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Introduction
Neurofilaments are cytoskeletal proteins whose release 
into CSF and blood is a quantitative measure of neu-
ronal injury.1 Serum neurofilament light chain (sNfL) 
in MS has been validated as a biomarker for disease 
activity, therapy response, and as a predictor of disease 
worsening.2–6 Increased sNfL levels may indicate sub-
clinical disease activity and suboptimal treatment respo
nse;2,5–11 however, few studies have examined the 
impact of high-efficacy disease-modifying therapy 

(DMT) on sNfL levels in head-to-head randomized 
controlled trials.9,10

In the 2-year phase 3 CARE-MS I trial, alemtu-
zumab (LEMTRADA®; Sanofi Genzyme, 
Cambridge, MA, USA) improved relapse, MRI, 
and patient-reported outcomes in treatment-naive 
patients with relapsing–remitting MS (RRMS) ver-
sus subcutaneous interferon beta-1a (SC 
IFNB-1a).12 In two consecutive extension studies 
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(CAMMS03409 and TOPAZ), these pharmacody-
namic effects were followed over an additional 
7 years.13–16 In clinical trials and post-marketing, 
the alemtuzumab safety profile includes infusion-
associated reactions, more frequent infections and 
potential for opportunistic infections, secondary 
autoimmunity (i.e. thyroid disorders, immune 
thrombocytopenia, nephropathies, autoimmune 
cytopenias, autoimmune hepatitis, and other less 
common autoimmune events), acute acalculous 
cholecystitis, and cardiovascular and pulmonary 
events possibly related to infusion.12,14,16–21

These studies enabled longitudinal analysis of the 
alemtuzumab effect on sNfL over 7 years. We exam-
ined (a) whether highly active disease (HAD) patients 
had higher sNfL levels than the overall cohort, (b) 
whether the higher clinical efficacy of alemtuzumab 
versus SC IFNB-1a, both in HAD and the overall 
population, is reflected by a stronger decrease of sNfL 
levels over time, and (c) how NfL levels correlate 
with long-term clinical efficacy.

Patients and methods

Patients and procedures
The study design for the rater-blinded, active-con-
trolled, head-to-head, phase 3 CARE-MS I trial and 
the open-label CARE-MS extension has been pub-
lished previously.12,16 Treatment-naive patients with 
active RRMS (disease duration of ⩽5 years, ⩾2 
relapses in the previous 2 years and ⩾1 in the previ-
ous year, Expanded Disability Status Scale (EDSS) 
scores of ⩽3.0) were randomly allocated in a 2:1 
ratio to either alemtuzumab 12 mg/day on 5 consecu-
tive days at baseline and on 3 consecutive days 
12 months later, or SC IFNB-1a 44 µg 3 times per 
week. In the extension, patients who completed the 
core study could receive additional alemtuzumab 
courses (12 mg/day on 3 consecutive days ⩾12 months 
after the previous course) as needed for disease activ-
ity (⩾1 protocol-defined relapse, and/or ⩾2 unique 
lesions defined as either new/enlarging T2 hyperin-
tense, and/or gadolinium (Gd)-enhancing brain and/
or spinal cord lesions on MRI) at the discretion of the 
investigator. Other approved DMT was also permit-
ted. Patients completing the 4-year CARE-MS exten-
sion study could enroll in the subsequent, ongoing, 
5-year TOPAZ extension study and receive additional 
alemtuzumab 12 mg/day on 3 consecutive days 
⩾12 months after the previous course at the discre-
tion of the investigator (no disease criteria), or 
receive another DMT at any time.15

Protocol approval, registration, and patient 
consent
CARE-MS I, CAMMS03409, and TOPAZ are regis-
tered with ClinicalTrials.gov (NCT00530348; 
NCT00930553; NCT02255656). Patients provided 
written informed consent, and all procedures were 
approved by local institutional ethics review boards 
of participating sites.12

Sample collection and analysis
sNfL levels were assessed using a single-molecule 
array (Simoa®; Quanterix, Lexington, MA, USA) 
assay.22 Healthy control samples were collected at the 
University of Basel (Basel, Switzerland) and this 
analysis has been published previously.22 Samples 
from CARE-MS I patients were collected at core 
study baseline and at 3- or 6-month intervals and ana-
lyzed in the overall study population as well as the 
subgroup of patients with HAD at baseline. HAD was 
defined as ⩾2 relapses in the year before randomiza-
tion and ⩾1 Gd-enhancing lesion at core study base-
line. Details of the MRI methods are provided in the 
Supplementary Material.

