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BACKGROUND
Multiple sclerosis (MS) is a chronic inflammatory 
demyelinating disease of the central nervous system 
(CNS) characterized by progressive neurological 
disability. Increasing evidence indicates a role for 
Epstein–Barr virus (EBV) in the pathogenesis of MS.1, 2

• In 2003, we proposed that defective elimination of 
EBV-infected B cells by CD8+ T cells predisposes 
to MS by enabling the accumulation of EBV-
infected autoreactive B cells in the CNS.3

• In 2013 we first treated an MS patient with EBV-
specific T cell therapy.4

• In 2015 we commenced a world first phase I 
clinical trial of autologous EBV-specific T cell 
therapy in progressive MS. Seven of the ten 
treated patients showed clinical improvement.5

OBJECTIVE
To investigate outcomes in MS patients up to 3 years 
after receiving autologous EBV-specific T cell therapy.
METHODS
MS patients who previously received autologous EBV-
specific T cell therapy underwent a comprehensive 
clinical assessment to collect the following data at 2 and 
3 years after completion of T cell therapy:
• Expanded Disability Status Scale (EDSS) score;6

Fatigue Severity Scale score7 and quality of life 
(QOL) score.8

• Neuropsychological test battery based on the 
Minimal Assessment of Cognitive Function in 
Multiple Sclerosis.9

• 3 Tesla MRI of the brain and spinal cord before 
and after IV gadolinium (gad).

• Intrathecal and serum IgG production with matched 
serum analysis.

RESULTS
We collected data from all 10 treated participants at year 
2 and from 9 participants at year 3. 
• No serious treatment-related adverse events were 

observed.
Clinical outcomes:
Four participants had at least some sustained clinical 
improvement at year 2, (participants 3, 4, 5 and 13) 
(Table 1) including reduced fatigue in three participants 
and reduced EDSS score in two participants. 
Interestingly, the T cell therapy received by these 4 
participants had strong EBV reactivity (>5% of CD8+ T 
cells reacting to EBV)
• In participants 5 and 13 the clinical improvements 

were accompanied by a sustained improvement in 
EDSS score at year 2 compared to baseline (Table 
1 and Figure 1(b)). Indeed, participant 5 showed 
further improvements in memory, daytime urinary 
and faecal urgency, and walking ability at year 2, 
compared to month 6.The T cell therapy received 
by participants 5 and 13 not only had strong EBV 
reactivity but also reactivity to all 3 EBV proteins, 
namely EBNA1, LMP1, and LMP2A. 

• Three participants (3, 4 and 5) experienced a 
sustained improvement in at least some symptoms 
at year 3 (Table 1).

RESULTS
Clinical outcomes continued
More sustained clinical improvement was associated with higher EBV-
specific CD8+ T cell reactivity in the administered T cell product.
Neuropsychology results
No significant differences between the year 2 or year 3 and the 
baseline assessments for any of the 15 neuropsychological tests were 
observed. The improved performance on the Controlled Oral Word 
Association Test at 6 months was maintained at year 2 and year 3.
Imaging results
Compared with the 6-month scan, the number of enhancing lesions at 
year 2 increased in 3 participants and decreased in 1; however, the 
change in number of enhancing lesions was not related to the clinical 
course. 
• Six participants had 1-3 new T2 lesions at year 2, compared to 

month 6, and 2 participants had one enhancing brain lesion at 
year 3. Five participants had one new lesion at year 3 
compared to year 2, whereas 2 had no new lesions.

CSF IgG production 
• CSF IgG production was assessed in 8 participants at year 2, 

and 6 participants at year 3.
• Of the four participants with decreased intrathecal IgG synthesis 

6 months (participants 1, 6, 9 and 13), two of these (participants 
6 and 13) still had decreased intrathecal IgG production at year 
3 compared to baseline.

DISCUSSION
Some degree of clinical improvement can be sustained for up to 3
years after EBV-specific T cell therapy. Sustained improvement is
associated with a higher level of EBV-specific CD8+ T cell reactivity in
the administered T cell product. These clinical improvements are
contrary to the expected decline of patients with progressive forms of
MS.

