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Abstract

Background: Alemtuzumab is a monoclonal antibody directed against CD52 that depletes T and B lymphocytes.
Objective: To evaluate the treatment effect of alemtuzumab on low-contrast vision in relapsing—remitting multiple
sclerosis (RRMS) patients.

Methods: This was a pre-defined exploratory analysis within a randomized, rater-blinded trial (CAMMS223) that was
run at 49 academic medical centers in the US and in Europe. Patients with untreated, early, RRMS (McDonald, n = 334)
were randomized |:1:] to subcutaneous interferon beta-la (IFNB-1a), or alemtuzumab 12 mg or 24 mg. Visual contrast
sensitivity was measured for each eye at baseline and quarterly, with Pelli-Robson charts.

Results: The eyes of patients in the pooled alemtuzumab group (versus IFNB-1a) had a greater than 2-fold higher rate of
both 3-month and 6-month sustained visual improvement, of at least 0.3 log units (2 triplets, 6 letters) (At 3 months the
hazard ratio (HR) = 2.26; Cl = .19 to 4.31; P = 0.013; and at 6 months the HR = 2.44; Cl =1.16 to 5.15; P = 0.019), and
they had a lower risk of 3- and 6-month sustained worsening of at least 0.15 log units (| triplet, 3 letters) (At 3 months
the HR = 0.58; Cl = 0.38 to 0.89; P = 0.012; and at 6 months HR = 0.55; CI=0.35 to 0.87; P = 0.010). Over the 36-month
study period, the eyes of patients in the pooled alemtuzumab group improved in mean contrast sensitivity to a greater
extent than those in the IFNB-1a group (0.080 log units versus 0.038 log units; P = 0.0102).

Conclusions: Alemtuzumab was associated with a greater chance of improved contrast sensitivity in patients with
RRMS and may delay the worsening of visual function. Contrast sensitivity testing was sensitive to treatment effects, even
within an active comparator study design. These results support the validity of low-contrast vision testing as a clinical
outcome in MS trials.
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Introduction

Visual dysfunction occurs in 80% of patients with multiple
sclerosis (MS) at some point in the disease and 20% present
with acute optic neuritis.!® In addition, MS patients fre-
quently show subclinical changes in visual function with no
apparent visual symptoms.*¢ Such impairments can remain
undetected, due to the lack of sensitivity of some visual
function tests, particularly those based solely on high-
contrast acuity.” Tests measuring low-contrast vision (with
shades of grey on a white background) are more sensitive
clinical measures of visual dysfunction in MS810 and can
detect abnormalities even in MS patients with otherwise

apparently good visual acuity.!l:!2 Pelli-Robson charts
measure contrast sensitivity, the lowest contrast level at

'University of Pennsylvania, Philadelphia, PA, USA.
2University of California San Francisco (UCSF), CA, USA.
3Genzyme Corporation, Cambridge, MA, USA.
“UBC-Envision Group, Horsham, UK.

Corresponding author:

Jennifer Graves, UCSF MS Center, 675 Nielson Rising Lane,
Neurosciences Research Building, Suite 221, Box 3206, San Francisco,
CA 94158, USA.

Email: jennifer.graves@ucsf.edu



Graves et al.

1303

which patients can perceive letters of a single large size
(~20/680 Snellen equivalent). This method was used in the
Optic Neuritis Treatment Trial, and was a practical and sen-
sitive indicator of visual dysfunction in optic neuritis.'3

Abnormalities in low contrast vision, in addition to cor-
relating with measures of visual disability, have been shown
to be predictive for changes in overall MS disability and
functionality and to be significantly associated with mag-
netic resonance imaging (MRI) abnormalities, such as brain
atrophy.'# Low-contrast letter acuity charts measure the
smallest size at which patients can see letters at different
levels of contrast. Scores on this test correlate well with
structural biomarkers of axonal and neuronal loss, includ-
ing retinal nerve fibre layer thickness and macular volume,
as measured by optical coherence tomography.!>16
Therefore, measures of low contrast vision are potentially
powerful and practical tools to measure the effectiveness of
MS therapies. Studies also demonstrate that low-contrast
letter acuity testing may have potential utility as an addi-
tional component to disability scales such as the Multiple
Sclerosis Functional Composite.!’

