imaging (MRI) activity (PIRMA).
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Supplementary materials

CLAD-MAPET Study design Interpretation of scores for clinical disability measures

Interpretation of NeuroQoL raw scores6,7

Exploratory and Safety Outcomes

CladT dosing as per approved US label (3.5 mg/kg body weight over 2 years, administered as 1 treatment course of 1.75 mg/kg per year). 
aIf treatment is delayed in Year 2, the study duration could extend to 20 months; bTotal leukocyte count and differential counts, absolute lymphocyte counts, serum 
GFAP and sNfL; cBRB (consists of SRT, SPART, SDMT, PASAT, WLG, HADS, MFIS, NeuroQoL); dEDSS, T25FW, 9-HPT.

9-HPT, 9-Hole Peg Test; BRB, Brief Repeatable Battery; CladT, Cladribine Tablets; EDSS, Expanded Disability Status Scale; GFAP, Glial Fibrillary Acidic Protein; HADS, 
Hospital Anxiety and Depression Scale; MFIS, Modified Fatigue Impact Scale; NeuroQoL, Quality of Life in Neurological Disorders; PASAT, paced auditory serial 
addition test; SDMT, symbol digit modalities test; sNfL, serum neurofilament light chain; SPART, spatial recall test; SRT, selective reminding test;  
T25FW, Timed 25-Foot Walk; US, United States; WLG, word list generation.

9-HPT, 9-hole Peg Test; BL, baseline; BRB, Brief Repeatable Battery; CladT, cladribine tablets; EDSS, Expanded Disability Status Scale; HADS, Hospital Anxiety 
and Depression Scale; MFIS, Modified Fatigue Impact Scale; MRI, magnetic resonance imaging; MSFC, Multiple Sclerosis Functional Composite;  
Neuro-QoL, Quality of Life in Neurological Disorders; PET, positron emission tomography; sNFL, serum neurofilament light chain; T25FW, Timed 25-Foot Walk.

AIDS, acquired immunodeficiency syndrome; CladT, cladribine tablets; CT, computed tomography; EDSS, Expanded Disability Status Scale; hCG, human chorionic 
gonadotropin; MRI, magnetic resonance imaging; MS, multiple sclerosis; PET, positron emission tomography; PML, progressive multifocal leukoencephalopathy.

9-HPT, 9-Hole Peg Test; EDSS, Expanded Disability Status Scale; HADS, Hospital Anxiety and Depression Scale; MFIS, Modified Fatigue Impact Scale;  
T25FW, Timed 25-Foot Walk.

aHigher scores indicate better functioning; bHigher scores indicate worse functioning. 
NeuroQoL, Quality of Life in Neurological Disorders.
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Screening 0 Month 3
Month 12

(Safety Visit)
Month 14a

Baseline

[F-18]PBR06 PET 

MRI 

Blood 
samples evaluationb

Neuropsychological
examc 

Functional
measurementsd 

Months Month 6

Outcomes Statistical analysis

The longitudinal interaction of [F-18]PBR06-PET uptake 
and clinical disability measures (EDSS, T25FW, 9-HPT, 
MSFC, BRB, HADS, MFIS, and Neuro-QoL) over time 
from BL to 3, 6 and 14 months after initiation of CladT

Clinical assessments (EDSS, 9-HPT and T25FW) will be 
summarized descriptively.

Safety of CladT to be assessed over 3, 6 and 14 months of the study

Key inclusion criteria

•	 Patients 18 and 75 years old with advanced MS currently treated with an anti-CD20

•	 Patients who agree to start treatment with CladT and comply with study procedures for the duration of the study

•	 Patients currently experiencing worsening in the absence of relapse or MRI activity according to physician 
assessment

•	 Patients with no other systemic disease or neurological disorders requiring chronic or acute steroid or other 
immunosuppressive treatment

•	 Patients whose provider agrees to the decision to switch treatment to CladT and starts CladT 4-6 months after 
the patient’s last anti-CD20 infusion

•	 Patients with EDSS 0 to 7.0

Clinical disability 
measures Definitions

EDSS1

•	 Scored between 0 – 10

	— 0 points = normal neurological examination, no disability in any functional system

	— 10 points = MS-related death cases

T25FW2

•	 Time (in seconds) for a person to walk across the 25-foot field that is clearly marked with 
start and end points as quickly and safely as possible

•	 Clinically meaningful change in walking performance = 20% change in T25FW 
performance

•	 Decrease in time = improvement in walking performance

9-HPT 3

•	 Time (in seconds) for a person to place 9 pegs in the 9-HPT device

•	 Clinically meaningful change in manual dexterity performance = 20% change in  
9-HPT scores

•	 Decrease in time = improvement in manual dexterity performance

HADS-Anxiety4 

HADS-Depression4

•	 7-item questionnaire each; scored between 0-21

	— 0-7 = normal

	— 8-10 = suggestive of presence of respective state

	— ≥11 = probably presence (“caseness”) of a mood disorder

•	 Higher scores = symptom worsening

MFIStotal
5

•	 21-item questionnaire; scored between 0-84; with item responses ranging from 
0 = never; 4 = almost always 

	— MFIS-physical score (9-item questionnaire)= range: 0-36

	— MFIS-cognitive score (10-item questionnaire) = range: 0-40

	— MFIS-psychosocial score (2-item questionnaire)= range: 0-8

•	 Higher scores = greater impact on quality of life

Fixed-length questionnaire assessing following domains – Physical, Mental and Social. The sum of scores 
to each question produces raw scores

Domain No of questions Lowest possible raw 
score

Highest possible raw 
score

Physical health domains

Upper Extremity Functiona 8 8 40

Lower Extremity Functiona 8 8 40

Fatigueb 8 8 40

Mental health domains

Depressionb 8 8 40

Anxietyb 8 8 40

Positive Affect and Well-beinga 9 9 45

Emotional & Behavioral 
Dyscontrolb 8 8 40

Cognitive Functiona 8 8 40

Stigmab 8 8 40

Social health domains

Ability to Participate in Social 
Roles and Activitiesa 8 8 40

Satisfaction with Social Roles and 
Activitiesa 8 8 40

Key exclusion criteria

•	 Patients with a history of malignancy except basal cell carcinoma that has been completely excised prior to study 
entry and shows no evidence of reoccurrence

•	 Patients with primary progressive MS

•	 Disease duration of >10 years in patients with an EDSS score of ≤2

•	 Patients with leukocyte or lymphocyte laboratory abnormalities

•	 Patients meeting criteria for neuromyelitis optica

•	 Patients with active systemic bacterial, viral or fungal infections, or known to have AIDS

•	 Patients with active chronic disease (or stable but treated with immune therapy) of the immune system other 
than MS (e.g., rheumatoid arthritis, scleroderma, Sjögren’s syndrome, Crohn’s disease, ulcerative colitis, etc.) or 
with an immunodeficiency syndrome

•	 Patients with neurological symptoms consistent with PML or confirmed PML

•	 Patients at risk of developing or having reactivation of syphilis or tuberculosis (e.g., patients with known 
exposure to, or history of syphilis, or active or latent tuberculosis, even if previously treated). Testing for syphilis 
and tuberculosis will be done at screening

•	 Patients with abnormal serum creatinine levels

•	 Patients with any contraindications to PET/CT or MRI procedures (e.g., claustrophobia, MRI-incompatible 
implants or pacemakers, renal failure)

https://mstrust.org.uk/a-z/expanded-disability-status-scale-edss
https://mstrust.org.uk/a-z/expanded-disability-status-scale-edss