Statistical analyses
sNfL values below the lower limit of quantification 
(LLOQ; 1.28 pg/mL) were imputed as LLOQ/2 in 
1.2% (86/7100) of alemtuzumab samples and 0.7% 
(5/721) of SC IFNB-1a samples.

For correlation analyses between baseline sNfL ver-
sus baseline patient or disease characteristics, sample 
data were pooled from both treatment arms. The rela-
tionships between baseline sNfL levels and baseline 
Gd-enhancing lesion count, T2 hyperintense lesion 
volume, and T1 hypointense lesion volume were ana-
lyzed by regression analyses conducted with log-
transformed sNfL levels as the dependent variable; 
estimates were back-transformed to the original scale 
and therefore represent multiplicative effects on the 
geometric mean of sNfL. Multivariate analyses of the 
relationship between baseline sNfL and baseline clin-
ical or MRI parameters were adjusted for baseline 
characteristics reported previously to affect sNfL lev-
els.22 For clinical characteristics, analyses considered 
baseline age, sex, EDSS score, and prior relapse 
within 60 days of study start as covariates. For MRI 
characteristics, analyses considered baseline age, sex, 
Gd-enhancing lesion count, and T2 hyperintense 
lesion volume as covariates.

Analyses of sNfL levels during treatment with alemtu-
zumab or SC IFNB-1a were performed in patients who 
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had ⩾1 post-baseline measurement. p-Values evaluat-
ing treatment group differences in sNfL at baseline 
were derived using the Wilcoxon rank sum test. p-Val-
ues evaluating treatment group differences in sNfL 
post-baseline were derived using rank analysis of 
covariance adjusted for age and baseline sNfL level. 
p-Values evaluating sNfL change from baseline were 
derived using the Wilcoxon signed rank test.

The distribution of sNfL in healthy controls and its 
association with age was modeled using the 
Generalized Additive Model of Location, Scale, and 
Shape.23 The model utilized 341 observations, includ-
ing 254 healthy controls at baseline and 87 at 1 year 
follow-up to derive age-dependent percentiles.22 Each 
CARE-MS I patient sample was dichotomized into 
levels above or below the respective age-matched 
healthy control median or the 80th percentile to obtain 
an age-independent measure of sNfL. Proportions of 
alemtuzumab- and SC IFNB-1a–treated patients with 
sNfL levels at or below the healthy control median or 
80th percentile were compared using the chi-square 
test. Odds ratio estimates of sNfL levels equal to or 
less than that of healthy control median and p-values 
were based on repeated logistic regression with 
exchangeable covariance structure, adjusted for treat-
ment, visit, a treatment-by-visit interaction term, 
baseline EDSS score, prior relapse within 60 days, 
and baseline sNfL.

Data availability statement
Qualified researchers may request access to patient-
level data and related study documents, including the 
clinical study report, study protocol with any amend-
ments, blank case report form, statistical analysis 
plan, and dataset specifications. Patient-level data 
will be anonymized and study documents will be 
redacted to protect the privacy of trial participants. 
Further details on Sanofi’s data-sharing criteria, eligi-
ble studies, and process for requesting access can be 
found at https://www.clinicalstudydatarequest.com.

