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IMPORTANCE Biomarkers to estimate long-term outcomes in patients with multiple sclerosis
(MS) and to assign patients to individual treatment regimens are urgently needed.

OBJECTIVE To assess whether retinal layer volumes are correlated with immune cell subsets
and immunoglobulin indices in the cerebrospinal fluid and whether retinal layer volumes
alone or in combination with intrathecal variables are associated with worsening of disease in
patients with relapsing-remitting MS.

DESIGN, SETTING, AND PARTICIPANTS This observational cohort study included 312 patients
with relapsing-remitting MS in 2 independent cohorts (72 patients with short disease
duration [cohort 1] and 240 patients with longer disease duration [cohort 2]) treated at a
single German university hospital from April 15, 2013, through November 11, 2015.

MAIN OUTCOMES AND MEASURES The common ganglion cell and inner plexiform layer
(GCIPL) and inner nuclear layer (INL) volumes were tested for association with the
immunoglobulin indices and the frequencies of immune cells in the cerebrospinal fluid
(including B cells, T cells, and natural killer cells) (cohort 1). Volumes of GCIPL alone (cohorts 1
and 2) or GCIPL corrected for intrathecal B-cell frequencies (cohort 1) were tested for their
association with worsening disability.

RESULTS A total of 312 patients (212 women [67.9%] and 100 men [32.1%]; median age, 34.0
years [interquartile range (IQR), 28.0-42.0 years]) were available for analysis. In cohort 1 (50
women [69.4%] and 22 men [30.6%]; median age, 31.0 years [IQR, 26.3-38.3 years]), with
short disease durations (median, 1.0 months [IQR, 1.0-2.0 months]), low GCIPL volumes were
associated with increased intrathecal B-cell frequencies (median, 1.96% [IQR, 1.45%-4.20%])
and intrathecal IgG synthesis (median cerebrospinal fluid/serum IgG index, 0.78 [IQR,
0.53-1.07]). The INL volumes correlated with the frequencies of intrathecal CD56bright natural
killer cells (r = 0.28; P = .007). Individuals with low GCIPL volumes (<1.99 mm3) had a
6.4-fold risk for worsening disability during follow-up compared with patients with higher
GCIPL values (95% CI, 1.7-24.2; P = .007). This finding was reproduced in cohort 2 (162
women [67.5%] and 78 men [32.5%]; median age, 34.0 years [IQR, 29.0-42.0 years])
consisting of patients with longer disease durations (median, 36.0 months [IQR, 21.0-60.0
months]) (hazard ratio, 2.4; 95% CI, 1.2-4.8; P = .02). In both cohorts, INL volumes correlated
with the prospective increase in T2 lesion load and the number of gadolinium-enhancing
lesions.

CONCLUSIONS AND RELEVANCE Retinal layers reflect different aspects of disease activity
during MS. Loss of GCIPL is associated with intrathecal B-cell immunity and constitutes an
independent risk factor for worsening disability, whereas high INL volumes are associated
with activity on magnetic resonance imaging in the brain parenchyma. Thus, retinal optical
coherence tomography might be a means to support stratification of patients with MS for
different therapeutic regimens.
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W ith the amendment of the therapeutic armamen-
tarium in multiple sclerosis (MS) by novel thera-
pies, stratification of patients for individual thera-

pies becomes an urgent need. Therefore, reliable prognostic
markers for assigning patients to individual therapeutic regi-
mens are essential. Cerebral and spinal magnetic resonance
imaging (MRI) have long been the primary tool for the evalu-
ation of paraclinical disease activity in MS. Whereas common
MRI measures within the white matter reflect inflammatory
disease activity, the value of currently used MRI variables to
estimate future worsening disability is limited.1 Imaging tech-
niques for gray matter pathologic features were proposed to
better reflect and estimate disability.2 However, technical and
methodologic issues prevent widespread use of this tech-
nique beyond experimental settings.3