This improvement could be due to elimination of EBV-infected B
cells in the CNS by the adoptively transferred CD8+ T cells. This could
prevent further autoimmune attack on the CNS and allow neurological
recovery through remyelination, dendritic and axonal sprouting, and
synaptic remodelling.5

Clinical improvement in responders might wane over time due to T
cell exhaustion in MS10 which could gradually decrease the cytotoxic
effect of the adoptively transferred CD8+ T cells on EBV-infected B
cells in the CNS.
CONCLUSIONS
Autologous EBV-specific T cell therapy is well tolerated.
• Clinical improvement in patients with MS can be sustained for 

up to 3 years after treatment. 
• A phase I clinical trial of allogeneic EBV-specific T cell therapy 

in MS patients is currently in progress.11
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Figure 1. EDSS (a,b), Fatigue Severity Scale (c,d) 
and Quality of Life (e,f) scores before and after EBV-
specific T cell therapy. The participants are grouped according to 
whether they received a T cell product with weak EBV reactivity (<5% of CD8+ 
T cells reacting to EBV) (a,c,e) or strong EBV reactivity (>5% of CD8+ T cells 
reacting to EBV) (b,d,f). For the Fatigue Severity Scale, a total score of 36 
(indicated by dotted horizontal lines (c,d)) or more suggests that a person is 
suffering from fatigue; the maximum score is 63 and the minimum score is 9. 
For the EDSS, a higher score indicates greater disability. Vertical lines indicate 
successive T cell infusions. EDSS: Expanded Disability Status Scale; EBV: 
Epstein–Barr virus; Wk: week; Yr: year.

Pt 
code

EBV-
specific 

reactivity of 
CD8+ T cells 

(%)A, B

Clinical course 
at 6 monthsA

Clinical course at 2 
years

Clinical course at 3 
years

1 0.4 Reduced fatigue. 
Improved ability to garden, 
paint, and perform daily 
activities. 
Improved balance, with 
Romberg’s sign changing from 
positive to negative.

Improved ability to perform daily 
activities was sustained until 10 months.
Improvements in fatigue and balance 
were sustained until 13 months.

Romberg’s sign was positive at 24 
months.

Walking ability and pain symptoms 
unchanged since baseline.  
Right pontine MS relapse at 30 months. 
Treated with intravenous methylprednisolone. 

2 0.72 No change from baseline. Increased leg spasticity at 11 months 
treated with IV methylprednisolone. 

Information not available

3 22.25 Improved energy levels and 
productivity. Improved 
endurance in swimming and 
gardening. 
Improvement in power of left 
hip and knee flexion but 
deterioration in left ankle 
plantarflexion. 

Improvements in energy levels, 
productivity, endurance and power of 
left knee flexion sustained.
Deterioration in the power of left hip 
flexion, ankle dorsiflexion and toe 
dorsiflexion between month 6 and 
year 2.
Pregabalin commenced for 
neuropathic pain of the lower limbs at 
24 months.

Improvements in energy levels, productivity 
and endurance sustained. 

Deterioration in the power of left hip 
extension and toe dorsiflexion between year 
2 and year 3.

4 14.16 Reduced fatigue. Better able 
to converse and concentrate 
on conversation. Resolution of 
vertigo. Reduction in diplopia. 
Increased manual dexterity 
with utensils. Reduced lower 
limb spasms. Resolution of 
symptomatic lower limb 
clonus. Reduced urinary 
urgency and 75% reduction 
in nocturia. Visual acuity 
improved from 6/9 (20/30) 
bilaterally to 6/6 (20/20) 
bilaterally. Colour vision 
(Ishihara plates) improved 
bilaterally, from recognition 
of 12 plates to 20 of the 
total 21 plates for the right 
eye and from recognition of 
15 plates to 19 plates for the 
left eye. 

Reduction in fatigue sustained at 24 
months. The resolution of vertigo, 
reduction in diplopia, reduced lower 
limb spasms, resolution of lower limb 
clonus and reduction in urinary urgency 
and nocturia were sustained at year 2.