Results

Availability of samples for sNfL analysis
Baseline samples from 513 alemtuzumab- or SC 
IFNB-1a–treated CARE-MS I patients were available 
for analysis, representing 91% of the CARE-MS I 
population receiving any study drug. Of 354 alemtu-
zumab-treated patients, 276 remained on study 
through year 7, and 78 either discontinued the study 
(n = 54) or did not enroll in the CARE-MS extension 

(n = 17) or TOPAZ (n = 7). Reasons for discontinu-
ation included withdrawal of consent (n = 28), patient 
lost to follow-up (n = 8), other (n = 7), physician 
decision (n = 5), death (n = 4), lack of efficacy (n = 
1), and study terminated by sponsor (n = 1). Of the 
276 patients completing year 7, samples for sNfL 
analysis were available at year 7 for 110 patients. The 
other 166 patients did not have samples collected dur-
ing the specific time window that was required for 
sNfL analysis. This proportion with missing samples 
increased during year 7 (Supplementary eTable).

Correlation of baseline sNfL levels with baseline 
clinical and MRI characteristics
Patients in the sNfL analysis sample had a mean dis-
ease duration of approximately 2 years and a mean 
EDSS score of 2.0; all had relapse activity within the 
past year per protocol, and almost half had 
Gd-enhancing lesions at baseline (Table 1). Age range 
was 18−53 years. Median (interquartile range (IQR)) 
sNfL level at baseline was 31.5 (17.2–61.1) pg/mL. 
Higher baseline sNfL levels were associated with 
higher baseline Gd-enhancing lesion count, higher 
baseline T2 hyperintense lesion volume, and higher 
baseline T1 hypointense lesion volume (Figure 1).

In a multivariate model, baseline EDSS score (confi-
dence interval) (β = 1.19 (1.06–1.33) p = 0.0033), time 
since last relapse (β = 0.43 (0.28–0.65) p < 0.0001), 
and the number of Gd-enhancing lesions (β = 1.04 
(1.02–1.06) p < 0.0001), as well as the T2 hyperintense 
lesion volume (β = 1.03 (1.02–1.04) p < 0.0001) were 
associated with baseline sNfL levels across the 
CARE-MS I population (Table 2).

sNfL levels after alemtuzumab or SC IFNB-1a 
treatment
A total of 7100 samples (core study: 1667, extension 
study: 5433) from 354 alemtuzumab-treated patients, 
and 721 samples from 159 SC IFNB-1a–treated 
patients (core study only) were available for analysis. 
Baseline characteristics were balanced between 
groups (Table 1). The HAD subgroup consisted of 
102 alemtuzumab-treated patients (2140 samples) 
and 53 SC IFNB-1a–treated patients (245 samples). 
Throughout the core and extension studies, 58% (190 
of 329 who entered the extension) of alemtuzumab-
treated patients with available sNfL data received no 
additional dose or other DMT after the initial standard 
two courses. Five patients received other DMT only, 
127 received additional alemtuzumab only, and 7 
received both. sNfL levels from month 24 to the end 
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Table 1.  Baseline characteristics of CARE-MS I patients with sNfL samples in this analysis.

Parameter Overall CARE-MS I population HAD subgroup

Alemtuzumab 
(n = 354)

SC IFNB-1a 
(n = 159)

Alemtuzumab 
(n = 102)

SC IFNB-1a 
(n = 53)

Age, years 32.9 (8.0) 33.0 (8.3) 32.3 (8.0) 29.7 (7.3)

Female, n (%) 232 (65.5) 108 (67.9) 68 (66.7) 36 (67.9)

White, n (%) 332 (93.8) 154 (96.9) 93 (91.2) 51 (96.2)

EDSS score 2.0 (0.8) 2.0 (0.8) 2.0 (0.8) 2.1 (0.9)

Years since initial relapse 2.1 (1.4) 2.0 (1.4) 1.7 (1.4) 2.0 (1.5)

No. of relapses in prior 1 year 1.8 (0.8) 1.8 (0.8) 2.3 (0.6) 2.3 (0.6)

No. of relapses in prior 2 years 2.5 (0.8) 2.4 (0.8) 2.8 (0.9) 2.7 (0.9)

Patients with Gd-enhancing lesions, n (%) 162 (46.4)a 77 (49.4)b 102 (100) 53 (100)

Gd-enhancing lesion count 2.3 (5.2)a 2.1 (4.6)b 5.5 (7.2) 4.6 (5.2)