Retinal optical coherence tomography (OCT) is a fast and
well-tolerated imaging technique that allows accurate and re-
producible quantification of different retinal structures.4 Op-
tical coherence tomography might be a powerful technique for
estimating inflammatory disease activity in MS5,6 that could
also reflect responses to immunotherapeutic interventions in
MS.7 Recently, reduced peripapillary retinal nerve fiber layer
(RNFL) thickness was linked to confirmed worsening of dis-
ability in patients with progressive and relapsing-remitting MS
in a large multicenter cohort study.8 In the present study, we
investigated whether retinal OCT measures are associated with
cellular and humoral inflammatory patterns in the cerebro-
spinal fluid (CSF) and whether OCT measures alone or in com-
bination with CSF variables are associated with worsening dis-
ability in relapsing-remitting MS.

Methods
Study Design
In this prospective longitudinal cohort study, patients with
relapsing-remitting MS aged 18 to 60 years and treated in the
Department of Neurology, Klinikum Rechts der Isar, Munich,
Germany, were included from April 15, 2013, through Novem-
ber 11, 2015. Relapsing-remitting MS was defined using the 2010
McDonald criteria.9 Exclusion criteria were substantial eye dis-
ease, a refractive error of greater than 6 diopters, and neuro-
logic comorbidities, which could affect disability. We ex-
cluded eyes with poor OCT quality10 or with anamnestic or
subclinical optic neuritis11 before enrollment in the study. We
followed STROBE statements for reporting cohort studies. The
study was approved by the ethics commission of the Tech-
nische Universität München and followed the Declaration of
Helsinki.12 All patients provided written informed consent.

Two different longitudinal observational patient cohorts
underwent analysis. Cohort 1 consisted of patients with very
early relapsing-remitting MS, who had their first clinical
relapse within the 3 months before baseline and underwent
CSF analysis before inclusion in the study. Patients from
cohort 2 did not undergo lumbar puncture before study
enrollment and had longer disease durations (≥12 months)
(eFigure 1 in the Supplement). At baseline, all patients under-
went cerebral MRI, retinal OCT scanning, and clinical exami-

nation with recording of the Expanded Disability Status Scale
(EDSS score) (range, 0-10, with higher scores indicating a
higher grade of disability).

Patients from cohort 1 underwent lumbar puncture be-
fore baseline and prebaseline OCT scanning after lumbar punc-
ture. Baseline visits took place at least 30 days after the last
clinical relapse and last corticosteroid administration. Fol-
low-up visits were scheduled depending on the clinical pre-
sentation. All patients underwent MRI and evaluation of the
EDSS score at least once per year. The patients’ disease-
modifying therapies (DMTs) were categorized into first-line
DMT, including interferon beta-1a/b, glatiramer acetate, di-
methyl fumarate, or teriflunomide, and second-line DMT, in-
cluding natalizumab, fingolimod, alemtuzumab, or ritux-
imab (according to the licensing of immunotherapies in
Germany).

The primary clinical outcome variable was confirmed wors-
ening of disability as measured by EDSS. Worsening EDSS was
defined as an increase in the EDSS score of at least 1.0 points
or at least 0.5 points in patients with an EDSS score of less than
5.5 or at least 5.5, respectively, and confirmed by a visit at least
3 months later. Additional outcome variables were annual-
ized relapse rate, annualized increase in T2 lesion load, annu-
alized number of gadolinium-enhancing (Gd+) lesions, and vio-
lation of the no evidence of disease activity 3 (NEDA-3) status,
defined as the absence of relapses, confirmed EDSS worsen-
ing, Gd+ lesions, and new T2 lesions on cerebral MRI.

Imaging Studies
All MRI scans were acquired on a 3-T scanner (Achieva; Phil-
ips) as previously described.13 Two blinded raters (C.W. and
L.A.) manually counted numbers of lesions. For OCT images,
we used a spectral domain OCT device (Spectralis; Heidel-
berg Engineering) as previously described.7 In brief, evalua-
tion of the peripapillary RNFL was performed using a 3.4-mm
ring scan centered on the optic nerve head (automatic real time
[ART], 100). The macular area underwent 61 vertical B-scans
(scanning angle, 30° × 25°) focusing on the fovea centralis (ART,
13). We checked all examinations for sufficient quality using
OSCAR-IB (obvious problems, poor signal strength, centra-
tion of scan, algorithm failure, retinal pathologic feature other

Key Points
Question Are retinal layer volumes as measured by optical
coherence tomography associated with immunologic variables in
the cerebrospinal fluid and with distinct aspects of disease activity
in patients with relapsing-remitting multiples sclerosis?