At 10 months neuropathic lower limb 
pain resolved and all pain medications 
were ceased.

Visual acuity returned to baseline of 
6/9 bilaterally. Colour vision (Ishihara 
plates) improvement from baseline 
was sustained bilaterally (recognition 
of 19 of the total 21 plates 
bilaterally).Left hand function reduced 
at year 2 due to worsening ataxia.

Fatigue increased. The resolution of vertigo, 
reduction in diplopia, reduced lower limb 
spasms, resolution of symptomatic lower limb 
clonus and of neuropathic pain were 
sustained at year 3.
Visual acuity was the same as baseline (6/9 
bilaterally). 

Colour vision (Ishihara plates) improvement 
from baseline was sustained bilaterally 
(recognition of 18 of the total 21 plates 
bilaterally)

Further reduction in left hand function 
compared to year 2 due to reduction in 
finger strength and worsening ataxia. 

5 45.45 Reduced fatigue. Increased 
productivity in all activities. 
Improved manual dexterity 
— insertion of earrings for 
first time in years. 

Improved walking ability 
from 100 to 1,500 metres 
with wheeled walker and to 
100 metres with unilateral 
assistance. 
80% reduction in nocturia, 
and improved sleep. 

Near complete resolution of 
lower limb spasticity, 
normalization of lower limb 
power and knee jerks for first 
time in 16 years, transient 
normalization of plantar 
reflexes from extensor to 
flexor, normalization of 
coordination in upper and 
lower limbs, and resolution of 
impaired light touch and 
vibration sense in lower limbs. 
Improvement in EDSS score 
from 6.5 to 6.0.

Reduction in fatigue sustained. 
Improvements in productivity, manual 
dexterity and walking ability were 
sustained. Continued improvement in 
walking ability to 190 metres with 
unilateral assistance.

Sustained improvements in nocturia 
and sleep. Additional improvements in 
daytime urinary and faecal urgency 
for the first time since 6 months prior to 
receiving T cell therapy.

Additional improvement in ability to 
complete work tasks including better 
memory for numbers and names. 
Additional improvement in ability to 
stand from sitting and lower limb 
spasticity. Distal lower limb power 
normalized from 2-3/5 at baseline.
Sustained normalization of 
coordination in lower limbs. Sustained 
resolution of impaired light touch and 
vibration sense in lower limbs. 
EDSS score improvement maintained at 
6.0. Sustained improvement in QOL 
score (9/10 from 7/10 at baseline).

Fatigue increased but remained lower than 
baseline level. 

Improvements in productivity, manual 
dexterity, sleep, nocturia, and urinary and 
faecal urgency sustained. Sustained 
improvement in ability to stand from sitting.
Sustained improvement in lower limb 
spasticity and normalization of distal lower 
limb power. Sustained normalization of 
coordination in lower limbs and only subtle 
incoordination of the left upper limb. 
Sustained resolution of impaired light touch 
and vibration sense in lower limbs. 

EDSS score returned to baseline score of 6.5 
because of inability to walk without bilateral 
assistance. Able to walk 1,000 metres with 
bilateral assistance.

Sustained improvement in QOL, 8/10 from 
7/10 at baseline.

Table 1. Clinical course of MS following EBV-specific T cell therapy. 
The clinical course of MS was determined from a face-to-face interview with a neurologist and a neurological 
examination at year 2 and year 3. Where possible, the time point of clinical change relative to the time of 
completion of T cell therapy was determined from the participant history and/or collateral information from the 
treating neurologist who assessed the participant between study assessments. APreviously reported by 
Pender et al. 2018.5 BPercentage of CD8+ T cells in the T cell product reacting to EBV. CTreated with EBV-
specific T cell therapy 4 years prior to treatment in the phase I clinical trial.4 All references to time points refer 
to the time following the administration of EBV-specific T cell therapy. Participant 2 was unable to attend for 
the year 3 assessment owing to social circumstances. Participants 7, 10 and 11 did not receive T cell 
therapy in the phase 1 clinical trial and were not included in this follow-up paper. Pt, participant; EBV, 
Epstein–Barr virus; FSS: Fatigue Severity Scale; EDSS: Expanded Disability Status Scale.
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code
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reactivity of 
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Clinical course at 
6 monthsA

Clinical course at 2 
years

Clinical course at 3 
years

6 0.34 No change from baseline. Worsening of walking ability. Deterioration 
in EDSS score from 6.0 at baseline and 6 
months to 7.0. 