T2 hyperintense lesion volume, cm3 7.4 (9.0)a 7.1 (10.0)c 9.9 (10.3) 11.4 (13.6)

T1 hypointense lesion volume, cm3 1.2 (2.1)a 1.2 (2.4)c 1.5 (2.1) 2.3 (3.7)
Brain parenchymal fraction 0.82 (0.02)a 0.82 (0.02)d 0.82 (0.02) 0.82 (0.02)

EDSS: Expanded Disability Status Scale; Gd: gadolinium; HAD: highly active disease; SC IFNB-1a: subcutaneous interferon beta-
1a; SD, standard deviation; sNfL: serum neurofilament light chain.
All values are mean (SD) unless specified otherwise.
an = 349.
bn = 156.
cn = 157.
dn = 158.
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Figure 1.  Unadjusted analyses showing the relationship between sNfL levels and (a) Gd-enhancing lesion count, (b) T2 
hyperintense lesion volume, and (c) T1 hypointense lesion volume at baseline.
Gd: gadolinium; IQR: interquartile range; sNfL: serum neurofilament light chain.
aT2 hyperintense lesion volume Tertile 1: ⩽1.997 cm3; Tertile 2: >1.997 and ⩽6.520 cm3; Tertile 3: >6.520 cm3.
bT1 hypointense lesion volume Tertile 1: ⩽0.117 cm3; Tertile 2: >0.117 and ⩽0.804 cm3; Tertile 3: >0.804 cm3.

of follow-up were higher in these 139 patients receiv-
ing other DMTs or additional courses of alemtuzumab 
(median (IQR) 17.2 (10.8–27.5) pg/mL) than in the 
190 patients who did not receive any further treatment 
(14.3 (9.5–21.0) pg/mL; p < 0.0001).

Median (IQR) sNfL levels were similar in alemtuzumab-
treated patients and SC IFNB-1a–treated patients at 
baseline (31.7 (17.1–60.4) pg/mL vs 31.4 (17.5–61.1) 
pg/mL; p = 0.57; Figure 2(a)); after 6 months of treat-
ment, median (IQR) sNfL levels were significantly 
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lower with alemtuzumab versus SC IFNB-1a (17.2 (9.7–
24.7) vs 21.4 (14.4–33.9) pg/mL; p < 0.0001). This 
reduction of sNfL by both drugs continued in the follow-
ing months of therapy, but the gap between alemtu-
zumab and SC IFNB-1a remained at month 12 (median, 
14.2 (IQR, 8.9–22.9) vs 17.7 (11.9–29.2) pg/mL; p = 
0.0014) and month 18 (13.2 (8.4–18.8) vs 15.6 (9.5–
24.7) pg/mL; p = 0.0123), while at the end of the core 
study, sNfL remained stable at low levels in the alemtu-
zumab group, but re-increased in the SC IFNB-1a group 
(month 24–13.2 (8.6–19.5) vs 18.7 (12.6–27.7) pg/mL; 
p < 0.0001); this re-increase in the latter treatment arm 
was significant (difference between month 18 vs month 
24: p = 0.0045). Significantly more alemtuzumab-
treated patients had sNfL levels at or below the median 
level for age-matched healthy controls at month 24 after 
treatment versus SC IFNB-1a (72% vs 47%; p < 0.0001; 
Figure 3(a)). Similarly, higher proportions of alemtu-
zumab-treated patients achieved sNfL levels at or below 
the 80th percentile for healthy controls at month 24 
(85% vs 64%; p < 0.0001). The odds of achieving an 
sNfL level at or below the healthy control median and at 
or below the healthy control 80th percentile favored 
alemtuzumab over SC IFNB-1a (Table 3).