Findings In this cohort study of 312 patients, atrophy of the
ganglion cell layer was associated with increased intrathecal B-cell
fractions and was a strong and independent risk factor for
confirmed worsening of disability, whereas thickening of the inner
nuclear layer correlated with enhanced brain activity at magnetic
resonance imaging.

Meaning Retinal optical coherence tomography might be a
convenient tool to estimate different disease activity patterns
during multiple sclerosis and might support stratification of
patients for different therapies.

Research Original Investigation Retinal Architecture, Intrathecal Immunity, and Clinical Course in Multiple Sclerosis

848 JAMA Neurology July 2017 Volume 74, Number 7 (Reprinted) jamaneurology.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.0377&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2017.0377
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2017.0377


than MS related, illumination, and beam placement) criteria.10

According to the OSCR-IB criteria, a signal strength greater than
15 dB was considered as sufficient for retinal segmentation and
volume assessment. Every B-scan was segmented automati-
cally into different layers using Eye Explorer software (version
6.0.9.0; Heidelberg Engineering). We checked segmentations
manually and corrected in a blinded manner if necessary. Layer
volumes were calculated by the software’s segmentation algo-
rithm (6-mm-diameter circle around the fovea).

CSF and Blood Analysis
We obtained CSF and blood samples before initiation of any im-
munomodulatory therapy. Samples were processed immedi-
ately after collection. Concentrations of albumin, IgG, IgM, and
IgA were measured in cell-free CSF and serum by using a
commercially available analyzer (BNProSpec; Siemens). For cel-
lular analyses, fresh CSF and blood cells (after red blood cell ly-
sis) were washed with 2% fetal calf serum and phosphate-
buffered saline and directly processed on ice. Surface staining
was performed using CD14-FITC, CD138-PE, CD19-ECD, CD56-
APC, CD8-PE-Cy7 (all from Beckman Coulter), CD45-V450, CD4-
PerCP, and CD3-APC-Cy7 (all from BD Bioscience) for 30 min-
utes at 4°C. Samples were analyzed directly after the staining
procedure using an advanced digital processing analyzer (CyAn
ADP; Beckman Coulter) and FlowJo software (version 10.1; Flow-
Joj, LLC). Gating strategies and analyzed cell populations are
shown in eFigure 2 in the Supplement.

Statistical Analysis
For statistical analyses, we used R software (version 3.2.3; R
Core Team 2015) with the survival (version 2.39-5), dynpred,
and ppcor (version 1.1) packages. For OCT analysis, we used a
previously described statistical approach14: mean values of
both eyes were calculated and used as an individual data point
when both eyes were available for analysis. If one eye was ex-
cluded owing to our study criteria, OCT values of the remain-
ing eye were used. For demographic and OCT layer differ-
ences at baseline, we performed bivariate analyses with Fisher
exact test for categorical and Mann-Whitney test for quanti-
tative variables. Associations of OCT measurements with CSF
variables and disease activity were analyzed using partial cor-
relations by Kendall τ rank correlation analysis corrected for
age, sex, EDSS score at baseline, disease duration, and treat-
ment group. For disability worsening, Kaplan-Meyer analysis
with robust multivariate Cox proportional hazards regres-
sion analysis were performed. We systematically corrected for
the influence of therapy, age, sex, disease duration, and EDSS
values at baseline for each Cox proportional hazards regres-
sion model. Values are given as median (25% to 75% interquar-
tile range [IQR]) if not stated otherwise. Statistical signifi-
cance was established at P < .05.