Deterioration in visual acuity of the right eye 
from 6/12 at baseline to 6/30. Colour vision 
(Ishihara plates) of the right eye 
deteriorated from recognition of 17 plates 
at baseline to 14 of the total 21 plates.

Worsening of upper limb ataxia 
and walking ability. EDSS score 
remained at 7.0.
Visual acuity of the right eye 
6/24. Colour vision (Ishihara 
plates) of the right eye 
deteriorated from recognition of 
17 plates at baseline to 12 of the 
total 21 plates.

8 2.87 Initial improvement in 
concentration, mental clarity 
(with lifting of mental fog), 
and productivity. At week 27 
there was an increase in right 
lower limb pain, spasms, and 
weakness, with EDSS score 
increasing from 6.5 at week 
21 to 7.0 at week 27 and 
decreased mood related to 
social circumstances.

Deterioration in walking ability following 
urinary tract infection and deep vein 
thrombosis. EDSS score 7.5 compared to 6.0 
at baseline. 

Increased leg spasticity and pain. 
EDSS score 8.0.

9C 6.34 Reduced fatigue. Improved 
cognition and word-finding. 
Increased productivity. 
Increased voluntary 
movements in toes and at left 
ankle.

Fatigue level lower than baseline but higher 
than at 6 months. Improved cognition and 
word-finding sustained. Voluntary movements 
in toes and left ankle reduced to below 
baseline level at 7 months. Colour vision 
(Ishihara plates) of the left eye deteriorated 
from recognition of 21 plates at baseline to 
16 of the total 21 plates. DSS deteriorated 
from 8.0 at baseline to 8.5 at year 2 due to 
increased upper limb ataxia.

Fatigue level lower than baseline 
and 6 months. Improved cognition 
and word-finding sustained. 
Colour vision (Ishihara plates) of 
the left eye stable with recognition 
of 16 of the total 21 plates.

12 29.85 Reduced fatigue. Improved 
concentration and mental 
clarity (lifting of mental fog). 
Improved speech and ability 
to follow complex 
conversation. Increased 
productivity. 60% reduction in 
nocturia. Increased walking 
distance from 200 to 500 
metres without aid or rest. 
Improvement in EDSS score 
from 5.0 to 3.5.

Reduction in fatigue and nocturia and 
improvement in walking distance to 500 
metres without aid or rest sustained until 12 
months after T cell therapy. 

Improvement in concentration and mental 
clarity sustained until 18 months after T cell 
therapy. Walking started to deteriorate 12 
months after T cell therapy; distance of 100 
metres with unilateral support and EDSS 
score of 6.0 at 24 months.

Walking distance 400 metres with 
unilateral support and EDSS score 
of 6.0. 

13 7.90 Improved sleep quality. 
Improved mood. Improved 
handwriting. 

Increased walking distance 
from 200 to 440 metres 
without aid or rest. Romberg’s 
sign changed from positive to 
negative. Improvement in EDSS 
score from 5.0 to 4.5.

Improvement in mood and handwriting 
sustained until 7 months after T cell therapy. 
Improved sleep quality sustained at 24 
months.

Walking distance of 377 metres without aid 
or rest. Romberg’s sign remained negative 
and EDSS score improvement to 4.5 
sustained at 24 months.

Ocrelizumab was commenced at 
34 months owing to deterioration 
in walking distance at 32 months 
(77 metres with bilateral 
assistance). 
Improved sleep quality sustained 
at 36 months. 
Romberg’s sign reverted to 
positive and EDSS score 
deteriorated to 6.5.
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