Alemtuzumab is a monoclonal antibody that selectively
targets CD52, to deplete circulating T and B lymphocytes,
the critical mediators of MS inflammatory processes,
while having minimal impact on the other immune cells.'8
A distinctive pattern of T and B cell repopulation begins
within weeks, leading to a rebalancing of the immune sys-
tem. Although the exact mechanism of action of alemtu-
zumab in MS is unknown, these pharmacodynamic
changes may help explain its disease-modifying effects on
MS.18 In the Phase II CAMMS223 trial, alemtuzumab
reduced the risk of relapse and of sustained accumulation
of disability (SAD), compared to subcutaneous high-dose
interferon beta-la (IFNB-la) in treatment-naive relaps-
ing-remitting multiple sclerosis (RRMS) patients with
active disease.!” There was a mean improvement in
MS-related disability reported.!$20 Alemtuzumab is also
associated with infusion-associated reactions, infection
and autoimmunity (primarily thyroid disease and immune
thrombocytopenia).

Measurement of low contrast vision using Pelli-Robson
charts was an exploratory efficacy outcome of CAMMS223,
with the resultant data presented here.

Methods

CAMMS223 was a 36-month Phase II randomized, rater-
blinded trial, investigating two dose levels of alemtuzumab
versus subcutaneous IFNB-1a, the details of which were
previously published.’ CAMMS223 is registered at
ClinicalTrials.gov, as number NCT00050778. All proce-
dures were approved by the local institutional ethics review
boards of the participating sites. Patients provided written
informed consent.

Patients

Patients (n = 334) with carly active RRMS and no prior
disease-modifying therapy were enrolled at 49 centers in
Europe and North America, between December 2002 and
July 2004. An independent safety-monitoring committee
oversaw the running of the trial. The study data collected by
investigators were held and analyzed by Genzyme
Corporation, working with the authors.

Eligible patients had a diagnosis of RRMS based on the
McDonald criteria,?! with an onset of symptoms no more
than 36 months preceding screening, at least two clinical
episodes (MS relapses) during the previous 2 years, a score
of 3 or less on the Expanded Disability Status Scale
(EDSS)?? and at least one gadolinium-enhancing lesion, as
seen on at least one of up to four monthly cranial MRI
scans. Patients were excluded if they received previous
disease-modifying treatment, had a history of clinically-
significant autoimmunity other than MS, or had positive
serum anti-thyrotropin-receptor antibodies.

Treatments

Eligible patients were randomly assigned, in a 1:1:1 ratio, to
receive an alemtuzumab dosage of 12mg or 24mg, or subcu-
taneous IFNB-1a. Alemtuzumab was given by intravenous
infusion on five consecutive days during the first month,
and on three consecutive days at month 12. Some patients
had a further treatment for three consecutive days, at month
24. IFNB-1a was self-administered subcutaneously three
times weekly, at a dose of 44 pg, following dose escalation.

Assessments

Pelli-Robson contrast sensitivity charts contain large letters
(20/680 Snellen equivalent at 1m), which decrease in con-
trast, but not in size. Each group of three letters has the
same contrast, with successive groups decreasing in con-
trast by a factor of 1/72, from a very high level down to a
contrast that is below the threshold of recognition for nor-
mal observers. The subject reads the letters on the chart,
starting with those of the highest contrast. A subject’s
threshold for contrast sensitivity is taken to be the lowest
contrast for which at least two letters in a triplet group are
correctly reported.’

A key is provided with the Pelli-Robson chart, where the
triplets identified correctly are translated into a log sensitiv-
ity value and each triplet is worth 0.15 log. For example,
the triplet with 1/100 contrast (1%) has a log contrast sensi-
tivity of 2.00.1% “Normal” levels for Pelli-Robson contrast
sensitivity were previously described as 1.80 log units for
younger patients and 1.65 log units for older patients.?