Baseline sNfL levels were higher in HAD patients 
compared with the overall population, but alemtu-
zumab treatment reduced sNfL to levels similar to 

those of healthy controls, and as observed in the over-
all population (Figure 2(b)). At baseline, HAD patients 
in the alemtuzumab arm had numerically lower 
median (IQR) sNfL levels versus those in the SC 
IFNB-1a arm (49.4 (30.4–92.3) vs 61.0 (22.6–111.7) 
pg/mL; p = 0.60); and significantly lower sNfL levels 
were seen with alemtuzumab versus SC IFNB-1a 
post-treatment (month 6: 20.8 (11.2–26.9) vs 24.2 
(17.8–47.3) pg/mL (p = 0.0004); month 12: 15.8 (9.0–
24.8) vs 22.0 (11.9. 38.6) pg/mL (p = 0.0443); month 
18: 12.9 (8.9–18.2) vs 20.3 (12.2–29.6) pg/mL  
(p = 0.0008); month 24: 12.8 (8.5–16.6) vs 20.5 
(14.8–30.9) pg/mL (p < 0.0001)). More HAD patients 
had sNfL levels at or below the median level or the 
80th percentile level for age-matched healthy controls 
at month 24 with alemtuzumab versus SC IFNB-1a 
(median: 79% vs 36% (p < 0.0001); 80th percentile: 
87% vs 56% (p < 0.0001); Figure 3(b)), and the odds 
of achieving these thresholds in the HAD subgroup 
favored alemtuzumab over SC IFNB-1a (Table 3).

During the extension studies, sNfL levels in alemtu-
zumab-treated patients remained stable at each time 
point through month 84, at which point 73% of alem-
tuzumab-treated patients (n = 110) had sNfL levels at 
or below the healthy control median and 80% were 
below the healthy control 80th percentile. Similarly, 
sNfL levels remained stable through year 7 in the 

Table 2.  Association between baseline sNfL with baseline patient characteristics: multivariate regression analysis.

Parameter Regression 
coefficient

95% CI Percent increase 
in sNfL per unit 
parameter changea

p-Value Other covariates

Age 0.99 0.98–1.00 0.12 Sex, race, baseline age, 
baseline EDSS, disease 
duration, time since last 
relapse

Sex 0.91 0.76–1.10 0.34

Race 0.86 0.58–1.27 0.44

EDSS score 1.19 1.06–1.33 19% (per 1-point 
EDSS score increase)

0.0033

Disease duration 0.98 0.91–1.04 0.48

Time since last 
relapse prior to 
study entry

0.43 0.28–0.65 57% (per year more 
proximal to last 
relapse)

<0.0001

Gd-enhancing 
lesion count

1.04 1.02–1.06 4% (per increase of 1 
Gd-enhancing lesion)

<0.0001 Baseline age, baseline 
Gd-enhancing lesion count, 
baseline T2 hyperintense 
lesion volume, log-
transformed baseline BPF

T2 hyperintense 
lesion volume

1.03 1.02–1.04 3% (per 1 cm3 increase 
in T2 hyperintense 
lesion volume)

<0.0001

BPF 1.50 –1.67, 4.66 0.35

BPF: brain parenchymal fraction; CI: confidence interval; EDSS: Expanded Disability Status Scale; Gd: gadolinium; sNfL: serum 
neurofilament light chain.
aComputed as (back-transformed regression coefficient−1) × 100%.
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HAD subgroup; proportions of patients meeting the 
median and 80th percentile thresholds were 75% and 
81%, respectively (Figures 2 and 3).

A sensitivity analysis was performed in patients in the 
alemtuzumab group who had available sNfL data at 
month 84 (n = 110), or at month 24 for patients in the 
SC IFNB-1a group (n = 131; “completers”). Results 
were similar to that of the overall population, with 
significant between-group differences at months 6  
(p < 0.0001), 12 (p = 0.001), and 24 (p < 0.0001). 
sNfL levels in the alemtuzumab-treated completer 
population throughout the extension study were simi-
lar to those in the overall population (data not shown).