Results
Study Population
In total, 322 patients with relapsing-remitting MS were re-
cruited for this study from the Department of Neurology, Klini-

kum Rechts der Isar, Munich, Germany. The mean OCT signal
strength of the ring and macular scans in every patient was at
least 23 dB. Ten patients and 126 eyes were excluded from the
analysis for various reasons (eFigure 1 in the Supplement).
Thus, 312 patients were included in the analysis (212 women
[67.9%] and 100 men [32.1%]; median age, 34.0 years [IQR,
28.0-42.0 years]). Seventy-two patients with MS (113 eyes) were
studied in cohort 1 and 240 patients with MS (385 eyes) in co-
hort 2. Data from 87 patients have been reported previously.7

Patients from cohort 1 had very early MS (median disease
duration, 1.0 month [IQR, 1.0-2.0 months]), whereas patients
from cohort 2 were older and had a longer disease duration (me-
dian, 36.0 months [IQR, 21.0-60.0 months]) (Table 1). A larger
fraction of patients from cohort 2 received second-line DMTs.
Both groups showed similar EDSS values and annualized re-
lapse rates. Patients from cohort 1 tended to exhibit higher para-
clinical disease activity as measured by the increase in T2 le-
sion load at brain MRI and tended to have higher rates of
disability worsening during follow-up (Table 1). The OCT
measures at baseline were similar in both cohorts. In both
groups, peripapillary RNFL, macular RNFL, and the common
ganglion cell and inner plexiform layer (GCIPL) correlated posi-
tively with each other, whereas the total macular volume cor-
related positively with all retinal layers (eTable 1 in the Supple-
ment). In both cohorts, GCIPL volume correlated positively
with the inner nuclear layer (INL) (eTable 1 in the Supple-
ment). In summary, our cohorts were representative of pa-
tients with MS and mild clinical affection. The fraction of pa-
tients with confirmed disability worsening was within the range
of recently reported cohorts receiving treatment.15,16

Correlation of OCT Variables With Patterns
of Inflammatory Cells in the CSF
The OCT analysis was performed a median of 23.5 days (IQR,
0-40 days) after lumbar puncture. Twenty of 72 patients in co-
hort 1 underwent OCT scanning on the day of the lumbar punc-
ture and thus before corticosteroid therapy. Forty-nine of the
remaining 52 patients received high-dose methylpredniso-
lone therapy before OCT analysis. Forty-three of these pa-
tients underwent an additional OCT scan at least 30 days af-
ter corticosteroid pulse therapy. We observed no differences
in retinal layer architecture between OCT measurements ob-
tained during and 30 days after corticosteroid pulse therapy.
Analysis of CSF samples was available for all 72 patients with
MS in cohort 1. Patients showed an inflammatory CSF pheno-
type with mild pleocytosis (median, 6.0/μL [IQR, 3.0/μL to 12.0/
μL]; to convert to 109 per liter, multiply by 0.001), intrathecal
IgG synthesis (median CSF/serum IgG index, 0.78 [IQR, 0.53-
1.07]), and increased B-cell (median, 1.96% [IQR, 1.45%-
4.20%]) and plasmablast (median, 0.52% [IQR, 0.14%-
0.94%]) frequencies (eTable 2 in the Supplement).

Distinct patterns of CSF immune cells have previously been
reported to be associated with disease worsening in MS.17

Herein, we sought to test whether specific OCT variables cor-
related with distinct immune cell populations in the CSF. The
GCIPL and INL volumes at baseline correlated negatively with
the fraction of CD19+ B cells in the CSF (Figure 1A). Low GCIPL
and peripapillary RNFL values were associated with higher CSF/
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serum indices for IgG and IgA (Figure 1B). Total macular vol-
umes correlated negatively with the frequency of intrathe-
cal CD19+ B cells and the CSF/serum IgG index. No further
correlations were recognized between OCT and CSF mea-
sures (eFigure 3 in the Supplement). Thus, low values for
GCIPL and peripapillary RNFL are linked to a pronounced
B-cell response in the CSF. Large INL volumes, which have
previously been correlated with parenchymal central ner-
vous system (CNS) inflammation as assessed by MRI,5,7,18

were associated with low frequencies of B cells but high fre-
quencies of CD56bright natural killer (NK) cells in the CSF
(Figure 1A and C). Together, small GCIPL volumes might
indicate an inflammatory milieu in the CSF space with
increased fractions of B cells.