Visual assessment using contrast sensitivity testing was
a pre-defined exploratory endpoint in the CAMMS223
study. Pelli-Robson testing was carried out for each eye
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individually, at baseline and thereafter at quarterly intervals
for 3 years, by a clinical professional who was blinded to
the MS treatment assignment. Pelli-Robson testing was not
performed at some Eastern European study sites where the
native language used the Cyrillic alphabet, for which no
Pelli-Robson translation exists. For an eye, a clinically sig-
nificant sustained improvement in the contrast score is
defined as a > 0.30 log unit increase in contrast sensitivity
(equivalent to two triplets, or six letters) that is sustained
for at least 3 months.?? Worsening of contrast sensitivity in
an eye is defined as a decrease of 0.30 log units, but given
that there were too few of these events to permit interpreta-
tion, decreases of 0.15 log units (three letters) sustained for
3 months were also analyzed. Also, additional analyses
were carried out to assess 6-month sustained changes.

Statistical analysis

The study’s patient cohort was composed of all randomized
patients, who were diagnosed with MS at entry into the study.
Comparisons of the time to sustained improvement or sus-
tained worsening in each eye were analyzed using a Cox
proportional-hazards regression model and Kaplan-Meier
estimation,?* adjusted for within-patient inter-eye correla-
tions, and was defined as the time in days from randomization
to the first date when a change in contrast sensitivity occurred
that was maintained at the next follow-up assessment.

The mean change in contrast sensitivity from the baseline
time point was assessed, using a mixed model for repeated

Table |. Baseline demographics and clinical disease characteristics

measures? with study visit and treatment group interaction
terms included as covariates, and with adjustment for within-
patient inter-eye correlations.

Relationships between the change in Pelli-Robson score
and the change in EDSS or the change in EDSS Visual
Functional System Score (FSS) were assessed, using
Spearman rank correlation coefficients.

As per the overall study analyses, the 12 mg and 24 mg
alemtuzumab dose groups were both pooled for analysis
and also analyzed separately. All statistical models were
adjusted for baseline EDSS, baseline contrast sensitivity
for the right and left eyes, age at baseline, country and his-
tory of optic neuritis (yes/no) as covariates. No adjustments
were made for multiple hypothesis testing. All reported
p-values were 2-sided.

Results

A total of 273 randomized patients (90 receiving IFNB-1a,
91 receiving alemtuzumab 12 mg, 92 receiving alemtu-
zumab 24 mg) were included in the contrast sensitivity anal-
yses. Details of the study cohorts, and the overall efficacy
and safety of alemtuzumab, have been published previ-
ously.!%-26 Baseline demographic and clinical characteristics
of the patients included in this analysis, including baseline
contrast sensitivity scores in Table 1, were balanced between
the treatment groups and were similar to the full study
cohorts (as reported elsewhere!?). A history of optic neuritis
at study entry was noted for 36 patients (40.0%) in the

of patients included in the contrast sensitivity analyses.

IFNB-la Alemtuzumab Alemtuzumab Alemtuzumab P-value’
12 mg 24 mg pooled
N=90 N=91 N=92 N=183
Age, mean years (SD) 33.6 (9.2) 32.4 (8.0) 32.9 (8.6) 32.7 (8.3) 0.6352
Gender, % female 70.0 72.5 67.4 69.9 0.7515
Race, % Caucasian 878 89.0 87.0 88.0 0.9462
Baseline EDSS, mean (SD) 1.85 (0.83) 1.90 (0.75) 1.96 (0.75) 1.93 (0.76) 0.6551
Time since first episode, median years 1.35(0.2,6.3) 1.20 (0.1, 3.5) 1.20 (0.3, 3.2) 1.20 (0.1, 3.5) 0.3952
(min, max)
Relapses in 2 years prior to baseline, n (%)
0 0 2(2.2) 0 2 (1.1)
I 7 (7.8) 5(5.5) 10 (10.9) 15 (8.2) 0.1333
2 58 (64.4) 47 (51.6) 46 (50.0) 93 (50.8)
>3 25 (27.8) 37 (40.7) 36 (39.1) 73 (39.9)
Baseline log contrast sensitivity, mean (SD)
Left eye 1.60 (0.24) 1.58 (0.26) 1.59 (0.20) 1.58 (0.23) 0.8672
Right eye 1.60 (0.20) 1.61 (0.24) 1.61 (0.18) 1.61 (0.21) 0.8901
History of optic neuritist, 36 (40.0) 30 (33.0) 44 (47.8) 74 (40.4) 0.1231
n (%)