Discussion
Our results show that alemtuzumab was more effec-
tive in reducing sNfL in RRMS patients than SC 
IFNB-1a. They parallel the significant reductions in 
relapses (relative reduction 55%; p < 0.0001) and 
patients with Gd-enhancing lesions (19% for SC 
IFNB-1a vs 7% for alemtuzumab; p < 0.0001) and 
new or enlarging T2 hyperintense lesions (58% vs 
48%; p = 0.04) observed with alemtuzumab over 
2 years.12 Moreover, alemtuzumab therapy allowed 
patients to reach sNfL levels similar to those seen in 
age-matched healthy controls. Interestingly, in the SC 
IFNB-1a group, a significant increase in median sNfL 
levels was observed between months 18 and 24 of the 
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Figure 2.  sNfL levels over time in patients treated with alemtuzumab or SC IFNB-1a in (a) the overall CARE-MS I 
population and (b) the CARE-MS I HAD subgroup.
ANCOVA: analysis of covariance; HAD: highly active disease; IQR: interquartile range; SC IFNB-1a: subcutaneous interferon beta-1a; 
sNfL: serum neurofilament light chain.
Plot shows unadjusted sNfL values. p-Values indicate comparison between treatment groups (baseline: Wilcoxon rank sum test; post-
baseline: rank ANCOVA adjusted for age and baseline sNfL).
*p < 0.0001 for comparison of baseline with each post-baseline time point (Wilcoxon signed rank test). sNfL values below the lower 
limit of quantification were imputed; this represented 86/7100 (1.2%) alemtuzumab samples and 5/721 (0.7%) SC IFNB-1a samples. 
Solid line and shaded area represent median and IQR (20.6 pg/mL (15.6−27.1) sNfL level for healthy controls aged 18–53 years (the age 
range of CARE-MS I patients).
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Figure 3.  Proportions of patients with sNfL level at or below the median level for age-matched healthy controls (left 
panels) and at or below the 80th percentile of age-matched healthy controls (right panels) for (a) the overall CARE-MS I 
population and (b) the CARE-MS I HAD subgroup.
CI: confidence interval; HAD: highly active disease; HC: healthy controls; SC IFNB-1a: subcutaneous interferon beta-1a; sNfL: serum 
neurofilament light chain.
p-Values indicate comparison between treatment groups and are based on chi-square test.

Table 3.  Odds ratio comparing proportion of alemtuzumab-treated patients with sNfL levels at or below healthy control 
median or 80th percentile thresholds versus SC IFNB-1a–treated patients.

Population Month Odds ratioa (95% CI) p-Value

Overall CARE-MS I

  Healthy control median 12 1.81 (1.20–2.74) 0.0046

  24 2.85 (1.84–4.43) <0.0001

  Healthy control 80th percentile 12 1.68 (1.06–2.67) 0.0270

  24 3.01 (1.76–5.17) <0.0001

HAD CARE-MS I

  Healthy control median 12 1.63 (0.79–3.36) 0.19

  24 6.08 (2.55–14.50) <0.0001

  Healthy control 80th percentile 12 2.42 (1.11–5.26) 0.0263
  24 4.57 (1.71–12.23) 0.0024

CI: confidence interval; HAD: highly active disease; SC IFNB-1a: subcutaneous interferon beta-1a; sNfL: serum neurofilament light 
chain.
aOdds ratio of sNfL level less than or equal to that of healthy control median or healthy control 80th percentile, adjusted for age and 
baseline sNfL.
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core study, indicative of a return of disease activity. 
More important in view of long-term course of disa-
bility is that levels of sNfL were maintained close to 
those observed physiologically over 7 years in the 
majority of patients treated with alemtuzumab in the 
core study or those who received additional alemtu-
zumab or other DMT as needed in case of recurrent 
disease activity. These results of sNfL are congruent 
with the 7-year clinical and MRI data published pre-
viously from the long-term extensions of CARE-MS 
I, in which relapse rates remained low (0.12–0.19 per 
patient per year), 74% of alemtuzumab-treated 
patients remained free from 6-month confirmed disa-
bility worsening, and in each year 66%–77% were 
free of MRI lesion activity (Gd-enhancing and/or 
new/enlarging T2 hyperintense lesions).13,15