Correlation of OCT Variables With Subsequent
Disease Activity in Early MS
To test whether retinal layers were correlated with worsen-
ing of MS, we evaluated baseline retinal layer measure-
ments for their associations with different variables of clini-
cal and paraclinical disease activity in patients with early
MS (cohort 1) during follow-up. As expected, INL volumes
correlated positively with the increase in T2 lesion load and
the number of Gd+ lesions during the 3-year follow-up
(Figure 2A). Low peripapillary RNFL values were associated
w ith high annual ized numbers of new T2 lesions
(Figure 2A). We noticed a weak negative correlation of
GCIPL volumes with the annualized relapse rate (Figure 2B).

When further assessing clinical variables, we noticed that
patients with worsening of EDSS scores had lower GCIPL
volumes compared with patients with stable EDSS scores as
a unique feature (Table 2). To further test the predictive
value of OCT measures for disability worsening, we divided
all patients into 2 groups according to the median of their
retinal layer measurements. In this analysis, low GCIPL vol-
umes at baseline were associated with an increased risk for
confirmed worsening of EDSS scores during the subsequent
3 years. Patients with GCIPL volumes of 1.99 mm3 or lower
had a 6.4-fold (Harrell C, 0.752) increased risk for disease
worsening compared with patients with higher GCIPL vol-
umes (Figure 2C). This cutoff value revealed a sensitivity of
83.3% and a specificity of 61.1% (area under the curve
[AUC], 0.70; positive predictive value [PPV], 42.0%; nega-
tive predictive value [NPV], 92.0%; accuracy, 68.1%). This
finding even remained robust when correcting for intrathe-
cal B-cell frequency and CSF/serum IgG index (hazard ratio
[HR], 7.4; 95% CI, 1.5-36.8; P = .01; Harrell C, 0.747). When
combining intrathecal B-cell frequencies and GCIPL vol-
umes, patients with low GCIPL volumes (≤1.99 mm3) and
high B-cell frequencies (≥1.96%) had a 5.4-fold increased
risk for disease worsening compared with patients who did
not meet both criteria (HR, 5.4; 95% CI, 1.9-15.2; P = .002;
Harrell C, 0.702; sensitivity, 52.4%; specificity, 84.1%; PPV,
61.1%; NPV, 78.7%; accuracy, 73.8%). Patients with low peri-
papillary RNFL thicknesses (≤99 μm) tended to have a
higher risk for disease worsening than patients with high

Table 1. Baseline Characteristics of 312 Patients With Relapsing-Remitting Multiple Sclerosis

Characteristic

Study Cohorta

P Valueb
Cohort 1
(n = 72)

Cohort 2
(n = 240)

Female, No. (%) 50 (69.4) 162 (67.5) .78

Age, y 31.0 (26.3-38.3) 34.0 (29.0-42.0) .04

Disease duration, mo 1.0 (1.0-2.0) 36 (21.0-60.0) <.001

EDSS scorec 1.0 (1.0-1.9) 1.0 (0-2.0) .85

Disease activity during follow-up

Duration of follow-up, mo 17.0 (12.0-25.0) 23.5 (14.0-25.8) .02

No. of relapses/y 0 (0-0.4) 0 (0-0.4) .81

No. of new T2 lesions/y 0.9 (0-2.0) 0 (0-1.4) .08

No. of Gd+ lesions/y 0 (0-0) 0 (0-0) .54

Confirmed EDSS worsening, No. (%) 18 (25) 37 (15.4) .08

Disease-modifying therapies, No. (%)