*P-values are from tests of imbalance among the IFNB-a, alemtuzumab 12 mg, and alemtuzumab 24 mg treatment groups. Categorical variables are
analyzed using Fisher’s exact test, and continuous variables are analyzed using a one-way Analysis of Variance.
TA patient was considered to have a history of optic neuritis if “reduced visual acuity” had been reported in either the left or right eye during any of

their prior clinical relapse episodes.
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Figure |. Kaplan-Meier estimates of time to improvement or worsening in visual contrast sensitivity by MS treatment group: (a)
sustained improvement (3 months, 0.30 log units), (b) sustained improvement (6 months, 0.30 log units), (c) sustained worsening (3
months, 0.15 log units) and (d) sustained worsening (6 months, 0.15 log units).

Alem.: Alemtuzumab; IFNB: interferon beta; MS: multiple sclerosis; SC: subcutaneous dose

IFNB-1a group, 30 (33.0%) in the alemtuzumab 12 mg
group and 44 (47.8%) in the alemtuzumab 24 mg group.

In Table 2 we see that the eyes of patients in the pooled
alemtuzumab group showed a greater improvement from
baseline to month 36 (0.080 log units; P < 0.0001), when
compared to those in the [FNB-1a group (0.038 log units;
P=0.0316), representing a net difference of 0.042 log units
(P =0.0102). The change in mean contrast sensitivity for
each of both alemtuzumab dose groups versus IFNB-1a
were also statistically significant (12 mg: difference =
0.041 log units, P = 0.0285; 24 mg: difference = 0.043 log
units, P =0.0189).

The differences in the time to sustained improvement of
at least 0.30 log units in visual contrast sensitivity for 3
months (see Figure 1(a) and Table 3) and for 6 months (see
Figure 1(b) and Table 3) were appreciable between the
alemtuzumab and IFNB-1a treatment groups. Data for the
eyes of pooled alemtuzumab patients showed that they

were more than twice as likely to have 3- and 6-month sus-
tained improvements in vision, as compared to those
receiving IFNB-1a (Table 3). Analysis of the different
doses of alemtuzumab showed that patients in the 24 mg
dosage group had higher rates of both 3- and 6-month sus-
tained improvements than those in the IFNB-1a group (3
months, P = 0.0064; 6 months, P = 0.0055). While the
vision of patients receiving alemtuzumab 12 mg was also
more likely to improve than those receiving [FNB-1a, we
found that the difference between these groups did not
reach nominal statistical significance levels.

Sustained worsening of at least 0.30 log units was also
assessed; however, deterioration of this magnitude occurred
for very few eyes in each treatment group. An estimated 7%
of eyes in both the pooled alemtuzumab and IFNB-1a treat-
ment groups had a sustained worsening of 0.30 log units for
a period of 3 months. Sustained worsening of at least 0.15
log units was less likely to occur in the eyes of patients in
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Table 2. Mean change in contrast sensitivity from baseline to Month 36.

IFNB-Ia (n=180)

Alemtuzumab
12 mg (n=182)

Pooled alemtuzumab
(n=365)

Alemtuzumab
24 mg (n=183)

Adjusted analyses*

Change from Baseline to Month
36, log units (95% CI)

0.038 (0.003, 0.072)

0.079 (0.047, 0.110)

0.081 (0.050,0.111)  0.080 (0.054, 0.106)

P-value 0.0316 <0.0001 <0.0001 <0.0001
Differencef, log units 0.041 (0.004, 0.078)  0.043 (0.007, 0.079) 0.042 (0.010, 0.074)
P-value 0.0285 0.0189 0.0102

*Estimates, 95% confidence intervals, and p-values are from a mixed model for repeated measures with covariate adjustment for baseline contrast

sensitivity, baseline EDSS score, age, country, and history of optic neuritis.

tEstimated difference between each alemtuzumab treatment group and IFNB-la from the mixed model for repeated measures.