Conceptually, current results provide additional evi-
dence that sNfL levels reflect subclinical disease activity 
(focal lesion formation or brain-diffuse neurodegenera-
tive processes),7,11,24 which is more prominent in the SC 
IFNB-1a group. The effect of alemtuzumab on sNfL 
supports a stronger reduction in neurodegenerative pro-
cesses compared with SC IFNB-1a, and is in accordance 
with previous studies wherein patients who were clini-
cally stable (without relapse or MRI lesion activity) had 
less brain volume loss with alemtuzumab treatment than 
with SC IFNB-1a.25

The stable reduction in sNfL at the population level 
over 7 years post-alemtuzumab facilitates interpreta-
tion of the clinical data from the long-term extension 
studies, in which there was no comparator arm. As 
correlations between sNfL and brain volume loss 
have been established,2 the sustained low sNfL levels 
at the population level lend context to the modest 
degree of brain volume loss observed in the extension 
studies13,14,16 and provide orthogonal evidence for an 
overall stabilization of pathogenic processes under 
alemtuzumab treatment.

Stability in sNfL levels over time in alemtuzumab-
treated patients was also achieved in the subgroup 
with HAD. This group, which represented less than 
one-third of CARE-MS I patients, had higher baseline 
median sNfL and greater scatter in their sNfL values 
compared with the overall CARE-MS I cohort. This is 
not surprising given their greater MRI lesion burden 
and disease activity at baseline. However, treatment 
with alemtuzumab brought sNfL down within the 
range of age-matched healthy controls, with the levels 
in alemtuzumab patients remaining stable through 
year 7. As in the overall CARE-MS I population, 
sNfL reduction in the HAD population corresponded 
with clinical and MRI stability reported previously 

for the extension study.26 The congruency of sNfL 
data in the HAD subgroup with the overall CARE-MS 
I population demonstrates the efficacy of alemtu-
zumab to attenuate pathogenic processes over the 
short- and long-term in RRMS patients with more 
acute clinical or MRI disease features.

Current results allow conclusions only at the popula-
tion level, so they do not address the real-world utility 
of sNfL as a biomarker in individual patients. 
However, data from a pilot study in alemtuzumab-
treated patients showed a temporal relationship 
between sNfL spikes and relapse or MRI lesion activ-
ity, with periods of concurrent clinical MRI and sNfL 
stability in individual patients, suggesting a potential 
role for sNfL in personalized disease management.7 A 
second limitation of this study is the lack of compara-
tive long-term sNfL data in the SC IFNB-1a group. 
Given the re-increase of sNfL levels observed in SC 
IFNB-1a–treated patients between month 18 and 24 
of the core study, it would be highly relevant to see 
how such re-increase develops longer term and how it 
correlates with clinical and MRI progression. Few 
data on sNfL from clinical trials of other MS drugs 
beyond the standard 2 year core trials are available,9,10 
so it remains unclear how the long-term effect of 
alemtuzumab on sNfL would compare with other 
DMTs; this would be of specific interest for other 
highly effective treatments such as ocrelizumab or 
natalizumab. In addition, the sample size for sNfL 
analysis decreased to 110 patients by year 7, although 
this was primarily due to the increasing number of 
samples that were not collected during the required 
time window, rather than patients discontinuing the 
study. Finally, CARE-MS I patients were studied 
early in their disease course, at a time during which 
MS disease is believed to be more responsive to ther-
apy. Whether patients at a more advanced disease 
stage would have a comparable or less robust sNfL 
response to alemtuzumab is unknown. Analysis of 
samples from CARE-MS II patients who were treat-
ment-experienced and had a higher EDSS score and 
longer disease duration at baseline would enable such 
questions to be addressed.

Our results show that alemtuzumab treatment effec-
tively reduced sNfL levels in treatment-naive 
CARE-MS I patients, and sNfL levels in these patients 
remained stable over 7 years. The sustained reduction 
of sNfL over time is in line with the clinical and MRI 
efficacy of alemtuzumab. The observed difference to 
SC IFNB-1a supports the concept that sNfL is a sensi-
tive marker of subclinical disease activity, and hence 
may be in the future a therapy-monitoring tool on the 
individual level.
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