None 11 (15.3) 34 (14.2) .85

First-line 54 (75) 151 (62.9) .07

Second-line 7 (9.7) 55 (22.9) .02

OCT measurement

Peripapillary RNFL thickness, μm 99.0 (92.0-103.8) 100.5 (92.5-106.5) .51

TMV, mm3 8.7 (8.4-8.9) 8.7 (8.5-9.0) .44

Macular RNFL volume, mm3 0.88 (0.82-0.96) 0.86 (0.80-0.93) .22

GCIPL volume, mm3 1.99 (1.88-2.10) 2.0 (1.88-2.10) .98

INL volume, mm3 0.99 (0.95-1.03) 0.98 (0.94-1.03) .42

OPL volume, mm3 0.80 (0.76-0.86) 0.81 (0.77-0.85) .48

ONL volume, mm3 1.78 (1.68-1.90) 1.82 (1.70-1.95) .09

PR volume, mm3 2.22 (2.19-2.27) 2.24 (2.20-2.27) .21

Abbreviations: EDSS, Expanded
Disability Status Scale;
GCIPL, common ganglion cell and
inner plexiform layer; Gd+,
gadolinium-enhancing; INL, inner
nuclear layer; OCT, optical coherence
tomography; ONL, outer nuclear
layer; OPL, outer plexiform layer;
PR, photoreceptor layer;
RNFL, macular retinal nerve fiber
layer; TMV, total macular volume.
a Data are presented as median value

(interquartile range) unless
otherwise indicated.

b Calculated using the Fisher exact
test or the Mann-Whitney test.

c Scores range from 0 to 10, with
higher scores indicating a higher
grade of disability.
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peripapillary RNFL values (HR, 2.6; 95%, CI 0.9-7.5; P = .07;
Harrell C, 0.721). When dividing the cohort into 3 tertiles,
patients with the lowest peripapillary RNFL values (≤96
μm) were 4.1-fold more likely to develop disability progres-
sion than patients in the highest peripapillary RNFL tertile
(>103 μm) (HR, 4.1; 95% CI, 1.1-15.9; P = .04; Harrell C, 0.72).
Except for GCIPL, no other retinal layer correlated with

worsening of MS (Figure 2D). Furthermore, patients with
low GCIPL volumes (≤1.99 mm3) had a 3.1-fold higher risk
for violating NEDA-3 criteria than patients with high GCIPL
volumes (Harrell C, 0.718; AUC, 0.65; sensitivity, 66.0%;
specificity, 80.0%; PPV, 86.1%; NPV, 55.6%; accuracy,
75.4%) (Figure 2E). Thus, low GCIPL volumes represent an
independent risk factor for confirmed disability worsening.

Figure 1. Correlation of Retinal Layer Volumes With Cerebrospinal Fluid (CSF) Variables in Early Multiple
Sclerosis (MS)
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Correlation of OCT Variables With Subsequent
Disease Activity in Longer-Duration MS
Because we identified GCIPL thinning as a risk factor for dis-
ease worsening independently of CSF variables, we also
checked the predictive value of GCIPL measures in a second
cohort of patients with MS and longer disease durations (co-
hort 2). Again, peripapillary RNFL thickness and GCIPL vol-
umes correlated negatively with the number of annualized new

T2 lesions, and INL volumes correlated positively with the an-
nualized increase in T2 lesion load and the annualized num-
ber of Gd+ lesions during follow-up (Figure 3A). Patients whose
disease worsened revealed higher annualized relapse rates,
more annualized Gd+ lesions, and a greater increase in T2 le-
sion load (eTable 3 in the Supplement). As in the cohort with
early MS, patients with GCIPL volumes of 2.00 mm3 or lower
had a 2.4-fold increased risk for worsening of disease (Harrell

Figure 2. Correlation of Baseline Retinal Layer Measures With Prospective Disease Activity Patterns in Early Multiple Sclerosis
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C, 0.637; AUC, 0.61; sensitivity, 64.9%; specificity, 53.7%; PPV,
20.7%; NPV, 89.9%; accuracy, 55.0%) compared with pa-
tients with GCIPL values higher than 2.00 mm3 (Figure 3B).
Again, neither stratification above or below the median INL
value (HR, 0.8; 95% CI, 0.4-1.4; P = .39; Harrell C, 0.661) nor
stratification above or below the median peripapillary RNFL
value segregated with prospective confirmed disability wors-
ening (HR, 1.4; 95% CI, 0.8-2.4; P = .27; Harrell C, 0.663). Un-
like patients with early MS, low GCIPL volumes were not a risk
factor for violating NEDA-3 criteria during the subsequent
3-year follow-up in cohort 2 patients (Harrell C, 0.658)
(Figure 3C).