Table 3. Time to sustained improvement of 0.30 log units in eyes.

IFNB-la (n=180) Alemtuzumab Alemtuzumab Pooled alemtuzumab
12 mg (n=182) 24 mg (n=183) (n=365)
3 Months Sustained Improvement
Eyes with event, n 14 25 31 56
Kaplan-Meier estimate of 10.4 (5.8, 18.1) 14.9 (9.8, 22.2) 172 (11.8,24.7) 16.1 (12.2,21.1)

event, % (95% CI)
Hazard ratio* (95% CI)

1.937 (0.947, 3.963)

2.667 (1.317,5400)  2.304 (1.194, 4.446)

P-value* 0.070 0.0064 0.0128

6 Months Sustained Improvement
Eyes with event, n 10 20 26 46
Kaplan-Meier estimate of 7.2 (3.7, 13.8) 11.9 (7.2, 19.3) 14.4 (9.6, 21.3) 13.2 (9.6, 18.0)

event, % (95% CI)

Hazard ratio* (95% CI)

P-value* 0.1366

1.983 (0.805, 4.885)

3.184 (1.407, 7.205)
0.0055

2.587 (1.167, 5.734)
0.0193

*P-values from a Cox proportional-hazards regression model with baseline left and right eye contrast sensitivity scores, country, baseline age, baseline

EDSS and history of optic neuritis included as covariates in the model.

the pooled alemtuzumab treatment groups, as compared
with those in the IFNB-la group, when using both the
3-month (P=0.0087) (Figure 1(c) and Table 4) and 6-month
criteria (P = 0.0084) (Figure 1(d) and Table 4). The eyes of
patients receiving either dose of alemtuzumab were signifi-
cantly less likely to have 3-month sustained deterioration,
as compared to those receiving IFNB-1a (12 mg, P =0.020;
24 mg, P = 0.038). The patients in the alemtuzumab 24 mg
dosage group also had a lower likelihood of worsened
vision than those in the IFNB-1a group, using the 6-month
criterion.

In a sensitivity analysis that was restricted to the patients
who completed the study, the estimated proportion of
patients with sustained improvement or worsening in visual
contrast sensitivity was similar to that observed in the over-
all analysis (data not shown). Results from statistical mod-
els that were unadjusted for covariates were consistent with
the covariate-adjusted analyses reported here.

Changes in visual contrast sensitivity did show some cor-
relation with the subjects’ performance on the Visual FSS
component of the EDSS. The changes from baseline to

month 12 in contrast sensitivity, for all eyes, were correlated
with the changes in Visual FSS during the same time period
(correlation coefficient (p) = —0.12; p = 0.0059). There was
also a correlation for the change from baseline to month 24
(p = —0.21; p < 0.0001), but no association was found
between change in contrast sensitivity and change in Visual
FSS from baseline to month 36 (p =—0.076; p =0.13). These
correlations were of modest magnitude, even when statisti-
cally significant, and no correlation was observed between
the changes in Pelli-Robson scores and changes from base-
line in the overall EDSS score (data not shown).

Discussion

This study demonstrates that alemtuzumab may be associ-
ated with better visual outcomes, compared with IFNB-1a,
and that the Pelli-Robson measurement of low contrast
vision is sensitive to treatment effects. Interestingly, the
patients treated with IFNB-1a also demonstrated improve-
ments in low contrast vision, but without a placebo arm to
the study, the significance of this observation is unclear.
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Table 4. Time to sustained worsening of 0.15 log units in eyes.