Discussion
In the present study, we show that retinal layers as measured
by OCT are associated with distinct facets of intrathecal
immunity and reflect different aspects of disease activity in
MS. Low GCIPL volumes are associated with increased fre-
quencies of intrathecal CD19+ B cells and higher rates of intra-
thecal immunoglobulin synthesis. In addition, low GCIPL
values are a risk factor for future confirmed disability wors-
ening. In contrast, high INL measures correlate with frequen-
cies of intrathecal CD56bright NK cells and paraclinical inflam-
matory disease activity as measured by MRI.

Increased B-cell frequencies in the CSF were previously
reported to be linked with disease worsening in patients with
MS.17 Patterns of intrathecal immunoglobulin production were
associated with a worse disease course19 and brain atrophy.20

More recently, meningeal inflammation has been considered
as a main driver of cortical demyelination, which appears to
be associated with disability worsening in MS.21 Meningeal lym-
phocyte aggregates, which are evident in progressive MS, con-
sist mainly of B cells and might be directly associated with cor-
tical pathologic findings.22 Whether mechanisms of meningeal
immunity directly affect ganglion cells in the retina is not clear.
However, cortical lesions in patients with primary progres-
sive MS have recently been shown to be linked to GCIPL
atrophy.23

Low GCIPL volumes in the absence of former optic neuri-
tis are frequently found in patients with MS,24,25 also at the ear-
liest disease stages.18,26 In our study, GCIPL atrophy was linked
to atrophy patterns in other parts of the CNS. Progressive GCIPL
loss is associated with increased disease activity in MS,27 which
correlates with atrophy of brain gray and white matter.28 Fur-
thermore, low GCIPL measures reflect upper spinal cord
atrophy,29 and spinal cord atrophy is associated with the EDSS
score worsening in patients with a clinically isolated
syndrome.30 Our study now links GCIPL loss with B-cell immu-
nity in the CSF. However, GCIPL thinning remained an inde-
pendent risk factor for subsequent disease worsening when cor-
recting for B-cell frequencies and CSF/serum IgG index. Thus,
whether B-cell responses in the CSF and GCIPL atrophy are
mechanistically linked needs to be tested in future studies.

The predictive value of GCIPL atrophy for subsequent
disease activity was different for both MS cohorts. The
effect of GCIPL loss on EDSS worsening was higher in
patients with early MS compared with patients with longer
disease durations. In early MS stages, GCIPL might even be

Table 2. Variables Associated With Confirmed Disability Worsening as Measured by EDSS Score in Cohort 1

Variable

EDSS Scorea

P Valueb
Stable
(n = 54)

Worse
(n = 18)

Female, No. (%) 34 (63) 16 (88.9) .07

Age, y 31.0 (26.0-41.3) 32.0 (26.5-37.3) .77

Disease duration, mo 1.5 (1.0-2.0) 1.0 (0-2.0) .21

EDSS scorec 1.0 (1.0-2.0) 1.0 (0-1.6) .38

Disease activity during follow-up

No. of relapses/y 0 (0-0) 0.2 (0-0.9) .006

No. of new T2 lesions/y 0.7 (0-2.1) 1.0 (0-2.4) .38

No. of Gd+ lesions/y 0 (0-0) 0 (0-0.6) .28

Disease-modifying therapies, No. (%)

None 10 (18.5) 1 (5.6) .27

First-line 38 (70.41) 16 (88.9) .21

Second-line 6 (11.1) 1 (5.6) .67

OCT measurement

Peripapillary pRNFL thickness, μm 99.8 (93.8-108.0) 96.3 (91.6-100.5) .09

TMV, mm3 8.7 (8.5-9.0) 8.5 (8.3-8.7) .06

Macular RNFL volume, mm3 0.89 (0.82-0.96) 0.86 (0.80-0.89) .14

GCIPL volume, mm3 2.01 (1.91-2.10) 1.92 (1.82-1.98) .01

INL volume, mm3 0.99 (0.96-1.02) 1.01 (0.93-1.06) .69

OPL volume, mm3 0.79 (0.76-0.85) 0.81 (0.78-0.86) .34

ONL volume, mm3 1.80 (1.69.1.90) 1.72 (1.67-1.93) .50

PR volume, mm3 2.23 (2.18-2.27) 2.22 (2.20-2.25) .80

Abbreviations: See Table 1.
a Data are presented as median value

(interquartile range) unless
otherwise indicated.

b Calculated using the Fisher exact
test or the Mann-Whitney test.

c Scores range from 0 to 10, with
higher scores indicating a higher
grade of disability.
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associated with violation of NEDA-3 criteria, whereas we
found no correlation in patients with a longer MS history.
Whether higher rates of immunomodulatory treatments in
the advanced MS cohort interfere with the predictive value
of GCIPL for disease worsening is unclear. A recent study7

has shown that successful anti-inflammatory treatments in
MS translate into decreasing INL volumes. In that study,
higher INL volumes were associated with MRI variables
indicating active inflammation in the CNS, which is in line
with previous reports.5,18 However, low INL values do not

appear to protect against confirmed disability worsening.
This observation is consistent with the clinical-radiologic
paradox31 in MRI: T2 and Gd+ lesions might reflect inflam-
mation in the CNS parenchyma but have a rather poor pre-
dictive value for long-term outcomes of disability. Of note,
high INL values were associated with high frequencies of
CD56bright NK cells in the CSF. CD56bright NK cells are
believed to have immunoregulatory functions.32 Whether
high frequencies of CD56bright NK cells in the CSF counter-
regulate enhanced CNS tissue inflammation remains to be

Figure 3. Correlation of Baseline Retinal Layer Measures With Subsequent Disease Activity in Patients With Longer Duration of Multiple Sclerosis
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observed. Because INL and GCIPL volumes are positively
correlated in patients with MS, distinct combined patterns
of B-cell and CD56bright NK–cell frequencies in the CSF
might be identifiable that can guide the generation of
hypotheses as to specific underlying immunologic mecha-
nisms.

In a recent study, peripapillary RNFL atrophy has
already been described as a risk factor for confirmed EDSS
worsening in MS.8 In that study, mainly older patients (40.6
years) with longer disease durations (6.5 years) have been
investigated. With use of the top and bottom ranks of a ter-
tile split of the peripapillary RNFL, the bottom peripapillary
RNFL values in our study were associated with EDSS scores
worsening.

Limitations
Our study has several limitations. First, only a small fraction
of patients underwent OCT scanning on the day of the spinal
tap. Thus, we cannot exclude an influence of corticosteroid
therapy on retinal architecture. However, several patients un-
derwent an additional OCT examination, and we did not see
changes in the retinal architecture irrespective of whether the
OCT scan was performed before or after corticosteroid therapy.

Furthermore, our patients are representative of early disease
stages, and our results might not be able to be expanded to pro-
gressive disease. However, prognostic markers are particu-
larly valuable in patients with MS at early disease stages to al-
lot them to individual therapies when the therapeutic options
are still diverse.

Conclusions
Our study shows that different retinal layers are associated with
different patterns of intrathecal immunity and that those OCT
measures might be associated with various aspects of disease
activity patterns in MS. In particular, we identified GCIPL layer
thinning as an independent risk factor for confirmed disability
worsening. With a still increasing arsenal of DMTs in MS, OCT
could help to identify patients who might benefit most from
early therapeutic interventions with compounds that have the
highest potential to halt disease worsening. Finally, associa-
tions of OCT variables with immune cell populations in the CSF
might help to raise informed hypotheses on pathophysiologic
links between the immune response in MS and retinal patho-
logic findings that will have to be tested in future studies.
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