IFNB-1a (n=180) Alemtuzumab Alemtuzumab Pooled alemtuzumab
12 mg (n=182) 24 mg (n=183) (n=365)
3 Months Sustained Worsening
Eyes with event, n 56 36 40 76
Kaplan-Meier estimate of event, 36.5 (27.7, 47.0) 21.6 (15.0, 30.4) 22.3 (15.8, 30.8) 21.9 (17.1, 27.9)

% (95% CI)
Hazard ratio* (95% CI)

0.557 (0.341, 0.911)

0.588 (0.356, 0.970) 0.573 (0.378, 0.869)

P value* 0.0197 0.0377 0.0087

6 Months Sustained Worsening
Eyes with event, n 41 31 24 55
Kaplan-Meier estimate of event, 26.2 (18.8, 35.9) 18.6 (12.7, 26.8) 13.2 (18.2, 21.0) 15.8 (11.7,21.2)

% (95% CI)
Hazard ratio* (95% CI)
P value*

0.665 (0.403, 1.097)
0.1104

0.443 (0.241, 0.814)
0.0087

0.546 (0.348, 0.857)
0.0084

*P-values from a Cox proportional-hazards regression model with baseline left and right eye contrast sensitivity scores, country, baseline age, baseline

EDSS and history of optic neuritis included as covariates in the model.

It is important to consider the benefits of the observed
treatment effect. Contrast sensitivity is a critical aspect of
visual function, as it measures how well a person can see
under low contrast conditions, such as driving at night or
reading in low ambient light. Visual impairment of this
nature can significantly reduce quality of life, making peo-
ple more dependent on others for transport and causing dif-
ficulty with carrying out daily tasks.?’-?® The inability to
detect, for instance, the edge of a step, can be a contributory
factor in accidents.?%-30 In patients with MS, reductions in
quality of vision can produce impairments in vision-
specific health-related quality of life measures that are sim-
ilar in magnitude to those caused by having glaucoma or
cataracts.’!

Our study demonstrated that Pelli-Robson charts may
detect treatment effects in a controlled trial. Contrast sensi-
tivity tests are found to be abnormal, even in MS patients
with Snellen acuities of 20/20 or better.!%.1217:3233 Visual
impairment may occur independent of changes in EDSS.®
Contrast letter acuity (Sloan charts) and contrast sensitivity
(Pelli-Robson system) are the methods that best distinguish
visual dysfunction in patients with MS, compared with
disease-free controls.3? Low-contrast letter acuity scores
were shown to be predictive for changes in MS disability
and functionality.?? In this study, no association was found
to exist between Pelli-Robson scores and the overall EDSS
changes from baseline. This observation confirmed that
visual changes may occur independently of EDSS changes
and that contrast sensitivity changes may demonstrate neu-
rological dysfunction not captured by the visual function
system score of the EDSS.

Limitations in the current analysis are acknowledged.
Although this endpoint was pre-specified in the protocol,
aspects of the analyses described were post hoc in nature. Pelli-
Robson assessments were not performed for every patient in
the CAMMS223 study. Among those patients who had a

baseline contrast sensitivity measurement, 60.0% of IFNB-1a
and 86.8% of alemtuzumab patients participated in the full
study period and had a month 36 evaluation. This difference in
study drop-out rates between the treatment groups could poten-
tially bias the observed treatment effects; however, a sensitivity
analysis restricted to patients who completed the study showed
that the estimated proportion of patients with sustained
improvement or worsening was similar to the results from the
overall analysis, which suggested that the results reported here
are likely consistent with the population as a whole, in spite of
the differential drop-out rates. Binocular measurements, which
could better reflect visual function in a natural setting, were not
made in this study. Pre-baseline practice tests of contrast sensi-
tivity were not part of the protocol. While learning effects are a
possible limitation, such effects would tend to increase the
scores for all patients, including those in the interferon-treated
group. This would be expected to limit the sensitivity of the
within-group comparison, but not invalidate any observed
between-group differences.

In summary, the results of this Phase 2 study suggested
that alemtuzumab therapy improves the contrast sensitivity
in RRMS patients better than SC IFNB-1a does. These
findings support previous analyses in demonstrating the
capacity of low-contrast vision tests to measure treatment
effects in MS patients.?* Given their validity in measuring
visual dysfunction, coupled with their being non-invasive,
inexpensive and time-efficient, and their correlation with
MRI and optical coherence tomography (OCT) structural
markers, the tests of low-contrast vision are practical out-
come measures to consider in a MS trial setting.
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